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Dear Editor: 

In 2015 there was widespread outrage after the New York Times publicized the 5000% increase in 

the price of Pyrimethamine (Daraprim) by Turing Pharmaceuticals; a drug used primarily to treat 

toxoplasmosis in patients with advanced HIV disease[1]. Pyrimethamine was not the only previously 

low-cost generic medication for an HIV-related opportunistic infection subject to such predatory 

pricing; in 2016 Merry and Boulware reported the dramatic impact a similarly explosive increase in 

the price of flucytosine (5-FC) was having on the cost of treating cryptococcal meningitis in the 

U.S.[2]. The cost of a two-week course of flucytosine, a sixty year old and easy to manufacture 

molecule[3], had risen to nearly $30,000, 9000% higher than the equivalent treatment in the U.K.[2]. 

It is therefore encouraging to see the marked decline in flucytosine pricing in the U.S. following the 

FDA’s approval of three new generic formulations, as reported by Rajasingham and Boulware in this 

issue of the journal[4]. Although, as with Pyrimethamine[5], flucytosine remains expensive in the 

U.S., this is clearly a step in the right direction. And very timely, given new clinical trial evidence 

clearly showing the critical importance of flucytosine as a component of combination treatment for 

HIV-associated cryptococcal meningitis[6]. In the recent Advancing Cryptococcal Treatment for 

Africa (ACTA) trial, flucytosine was significantly superior to high dose fluconazole as the partner drug 

for amphotericin B, leading to improved survival at ten weeks (HR 0.62, 95% confidence interval 

0.45-0.84)[6]. 

 

While improved flucytosine pricing for U.S. patients is a very positive development, the bulk of the 

burden of cryptococcal disease lies in low and middle income countries (LMICs); primarily sub-

Saharan Africa[7]. Cryptococcal meningitis causes an estimated 135,900 deaths annually in Africa[7], 

approximately 15% of all HIV-related deaths, and the number of cases remains high despite the 

expansion of antiretroviral treatment (ART) programs[8, 9]. Increasing numbers of patients on long-

term ART interrupting, stopping, or failing therapy are offsetting any decline in the numbers of 
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patients presenting for the first time with advanced HIV-disease[8], and in many settings the 

majority of cryptococcal meningitis patients are now ART-experienced[8, 10]. A major contributor to 

the high death rates due to cryptococcal meningitis in LMICs is lack of access to effective treatments. 

Many patients are treated with fluconazole monotherapy, with use of amphotericin B based 

therapies limited by cost and the difficulties of managing daily intravenous infusions and drug 

related toxicities in resource-constrained healthcare facilities. It was thus a major advance when the 

ACTA trial demonstrated that both an abbreviated seven-day course of amphotericin B deoxycholate 

plus flucytosine, and an all-oral combination of high dose fluconazole plus flucytosine were non-

inferior to conventional 2-week amphotericin B deoxycholate based treatments[6], highlighting the 

importance of flucytosine access in LMICs[11].  

 

In their article, Rajasingham and Boulware calculate that universal implementation of cryptococcal 

antigen (CrAg) screening for all individuals with AIDS in the U.S., with pre-emptive treatment for 

those who have detectable cryptococcal antigenemia to prevent fulminant meningitis, could lead to 

considerable cost savings[4]. The CrAg screening strategy is recommended by the WHO[12] based on 

evidence showing that (a) asymptomatic cryptococcal antigenemia is common among individuals 

initiating ART with CD4 counts (~6.5% of patients with CD4 < 100 cells/µL)[13], (b) cryptococcal 

antigenemia is highly predictive of subsequent cryptococcal meningitis[14], and (c) high dose 

fluconazole treatment in CrAg-positive patients substantially reduces the incidence of cryptococcal 

meningitis (from 21.4% to 5.7% in a recent meta-analysis)[15]. CrAg screening has now been 

adopted in several African countries[16], but as Rajasingham and Boulware point out, current 

treatment strategies for patients with asymptomatic cryptococcal antigenemia based on high dose 

oral fluconazole (800-1200mg per day) alone are suboptimal. Mortality among asymptomatic CrAg-

positive patients treated with high dose fluconazole in LMICs remains over two-fold higher than in 

