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Abstract

Background: Cryptococcal meningitis (CM) is the most common form of meningitis in Africa. World Health Organization
guidelines recommend 14-d amphotericin-based induction therapy; however, this is impractical for many resource-limited
settings due to cost and intensive monitoring needs. A cost-effectiveness analysis was performed to guide stakeholders
with respect to optimal CM treatment within resource limitations.

Methods and Findings:: We conducted a decision analysis to estimate the incremental cost-effectiveness ratio (ICER) of six
CM induction regimens: fluconazole (800-1,200 mg/d) monotherapy, fluconazole + flucytosine (5FC), short-course
amphotericin (7-d) + fluconazole, 14-d of amphotericin alone, amphotericin + fluconazole, and amphotericin + 5FC. We
computed actual 2012 healthcare costs in Uganda for medications, supplies, and personnel, and average laboratory costs
for three African countries. A systematic review of cryptococcal treatment trials in resource-limited areas summarized 10-wk
survival outcomes. We modeled one-year survival based on South African, Ugandan, and Thai CM outcome data, and
survival beyond one-year on Ugandan and Thai data. Quality-adjusted life years (QALYs) were determined and used to
calculate the cost-effectiveness ratio and ICER. The cost of hospital care ranged from $154 for fluconazole monotherapy to
$467 for 14 d of amphotericin + 5FC. Based on 18 studies investigating outcomes for HIV-infected individuals with CM in
resource-limited settings, the estimated mean one-year survival was lowest for fluconazole monotherapy, at 40%. The cost-
effectiveness ratio ranged from $20 to $44 per QALY. Overall, amphotericin-based regimens had higher costs but better
survival. Short-course amphotericin (1 mg/kg/d for 7 d) with fluconazole (1,200 mg/d for14 d) had the best one-year
survival (66%) and the most favorable cost-effectiveness ratio, at $20.24/QALY, with an ICER of $15.11 per additional QALY
over fluconazole monotherapy. The main limitation of this study is the pooled nature of a systematic review, with a paucity
of outcome data with direct comparisons between regimens.

Conclusions: Short-course (7-d) amphotericin induction therapy coupled with high-dose (1,200 mg/d) fluconazole is “very
cost effective” per World Health Organization criteria and may be a worthy investment for policy-makers seeking cost-
effective clinical outcomes. More head-to-head clinical trials are needed on treatments for this neglected tropical disease.
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Introduction

Cryptococcal meningitis (CM) affects an estimated 957,900
people per year, with the overwhelming burden of disease in sub-
Saharan Africa and Southeast Asia, where annual mortality may
equal or exceed that for tuberculosis [1,2]. The 2011 World
Health Organization (WHO) guidelines for the management of
CM recommend treatment with amphotericin-based regimens to
optimize survival, neurologic outcomes, and fungal clearance [3].

For induction treatment, a 2-wk regimen of intravenous (IV)
amphotericin B with oral flucytosine (5FC) is strongly favored
given three randomized controlled trials demonstrating increased
fungal clearance and reduced risk of relapse compared to
amphotericin alone [4-7]. Where 5FC is not available, combina-
tion therapy of amphotericin + fluconazole (800 mg) daily for 2 wk
is the preferred regimen over 2 wk of amphotericin alone [3,8].
Unfortunately, these recommendations do not account for local
availability of medications, costs of care, capacity for hospitaliza-
tion with intensive monitoring, or management of amphotericin-
related toxicities in resource-limited settings, where the prevalence
of cryptococcosis remains the highest.

The WHO guidelines recommend that where amphotericin is
not feasible, one should consider an oral regimen of high-dose
fluconazole (800-1,200 mg/d) with 5FC, if available, while
recognizing that standard-dose fluconazole (=400 mg/d) is merely
fungistatic, and that high-dose fluconazole (800-1,200 mg/d) is
still significantly less microbiologically effective than amphotericin-
based regimens [7,9,10]. The combination of 5FC with flucona-
zole for 2 wk results in decreased mortality compared to
fluconazole alone [11,12]. However, 5FC is remarkably expensive,
not licensed in most sub-Saharan African countries, and therefore
unavailable. One alternative to the above regimens is 57 d of
amphotericin alone or in combination with 2 wk of high-dose
(1,200 mg) fluconazole [13]. Small observational studies in
resource-constrained settings have employed short courses of
amphotericin, as it is less expensive and has less toxicity than 2 wk
of amphotericin, with greater microbiologic activity than any
known oral regimen [10,13-15].

