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Presentation A on hepatic effects of Drug X
In preclinical studies, effects typical of macrolide antibiotics were observed with Drug X. In rat, dog, and monkey toxicity studies, elevations of liver enzymes associated with histological correlates of liver cytolysis were noted at high doses in some but not all studies. These effects were slight, dose related and fully reversible during the recovery periods.  The No Observed Adverse Effect Level (NOAEL) of 50 mg/kg/day in the rat and dog was constant across studies, whatever their duration of treatment, and there were no new signs or aggravation of toxicity with longer treatment.  Studies conducted to assess the tissue distribution of Drug X in rats showed no accumulation of Drug X in the liver.  Drug X, clarithromycin, and roxithromycin behaved similarly in terms of uptake into and efflux from in vitro cultured hepatocytes of mouse, rat, dog, monkey, and human.  Azithromycin was more concentrated in mouse, rat, and dog hepatocytes and its efflux was slower than that of other compounds.
An in vitro study with human liver microsomes showed Drug X to undergo slightly less covalent binding to microsomal proteins than clarithromycin or azithromycin. The potential for Drug X to form nitrosoalkane complexes with the hepatic enzyme system cytochrome P450 was assessed and showed no nitrosoalkane complex was formed.  Drug X did not induce cytochrome P450 complex formation using a hepatic microsomal suspension from dexamethasone-treated rats.  
The selected dose of Drug X for the clinical program was 800 mg once daily.  In Phase I studies, doses up to 3200 mg were investigated.  The elderly were studied at escalating doses up to 2000 mg in a Phase I study. Single escalating oral doses of Drug X at 1200, 1600, and 2000 mg in elderly subjects (age range 60-72 years), with interspersed placebo, were administered in a 4-period, double-blind, placebo-controlled study with 8 subjects.  Subjects then received multiple doses of the maximum tolerated dose for 5 days. Generally, the number of subjects with TEAEs increased with dose.  The most frequent adverse events possibly related to Drug X were gastrointestinal effects (nausea and diarrhea).  There were no serious adverse events.  No subjects were discontinued due to TEAEs.
Almost all reports of hepatic adverse events in Phase III studies refer to asymptomatic liver enzyme abnormalities, which were generally mild and reversible.  The frequency of these hepatic adverse events was well balanced between Drug X and active comparators.  The incidence of treatment-related hepatic adverse events in comparative studies was well balanced between Drug X (40/2045 subjects, 2.0%) and comparators (33/1672 subjects, 2.0%).  In addition, there was no imbalance in the occurrence of hepatic adverse events leading to discontinuation (0.5% for both Drug X and comparators).
In all studies, serious hepatic adverse events occurred in 3 of 3265 (0.1%) subjects treated with Drug X and 1 of 1672 (0.1%) subjects treated with comparator.  The three serious hepatic TEAEs in the Drug X subjects consisted of one asymptomatic case that had been improving dramatically (as shown by transaminase levels) prior to discontinuation of Drug X, a subject with significant ethanol intake during the study period as a plausible alternative explanation, and an apparent hypersensitivity in a subject with abnormal baseline transaminases who experienced a second episode 9 months later without treatment with Drug X or other macrolides.  In the comparator group, jaundice was observed in one subject receiving clarithromycin.
One of the serious hepatic events occurred in a Drug X-treated subject in an uncontrolled study. A 53‑year‑old male treated for community-acquired pneumonia (CAP) in Finland was enrolled with elevated transaminases and elevated eosinophils at baseline.  He had a history of diabetes, asthma and three previous courses of macrolides in the previous year.  Four days after the end of treatment with Drug X, he had an episode of gastritis similar to that observed in several members of his family but this episode was followed by fever and alanine aminotransferase (ALT) increase with a peak to approximately 1500 U/L eight days later.  A biopsy six days after peak ALT levels were recorded showed centrilobular process and plasma cell infiltration with those inner fields.  ALT returned to baseline levels approximately eight weeks later.  The subject presented with a second episode of ALT increase nine months after the first episode with a peak at around 1300 U/L.  A second biopsy, performed seven weeks after the peak ALT, showed centrilobular hepatic cell depletion without frank necrosis, plasma cell infiltration and fibrosis.  
In summary, this subject with ALT and eosinophil increase at baseline presented two episodes of transaminase increase with return to baseline after the first episode and a second episode occurring nine months later.  To our knowledge there has been no published report of drug-induced liver injury or two distant episodes that were triggered by one drug intake.  Therefore, we believe it is unlikely that Drug X is the etiology of the hepatitis episode observed in this patient.  
The effect on hepatic enzymes was also evaluated in Phase III studies and data for ALT increases >3x the upper limit of normal (ULN) are summarized for controlled studies.  The rate of ALT increase was similar between Drug X (0.5%) and the comparators (0.4%) in subjects with normal transaminase levels at baseline. In those with elevated transaminases at baseline, who were mainly enrolled in CAP studies, the frequency of ALT >3 x ULN was 8.5% for Drug X and 11.1% for the comparators.  
As ALT increase is more frequently observed in pneumonia, data were also analyzed separately for subjects in controlled pneumonia studies and non-pneumonia studies.  In CAP subjects with normal transaminase levels at baseline, there was a small difference in the frequency of ALT increase >2x ULN (2.5% Drug X vs. 1.0% comparator) similar to what is observed with a macrolide; no signal was observed for ALT >3x ULN (0.8% Drug X vs. 0.5% comparator).  
There were no cases of transaminase increase of >3x ULN and bilirubin >1.5x ULN.  
To summarize, the safety profile of Drug X demonstrated from preclinical studies was similar to that of marketed macrolides.  Liver function abnormalities, which were generally mild and reversible, occurred at the same low frequency and intensity for Drug X as with other antibiotics used as active comparators in the clinical development program.  Hepatic adverse events, which in general represented asymptomatic liver enzyme abnormalities, were well balanced between Drug X and active comparators.  Populations at risk, such as the elderly and patients with renal or hepatic insufficiency, did not display an increased risk for hepatic injury with Drug X treatment.
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