CrAg-negative patients with similar CD4 counts[15, 17, 18], in part due to the high frequency of 
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undiagnosed cryptococcal meningitis in these patients[17, 19]. Flucytosine may also have an 

important role here. Given the proven efficacy of the oral fluconazole and flucytosine combination 

for treating cryptococcal meningitis in the ACTA Trial, the oral combination would certainly seem like 

a rational therapeutic option for CrAg-positive patients; particularly in LMIC contexts where it is not 

feasible to perform lumbar punctures (LPs) in all CrAg-positive patients to determine if there is 

central nervous system (CNS) involvement. In such settings, the fluconazole plus flucytosine 

combination could be given to all asymptomatic CrAg-positive patients, in the knowledge that it 

would be efficacious even in those with undiagnosed meningitis. Studies of the efficacy and cost 

effectiveness of this approach are urgently needed and planned. However, in resource-rich settings, 

most experts would still recommend fully investigating all CrAg-positive patients with lumbar 

puncture, and Amphotericin B-based treatment, usually the liposomal formulation, plus flucytosine 

for those found to have cryptococcal meningitis on CSF investigation as per current national 

guidelines[20, 21, 22]. Oral fluconazole and flucytosine could still be given to individuals without CNS 

involvement, although the benefit of adding flucytosine to fluconazole monotherapy in this group is 

currently unknown. 

 

A potential alternative treatment strategy for asymptomatic CrAg-positive individuals identified at 

screening is adding single high-dose liposomal amphotericin B (10mg/kg) to the currently 

recommended high dose fluconazole. We have recently demonstrated in the phase II Ambition-cm 

trial that this combination leads to non-inferior CSF fungal clearance compared to fourteen days of 

standard dose liposomal amphotericin B (3mg/kg) plus high dose fluconazole in patients with HIV-

associated cryptococcal meningitis[23]; and Rajasingham and Boulware suggest that as an 

outpatient treatment for CrAg-positive individuals in the U.S. this could be economical[4]. This 

strategy does need rigorous study prior to implementation. As with the fluconazole and flucytosine 

oral combination, in well-resourced settings where diagnostic LPs are readily available, clinicians will 
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be reluctant to use this abbreviated liposomal amphotericin treatment course in CrAg-positive 

individuals with CNS involvement detected at LP in the absence of robust trial data; and conversely a 

dose of liposomal amphotericin may not be necessary in CrAg-positive individuals without CNS 

involvement. In resource limited settings where LPs are not so easily accessible, a blanket approach 

using single high doses of liposomal amphotericin B in addition to high dose fluconazole may well 

have merit, although careful study of the feasibility, clinical efficacy, and cost-effectiveness of the 

strategy are needed. We are currently testing single high-dose liposomal amphotericin B (10mg/kg) 

treatment for patients with cryptococcal meningitis in the ongoing phase III Ambition-cm study 

(ISRCTN72509687); but notably we are using this with an oral combination of fluconazole plus 

flucytosine. This change from the regimen used in the phase II trial was made based on the ACTA 

trial data. Studying whether the duration of amphotericin B deoxycholate could be reduced from 

fourteen to seven days, the ACTA investigators found that when given with flucytosine, short course 

amphotericin performed well, resulting in the lowest 10 week mortality of all treatment arms (24%, 

95% CI 16-32). But short course amphotericin B given with fluconazole was the least effective 

treatment arm, with a 10 week mortality of 49% (95% CI 39-58)[6], suggesting that the robust 

antifungal efficacy of flucytosine is required if the duration of the amphotericin B deoxycholate 

component of treatment is to be reduced. Whether this is also the case with liposomal 

amphotericin, or in asymptomatic CrAg-positive individuals including those with sub-clinical 

cryptococcal meningitis, needs to be determined. 

