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0.0 Overall Summary of Efficacy and Safety for I-NO .

Inhaled Nitric Oxide (I-NO) has been proposed as a treatment for hypoxic respiratory failure in neonates.
Clinical support for this indication comes from four clinical trials conducted in this population and submitted as part
of this NDA, as well as an extensive published literature on the use of I-NO in this setting. Three of these trials were
previously reviewed as part of an earlier NDA submission by the sponsor. The fourth trial was completed more
recently and is reviewed as part of the present document.

The data from three trials (NINOS, INO-01/ -02 and CINRGI) demonstrate that I-NO administration is
associated with a significant decrease in the use of extra-corporeal membrane oxygenation (ECMO), an invasive
method of oxygenating the blood. This effect of I-NO to decrease ECMO use may well be due to the acute effect of |-
NO to improve oxygenation, rather than due to any other beneficial effect on the course of the disease causing the
hypoxic respiratory failure. In support of this contention, no beneficial effect of I-NO on mortality or any other
clinical endpoint was demonstrated by the available data. No effect of I-NO on mortality (beneficial or adverse) has
been demonstrated by the data. The effect of I-NO to improve oxygenation is significant, however, and avoidance of
ECMO is a clinically-desirable outcome. In the absence of hard clinical benefit (e.g., decreased mortality, fewer days
of hospitalization) the safety of I-NO needs to be firmly established prior to allowing its non-investigational use.

The following safety issues have been raised during one or both of my reviews: _

1) The safety database included small number of subjects, and for most adverse events, the INO-01/ -02 was
the primary source of information. Given the baseline differences between the subjects in the INO-01/ -02 and the
other trials, extrapolating between the two populations is also difficult, and open to serious errors of omission due to
inadequate data. These difficulties have been alleviated to some extent by the addition of 97 additional patients who
were exposed to [-NO, bringing the total number of children exposed to I-NO in the NDA database to 375. The
difficulties with differences in baseline characteristics are again present in the CINRGI trial, complicating its
interpretation. ‘Another potentially confounding variable between the CINRGI trial and the previous trials is the lower
dose of I-NO administered in CINRGI (20 ppm reduced to 5 ppm if possible), compared with the NINOS and INO-
01/-02 trials (20-80 ppm).

- 2) The available safety database in the original NDA raised several potential safety issues. The most
troubling of the adverse events, raised in the original medical review, was the possible association of I-NO with acute
and chronic pulmonary toxicities. This association, like all of the safety data, relied on small numbers of subjects,
although the association was plausible, given the available data. The addition of the CINRGI trial data, along with
additional long-term follow-up data from NINOS and INO-01/ -02 has allayed some of the concerns, especially
regarding ths occurrence of chronic injury. The existing database is inadequate, however, to exclude the occurrence

~ of pulmonary toxicity in association with the use of I-NO.

3) There was a definite association of I-NO with the development of methemoglobinemia and elevated NO,
concentrations, identified in the NINOS and INO-01/ -02 trials (especially at the 80 ppm dose). This concern is
minimized with the use of the lower doses of I-NO in the CINRG] trial (and the proposed dose for the label).

4) Several other adverse events were also possibly linked to the administration of I-NO based on the data
available in 1997, although the data were insufficient to determine the seriousness of these potential adverse events,
or to determine their duration or dose-response. The addition of the CINRGI data has resolved some of these safety

-concemns, and no new safety concerns have arisen as a result of the CINRGI trial review, The available data does

suggest that rapid discontinuation of I-NO is associated with rebound hypoxia in some patients.

5) For some adverse events of interest, no data were obtained at all. Most critica! of these was the effect of 1-
NO on coagulation parameters. Other clinical events for which we have either scarce or no clinical data include:
musculoskeletal injury; non-glomerular renal injury; effects on the cardiac conduction system, and effects on serum
electrolytes. h o ‘ ‘

6) The number of patients exposed to I-NO is too small to adequately assess the potential interactions of I-
NO with disease states, patient demographics and concomitant medications, The potential interaction of I-NO with
other drugs is of particular importance for drugs commonly used to treat this condition, such as steroids and
vasodilators (with the exception of tolazoline). '

7) Finally, an issue that cannot be resolved from the database is the potential genotoxicity and
carcinogenicity of I-NO. The available data on the genotoxicity of I-NO are mixed (see section 4.1 in my 1997
review for details). It is true that the duration of exposure to I-NO is limited in these studies, and that I-NO is

produced (at many-fold lower concentrations) intraceljularly. However, the cumulative years of risk for a newborn .

who receives I-NO is appreciably longer than an adult.
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