VELETRI® (epoprostenol)
Aerosolized Administration of VELETRI

SUMMARY

The safety and efficacy of inhaled VELETRI has not been established in clinical trials.
Specific concerns regarding the use of inhaled VELETRI include the use of arginine as an
excipient and the pH of the reconstituted solution.!-3

e A search of the published medical and scientific literature identified several articles
describing the aerosolized administration of inhaled epoprostenol (iEPO).42”

CLINICAL DATA

In vitro data implicate arginine, an excipient in VELETRI for injection, in metabolic processes
involved in both bronchodilation and bronchoconstriction, inflammation, cytotoxicity and
fibrosis.1-3 There are no data available investigating the use of inhaled arginine in pulmonary
arterial hypertension (PAH), acute respiratory distress syndrome (ARDS), or the
perioperative setting.

Information From the Literature
Randomized Trial

Ghadimi et al* conducted a health system-funded, randomized, blinded, parallel-designed,
equivalence clinical trial that investigated whether the use of VELETRI will lead to similar
rates of severe/grade 3 primary graft dysfunction (PGD-3) after adult LT (lung transplant)
when compared with use of inhaled nitric oxide (iNO).

Ghadimi et al®° conducted a health-system funded, randomized, double-blind controlled
trial that evaluated if iEPO and iNO led to similar rates of postoperative right ventricular
(RV) failure development and other outcomes after major cardiac surgery.

Retrospective Studies

Ammar et al® analyzed critically ill patients admitted to the intensive care unit who
received iEPO through noninvasive routes of ventilator support systems. Improvements in
respiratory status and hemodynamic parameters were evaluated.

Li et al’ conducted an in-vivo and in-vitro study to compare high versus low concentrations
of VELETRI in adult intubated patients. The in-vitro study was a retrospective study that
enrolled adult patients who received VELETRI via invasive ventilation to treat refractory
hypoxemia, pulmonary hypertension, or right ventricular failure between August 2015 and
December 2019.

Li et al® conducted a retrospective review of adult patients who received VELETRI via high-
flow nasal cannula (HFNC) to treat PH and/or right ventricular dysfunction between July
2015 to October 2019.

Richards et al° conducted a retrospective review of patients with severe hypoxemic
respiratory failure or right heart failure treated with iEPO prior to transport from May 2017
through June 2019. The primary outcome was the change in oxygen saturation (Sp0O2) from
the start of the iEPO transport to the time of handover of care at the receiving institution.
The secondary outcome was the change in the mean arterial pressure (MAP).

Additional retrospective studies, including patients with COVID-19 infection, are included in
the REFERENCES section for your review.!0-2!

Case Reports

Held et al?? reported a case of RV infarction presenting with new right bundle branch block
(RBBB), and therapeutic use of inhaled epoprostenol to reduce RV afterload and augment
cardiac output during refractory cardiogenic shock.



Foster et al® reported a series of four cases that occurred from August through October
2018 of adult patients with severe hypoxemic respiratory failure from Legionnaires’ disease
transported on iEPO to extracorporeal membrane oxygenation (ECMO) centers.

Additional case reports are included in the REFERENCES section for your review.?4-26
Prospective Study

Abe et al?’ conducted a prospective study that provided the first comparative evaluation of
the effects of inhaled prostacyclin and nitric oxide on pulmonary hemodynamics, systemic
hemodynamics, and gas exchange in patients developing residual pulmonary hypertension
after pulmonary endarterectomy.

LITERATURE SEARCH

A literature search of MEDLINE®, EMBASE®, BIOSIS Previews®, DERWENT® (and/or other
resources, including internal/external databases) was conducted on 8 March 2024

1. Maarsingh H, Pera T, Meurs H. Arginase and pulmonary diseases. Naunyn-Schmiedeberg’s Arch Pharmacol.
2008;378(2):171-184.

2. Meurs H, Maarsingh H, Zaagsma J. Arginase and asthma: novel insights into nitric oxide homeostasis and airway
hyperresponsiveness. Trends Pharmacol Sci. 2003;24(9):450-455.

3. Xu W, Kaneko FT, Zheng S, et al. Increased arginase II and decreased NO synthesis in endothelial cells of
patients with pulmonary arterial hypertension. Faseb J. 2004;18(14):1746-1748.

4. Ghadimi K, Cappiello J, Cooter-Wright M, et al. Inhaled pulmonary vasodilator therapy in adult lung transplant.
Jama Surg. 2022;157(1):e215856.

5. Ghadimi K, Cappiello JL, Wright MC, et al. Inhaled epoprostenol compared with nitric oxide for right ventricular
support after major cardiac surgery. Circulation. 2023;148(17):1316-1329.

6. Ammar MA, Sasidhar M, Lam SW. Inhaled epoprostenol through noninvasive routes of ventilator support
systems. Ann Pharmacother. 2018;52(12):1173-1181.