 

Overall, the arrival of competition in the generic market for flucytosine can only be a good thing for 

patients with advanced HIV-disease in the U.S. and globally. After many years of relative neglect[24-

26], cryptococcal meningitis is now gaining some of the attention it deserves from funders[27] and 

policy makers[12]. The World Health Organization (WHO) has led a renewed focus on advanced HIV-

disease, releasing important new guidelines on both advanced HIV-disease[26], and cryptococcal 
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meningitis prevention and treatment[12]. Considerable advocacy efforts driven by the cryptoMAG 

consortium[11], Médecins Sans Frontières[29], and others, are already underway to increase global 

access to cryptococcal meningitis treatments, in particular flucytosine[11]. In the Ambition-cm trial 

flucytosine is being procured at US$1.30 per 500mg tablet (about US$180 per 2 week course). 

Further price reductions are needed and are possible. Recent successes of the advocacy work 

around HIV-associated cryptococcal meningitis[11, 29] include the WHO prequalification of 

liposomal amphotericin B (AmBisome) in June 2018[30]; the addition of cryptococcal meningitis to 

the U.S. Food and Drug Administration’s priority review voucher scheme to encourage drug 

development in August 2018[31]; and the expansion of Gilead’s preferential AmBisome pricing 

program for visceral leishmaniasis to include cryptococcal meningitis in September 2018[32]. We 

now have the opportunity to build on these recent advances to refine strategies for treatment and 

prevention of cryptococcal meningitis through robust clinical trials, and continue advocacy work to 

ensure that these interventions are made available to the individuals with advanced HIV disease 

who need them.   

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/advance-article-abstract/doi/10.1093/cid/ciz040/5303999 by St G

eorge's U
niversity of London user on 22 February 2019



 

 7 

Funding 

JNJ is principal investigator on the AMBITION-cm trial which is jointly funded through the European 

Developing Countries Clinical Trials Partnership (EDCTP), the Swedish International Development 

Cooperation Agency (SIDA), and the Wellcome Trust / Medical Research Council (UK) / UKAID Joint 

Global Health Trials. This work was supported by the Penn Center for AIDS Research, a National 

Institutes of Health (NIH)–funded program (grant number P30 AI 045008). TSH was principal 

investigator on the ACTA trial, and is co-principal investigator on the AMBITION-cm trial. 

   

Conflict of Interest Statement 

Dr. Harrison reports grants and personal fees from Gilead Sciences, personal fees from Pfizer, and 

personal fees from Viamet, during the conduct of the study. Dr. Jarvis reports grants from Gilead, 

outside the submitted work. 

  

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/advance-article-abstract/doi/10.1093/cid/ciz040/5303999 by St G

eorge's U
niversity of London user on 22 February 2019



 

 8 

References 

1. Pollack A. Once a Neglected Treatment, Now an Expensive Specialty Drug. New York Times 

2015; Sept 21. New York Edition. Page B1. Available at:  

https://www.nytimes.com/2015/09/21/business/a-huge-overnight-increase-in-a-drugs-

price-raises-protests.html?_r=0. Accessed October 15 2018. 

2. Merry M, Boulware DR. Cryptococcal Meningitis Treatment Strategies Affected by the 

Explosive Cost of Flucytosine in the United States: A Cost-effectiveness Analysis. Clin Infect 

Dis 2016; 62(12): 1564-8. 

3. Loyse A, Dromer F, Day J, Lortholary O, Harrison TS. Flucytosine and cryptococcosis: time to 

urgently address the worldwide accessibility of a 50-year-old antifungal. J Antimicrob 

Chemother 2013; 68(11): 2435-44. 

4. Rajasingham R, Boulware DR. New FDA approvals decrease generic flucytosine costs. Clin 

Infect Dis 2018; TBC. 

