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Presentation B on hepatic effects of Drug X
The following describes some of the findings from the preclinical studies and some of the hepatic effects of Drug X.  Hepatic events in Phase I studies and Phase III studies are discussed, together with an analysis of laboratory data and a brief discussion of some of the serious adverse events that were observed.  
In preclinical studies, hepatotoxicity was seen in rats, dogs and monkeys and this hepatotoxicity was manifested as increases in the liver enzymes AST (aspartate aminotransferase) and ALT (alanine aminotransferase).  Hepatic necrosis was seen in a 4‑week rat study and hepatocellular hypertrophy and multi-nucleated hepatocytes were seen in some but not all of the preclinical animal studies.  The Effects seen with Drug X were compared with those of clarithromycin; the conclusion was that the hepatic effects of Drug X were more than what was experienced with clarithromycin.
With regards to hepatic adverse events in single dose Phase I studies in humans there was a clustering of events at the 2000 mg dose (3/16 subjects, 19%).  At higher doses, there was somewhat of a fall‑off (1/24 subjects [4%] at 3200 mg).  In the multiple dose studies, events were infrequent.  In a Phase I study, which included 8 elderly subjects who received single doses of 1200 mg, 1600 mg and 2000 mg, there were three patients who achieved increases in ALT and AST with levels ranging from approximately 100 to 300 U/L.  The first patient was a 72-year-old female, who seven days after receiving a 2000 mg dose of Drug X demonstrated an increase in her ALT and AST; as part of the serologic evaluation for etiologies of hepatitis this patient also had a positive result for cytomegalovirus‑IgM. The second patient was a 69-year-old male who 17 days after receiving the 2000 mg dose of Drug X experienced increases in his ALT and AST.  The third patient was a 62‑year‑old male who seven days after receiving a placebo (and 14 days after 2000 mg dose of Drug X), experienced increases in his ALT and AST; as part of the serologic evaluation for etiologies of hepatitis this patient had a positive result for Epstein Barr Virus‑IgM.  The viral serologies do not provide definitive evidence of diagnosis of a viral etiology and this could therefore represent a possible drug effect.  In such a situation, the drug effect would have a 7- to 17-day latency period given the chronology of events here. 
In Phase III studies, the hepatic adverse event rates were similar for both Drug X (800 mg once daily) and comparators.  The rates for treatment discontinuation were similar for Drug X and comparators.  With regards to serious hepatic adverse events, from the comparative studies, there were two Drug X‑treated patients and one comparator-treated patient who experienced a serious hepatic adverse event.  In the non-comparative studies there was one additional Drug X‑treated patient who experienced a serious hepatic adverse event.  There were no deaths that were attributed to drug induced hepatic injury.  
Laboratory evaluations were carried out in the Phase III studies and the focus will be on evaluations from the comparative studies in patients who were normal at baseline for AST, ALT and total bilirubin.  Data will only be presented from the CAP (community‑acquired pneumonia) studies.
In the CAP studies, there were more AST and ALT elevations at the on therapy and post-therapy visits in the Drug X arm.  For these corresponding time points in the non-CAP studies, Drug X and comparator were similar. 
At on-therapy (Days 2 to 5), for levels of AST elevation between 1x and 2x the upper limit of normal (ULN) there was a slightly greater proportion of elevations in the Drug X-treated patients (33/320, 10% vs. 18/314, 6%).  At the post-therapy visit (Days 17 to 21), 6% (18/296) of Drug X‑treated patients achieved this level, whereas 2% (6/293) of comparator-treated patients achieved this level.  For ALT at on-therapy, there were 11% (35/320) of Drug X-treated patients achieving this level of elevation and 9% (28/314) of comparator-treated patients achieving this level of elevation. For ALT at post-therapy, there were 12% (36/296) of the Drug X-treated patients achieving that level and 9% (27/293) of comparator-treated patients achieving that level.
For combined laboratory abnormalities of either ALT and total bilirubin or AST and total bilirubin, we have the number of patients achieving elevations between 1x and 2x the upper limit of normal (ULN) for the Drug X‑treated patients and comparator‑treated patients.  In this analysis, data for Drug X includes patients both from the comparative and the non-comparative studies.  For Drug X, there were five events for ALT and total bilirubin, one for AST and total bilirubin. There were no events for the comparator-treated patients.
With regards to combined abnormalities, the late Dr. Hy Zimmerman in his book, "Hepatotoxicity", stated that drug-induced hepatocellular injury with overt jaundice is associated with a mortality of at least 10%.  This phrase has come to be known as Hy's law within the agency and as a surrogate for this, within NDA databases, we often look at AST or ALT > 3x ULN combined with a total bilirubin >1.5x ULN.  No patients met this criterion strictly.  However, there are some patients in the Drug X treatment arm that I'd like to comment on.  The first is a patient who has an ALT elevation of 19x ULN and a total bilirubin of 1.55x ULN based on local laboratory data.  This patient also had a slightly elevated ALT of 81 U/L (ULN = 49 U/L) at baseline. There were two other Drug X patients who didn't quite achieve the level of elevation of 3x and 1.5x ULN but were close.  One of these two patients also had a mild increase in alkaline phosphatase.  
