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New US Food and Drug 
Administration Approvals 
Decrease Generic 
Flucytosine Costs

To the Editor—Flucytosine is a key 
component to induction therapy for 
cryptococcal meningitis. In December 
2015, Merry et  al reported that the US 
cost of 14  days of flucytosine was more 
than $27 000, in stark contrast to the UK 
cost of $300 [1]. In the past year, the US 
Food and Drug Administration approved 
3 new generic flucytosine formulations, 
and the flucytosine average wholesale 
price has come down by 78% to $5900 for 
a 14-day course for a 70-kg patient. While 
still significantly more expensive than 
that in Europe, flucytosine is now more 
affordable to US payers.

We previously estimated that a 2-week 
US hospitalization for cryptococcal men-
ingitis costs ≥$50  000 [2]. The Centers 
for Disease Control and Prevention 
estimates that in 2016, 18  160 persons 
were diagnosed with AIDS in the United 
States and that in 2014, there were 6712 
deaths attributed to human immunodefi-
ciency virus (HIV)/AIDS [3]. If even 5% 
of those deaths were due to cryptococcal 
meningitis, the hospitalization costs for 
this population would be approximately 
$16.8 million. Instead, one could screen 
each of those 18 160 persons with AIDS 
for cryptococcal antigen (CrAg) and pre-
emptively treat those CrAg+ to prevent 
fulminant meningitis. Yet the current 
World Health Organization recommen-
dation for preemptive treatment with 
fluconazole monotherapy is suboptimal, 
with a 25% failure rate among asympto-
matic CrAg+ persons [4].

Enhancement of preemptive therapy 
for asymptomatic CrAg+ persons is 
needed. Short of daily amphotericin 
infusions, 2 hypothetical possibilities 
exist for preemptive therapy for asympto-
matic CrAg+ persons, extrapolating from 

meningitis therapy. An appealing all-
oral regimen would be fluconazole and 
flucytosine [5]; however, the US cost of 
flucytosine is still quite high. One other 
unproven regimen that is being investi-
gated for preemptive treatment of asymp-
tomatic CrAg+ persons is single-dose 
liposomal amphotericin B (10  mg/kg) 
in addition to high-dose fluconazole 
(800  mg daily for 2 weeks, followed by 
400  mg daily for 8 weeks, followed by 
200 mg daily for 6 months). In a phase 2 
trial of cryptococcal meningitis, 1 dose of 
10 mg/kg appeared as effective as 14 days 
of therapy [6]. Single-dose 10-mg/kg 
liposomal amphotericin for preemptive 
treatment for asymptomatic CrAg+ per-
sons would cost approximately $2300 for 
a 70-kg patient. Thus, to screen 18 160 US 
persons with AIDS could cost as much 
as $272  400 (conservatively assuming a 
CrAg test of $15 per person). Assuming 
that only 1% (181/18  160) of asympto-
matic CrAg+ are eligible for preemptive 
treatment, the cost of liposomal ampho-
tericin for this group would be $416 300. 
In total, the cost of CrAg screening 
and treatment would be approximately 
$700  000, or 4% of the overall cost of 
meningitis hospitalization.

More effective regimens to prevent 
fulminant cryptococcal meningitis are 
needed. More prospective studies to in-
vestigate the benefits of CrAg screening 
in the US HIV population are needed. 
While the cost of flucytosine has come 
down by 78% in the United States, flu-
cytosine remains completely inaccessible 
in sub-Saharan Africa where the burden 
and mortality from cryptococcal men-
ingitis is the greatest. Low- and mid-
dle-income countries represent a large 
untapped commercial market for flucyto-
sine manufacturers.
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Reply to Rajasingham and 
Boulware

