
 

 
 

February 24, 2015 

 

Margaret A. Hamburg, M.D.  

Commissioner      

Food and Drug Administration 

Department of Health and Human Services 

WO 2200 

10903 New Hampshire Avenue 

Silver Spring, MD 20993-0002 

 

Janet Woodcock, M.D. 

Director 

Center for Drug Evaluation and Research 

Food and Drug Administration 

Department of Health and Human Services 

WO51/Room 6133 

10903 New Hampshire Avenue 

Silver Spring, MD 20993-0002 

 

Division of Dockets Management 

Food and Drug Administration 

Department of Health and Human Services 

5630 Fishers Lane, Room 1061 

Rockville, MD 20852 

 

Dear Dr. Hamburg and Dr. Woodcock: 

 

Public Citizen, a consumer advocacy organization with more than 350,000 members and 

supporters nationwide, hereby petitions the Food and Drug Administration (FDA), pursuant to 

the Federal Food, Drug, and Cosmetic Act, 21 U.S.C. § 355(e), and 21 C.F.R. § 10.30, to 

immediately require the removal from the market of the oral form of the antifungal agent 

ketoconazole
1
 because the drug’s risks of fatal liver failure and adrenal insufficiency, and its 

numerous drug interactions, outweigh its limited benefits in treating fungal infections. 

 

  

                                                           
1
 For the remainder of this document, unless otherwise indicated, “ketoconazole” refers only to oral formulations of 

ketoconazole approved in the U.S., and not to other formulations (e.g., topical), which do not carry the same safety 

concerns and which are not covered in the petition’s requests. 
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I. STATEMENT OF GROUNDS 
 

A. Background 

 

Ketoconazole was approved in 1981 for the treatment of several fungal infections, and there are 

currently several generic versions on the market
2
 (the original manufacturer recently withdrew its 

brand-name version, Nizoral, from the market
3
). Originally, ketoconazole was indicated to treat 

several systemic
4
 and nonsystemic fungal infections.

5
 In addition to these approved indications, 

ketoconazole has sometimes been used off-label to treat endocrine disorders, such as Cushing’s 

syndrome, and androgen-dependent prostate cancer
6
 because of its ability to suppress adrenal 

and testicular steroid production, respectively, at high doses.
7
 In 2012, approximately 5.2 million 

ketoconazole prescriptions were dispensed, of which 609,000 (12 percent) were for tablet 

formulations, with nonsystemic fungal infections treated in outpatient clinics representing the 

most common use.
8
 By 2014, 462,000 prescriptions were still dispensed for the drug.

9
 

 

On July 26, 2013, the FDA issued a safety communication removing several of ketoconazole’s 

approved indications, including fungal dermatophyte (skin, hair, and nail) infections and various 

systemic candida infections, due to the drug’s severe risks of liver injury, adrenal gland 

dysfunction, and numerous medication interactions.
10

 The FDA also mandated that a medication 

guide be distributed with the drug, informing patients of these risks and restricted uses. 

 

Ketoconazole’s hepatotoxic effects were apparent soon after its approval. In 1983, the FDA 

required that a black-box warning be added to the label about fatal hepatotoxicity.
11

 Over the 

ensuing three decades, more evidence has accumulated quantifying the drug’s hepatic effects 

relative to those of other antifungal agents. Liver injury caused by oral ketoconazole has been 

                                                           
2
 Food and Drug Administration. CDER Regulatory Briefing. Benefit-Risk Assessment of Oral Ketoconazole 

Tablets. January 4, 2013. Page 3. Internal memo obtained by Public Citizen, hereafter cited as “FDA Memo” and 

enclosed at the end of this petition. 
3
 Food and Drug Administration. FDA Approved Drug Products. Nizoral is listed as “discontinued”, with the last 

label change implemented in February 2014. http://www.accessdata.fda.gov/scripts/cder/drugsatfda/. Accessed 

January 28, 2015. 
4
 As used in this document, “systemic” fungal infections refer to non-superficial (i.e., skin, hair, or nail) fungal 

infections that affect one or more internal organs, or the entire body. 
5
 FDA Memo, p. 3.  

6
 FDA Memo, p. 3. 

7
 FDA Memo, p. 6. 

8
 Food and Drug Administration. FDA Drug Safety Communication: FDA limits usage of Nizoral (ketoconazole) 

oral tablets due to potentially fatal liver injury and risk of drug interactions and adrenal gland problems. July 26, 

2013. http://www.fda.gov/Drugs/DrugSafety/ucm362415.htm. Accessed January 13, 2015. 
9
 IMS Health data. Obtained on January 30, 2015. 

10
 Food and Drug Administration. FDA Drug Safety Communication: FDA limits usage of Nizoral (ketoconazole) 

oral tablets due to potentially fatal liver injury and risk of drug interactions and adrenal gland problems. July 26, 

2013. http://www.fda.gov/Drugs/DrugSafety/ucm362415.htm. Accessed January 13, 2015.  On October 16, 2013, 

the FDA further recommended that pharmaceutical companies and researchers avoid using oral ketoconazole and 

instead use other strong inhibitors of the CYP3A enzyme in drug interaction studies in healthy subjects. See: Food 

and Drug Administration. FDA Drug Safety Communication: FDA advises against using oral ketoconazole in drug 

interaction studies due to serious potential side effects. October 16, 2013. 

http://www.fda.gov/Drugs/DrugSafety/ucm371017.htm. Accessed January 13, 2015. 
11

 FDA Memo, p. 3. 

http://www.accessdata.fda.gov/scripts/cder/drugsatfda/
http://www.fda.gov/Drugs/DrugSafety/ucm362415.htm
http://www.fda.gov/Drugs/DrugSafety/ucm362415.htm
http://www.fda.gov/Drugs/DrugSafety/ucm371017.htm
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estimated to occur in one of 500 patients, and one per 750 person-months of exposure, with no 

history of liver disease.
12

 Liver damage can be severe, leading to liver transplant or death in 

some patients, including in those without a history of liver disease. Although other antifungal 

medications in the same class also can cause liver damage, the risk is considerably higher with 

ketoconazole.
13

 Oral ketoconazole also can cause adrenal insufficiency, affecting the body’s 

balance of water, salts, and electrolytes, and can interact with numerous drugs, leading to 

potentially fatal heart rhythm disturbances.
14

  

 

However, despite these risks, the agency still has allowed the drug to be marketed for five 

systemic fungal infections (blastomycosis, histoplasmosis, coccidioidomycosis, 

paracoccidioidomycosis, and chromomycosis) as a last resort if other antifungals fail or are not 

tolerated, and only in those without pre-existing liver disease (see Table 1, page 11).
15