I would now like to describe the cases of serious hepatic adverse events that occurred during the NDA.  One of the reasons that I'm spending some time going over these cases and describing them in some detail is that within the NDA studies, the safety databases are not really powered to find infrequent occurring events so I think going through these cases may provide us some insights.
The first serious adverse event is for a comparator-treated patient.  This patient was a 61‑year‑old male with CAP, a history of congestive heart failure and alcoholism who was maintained on digoxin.  He was treated with clarithromycin, 500 mg po BID for 10 days.  He was noted to be jaundiced on Day 17 and as part of his evaluation had a CT scan and an ultra-sound examination that showed changes consistent with a disseminated neoplasm thought to be of either hepatic or renal origin. His peak total bilirubin and alkaline phosphatase were both approximately 5x ULN.  His AST and ALT were normal. 
The first serious hepatic adverse event for Drug X was in a 76-year old female with CAP, a history of hypercholesterolemia and hyperuricemia who was maintained on Pravastatin and Allopurinol chronically.  She received treatment with Drug X, 800 mg po daily on days 1 through 6.  At the time of enrollment in the study, she had a slightly elevated AST (37 U/L).  On Day 5, AST and ALT are elevated (AST = 295, ALT = 418) and total bilirubin and alkaline phosphatase were slightly elevated.  On Day 6, the subject stopped Drug X therapy, and on Day 7 AST and ALT return towards normal and continued to do so at a subsequent visit.  
The second serious hepatic adverse event from the Phase III studies involved a 19-year-old male with tonsillar pharyngitis who had a positive culture for Group A Beta hemolytic streptococcus and no significant past medical history.  The patient was treated with Drug X, 800 mg daily and completed therapy on Day 5.  On the evening of Day 12, there was a history of heavy alcohol consumption and on Day 13, there was an increase in AST and ALT with subsequent resolution over the next few visits.
The third Drug X case was in a 53-year-old male in Finland with CAP, who had a history of asthma and diabetes mellitus and who was maintained on inhaled salbutamol, fluticasone, Atrovent, Nasonex and oral calcium.  The patient was treated with Drug X 800 mg daily from Days 1 through 10 and then on Day 14 he developed an illness that included fever, vomiting and diarrhea. There was a history of acetaminophen intake that began on Day 13 (described as 6 x 500 mg tablets of Tylenol over one week).  This was an illness that was similar to an illness that other members of his family were experiencing at the same time.  The difference in the patient's illness was that his fever persisted.
On Day 1, the patient had a mild increase in ALT of 81 (ULN = 49 U/L) and eosinophil count of 774 (ULN = 500 cells/µL).  The patient received Drug X from Day 1 through 10 and then returned on Day 21 for a follow-up evaluation after he had this febrile illness with persisting fever: ALT was 354 and eosinophil count had increased to 960.  On day 24, his ALT achieved a maximum for the course of this particular episode of hepatitis of 1529 and on Day 35, ALT was down to 518 although a maximum eosinophil count of 2856 was attained during this episode.  As part of the patient's evaluation for his episode of hepatitis, the patient had serologies for Hepatitis A, B and C that were negative.  He had a liver biopsy on Day 29 which is described below.  The patient's ALT had normalized after three months.
The patient was noted to have a second event of hepatitis approximately eight months after the first event at a routine follow-up. His ALT value was 1331, eosinophilia was not present, and anti-smooth muscle antibody titers were positive 1:1000.  The patient was also noted to have an elevated IgG and IgA. A second liver biopsy was also obtained for this second episode.
Liver biopsy is not usually done in somebody in whom you strongly suspect drug-induced liver disease.  If a patient is on a drug, develops liver test abnormalities, and you stop the drug and the test abnormalities go away, then a liver biopsy is not indicated. Liver biopsies are done when there's a confusing clinical situation or when the diagnosis of drug-induced liver disease is not entertained.  For drug-induced liver disease, we're not talking about intrinsic toxicity, but an idiosyncratic reaction.
Anything that can happen in any naturally occurring liver disease can also happen in drug-induced liver disease. There may be acute or chronic injury.  The acute injury can take the form of hepatocellular injury, a cholestatic injury, a mixture of the two, or some sort of vascular injury.  A chronic injury can be a chronic hepatocellular injury; that is it can be a chronic hepatitis, chronic cholestasis, fibrosis or cirrhosis, a vascular injury, or tumours.  In other words, the drugs can mimic absolutely anything.
To give some examples from the area of antibiotics; tetracyclines typically cause microvesicular fat in a dose-related intrinsic toxic injury, but can sometimes cause chronic cholestasis and chronic hepatitis, particularly with minocycline.  One of the principles of recognizing drug-induced injury is that the same drugs tend to do the same thing over again.  Amoxicillin/clavulanic acid typically causes cholestatic injury or it can be combined with hepatocellular injury, or sometimes granulomas.  It has been estimated that about one in every 3000 individuals who take nitrofurantoin will develop liver injury; the injury can take the form of acute hepatitis, acute hepatocellular injury, chronic injury or cholestatic injury.