For resource-limited settings, a cost-effectiveness analysis of the
induction antifungal treatment strategies will be valuable to guide
stakeholders on optimal treatment regimens. Using current actual
costs in Kampala, Uganda, we estimate the survival, cost, and cost
per benefit associated with various treatment and care regimens
for HIV-infected patients with CM.

Methods

We conducted a decision analysis for HIV-infected adults with
CM in resource-limited settings to estimate the incremental cost-
effectiveness ratio (ICER) of the following induction treatment
regimens: (1) fluconazole (800-1,200 mg/d) for 14 d; (2) flucon-
azole (1,200 mg/d) + 5FC (100 mg/kg/d) for 14 d; (3) ampho-
tericin B (1.0 mg/kg/d) for 5-7 d % fluconazole (1,200 mg/d) for
14 d; (4) amphotericin B (0.7-1.0 mg/kg/d) for 14 d; (5)
amphotericin B (0.7-1.0 mg/kg/d) + fluconazole (800 mg/d) for
14 d; and (6) amphotericin B (0.7-1.0 mg/kg/d) + 5FC (100 mg/
kg/d) for 14 d.

Costs

Clinical and cost data were derived from current actual costs in
Kampala, Uganda, as of May 31, 2012, in US dollars. We
considered costs of medications, hospital care, diagnostics,
laboratory monitoring, manometers, and personnel. Supply costs
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were current actual costs from a nonprofit medical wholesaler
[16]. The amphotericin B deoxycholate wholesale cost in
Kampala was US$5.92 per 50-mg dose, with a 2-wk course
costing US$83.02. The cost of fluconazole was based on the
Ugandan wholesale price of US$0.147 per 200-mg tablet. Pfizer’s
Diflucan Partnership Program was not considered in this analysis,
as this donation program is not universally available. Given that
S5FC is currently unavailable in most sub-Saharan African
countries, the cost of 5FC was derived from an international
wholesale cost of US$0.44 for a generic 500-mg tablet, as cited in
[17]. The US cost of 5FC is 100-fold higher.

We assumed minimal laboratory monitoring for safety over
2 wk of hospitalization, in accordance with WHO guidelines [3],
consisting of the following tests: three complete blood counts
(US$6.20), five creatinine (US$5.00), and five electrolytes of
sodium and potassium (US$4.75). One-week hospitalizations
assumed one set of laboratory tests only. Two additional complete
blood counts were added to the 5FC + fluconazole regimen to
coincide with the laboratory monitoring described by Nussbaum et
al. [11]. Laboratory test costs are actual average costs from the
South African National Health Laboratory Service, the Liverpool
Wellcome Trust Tropical Centre laboratory in Blantyre, Malawi,
the Makerere University—-Johns Hopkins University laboratory in
Kampala, Uganda, and the Joint Clinical Research Centre
laboratories in Uganda. A flat US$16.25 laboratory overhead fee
was also assumed per patient to cover the cost of lab operation.

Regardless of treatment regimen, every patient was presumed to
have one cryptococcal antigen (CRAG) test (US$9.80) and one
cerebrospinal fluid (CSF) analysis (US$12.79) for the initial
diagnostic lumbar puncture (LP). Each patient was presumed to
have an average of three LPs during hospitalization—one
diagnostic LP and two therapeutic LPs [18]. The LP cost included
LP needles, collection tubes, lidocaine, syringes, sterile gloves,
adhesive bandages, and gauze (US$2.42). The cost of using an
imported manometer (US$8) for each LP performed was also
included, although manometers are generally unavailable locally.

Other costs of hospital care included IV fluids, potassium and
magnesium supplementation, IV lines and tubing, alcohol swabs,
needles, syringes, and disposable gloves, totaling US$24.26 for
1 wk and US$48.44 for 2 wk. Each person was presumed to
receive 1.5 L of IV fluids on admission [19], and thereafter only
regimens containing amphotericin required IV fluids and electro-
lyte supplementation (e.g., potassium and magnesium). However,
regimens without amphotericin were assumed to still use
consumables such as alcohol swabs, syringes, and gloves (totaling
US$1.89 per week). Hospital stay and hospital personnel costs
were based on estimated figures from Mulago National Referral
Hospital in Kampala, Uganda. Hospital stay cost was estimated to
be US$3.92 per day per patient, plus personnel costs of full-time
equivalents (FTE) per position considering the work days and/or
nights per month (n =20) per position. We used the 2011-2012
government gross salaries of nurses (US$196/mo, 2.0 FTE),
doctors (US$294/mo, 1.5 FTE), HIV counselors (US$196/mo, 1.0
FTE), and phlebotomists (US$154/mo, 1.0 FTE) divided by the
daytime patient-to-staff ratio (20:1) to calculate the personnel cost
per patient per day.