 

 

The same day as the FDA’s July 2013 announcement, a key committee of the European 

Medicines Agency (EMA; the European equivalent of the FDA) recommended that all oral 

formulations of ketoconazole be removed from the European market because it concluded that 

the drug’s risks outweighed its benefits for all indications.
16

 That agency stated that there were 

“inadequate data to support the efficacy of ketoconazole when other treatments have failed or are 

not tolerated, or resistance has been detected” and that proposals (similar to the FDA’s) to 

mitigate the drug’s risks would not be “sufficient to reduce the risk of hepatotoxicity to an 

acceptable level” in light of the drug’s uncertain benefits.
17

 (While the EMA has since 

recommended bringing ketoconazole back on the European market for the treatment of 

Cushing’s syndrome,
18

 its 2013 decision to remove the antifungal indications for all oral 

formulations of ketoconazole still stands. In addition, the FDA has not approved ketoconazole 

for treatment of Cushing’s syndrome in the U.S.) 

                                                           
12

 Food and Drug Administration. FDA Drug Safety Communication: FDA limits usage of Nizoral (ketoconazole) 

oral tablets due to potentially fatal liver injury and risk of drug interactions and adrenal gland problems. July 26, 

2013. http://www.fda.gov/Drugs/DrugSafety/ucm362415.htm. Accessed January 20, 2015. 
13

 European Medicines Agency. European Medicines Agency recommends suspension of marketing authorisations 

for oral ketoconazole. July 26, 2013. 

http://www.ema.europa.eu/ema/index.jsp?curl=pages/news_and_events/news/2013/07/news_detail_001855.jsp. 

Accessed January 20, 2015. 
14

 Food and Drug Administration. FDA Drug Safety Communication: FDA limits usage of Nizoral (ketoconazole) 

oral tablets due to potentially fatal liver injury and risk of drug interactions and adrenal gland problems. July 26, 

2013. http://www.fda.gov/Drugs/DrugSafety/ucm362415.htm. Accessed January 20, 2015. 
15

 Food and Drug Administration. FDA Drug Safety Communication: FDA limits usage of Nizoral (ketoconazole) 

oral tablets due to potentially fatal liver injury and risk of drug interactions and adrenal gland problems. July 26, 

2013. http://www.fda.gov/Drugs/DrugSafety/ucm362415.htm. Accessed January 20, 2015. 
16

 European Medicines Agency. European Medicines Agency recommends suspension of marketing authorisations 

for oral ketoconazole. July 26, 2013. 

http://www.ema.europa.eu/ema/index.jsp?curl=pages/news_and_events/news/2013/07/news_detail_001855.jsp. 

Accessed January 13, 2015. 
17

 European Medicines Agency. European Medicines Agency recommends suspension of marketing authorisations 

for oral ketoconazole. July 26, 2013. 

http://www.ema.europa.eu/ema/index.jsp?curl=pages/news_and_events/news/2013/07/news_detail_001855.jsp. 

Accessed January 20, 2015. 
18

 European Medicines Agency. Ketoconazole HRA recommended for approval in Cushing’s syndrome. September 

26, 2014. 

http://www.ema.europa.eu/ema/index.jsp?curl=pages/news_and_events/news/2014/09/news_detail_002174.jsp. 

Accessed January 20, 2015. 

http://www.fda.gov/Drugs/DrugSafety/ucm362415.htm
http://www.ema.europa.eu/ema/index.jsp?curl=pages/news_and_events/news/2013/07/news_detail_001855.jsp&mid=WC0b01ac058004d5c1
http://www.fda.gov/Drugs/DrugSafety/ucm362415.htm
http://www.fda.gov/Drugs/DrugSafety/ucm362415.htm
http://www.ema.europa.eu/ema/index.jsp?curl=pages/news_and_events/news/2013/07/news_detail_001855.jsp&mid=WC0b01ac058004d5c1
http://www.ema.europa.eu/ema/index.jsp?curl=pages/news_and_events/news/2013/07/news_detail_001855.jsp&mid=WC0b01ac058004d5c1
http://www.ema.europa.eu/ema/index.jsp?curl=pages/news_and_events/news/2014/09/news_detail_002174.jsp&mid=WC0b01ac058004d5c1
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Public Citizen has learned that six months before the FDA’s July 2013 announcement restricting 

ketoconazole, a team of FDA experts at the Office of Surveillance and Epidemiology (OSE; 

hereafter referred to as the “OSE review team” or “OSE reviewers”) reached a different 

conclusion, agreeing instead with the eventual assessment of the EMA’s Committee for 

Medicinal Products for Human Use with respect to the risk-benefit ratio of oral ketoconazole for 

fungal infections. The OSE review team included 14 scientists, including two hepatologists with 

expertise in drug-induced liver damage, Drs. John Senior and Leonard Seeff.
19

 Public Citizen 

obtained a copy of an internal memo (enclosed at the end of this petition), dated January 4, 2013, 

in which the OSE review team concluded that, in the context of all of the drug’s labeled 

indications, “it was unable to view the risk of serious potentially life-threatening hepatic 

injury as tolerable for the potential benefit of ketoconazole treatment.”
20

 [Emphasis added] 

 

We agree with the conclusion of the OSE reviewers and the EMA that ketoconazole should be 

banned because there are no patients for whom the benefits of ketoconazole outweigh its risks 

and there are other effective, safer therapies for the fungal infections for which ketoconazole is 

still used today. Much of the supporting evidence outlined in this petition derives from the OSE 

review team’s memo, an exhaustive analysis of all relevant data since ketoconazole’s approval in 

1981, which forms the basis of its recommendation to ban the drug, supplemented by additional 

medical publications and guidelines issued by the Infectious Diseases Society of America. 

 

B. Safety discussion: Ketoconazole uniquely toxic 
 

Given the overall consensus (including on the part of the aforementioned OSE reviewers and the 

EMA) on the nature and scale of the risks of ketoconazole, this petition will only briefly discuss 

the drug’s risks, relying mainly on OSE reviewers’ recent analysis. 

 

1. Hepatotoxicity 

 

a. Pathophysiology 

 

The pathophysiology of ketoconazole-associated liver injury is not completely understood. 