The question arises about when one should suspect that a drug might have been the cause of injury and one answer is easy: we always suspect it since drugs can mimic anything that can happen in the liver.  If there is not an obvious other cause, then always inquire about what drugs the patient was taking.  We are especially suspicious of a drug-induced injury when there's some sort of atypical pattern, that is, something that's not usually seen in the usual range of liver diseases, e.g., combined hepatocellular and cholestatic injury.
In the normal liver, the area around the central vein has blood with the least oxygen and the least nutrients, so it's most susceptible to several types of injury.  The area around the central vein is also where the cytochrome P450 enzymes are localized, so toxic injury often has its greatest effect in the central lobular area.  Bile is secreted and flows in the opposite direction to the blood, and exits through the bile ducts.  Bile flow is an energy-dependent process so when there's a cholestatic injury, it also shows up first in the area around the central vein so we always pay close attention to the central lobular areas.
In an example of a liver biopsy from a patient who developed injury after halothane anaesthesia, we have severe necrosis of the liver cells, particularly concentrated in the areas around the central veins.  This is zonal necrosis, and when this is observed, we always suspect a drug.  In a biopsy from a patient who had been taking trimethoprim sulphamethoxazole, there was spotty necrosis, hepatitis within the parenchyma, and a granuloma in the portal area with a number of eosinophils.  Granulomatous disease along with eosinophils strongly suggests a drug.  In a biopsy from a patient taking amoxicillin/clavulanic acid, there was a cholestatic injury with lots of bile in the area around the central vein, spotty necrosis of liver cells, inflammatory cells within the parenchyma, and inflammation in the portal area.
Is the case of the patient taking Drug X reminiscent of what was seen with trovafloxacin?  In a picture from the internet showing trovafloxacin-induced liver injury, there is an area of necrosis and loss of liver cells surrounding the central vein, and a lot of inflammatory cells, including eosinophils.  In a biopsy from another patient on trovafloxacin the central areas have confluent necrosis and collapse, a lot of inflammatory cells, some granulomatous inflammation, histiocytes, many eosinophils, and a lot of plasma cells.
In the first liver biopsy from the Finnish patient who developed the injury after stopping trovafloxacin – I'm sorry, after stopping Drug X – and then had his biopsy at about the time that his eosinophil count was peaking, it is reminiscent of the trovafloxacin case because there is a lot of confluent necrosis in the central areas.  There is also a lot of spotty necrosis throughout the biopsy, lots of inflammatory cells, histiocytes and eosinophils.  Now this is very unusual.  I'm not aware of any non‑drug related naturally occurring liver disease that really looks like this.  The case does not look like autoimmune hepatitis or viral hepatitis, so with the history that the patient was taking a new drug that hasn't been recognized as the cause of liver injury, and then seeing this soon afterwards, I would say that this is almost certainly drug-induced, despite the fact the patient had abnormal liver enzymes before he took the drug. A connective tissue stain revealed a little bit of fibrosis around some of the portal areas so if the patient had an underlying chronic liver disease it must have been extremely mild.
In the second biopsy (nine months later) there is a lot of fibrosis and it seems the patient has pretty significant chronic liver disease at this stage.  Most of the fibrosis is in the central lobular areas, which is the same areas that were injured and had the eosinophils nine months earlier: that is very unusual.  Looking at the history it appears that this ought to have been autoimmune hepatitis, but it's not quite typical of autoimmune hepatitis because of the location of the injury.  
This case is really unique in my experience.  I'm not aware of any really well documented case of autoimmune hepatitis that have followed a drug-induced injury, but this I suppose could be the first one.  Overall, the first liver biopsy certainly looks like drug-induced liver disease.  The second one, I have to admit, I'm not really sure what exactly is going on there.
In summary, with regards to the hepatic effects, as seen in the preclinical studies, there was hepatotoxicity in dogs, rats, and monkeys.  In Phase I studies, there was a clustering of hepatic adverse events at the 2000 mg dose.  There was no clear dose response for hepatic adverse events in Phase I.  In Phase III studies, there were similar adverse events rates for Drug X and comparators, and no apparent drug-induced hepatic deaths.  For hepatic serious adverse events from the Phase III studies, there are two cases that appear to be plausibly associated with Drug X: one of these events was a patient with central lobular necrosis and eosinophilic infiltration, who was also noted to have an elevated ALT and eosinophil count at baseline.  AST and ALT elevations were seen in Drug X-treated CAP patients who were normal at baseline; these were more common than in the comparator-treated patients.  This was not seen in the studies with patients from non-CAP studies.  Concomitant low level elevations in AST/ALT and total bilirubin occurred only in Drug X-treated patients.
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