To the 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 human immu-
nodeficiency virus (HIV) disease [1]. 
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Pyrimethamine was not the only previ-
ously 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 in-
crease in the price of flucytosine (5-FC) 
was having on the cost of treating cryp-
tococcal meningitis in the United States 
[2]. The cost of a 2-week course of flucy-
tosine, a 60 year-old and easy to manu-
facture molecule [3], had risen to nearly 
$30,000, 9000% higher than the equiv-
alent treatment in the United Kingdom 
[2]. It is therefore encouraging to see the 
marked decline in flucytosine pricing 
in the United States following the Food 
and Drug Administration’s (FDA) ap-
proval of 3 new generic formulations, as 
reported by Rajasingham and Boulware 
in this issue of Clinical Infectious Diseases 
[4]. Although, as with pyrimetha-
mine [5], flucytosine remains expen-
sive in the United States, 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 com-
bination treatment for HIV-associated 
cryptococcal meningitis [6]. In the re-
cent Advancing Cryptococcal Treatment 
for Africa (ACTA) trial, flucytosine was 
significantly superior to high-dose flu-
conazole as the partner drug for ampho-
tericin B, leading to improved survival at 
10 weeks (hazard ratio 0.62, 95% confi-
dence interval [CI] 0.45–0.84) [6].

Although improved flucytosine 
pricing for US patients is a very positive 
development, the bulk of the burden of 
cryptococcal disease lies in low- and mid-
dle-income countries (LMICs); primarily 
sub-Saharan Africa [7]. Cryptococcal 
meningitis causes an estimated 135,900 
deaths annually in Africa [7], approx-
imately 15% of all HIV-related deaths; 
the number of cases remains high despite 
the expansion of antiretroviral treat-
ment (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 patients presenting for the first time 
with advanced HIV- disease [8], and 
in many settings the majority of cryp-
tococcal meningitis patients are now 
ART-experienced [8, 10]. A  major con-
tributor 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 facil-
ities. It was thus a major advance when 
the ACTA trial demonstrated that both 
an abbreviated 7-day course of ampho-
tericin B deoxycholate plus flucytosine, 
and an all-oral combination of high dose 
fluconazole plus flucytosine were nonin-
ferior to conventional 2-week amphoteri-
cin B deoxycholate-based treatments [6], 
highlighting the importance of flucyto-
sine access in LMICs [11].

In their article, Rajasingham and 
Boulware calculate that universal im-
plementation of cryptococcal antigen 
(CrAg) screening for all individuals with 
AIDS in the United States, 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 World Health Organization (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) crypto-
coccal 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 re-
cent 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 (800–1200 mg per 
day) alone are suboptimal. Mortality 
among asymptomatic CrAg-positive 
patients treated with high-dose fluco-
nazole in LMICs remains over 2-fold 
higher than in CrAg-negative patients 
with similar CD4 counts [15, 17, 18], in 
part due to the high frequency of undi-
agnosed 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 cer-
tainly seem like a rational therapeutic 
option for CrAg-positive patients; par-
ticularly in LMIC contexts where it is 
not feasible to perform lumbar punctures 
(LPs) in all CrAg-positive patients to de-
termine 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 ap-
proach 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 
cerebrospinal fluid (CSF) investigation as 
per current national guidelines [20–22]. 
Oral fluconazole and flucytosine could 
still be given to individuals without CNS 
involvement, although the benefit of add-
ing flucytosine to fluconazole monother-
apy in this group is currently unknown.