Studies have shown that a metabolite of ketoconazole known as N-deacetyl ketoconazole is 

transformed into N-deacetyl-N-hydroxyketoconazole.
21

 This metabolite is further transformed 

into smaller products that are toxic to hepatocytes, including hepatocellular mitochondria, where 

function is impaired. The resulting injury is primarily a hepatocellular pattern, with increased 

alanine aminotransferase levels, although some cases of reported liver injury reflected cholestatic 

and mixed hepatocellular/cholestatic patterns.
22

  

 

  

                                                           
19

 We have learned that the OSE review team consisted of the following scientists: Fred Sorbello, Chris Jones, Andy 

Mosholder, Hina Mehta, Leonard Seeff, Vicky Borders-Hemphill, Neha Gada, Judy Staffa, Linda Scarazzini, Bindi 

Nikhar, Kelly Cao, Beth Maloney, John Senior, and Laura Governale. 
20

 FDA Memo, p. 48. 
21

 FDA Memo, p. 5. 
22

 FDA Memo, p. 4.  
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b. Literature review 

 

A 1999 observational study of the U.K. General Practice Research Database (GPRD) was the 

most rigorous study reviewed in the OSE review team’s analysis
23

 and formed the basis for the 

estimate of the incidence of ketoconazole-induced hepatotoxicity presented in the FDA’s July 

2013 safety communication.
24

 Garcia-Rodriguez et al. conducted a retrospective cohort study of 

British patients in the GPRD, a database of electronic medical records submitted by a network of 

general practitioners in the U.K., to determine the risk of liver injury from several antifungal 

drugs, including ketoconazole.
25

 Patients without a recent history of liver disease or a number of 

other serious illnesses who received one or more prescriptions for an antifungal drug were 

included in the analysis. The authors estimated that acute liver injury associated with 

ketoconazole use occurred in one in 500 patients, far exceeding the estimated incidence for the 

other four antifungal drugs studied.
26

 When accounting for duration of exposure, the incidence 

was approximately one per 750 person-months of exposure. 

 

Janssen Pharmaceuticals, the original manufacturer of ketoconazole, presented an early estimate 

of the incidence of ketoconazole-induced “symptomatic hepatic reactions” of only one in 10,000-

15,000.
27

 However, the OSE review team pointed out that the study had many limitations, not the 

least of which was a reliance on voluntary adverse event reports to estimate incidence.
28

 (It is 

estimated that as few as 2 to 20 percent of all adverse events are reported to the FDA.
29

) 

Analyzing the Janssen data, Stricker et al. estimated a true incidence of one in 1,000 or greater 

after adjusting for likely underreporting of adverse events,
30

 which more closely resembles the 

one-in-500 estimate formulated by Garcia-Rodriguez et al.  

 

A Taiwanese randomized trial of 211 subjects without liver disease found that four of 137 

subjects (3 percent) randomized to ketoconazole acquired clinical hepatitis, and 24 (18 percent) 

had asymptomatic transaminase elevations, compared with none of the 74 griseofulvin-treated 

subjects.
31

 However, the OSE review team thought that a clinical hepatitis incidence of 3 percent 

was unusually high and inconsistent with other clinical trial data showing an incidence of less 

than 1 percent. 

 

                                                           
23

 FDA Memo, p. 15; Garcia-Rodriguez LA, Duque A, Castellsague J, Perez-Gutthann S, Stricker BH. A cohort 

study on the risk of acute liver injury among users of ketoconazole and other antifungal drugs. Br J Clin Pharmacol. 

1999;48(6):847-852. 
24

 FDA Drug Safety Communication: FDA limits usage of Nizoral (ketoconazole) oral tablets due to potentially fatal 

liver injury and risk of drug interactions and adrenal gland problems. July 26, 2013. 

http://www.fda.gov/Drugs/DrugSafety/ucm362415.htm. Accessed January 13, 2015. 
25

 FDA Memo, p. 15. 
26

 FDA Memo, p. 16. 
27

 FDA Memo, p. 17; Janssen PAJ, Cauwenbergh G, Symoens J. Hepatic reactions during ketoconazole treatment: A 

1 year update. Beerse, Belgium: Janssen Pharmaceutica; 1983. [As reported in: Lewis JH, Zimmerman J, Benson 

GD, et al. Hepatic injury associated with ketoconazole therapy. Gastroenterology. 1984;86:503-513] 
28

 FDA Memo, p. 18. 
29

 Hazell L, Shakir SA. Under-reporting of adverse drug reactions: A systematic review. Drug Saf. 2006;29:385-

396. 
30

 FDA Memo, p. 18; Stricker B, Blok A, Bronkhorst F, Van Parys G, Desmet V. Ketoconazole-associated hepatic 

injury. J Hepatol. 1986;3:399-406. 
31

 FDA Memo, p. 17. 

http://www.fda.gov/Drugs/DrugSafety/ucm362415.htm
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A Chinese meta-analysis published in 2013 reviewed 205 English- and Chinese-language studies 

using total daily doses primarily from 200 to 400 milligrams (mg)/day.
32

 Lower and higher doses 

were included as well. The meta-analysis included randomized controlled trials, cohort studies, 

and case series. The rate of ketoconazole-associated hepatotoxicity was 3.4 percent of all 

patients, using an intention-to-treat analysis in randomized control trials, and 3.6-4.2 percent of 

patients across all study types. However, neither the diagnostic criteria nor the severity of the 

liver injuries was discussed, and a dose- or duration-dependent relationship with hepatotoxicity 

was not found.  

 

c. Adverse Event Reporting System data 

 

The OSE review team searched the FDA’s Adverse Event Reporting System (AERS) for cases of 

serious liver injury associated with ketoconazole use from 1980 through 2011.
33

 A total of 42 

cases of serious hepatotoxicity temporally associated with oral ketoconazole use in U.S. patients 

were found. Two-thirds (28) of these patients had no history of liver disease or malignancy. The 

median dose of ketoconazole was 200 mg/day, consistent with the FDA’s dosing 

recommendations of 200-400 mg/day, and the median duration of use before hepatotoxicity was 

identified was 51 days. 

 

Ninety percent of the patients were hospitalized, almost one-quarter of the patients required liver 

transplantation, and half died. There was one positive rechallenge, in which a 22-year-old female 

discontinued ketoconazole after developing jaundice, with elevated bilirubin and transaminase 

levels, and subsequently developed fulminant liver failure requiring transplant only two weeks 

after ketoconazole was restarted. 

 

After assessing for potential alternative causes and applying causality criteria to the 42 cases, Dr. 

Leonard Seeff, one of the two hepatologists on the OSE review team, categorized 19 of the 42 

(45 percent) “as probable or more likely to be causally related to ketoconazole therapy.” Sixteen 

of these 19 cases (84 percent) resulted in death or liver transplantation. 