Using the above cost estimates, we calculated the overall cost of
each of the six induction treatment strategies. Oral regimens of
fluconazole £ 5FC were presumed to require a 1-wk hospitaliza-
tion with three LPs, without intensive electrolyte lab monitoring or
daily IV fluids, whereas the amphotericin-based regimens were
presumed to require hospitalization for the course of amphoter-
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icin, along with intensive lab monitoring, IV fluid provision,
electrolyte supplementation, and three LPs.

Estimated actual cost per person for each induction treatment
strategy ranged from US$154.17 for the fluconazole (1,200 mg)
regimen to US$467.48 for amphotericin + 5FC (Table 1).
Medication costs accounted for a small fraction of overall costs,
ranging from 5.5% for fluconazole (800 mg) to 35.4% for
amphotericin + 5FC. Including the Pfizer Diflucan Partnership
Program decreased treatment costs by =8%.

Life Expectancy Assumptions

We performed a MeSH search of “cryptococcal meningitis”
and “‘therapy,” and limited our findings to humans, adults, and
English language results, to find 10-wk mortality data from trials
and cohort studies evaluating treatment outcomes for CM
induction regimens from 1996 onwards, i.e., in the antiretroviral
therapy (ART) era. This search yielded 33 publications. After
manually reviewing abstracts and references, 18 studies were
included that presented mortality data for HIV-infected adults
from resource-limited settings. We excluded studies that did not
report 10-wk mortality, and CM studies conducted in the US or
Europe. We limited our review to resource-constrained settings, as
a cost-effectiveness analysis would be most pertinent and
generalizable to these settings. Details on the included studies
are provided in Table SI.

From these studies, pooled 10-wk mortality estimates were
calculated for each of the treatment regimens. One-year mortality
after CM treatment among those who survived the initial 10 wk
was estimated at 11.2% (95% CI: 8.6%—14.1%); this estimate was
derived from a weighted average from pooled South African CM
cohorts (n =262), a Ugandan CM cohort (» =101), and a Thai CM
cohort (n=277) [10,20-22]. Mortality between 1 and 5y after
diagnosis was estimated at 11.5% based on the long-term follow-
up of a previous Ugandan CM cohort [20,23,24], a Thai CM
cohort on ART [21,22], and a Ugandan cohort without CM
mitiating ART [23].

For life expectancy assumptions, those who died within 10 wk of
CM diagnosis did not accrue any additional life years. For the
11.2% mortality between 10 wk and 1 y, the median survival was
estimated as 18 wk based on pooled South African and Ugandan
CM cohorts (n =363) [10,20]. For those who died between 1 and
5 y after CM diagnosis, a life span of 3 y was assumed, such that
the number of additional years lived beyond 1 y was the midpoint
of the interval. The additional life expectancy of those who
survived past 1 y was derived from age- and CD4-count-stratified
life expectancies estimated from a Ugandan cohort without CM
nitiating ART [25]. This life expectancy was compared to the
actual yearly mortality in the Ugandan CM cohort between 1 and
5 y [24] and was between that of two CD4 strata <50 and 50-100
CD4 cells/pl [25]; therefore, the average of the two CD#4 strata
was included in the model, with an estimated additional life
expectancy of 18 y for those surviving at least 1 y (ie., 19y in
total).

Quality-adjusted life years (QALYs) were calculated based on
the Karnofsky functional status scale and expected life expectancy.
In a prior Ugandan CM cohort [20], the mean Karnofsky score at
12 wk and 24 wk of ART was 95 (D. R. B., unpublished data). All
life years beyond 10 wk were therefore adjusted for this 5%
decrease in functional status experienced after CM treatment. We
did not discount future benefits, as both the cost and survival
benefit were immediately accrued, and postponement of treatment
is not an option.
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Table 1. Input costs of cryptococcal meningitis induction therapy and medical care.