5. Luthra S. ‘Pharma Bro’ Shkreli Is In Prison, But Daraprim’s Price Is Still High. Kaiser Health 

News 2018; May 4. Available at: https://khn.org/news/for-shame-pharma-bro-shkreli-is-in-

prison-but-daraprims-price-is-still-

high/?utm_campaign=KHN%3A%20First%20Edition&utm_source=hs_email&utm_medium=

email&utm_content=62676655&_hsenc=p2ANqtz-8TucJjSXdwTgT-

XqicfJFW4ZrWymex4bFxLYOMxmysNmCYeXX6gVknUgxmGY_yM4aJk7-

Mzirtl4fV3TLFujcfwTiFSg&_hsmi=62676655. Accessed October 15 2018. 

6. Molloy SF, Kanyama C, Heyderman RS, et al. Antifungal Combinations for Treatment of 

Cryptococcal Meningitis in Africa. N Engl J Med 2018; 378(11): 1004-17. 

7. Rajasingham R, Smith RM, Park BJ, et al. Global burden of disease of HIV-associated 

cryptococcal meningitis: an updated analysis. Lancet Infect Dis 2017; 17(8):873-881. 

8. Osler M, Hilderbrand K, Goemaere E, et al. The Continuing Burden of Advanced HIV Disease 

Over 10 Years of Increasing Antiretroviral Therapy Coverage in South Africa. Clin Infect Dis 

2018; 66(suppl_2): S118-S25. 

9. Tenforde MW, Mokomane M, Leeme T, et al. Advanced Human Immunodeficiency Virus 

Disease in Botswana Following Successful Antiretroviral Therapy Rollout: Incidence of and 

Temporal Trends in Cryptococcal Meningitis. Clin Infect Dis 2017; 65(5): 779-86. 

10. Scriven JE, Lalloo DG, Meintjes G. Changing epidemiology of HIV-associated cryptococcosis in 

sub-Saharan Africa. The Lancet infectious diseases 2016; 16(8): 891-2. 

11. Loyse A, Burry J, Cohn J, et al. Leave no-one behind: Responding to new evidence and 

guidelines for the management of cryptococcal meningitis in low- and middle-income 

countries. Lancet Infectious Diseases 2018; Oct 18 (Epub ahead of print). 

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/advance-article-abstract/doi/10.1093/cid/ciz040/5303999 by St G

eorge's U
niversity of London user on 22 February 2019



 

 9 

12. World Health Organization. Guidelines for the diagnosis, prevention, and management of 

cryptococcal disease in HIV-infected adults, adolescents and children, March 2018. Geneva: 

World Health Organization. 

13. Ford N, Shubber Z, Jarvis JN, et al. CD4 Cell Count Threshold for Cryptococcal Antigen 

Screening of HIV-Infected Individuals: A Systematic Review and Meta-analysis. Clin Infect Dis. 

2018;66(suppl_2):S152-S159. 

14. Jarvis JN, Lawn SD, Vogt M, et al. Screening for cryptococcal antigenemia in patients 

accessing an antiretroviral treatment program in South Africa. Clin Infect Dis. 

2009;48(7):856-62. 

15. Temfack E, Bigna JJ, Luma HN, et al. Impact of routine cryptococcal antigen screening and 

targeted pre-emptive fluconazole therapy in antiretroviral naive HIV-infected adults with 

less than 100 CD4 cells/muL: a systematic review and meta-analysis. Clin Infect Dis 2018. Jul 

18 (Epub ahead of print). 

16. Govender NP, Glencross DK. National coverage of reflex cryptococcal antigen screening: A 

milestone achievement in the care of persons with advanced HIV disease. South African 

medical journal 2018; 108(7): 534-5.  

17. Longley N, Jarvis JN, Meintjes G, et al. Cryptococcal Antigen Screening in Patients Initiating 

ART in South Africa: A Prospective Cohort Study. Clin Infect Dis 2016; 62(5): 581-7. 

18. Mfinanga S, Chanda D, Kivuyo SL, et al. Cryptococcal meningitis screening and community-

based early adherence support in people with advanced HIV infection starting antiretroviral 

therapy in Tanzania and Zambia: an open-label, randomised controlled trial. Lancet 2015 

;385(9983):2173-82. 