 

d. United Network for Organ Sharing data 

 

According to the OSE reviewers, the United Network for Organ Sharing (UNOS) database is 

thought to contain records of “essentially all” liver transplants that are performed in the U.S.
34

 

UNOS provided the FDA with records of all transplants attributed to ketoconazole, itraconazole, 

and fluconazole liver injury performed between October 1, 1987, and April 30, 2012, in addition 

to counts of patients placed on waiting lists between April 1, 1994, and April 30, 2012.
35

 

 

Ketoconazole was responsible for 10 liver transplants performed during this period and three 

additional cases of liver failure awaiting transplant since 1994, compared with none attributed to 

                                                           
32

 Yan JY, Nie XL, Tao QM, Zhan SY, Zhang YD. Ketoconazole associated hepatotoxicity: A systematic review 

and meta-analysis. Biomed Environ Sci. 2013;26(7):605-610. 
33

 FDA Memo, p. 7. Results of AERS search presented on p. 12-14. 
34

 FDA Memo, p. 19. 
35

 FDA Memo, p. 8-9. 
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either itraconazole or fluconazole.
36

 Since 1991, ketoconazole led to approximately one 

transplant per 2 million prescriptions.
37

 Were the other antifungals as hepatotoxic as 

ketoconazole, fluconazole would have led to 80 transplants and itraconazole 6 based on usage.
38

 

 

e. MiniSentinel analysis 

 

OSE reviewers also analyzed the FDA’s MiniSentinel database, which contains health care 

claims data from academic institutions, health insurance companies, and health maintenance 

organizations around the country, for rates of liver injury associated with several antifungals 

between January 2000 and September 2011.
39

 While rates of liver injury with ketoconazole did 

not differ substantially from those with other antifungals (except voriconazole, which exhibited a 

much higher rate of hepatic events than any other antifungal, perhaps due to a sicker patient 

population treated with the drug), the reviewers noted that the data came with many limitations, 

most notably a potential underestimate of the true hepatic event rates due to a restrictive case 

definition (only primary discharge diagnoses of acute and subacute necrosis of the liver and 

“hepatitis unspecified” were assessed). 

 

f. Estimated frequency of ketoconazole-associated hepatotoxicity in 2014 

 

The primary study on which the OSE reviewers relied was that by Garcia-Rodriguez et al. of a 

cohort of 69,830 patients in the GPRD.
40

 In this study, the estimated incidence of ketoconazole-

associated hepatotoxicity, defined as symptomatic acute liver injury necessitating referral to a 

hospital or specialist, was 134.1 per 100,000 person-months of exposure. This is approximately 

equal to one case per 750 person-months of exposure. Of note, 90 percent of all prescriptions in 

this study were for less than one month and the study included only subjects with no history of 

hepatic disease or liver injury in the previous five years. 

 

According to data obtained from IMS Health, 462,000 ketoconazole prescriptions were 

dispensed in 2014.
41

 The most conservative estimate of the number of new ketoconazole-

associated liver injury cases resulting from prescriptions dispensed in 2014 would assume that all 

of these prescriptions were for only one month of therapy. Thus, extrapolating the Garcia-

Rodriguez incidence of liver injuries per person-month of exposure, ketoconazole use in 2014 

                                                           
36

 FDA Memo, p. 21. Data as reported by UNOS to the FDA on July 17, 2012. There were slight discrepancies 

between the data provided by UNOS to the FDA in 2012 and those reported in two separate publications: 1) Russo 

MW, Galanko JA, Shrestha R, et al. Liver transplantation for acute liver failure from drug induced liver injury in the 

United States. Liver Transpl. 2004;10:1018-1023; and 2) Mindikoglu AL, Magder LS, Regev A. Outcome of liver 

transplantation for drug-induced acute liver failure in the United Status: Analysis of the United Network for Organ 

Sharing database. Liver Transpl. 2009;15:719-729. The OSE review team was unable to determine the cause of 

these discrepancies, however, they did not substantively affect the differences in the rates between ketoconazole-

induced liver transplants and those induced by itraconazole or fluconazole. 
37

 FDA Memo, p. 22. 
38

 FDA Memo, p. 21. 
39

 FDA Memo, p. 9. Results presented on p. 19-21. 
40

 FDA Memo, p. 15; Garcia-Rodriguez LA, Duque A, Castellsague J, Perez-Gutthann S, Stricker BH. A cohort 

study on the risk of acute liver injury among users of ketoconazole and other antifungal drugs. Br J Clin Pharmacol. 

1999;48(6):847-852. 
41

 IMS Health data. Obtained on January 30, 2015. 
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may potentially have resulted in 616 cases of symptomatic acute liver injury necessitating 

hospitalization or specialist referral. 

 

2. Drug interactions, including with statins leading to potentially fatal rhabdomyolysis 

 

A variety of factors make ketoconazole a more frequent culprit in drug interactions than all other 

azole antifungal drugs. Among the azole class of antifungal drugs, it is the most potent inhibitor 

of hepatic enzyme CYP3A4, which is responsible for the metabolism of numerous drugs and, 

due to its lipophilicity, concentrates in the liver in high amounts, furthering the inhibition of the 

enzyme.
42

 After analyzing the MicroMedex 2.0 drug information database from Truven Health 

Analytics, OSE reviewers concluded that ketoconazole is known to interact with substantially 

more drugs than either itraconazole or fluconazole, including those causing the most dangerous 

drug interactions.
43

 

 

OSE reviewers analyzed the AERS database for cases of myopathy reported in patients treated 

with ketoconazole. A total of 32 cases of myopathy were reported with ketoconazole use, 28 of 

which were rhabdomyolysis.
44

 In 26 of the 32 cases, ketoconazole was taken along with a statin 

drug for dyslipidemia, with simvastatin the most commonly implicated (18 cases). Myopathy 

resulted in acute renal failure and/or dialysis in 10 of the 32 cases,
45

 with two deaths attributed to 

rhabdomyolysis-induced kidney failure secondary to a ketoconazole-statin drug interaction.
46

 

 

Ketoconazole’s potent CYP3A4 enzymatic inhibitory effects have made it a drug of choice in 

drug interaction studies conducted in the pre-approval clinical testing stage of new drugs.
47

 

However, on October 16, 2013, the FDA recommended that drug companies and researchers 

avoid using ketoconazole in drug interaction studies to prevent the exposure of otherwise healthy 

subjects to its hepatotoxic and adrenal effects.
48

 

 

3. Adrenal effects 

 

a. Physiology 

 

Ketoconazole’s mechanism of action is the inhibition of the synthesis of ergosterol, part of the 

cell walls in fungi.
49

 It does so by impairing the function of cytochrome P450. As a result, 

ketoconazole can stop endogenous steroid production by adrenal glands and testicles. 