7. Li J, Augustynovich AE, Gurnani PK, et al. In-vitro and in-vivo comparisons of high versus low concentrations of
inhaled epoprostenol to adult intubated patients. Respir Res. 2021;22(1):231.

8. Li J, Gurnani PK, Roberts KM, et al. The clinical impact of flow titration on epoprostenol delivery via high flow
nasal cannula for ICU patients with pulmonary hypertension or right ventricular dysfunction: a retrospective cohort
comparison study. J Clin Med. 2020;9(2):464.

9. Richards JB, Frakes M, Saia MS, et al. Changes in oxygen saturation and mean arterial pressure with inhaled
epoprostenol in transport. J Intensive Care Med. 2020;36(7):758-765.

10. Buckley MS, Mendez A, Radosevich 1], et al. Comparison of 2 different inhaled epoprostenol dosing strategies
for acute respiratory distress syndrome in critically ill adults: weight-based vs fixed-dose administration. Am J
Heal-Syst Pharm. 2022;80(Suppl. 1):S11-S22.

11. Bosch NA, Law AC, Vail EA, et al. Inhaled nitric oxide vs epoprostenol during acute respiratory failure: an
observational target trial emulation. Chest. 2022;162(6):1287-1296.

12. Poonam PBH, Koscik R, Nguyen T, et al. Nitric oxide versus epoprostenol for refractory hypoxemia in Covid-19.
PL0S One. 2022;17(6):e0270646.

13. Toomey D, O'Brien M, Hayes BD, et al. A retrospective review of implementation of an inhaled epoprostenol
protocol in the emergency department. Am J Emerg Med. 2022;58:210-214.

14. Lubinsky AS, Brosnahan SB, Lehr A, et al. Inhaled pulmonary vasodilators are not associated with improved
gas exchange in mechanically ventilated patients with COVID-19: a retrospective cohort study. J Crit Care.
2022;69:153990.

15. Niss HL, Mohamed A, Berry TP, et al. Evaluation of continuous inhaled epoprostenol in the treatment of acute
respiratory distress syndrome, including patients with SARS-CoV-2 infection. Ann Pharmacother.
2022;56(10):1093-1099.

16. Landolf K, Patel A, Sai-Ho C, et al. Characterization of inhaled epoprostenol use in acute pulmonary embolism
[abstract]. Critical Care Medicine. 2023;51(1):387.

17. Krueger C, Malek N, Khandan-Rooshakib H. Evaluation of response rate to fixed-dose inhaled epoprostenol
[abstract]. Crit Care Med. 2023;51(1):366.



18. Chiles JW, Vijaykumar K, Darby A, et al. Use of inhaled epoprostenol with high flow nasal oxygen in non-
intubated patients with severe COVID-19. J Crit Care. 2022;69:153989.

19. Hon S, HonShideler C, Simmons-Beck R, et al. Inhaled epoprostenol effects on SpO2/FiO2 ratios and survival in
COVID-19 and non-COVID19 acute respiratory distress syndrome [abstract]. Am J Respir Crit Care Med.
2022;205(1):A2922.

20. Sharma N, Bhagat MK, Dudney TM, et al. Use of inhaled epoprostenol delivered by high-flow nasal cannula in
patients with severe acute hypoxemic respiratory failure secondary to COVID-19 [abstract]. Am J Respir Crit Care
Med. 2022;205(1):A4282.

21. Tendler R, Barker N, Swenson C, et al. Evaluation of inhaled vasodilators in acute respiratory distress
syndrome due to COVID-19 [abstract]. Crit Care Med. 2022;50(Suppl. 1):129.

22. Held N, Little N, Krantz MJ, et al. Refractory cardiogenic shock from right ventricular infarction successfully
managed with inhaled epoprostenol. Am J Case Rep. 2017;18:271-275.

23. Foster C, Frakes MA, Puopolo E, et al. Inhaled epoprostenol to facilitate safe transport in legionnaires’ disease.
Prehosp Disaster Med. 2020;35(1):109-114.

24. Hammond TC, Puscas SPIM, Puscas IM, et al. Refractory bronchospasm due to inhaled veletri in a patient with
acute COVID-19 associated respiratory failure [abstract]. Am J Respir Crit Care Med. 2023;207:A3699.

25. Kanamgode SS, Saha A, Sanghvi A, et al. Tumoral pulmonary hypertension; a rare but severe cause of
pulmonary hypertension [abstract]. Am J Respir Crit Care Med. 2023;207:A2439.

26. Synn SHWE, Sharma A. Inhaled aerosolized prostacyclin as additional therapy in acute pulmonary hypertension
from massive pulmonary embolism [abstract]. Chest. 2023;164(Suppl. 4):A6119.

27. Abe S, Ishida K, Masuda M, et al. A prospective, randomized study of inhaled prostacyclin versus nitric oxide in
patients with residual pulmonary hypertension after pulmonary endarterectomy. Gen Thorac Cardiovasc Surg.
2017;65(3):153-159.