A potential alternative treatment 
strategy for asymptomatic CrAg-positive 
individuals identified at screening is add-
ing single high-dose liposomal ampho-
tericin B (10  mg/kg) to the currently 
recommended high-dose fluconazole. 
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We have recently demonstrated in the 
phase II Ambition-cm trial that this 
combination leads to noninferior CSF 
fungal clearance compared to 14 days of 
standard dose liposomal amphotericin 
B (3  mg/kg) plus high-dose fluconazole 
in patients with HIV-associated crypto-
coccal meningitis [23]; and Rajasingham 
and Boulware suggest that as an outpatient 
treatment for CrAg-positive individuals 
in the United States, this could be eco-
nomical [4]. This strategy does need rig-
orous study prior to implementation. As 
with the fluconazole and flucytosine oral 
combination, in well-resourced settings 
where diagnostic LPs are readily available, 
clinicians will be reluctant to use this ab-
breviated liposomal amphotericin treat-
ment course in CrAg-positive individuals 
with CNS involvement detected at LP in 
the absence of robust trial data; and con-
versely 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 ap-
proach using single high doses of liposo-
mal 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 cur-
rently testing single high-dose liposomal 
amphotericin B (10 mg/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 ampho-
tericin B deoxycholate could be reduced 
from 14 to 7 days, the ACTA investigators 
found that when given with flucytosine, 
short course amphotericin performed 
well, resulting in the lowest 10 week mor-
tality 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 effi-
cacy of flucytosine is required if the dura-
tion of the amphotericin B deoxycholate 
component of treatment is to be reduced. 
Whether this is also the case with liposo-
mal amphotericin, or in asymptomatic 
CrAg-positive individuals including 
those with subclinical cryptococcal men-
ingitis, 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 United 
States and globally. After many years of 
relative neglect [24–26], cryptococcal 
meningitis is now gaining some of the at-
tention it deserves from funders [27] and 
policy makers [12]. The WHO has led a 
renewed focus on advanced HIV-disease, 
releasing important new guidelines on 
both advanced HIV disease [26] and 
cryptococcal meningitis prevention and 
treatment [12]. Considerable advocacy 
efforts driven by the cryptoMAG con-
sortium [11], Médecins Sans Frontières 
[28], and others, are already underway 
to increase global access to cryptococcal 
meningitis treatments, in particular flu-
cytosine [11]. In the Ambition-cm trial, 
flucytosine is being procured at US$1.30 
per 500  mg tablet (about US$180 per 
2-week course). Further price reduc-
tions are needed and are possible. Recent 
successes of the advocacy work around 
HIV-associated cryptococcal menin-
gitis [11, 28] include the WHO prequal-
ification of liposomal amphotericin B 
(AmBisome) in June 2018 [29]; the addi-
tion of cryptococcal meningitis to the US 
FDA’s priority review voucher scheme to 
encourage drug development in August 
2018 [30]; and the expansion of Gilead’s 
preferential AmBisome pricing program 
for visceral leishmaniasis to include 
cryptococcal meningitis in September 
2018 [31]. We now have the opportu-
nity to build on these recent advances 
to refine strategies for treatment and 
prevention of cryptococcal meningitis 
through robust clinical trials and con-
tinue advocacy work to ensure that these 
interventions are made available to the 

individuals with advanced HIV disease 
who need them.
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Grading Tuberculous Meningitis

To the Editor—The consensus paper 
on standardized methodology in research 
studies by the Tuberculous Meningitis 
International Research Consortium is a 
major step forward [1]. However, from 
a pediatric neurology perspective, the 
grading of severity at presentation is still 
a concern in 2 respects: motor deficits 
and coma scoring.

The authors cited the original 1948 
British Medical Research Council (MRC) 
grading but, in doing so, omitted to men-
tion that the advanced stage included 
“gross pareses” (“Patients obviously ex-
tremely ill, deeply stuporose or comatose, 
or with gross paresis”) [2].

Subsequent modifications have either 
followed the MRC or, as in the proposal 
by Marais et  al [1], include focal motor 
deficits in the less-severe Grade II.

Gross paresis is usually indicative of 
a stroke, which—in all forms of bacte-
rial meningitis in children—is associated 
with a more severe motor outcome than 
a cranial nerve palsy or a Glasgow Coma 
Score of 11–14. As the authors write, the 
latter can be influenced by reversible fac-
tors, such as raised intracranial pressure. 
A  stroke, therefore, has a different effect 
on the patient’s outcome than the other 
criteria included in the modified Grade II 
[3, 4].

In addition, the authors recommend 
using a “modified Glasgow Coma Scale” 
in infants. This does not take into account 
the need for an adapted scale in young 
children up to the age of 5 years, in order 
to reflect language development, nor that 
there are several versions of modified 
scales available for children [5]. To stand-
ardize future research methodology, it is 
important to extend the age group and to 
specify which scale to use.
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