Consequently, the therapeutic potential of this mechanism has been explored.  

 

  

                                                           
42

 FDA Memo, p. 25. 
43

 FDA Memo, p. 26. 
44

 FDA Memo, p. 22. 
45

 FDA Memo, p. 23. 
46

 FDA Memo, p. 24-25. 
47

 FDA Memo, p. 25. 
48

 Food and Drug Administration. FDA advises against using oral ketoconazole in drug interaction studies due to 

serious potential side effects. October 16, 2013. http://www.fda.gov/Drugs/DrugSafety/ucm371017.htm. Accessed 

January 13, 2015. 
49

 FDA Memo, p. 6.  

http://www.fda.gov/Drugs/DrugSafety/ucm371017.htm
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b. Cushing’s syndrome 

 

Cushing’s syndrome is an extremely rare condition involving abnormally high levels of cortisol. 

The prevalence of Cushing’s syndrome is estimated at 90 per million people in Europe, with the 

annual incidence of its most common, pituitary-related variant, Cushing’s disease, estimated at 

1.2-2.4 cases per million people.
50

 However, only some of these patients require medical therapy, 

with a significant number of cases successfully treated with surgery or radiotherapy. 

 

For Cushing’s disease, the most common cause of Cushing’s syndrome, transsphenoidal 

microsurgery has a remission rate of 65-90 percent.
51

 However, 20 percent of patients eventually 

present with recurrent disease and, while repeat surgery is possible, it results in lower remission 

rates than the primary surgery.
52

 Other options for treatment are radiotherapy and radiosurgery, 

which have reported remission rates of 50-60 percent, although responses occur over a 3-5 year 

period.
53

 Pharmacologic therapy is indicated when other therapies fail or are contraindicated.   

 

Because of its inhibition of steroid synthesis, ketoconazole has been used as medical therapy in 

Cushing’s syndrome.
54

 Such use is considered off-label.
55

 A 2014 study of 200 patients with 

Cushing’s syndrome who were treated with ketoconazole showed 49 percent achieving normal 

urinary free cortisol levels after an average of 28 months of treatment, while 25 percent had 

levels that did not change following an average of 10 months of treatment.
56

  

 

The EMA did initially ban all use of ketoconazole but subsequently allowed the use of 

ketoconazole for Cushing’s syndrome.
57

 The approval was based not on any controlled clinical 

trial data, but on the submission by the manufacturer of a systematic review of the published 

literature on the use of ketoconazole in patients with Cushing’s syndrome.
58

 Of the 28 studies 

involving 748 subjects cited in the manufacturer’s submission, though, only one was prospective, 

and none were controlled clinical trials. 

 

                                                           
50

 European Medicines Agency. Assessment report: Ketoconazole HRA. September 25, 2014. 

http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-

_Public_assessment_report/human/003906/WC500181493.pdf. Accessed February 2, 2015. 
51

 Biller BMK, Grossman AB, Stewart PM, et al. Treatment of Adrenocorticotropin-Dependent Cushing’s 

Syndrome: A Consensus Statement. The Journal of Clinical Endocrinology & Metabolism. 2008;93(7):2454-2462. 
52

 Rutkowski MJ, Flanigan PM, Aghi MK. Update on the management of recurrent Cushing’s disease. 

Neurosurgical Focus. 2015;38(2):E16.  
53

 Biller BMK, Grossman AB, Stewart PM, et al. Treatment of Adrenocorticotropin-Dependent Cushing’s 

Syndrome: A Consensus Statement. The Journal of Clinical Endocrinology & Metabolism. 2008;93(7):2454-2462.  
54

 Fleseriu, Maria. “Recent Advances in the Medical Treatment of Cushing’s Disease.” F1000Prime Reports 6 

(March 3, 2014). 
55

 FDA Memo, p. 3 
56

 Castinetti F, Guignat L, Giraud P, et al. Ketoconazole in Cushing’s disease: is it worth a try? J Clin Endocrinol 

Metab. 2014;99(5):1623-1630. 
57

 European Medicines Agency. Ketoconazole HRA recommended for approval in Cushing's syndrome. September 

26, 2014. 

http://www.ema.europa.eu/ema/index.jsp?curl=pages/news_and_events/news/2014/09/news_detail_002174.jsp&mi

d=WC0b01ac058004d5c1. Accessed January 20, 2015. 
58

 European Medicines Agency. Assessment report: Ketoconazole HRA. September 25, 2014. 

http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-

_Public_assessment_report/human/003906/WC500181493.pdf. Accessed February 2, 2015. 

http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Public_assessment_report/human/003906/WC500181493.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Public_assessment_report/human/003906/WC500181493.pdf
http://www.ema.europa.eu/ema/index.jsp?curl=pages/news_and_events/news/2014/09/news_detail_002174.jsp&mid=WC0b01ac058004d5c1
http://www.ema.europa.eu/ema/index.jsp?curl=pages/news_and_events/news/2014/09/news_detail_002174.jsp&mid=WC0b01ac058004d5c1
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Public_assessment_report/human/003906/WC500181493.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Public_assessment_report/human/003906/WC500181493.pdf
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c. Prostate cancer 

 

Given its anti-androgen affect, ketoconazole has been studied for use in conjunction with 

androgen deprivation therapy in prostate cancer.
59

 This use remains off-label and, to the best of 

our knowledge, a new drug application for this use had not been submitted to the FDA as of 

February 1, 2015. The American Society of Clinical Oncology in 2014 noted that ketoconazole 

has biologic activity against prostate cancer but that its survival and quality-of-life benefits 

remain unknown.  The society also highlighted multiple therapies that do have survival and 

quality of life benefits.
60

 

 

C. Other, safer antifungals render ketoconazole non-essential for remaining FDA-approved 

indications 

 

As discussed above, in contrast with the EMA, the FDA decided to keep ketoconazole on the 

U.S. market for the (non-first-line) treatment of five systemic mycoses: blastomycosis, 

histoplasmosis, coccidioidomycosis, paracoccidioidomycosis, and chromomycosis. These five 

infections are very rare, with the incidence of histoplasmosis, coccidioidomycosis, and 

blastomycosis estimated at 3.4, 3.2, and 0.7 per 100,000 person-years in older Medicare 

beneficiaries.
61

 Paracoccidioidomycosis is not endemic to the U.S. and is instead found mostly in 

Latin America.
62

 Chromomycosis mostly occurs in subtropical and tropical regions, although 

cases have been reported in the U.S.
63

 

 

Table 1 (page 11) lists these five remaining indications for ketoconazole, along with other 

antifungals that have been: (1) approved by the FDA for the infections; or (2) recommended by 

the Infectious Diseases Society of America (IDSA) and/or have evidence indicating their 

effectiveness for the infections.  