19. Wake RM, Britz E, Sriruttan C, et al. High Cryptococcal Antigen Titers in Blood Are Predictive 

of Subclinical Cryptococcal Meningitis Among Human Immunodeficiency Virus-Infected 

Patients. Clin Infect Dis 2018; 66(5): 686-92. 

20. Perfect JR, Dismukes WE, Dromer F, et al. Clinical practice guidelines for the management of 

cryptococcal disease: 2010 update by the infectious diseases society of america. Clin Infect 

Dis 2010; 50(3): 291-322. 

21. Nelson M, Dockrell D, Edwards S, et al. British HIV Association and British Infection 

Association guidelines for the treatment of opportunistic infection in HIV-seropositive 

individuals 2011. HIV Med 2011; 12 Suppl 2: 1-140. 

22. Panel on Opportunistic Infections in HIV-Infected Adults and Adolescents. Guidelines for the 

prevention and treatment of opportunistic infections in HIV-infected adults and adolescents: 

recommendations from the Centers for Disease Control and Prevention, the National 

Institutes of Health, and the HIV Medicine Association of the Infectious Diseases Society of 

America. 2018. Available at http://aidsinfo.nih.gov/contentfiles/lvguidelines/adult_oi.pdf. 

Accessed OCTOBER 15 2018. 

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/advance-article-abstract/doi/10.1093/cid/ciz040/5303999 by St G

eorge's U
niversity of London user on 22 February 2019



 

 10 

23. Jarvis JN, Leeme TB, Molefi M, et al. Short Course High-dose Liposomal Amphotericin B for 

HIV-associated Cryptococcal Meningitis: A phase-II Randomized Controlled Trial. Clin Infect 

Dis 2018. Jun 26 (Epub ahead of print). 

24. Molloy SF, Chiller T, Greene GS, et al. Cryptococcal meningitis: A neglected NTD? PLoS Negl 

Trop Dis 2017; 11(6): e0005575. 

25. Rodrigues ML. Funding and Innovation in Diseases of Neglected Populations: The Paradox of 

Cryptococcal Meningitis. PLoS Negl Trop Dis 2016; 10(3): e0004429. 

26. Jarvis JN, Harrison TS. Forgotten but not gone: HIV-associated cryptococcal meningitis. 

Lancet Infect Dis 2016;16(7):756-758. 

27. UNITAID. Unitaid seeks information on health products to tackle opportunistic infections in 

people living with HIV. Available at: https://unitaid.org/news-blog/unitaid-seeks-

information-on-health-products-to-tackle-opportunistic-infections-in-people-living-with-

hiv/#en. Accessed October 15 2018. 

28. World Health Organization. Guidelines for managing advanced HIV disease and rapid 

initiation of antiretroviral therapy. July 2017. Geneva: World Health Organization. 

29. Médecins Sans Frontières. MSF Access calls on Gilead to urgently make its life-saving 

cryptococcal meningitis treatment more accessible and affordable. 2018. Available at: 

https://msfaccess.org/msf-access-calls-gilead-urgently-make-its-life-saving-cryptococcal-

meningitis-treatment-more. Accessed October 15 2018. 

30. World Health Organization. Essential Medicines and Health Products: Prequalification of 

medicines. Available at: https://extranet.who.int/prequal/content/prequalified-

lists/medicines. Accessed October 15 2018. 

31. U. S. Food and Drug Administration. FDA In Brief: FDA adds four tropical diseases to priority 

review voucher program to encourage drug development in areas of unmet need. Available 

at: https://www.fda.gov/NewsEvents/Newsroom/FDAInBrief/ucm618097.htm. Accessed 

October 15 2018. 

32. Gliead. Gilead Sciences Announces Steep Discounts for Ambisome to Treat Cryptococcal 

Meningitis in Low - and Middle-Income Countries. Company Statement 2018; (September 7). 

Available at: http://www.gilead.com/news/gilead-sciences-announces-steep-discounts-for-

ambisome. Accessed October 15 2018.  

 

 

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/advance-article-abstract/doi/10.1093/cid/ciz040/5303999 by St G

eorge's U
niversity of London user on 22 February 2019