  

                                                           
59

 FDA Memo p. 4.  
60

 Basch E, Loblaw D, Oliver T, et al. Systemic therapy in men with metastatic castration-resistant prostate cancer: 

American Society of Clinical Oncology and Cancer Care Ontario clinical practice guideline. Journal of Clinical 

Oncology. 2014;32(30):3436-3448. 
61

 Baddley JW, Winthrop KL, Patkar NM, et al. Geographic distribution of endemic fungal infections among older 

persons, United States. Emerg Infect Dis. [serial on the Internet]. September 2011. Accessed February 2, 2015. 

http://dx.doi.org/10.3201/eid1709.101987 
62

 Bellissimo-Rodrigues F, Machado AA, Martinez R. Paracoccidioidomycosis epidemiological features of a 1,000-

cases series from a hyperendemic area on the southeast of Brazil. American Journal of Tropical Medicine and 

Hygiene. 2011;85(3):546-550. 
63

 Garnica M, Nucci M, Queiroz-Telles F. Difficult mycoses of the skin: Advances in the epidemiology and 

management of eumycetoma, phaeohyphomycosis and chromoblastomycosis. Current Opinion in Infectious 

Diseases. 2009;22(6):559-563. 
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Table 1. Remaining FDA-Approved Indications for Oral Ketoconazole. 

 
 

 

* Recommended in one or more IDSA guideline documents and/or shown to be efficacious in at least one 

clinical study. 

 

Potential arguments for the continued use of ketoconazole for systemic mycoses are that it: 

 

(1) Remains a possible treatment if another antifungal cannot be used, or is ineffective, 

for therapy; and 

(2) Is the only approved treatment for three invasive mycotic infections.  

 

These two arguments are addressed in the context of IDSA treatment recommendations and other 

evidence of efficacy of alternative antifungals, in addition to OSE reviewers’ and the EMA’s 

conclusions regarding the remaining need for ketoconazole as an oral antifungal agent. 

 

1. IDSA recommendations and evidence of efficacy for antifungals other than ketoconazole 

 

IDSA has developed treatment guidelines for three of ketoconazole’s five remaining indications: 

blastomycosis, histoplasmosis, and coccidioidomycosis. For all three, IDSA has not 

recommended ketoconazole as a first-line therapy, due to the drug’s unfavorable adverse-effect 

profile when compared to other antifungals. Although the FDA has similarly removed 

ketoconazole’s approval as a first-line medication, IDSA’s decision – and underlying rationale – 

 Other 

Antifungals 

Approved for 

Infection 

Antifungals (Other Than 

Ketoconazole) That Are 

IDSA-Recommended 

and/or Have Data 

Supporting Effectiveness 

for Condition*  

Blastomycosis Itraconazole Amphotericin B  

Itraconazole 

Fluconazole 

Voriconazole 

Histoplasmosis Itraconazole Amphotericin B 

Itraconazole 

Posaconazole 

Voriconazole 

Fluconazole 

Coccidioidomycosis None Fluconazole  

Itraconazole  

Posaconazole 

Voriconazole 

Amphotericin B 

Paracoccidioidomycosis None Itraconazole  

Voriconazole 

Amphotericin B 

Chromomycosis None Itraconazole 

Posaconazole 
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not to confer first-line status on ketoconazole for any of these systemic mycoses are nevertheless 

worth reviewing.  

 

 For blastomycosis, IDSA  recommends treatment with either itraconazole or 

amphotericin B depending on disease severity.
64

 In its 2008 recommendation, the society 

noted that itraconazole has replaced ketoconazole as first-line therapy due to better 

antimycotic activity and an improved side-effect profile. Fluconazole and ketoconazole 

are recommended as second-line therapies. Voriconazole and posaconazole were listed as 

demonstrating in vitro activity against blastomycosis, and voriconazole has been used as 

an alternative agent in central nervous system infections.  

 

 For histoplasmosis, IDSA (2007) recommends treatment with itraconazole or 

amphotericin B as first-line agents.
65

 It notes that the other available azoles — 

fluconazole, ketoconazole, voriconazole, and posaconazole — are options for second-line 

treatment.  

 

 For coccidioidomycosis, IDSA (2005) recommends using azole antifungals for initial 

treatment.
66

 Itraconzaole and fluconazole are recommended with amphotericin B as 

needed depending on disease location and severity. Ketoconazole remains a treatment 

option as well. Voriconazole has been used as treatment successfully in cases.
67

 

Additionally, posaconazole has been shown to be effective in two small open-label 

trials.
68-69

 

 

For the remaining two indications, paracoccidioidomycosis and chromomycosis, IDSA has not 

developed treatment guidelines, but there is some evidence of efficacy for antifungals other than 

ketoconazole: 

 

 In the case of paracoccidioidomycosis, itraconazole was shown to be effective in one 

open-label trial.
70

 In another open-label trial, itraconazole and voriconazole demonstrated 

                                                           
64

 Infectious Disease Society of America. Clinical practice guidelines for the management of blastomycosis. 

Updated 2008.  
65

 Infectious Diseases Society of America. Clinical practice guidelines for the management of patients with 

histoplasmosis.  Updated 2007.  
66

 Galgiani JN, Ampel NM, Blair JE, et al. Coccidioidomycosis. Clinical Infectious Diseases. 2005;41(9):1217-

1223. 
67

 Kim MM, Vikram HR, Kusne S, Seville MT, Blair JE. Treatment of refractory coccidioidomycosis with 

voriconazole or posaconazole. Clin Infect Dis. 2011;53(11):1060-1066. 
68

 Catanzaro A, Cloud GA, Stevens DA, et al. Safety, tolerance, and efficacy of posaconazole therapy in patients 

with nonmeningeal disseminated or chronic pulmonary coccidioidomycosis. Clin Infect Dis. 2007;45(5):562-568. 
69

 Stevens DA, Rendon A, Gaona-Flores V, et al. Posaconazole therapy for chronic refractory coccidioidomycosis. 

Chest. 2007;132(3):952-958. 
70

 Naranjo MS, Trujillo M, Munera MI, Restrepo P, Gomez I, Restrepo A. Treatment of paracoccidioidomycosis 

with itraconazole. J Med Vet Mycol. 1990;28(1):67-76. 
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similar efficacy.
71

 A Cochrane review concluded there were not enough studies of good 

quality to assess the most effective treatment.
72

  

 

 Chromomycosis has not been as extensively studied as the other systemic fungal 

infections. However, studies with small numbers of patients do show the efficacy of 

itraconazole and posaconazole in treatment.
73, 74, 75

 

 

2. OSE review team’s conclusions on alternative therapies for systemic mycoses 

 

The OSE review team noted that ketoconazole was first approved in 1981 using single-arm, 

open-label trials, along with case series and reports, with studies being small and 

noncomparative in nature.
76

 While acknowledging that the data for other antifungals were also 

limited to varying degrees, OSE reviewers nevertheless determined that newer and safer 

antifungals, primarily itraconazole and fluconazole, obviated any need for ketoconazole.  

 

For two of ketoconazole’s five remaining indications, blastomycosis and histoplasmosis, another 

medication, itraconazole, has been approved by the FDA for the treatment of the infection.
77

 

With respect to these two infections, in addition to histoplasmosis, The OSE review team 

concluded that itraconazole exhibits “comparable-to-enhanced efficacy in the treatment of non-

meningeal coccidioidomycosis with comparable-to-lower relapse rates in coccidioidomycosis, 

blastomycosis, and histoplasmosis compared to oral ketoconazole.”
78

 

 

As far as the relative efficacy of ketoconazole and other antifungals for paracoccidioidomycosis, 

OSE reviewers concluded that for ketoconazole, itraconazole, and fluconazole, “the three drugs 

appear to have similar efficacy in treating paracoccidioidomycosis.”
79

 For chromomycosis, OSE 

reviewers did not conduct a review of treatment efficacy due to the lack of published studies 

examining this issue.
80

  

 

3. OSE reviewers’ and EMA’s conclusions on the need of ketoconazole for fungal infections 

resistant to other therapies 

 

                                                           
71

 Queiroz-Telles F, Goldani LZ, Schlamm HT, Goodrich JM, Espinel-Ingroff A, Shikanai-Yasuda MA. An open-

label comparative pilot study of oral voriconazole and itraconazole for long-term treatment of 

paracoccidioidomycosis. Clin Infect Dis. 2007;45(11):1462-1469. 
72

 Menezes VM, Soares BGO, Fontes CJF. Drugs for treating paracoccidioidomycosis. Cochrane Database Syst 

Rev. 2006;(2):CD004967. 
73

 Queiroz-Telles F, Purim K, Fillus J, et al. Itraconazole in the treatment of chromoblastomycosis due to Fonsecaea 

pedrosoi. Int J Dermatol. 1992;31(11):805-812. 
74

 Restrepo A, Gonzalez A, Gomez I, Arango M, de Bedout C. Treatment of chromoblastomycosis with 

itraconazole. Ann N Y Acad Sci. 1988;544:504-516. 
75

 Keating GM. Posaconazole. Drugs. 2005;65(11):1553-67; discussion 1568-69. 
76

 FDA Memo, p. 28. 
77

 Food and Drug Administration. Itraconazole (SPORANOX). FDA-approved label (June 2014 version). 

http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm. Accessed January 20, 2015. 
78

 FDA Memo, p. 46. 
79

 FDA Memo, p. 35.  
80

 FDA Memo, p. 31.  

http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm
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Another possible argument for keeping ketoconazole on the market might be the potential 

resistance of invasive mycoses to select agents, thus requiring the use of alternative agents.
81

 

However, although increasing, data on azole resistance are limited, especially with regard to the 

systemic mycoses for which ketoconazole is still indicated in the U.S. There is some evidence of 

cross-resistance and individual drug resistance mechanisms for the clinically used azoles, but 

these data come from studies of candida and aspergillus infections.
82,83

 In cases of cross-

resistance, the use of ketoconazole as a last-line drug would be negligible, as other azoles have 

the same mechanism of action.
84

 Additionally, given the number of azole drugs available for 

each of ketoconazole’s five remaining indications (see Table 1, page 11), another, safer treatment 

option would likely be available should there be resistance to one drug.  

 

In its memo, the OSE review team noted that for many patients treated for blastomycosis, 

histoplasmosis, and coccidioidomycosis who failed ketoconazole therapy, treatment with 

itraconazole and fluconazole was successful.
85

 The OSE reviewers presented their final 

conclusions on the remaining medical need for ketoconazole for fungal infections in a table titled 

“Unmet Medical Needs Assessment” (see Table 2). In the table, they concluded that there were 

alternative treatments available for all of the fungal infections for which ketoconazole was 

indicated. The OSE reviewers concluded unequivocally that the drug “offer[s] [no] enhanced 

efficacy in a special population such that the risk for serious hepatic injury would be tolerable” 

for any of its former or current indications for fungal infections. 

 

Table 2. Unmet Medical Need Assessment (taken as-is from Table 14 of the same name 

from the OSE reviewers’ memo)
86

 

 
 

                                                           
81

 FDA Memo, p. 33.  
82

 Rodriguez-Tudela, Juan Luis, Laura Alcazar-Fuoli, Emilia Mellado, Ana Alastruey-Izquierdo, Araceli Monzon, 

and Manuel Cuenca-Estrella. Epidemiological cutoffs and cross-resistance to azole drugs in aspergillus fumigatus.” 

Antimicrobial Agents and Chemotherapy. 2008;52(7): 2468-2472. 
83

 FDA Memo, p. 33. 
84

 Ibid. 
85

 FDA Memo, p. 46.  
86

 FDA Memo, p. 40. 
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The EMA concluded in its July 2013 assessment of ketoconazole for fungal infections that there 

was “no direct comparison [between ketoconazole and] other azoles that could substantiate 

assumption of a potential superiority [of ketoconazole] over existing azoles to expect a treatment 

response when others would have failed.”
87

 We agree with the assessments of both the OSE 

review team and the EMA that the purported benefit of ketoconazole for resistant infections 

remains largely hypothetical and certainly does not outweigh the drug’s unique, life-threatening 

risks. 

 

D. Conclusion: Ketoconazole offers no unique benefits, only unique risks compared with 

other, safer antifungals 
 

The FDA’s decision to keep ketoconazole on the market for five systemic fungal infections 

(blastomycosis, histoplasmosis, coccidioidomycosis, paracoccidioidomycosis, and 

chromomycosis) as a last resort if other antifungals fail or are not tolerated, and only in those 

without pre-existing liver disease, ran counter to the exhaustive risk-benefit analyses conducted 

by its own OSE reviewers. The OSE review team concluded that the evidence on the efficacy 

and safety of ketoconazole for these remaining indications was a far cry from the quality and 

rigor that would be required in a new drug application today. Its 1981 approval was based on 

single-arm, noncomparative studies and individual case reports.
88

 The OSE review team could 

not even review the evidence base for ketoconazole’s chromomycosis indication “due to the 

paucity of published studies and case reports/series.”
89

 

 

While acknowledging that the data for other antifungals was similarly limited, OSE reviewers 

nevertheless concluded that other antifungals, primarily itraconazole and fluconazole, 

demonstrated “comparable-to-enhanced efficacy and better safety profiles” than ketoconazole in 

the treatment of these systemic mycoses.
90

 The OSE review team, therefore, “was unable to view 

the risk of serious potentially life-threatening hepatic injury as tolerable for the potential benefit 

of ketoconazole treatment.”
91  

 

It is important to note that the FDA’s restriction of ketoconazole to those without a prior history 

of liver disease is patently insufficient as a means of preventing serious liver injury: OSE 

reviewers noted that ketoconazole hepatotoxicity is “idiosyncratic”
92

 and therefore 

“unpredictable.”
93

 Two-thirds of the AERS cases of ketoconazole-related hepatotoxicity 

analyzed by the OSE review team involved patients with no prior history of liver disease, with 

some of these patients dying from fulminant liver failure.
94

 Regular monitoring for hepatic injury 

will similarly fail to prevent all cases of severe liver failure, as ketoconazole-induced liver injury 

                                                           
87

 European Medicines Agency. Assessment report for ketoconazole containing medicinal products. July 25, 2013. 

http://www.ema.europa.eu/docs/en_GB/document_library/Referrals_document/Ketoconazole-

containing_medicines/WC500168346.pdf. Accessed January 13, 2015. 
88

 Wu TC. On the development of antifungal agents: Perspective of the U.S. Food and Drug Administration. Clin 

Infect Dis. 1994;19 Suppl 1:S54-58. 
89

 FDA Memo, p. 31. 
90

 FDA Memo, p. 48. 
91

 Ibid. 
92

 FDA Memo, p. 5. 
93

 FDA Memo, p. 46. 
94

 FDA Memo, p. 12-13. 

http://www.ema.europa.eu/docs/en_GB/document_library/Referrals_document/Ketoconazole-containing_medicines/WC500168346.pdf
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is often rapid in onset (as early as one week after beginning therapy) and exhibits no 

decipherable relationship to dose, duration, or therapeutic indication.
95

 

 

The FDA’s decision also conflicts with that made by the EMA, relying on the same evidence 

(including the study by Garcia-Rodriguez et al.
96

) to which the FDA was privy at the time, to ban 

ketoconazole as a systemic antifungal drug. Like the OSE reviewers, the EMA concluded that 

“the risk of liver injury is greater than the benefits in treating [any] fungal infections.”
97

 The 

EMA continues to stand by its decision more than a year and a half later. (As mentioned above, 

the EMA’s decision last year to approve ketoconazole for Cushing’s syndrome is irrelevant to 

the U.S. context, as the FDA has never approved the drug for this condition.) 

 

Furthermore, oral ketoconazole prescribing data in the year following the FDA’s July 2013 

safety communication demonstrate the futility of the FDA’s efforts to restrict the use of the drug 

to rare, last-resort, systemic infections. In its safety communication, the FDA reported that 

609,000 prescriptions of ketoconazole tablets were dispensed in 2012, with nonsystemic fungal 

infections treated in outpatient clinics representing the most common use of the drug.
98

 Despite 

the FDA’s removal of this most common use as an approved indication, however, 462,000 oral 

ketoconazole prescriptions were still dispensed in 2014,
99

 representing only a 24 percent decline 

from 2012 sales.  

 

Extrapolating, conservatively, the incidence of ketoconazole-associated liver injury from Garcia-

Rodriguez et al. of one per 750 person-months of exposure, oral ketoconazole use in 2014 may 

potentially have resulted in at least 616 cases of symptomatic acute liver injury necessitating 

hospitalization or specialist referral (see “Estimated frequency of ketoconazole-associated 

hepatotoxicity in 2014” on p. 7-8). 

 

We agree with both the OSE review team and the EMA that ketoconazole’s risks of severe liver 

injury, extensive drug interactions, and adrenal suppression outweigh any of its limited benefits 

as an antifungal treatment.  Because oral ketoconazole is approved only for the treatment of 

fungal infections, we believe they should be removed from the market. Unless the FDA bans oral 

ketoconazole, its continued marketing will result in hundreds of preventable cases of serious 

liver damage a year. 

 

  

                                                           
95

 FDA Memo, p. 47. 
96

 Garcia-Rodriguez LA, Duque A, Castellsague J, Perez-Gutthann S, Stricker BH. A cohort study on the risk of 

acute liver injury among users of ketoconazole and other antifungal drugs. Br J Clin Pharmacol. 1999;48(6):847-

852. 
97

 European Medicines Agency. European Medicines Agency recommends suspension of marketing authorisations 

for oral ketoconazole. July 26, 2013. 

http://www.ema.europa.eu/ema/index.jsp?curl=pages/news_and_events/news/2013/07/news_detail_001855.jsp. 

Accessed January 13, 2015. 
98

 Food and Drug Administration. FDA Drug Safety Communication: FDA limits usage of Nizoral (ketoconazole) 

oral tablets due to potentially fatal liver injury and risk of drug interactions and adrenal gland problems. July 26, 

2013. http://www.fda.gov/Drugs/DrugSafety/ucm362415.htm. Accessed January 13, 2015. 
99

 IMS Health data. Obtained on January 30, 2015. 
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II. SUMMARY OF PETITION REQUESTS 
 

For the reasons stated above, we hereby petition the FDA, pursuant to the Federal Food, Drug, 

and Cosmetic Act, 21 U.S.C. § 355(e), , and 21 C.F.R. §§ 10.30, to immediately ban all versions 

of oral ketoconazole. 

 

III. ENVIRONMENTAL IMPACT STATEMENT 
 

Nothing requested in this petition will have an impact on the environment. 

 

IV. CERTIFICATION 

 

We certify that, to the best of our knowledge and belief, this petition includes all information and 

views on which this petition relies, and that it includes representative data and information 

known to the petitioners which are unfavorable to the petition. 

 

Sincerely, 

 

 

Vikram Krishnasamy, M.D., M.P.H. 

Resident, General Preventive Medicine 

Johns Hopkins School of Public Health 

 

 

Sammy Almashat, M.D., M.P.H. 

Researcher 

Public Citizen’s Health Research Group 

 

 

Sidney Wolfe, M.D. 

Founder and Senior Advisor 

Public Citizen’s Health Research Group 

 

 

Michael Carome, M.D. 

Director 

Public Citizen’s Health Research Group 

 

Enclosure 
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