Total Cost of Care
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LP includes initial diagnostic CSF analysis; 5FC dosed at 100 mg/kg/d; amphotericin B deoxycholate dosed at 0.7-1.0 mg/kg/d. Cost components displayed in Figure S1.
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Cost-Effectiveness Analysis

We compared induction regimens using the cost-effectiveness
ratio as the primary end point. The ICER was calculated as the
additional cost of a CM treatment strategy compared to
fluconazole (1,200 mg) monotherapy, divided by the incremental
improvement in QALYs [26]. To account for variations in costs
and estimated outcomes, we performed a probabilistic sensitivity
analysis incorporating the 95% CIs of the 10-wk, 1-y, and 5-y
survival estimates and overall life expectancy estimates using
TreeAge Pro 2012 (TreeAge Software). We also included in the
sensitivity analysis a range of laboratory costs and medication costs
based on the range of 2010 international reference costs for
amphotericin (50-mg vial), median of US$5.27 (range: US$4.23—
US$6.97 in Africa), and fluconazole (200-mg tablet), median of
US$0.16 (range: US$0.14-US$0.19 in Africa) [27].

Results

Survival Benefit

From 18 relevant trials and cohorts evaluating outcomes of CM
induction regimens in resource-limited settings, mean 10-wk
mortality for each treatment regimen was calculated, and from
this, 1-y mortality was projected (Table 2) [6-9,11-
13,15,20,23,24,28-36]. In resource-limited settings, 10-wk mor-
tality differed by approximately 30% between the most and least
effective induction treatment regimens. The least effective
treatment regimen was high-dose (800—-1,200 mg/d) fluconazole
monotherapy, with a 10-wk mortality of 54.9% (95% CI: 46.0%—
63.5%). Pooled data from the four short-course amphotericin
studies (amphotericin B at 1.0 mg/kg/d for 5-7 d * fluconazole
at 1,200 mg/d for 14 d) demonstrated a mean 10-wk mortality of
26.0% (95% CI: 18.6%—-34.5%) [9,13,15,31], comparable to all
of the 2-wk amphotericin regimens (differences were non-
significant).

Though fluconazole monotherapy alone is a more common
option than amphotericin-based regimens because of its afford-
ability, fluconazole was associated with greater than 2-fold higher
10-wk mortality (relative risk=2.11; 95% CI: 1.52 to 2.94,
$<<0.001) and roughly 30% greater absolute mortality than short-
course amphotericin. This translates into a number needed to treat
of 3.5 (95% CI: 2.1 to 5.8) to save one additional life by using
short-course amphotericin instead of fluconazole monotherapy.
Short-course amphotericin also had better efficacy than the best
oral regimen of fluconazole + 5FC (relative risk =1.67, 95% CI:
1.07 to 2.60, p=10.039).

Cost-effective Cryptococcal Meningitis Treatment

Base Case Cost-Effectiveness Analysis

If CM patients are treated with a 14-d course of high-dose
fluconazole (1,200 mg/d) alone, the average cost of care is
US$154. Notably, fluconazole makes up only 8% of this cost.
Estimated 1-y survival is 40% (95% CI: 34%—46%). Assuming an
18-y additional life span beyond 1 y among those survivors, the
average patient gains an average estimated 6.55 QALYs, and the
estimated cost-effectiveness ratio is US$23.53 per QALY gained
(Table 3). In contrast, a 14-d course of amphotericin monotherapy
costs US$394. One-year survival is 58%, with 9.52 QALYs
gained. The cost-effectiveness ratio of 14 d of amphotericin alone
is US$41.35 per QALY gained. Figure 1 displays the estimated
QALYs gained versus the cost of cryptococcal induction therapy.

The short-course amphotericin regimen (7 d) with adjunctive
fluconazole (1,200 mg/d) for 14 d costs US$218, slightly higher
than the oral regimens, but with a much improved 1-y survival of
66% (95% CI: 60%—-72%). The short-course 7-d amphotericin
regimen had the most favorable cost-effectiveness ratio of
US$20.24 per QALY, and the lowest ICER of all other treatment
strategies. Compared to fluconazole monotherapy, short-course
amphotericin provides an additional 4.2 QALY at an incremental
cost of US$15.11 per additional QALY. The oral regimen of 5FC.
+ fluconazole was weakly dominated by the short-course
amphotericin regimen, and the 2-wk amphotericin regimens were
all strongly dominated by short-course amphotericin. That is, all of
the 2-wk amphotericin regimens were more costly but no more
effective than the short-course amphotericin strategy in resource-
limited settings.

Sensitivity Analysis

The most uncertain estimates in our analysis were the precision
of 10-wk mortality and long-term life expectancy. To account for
the potential range in mortality and life expectancy, we performed
a sensitivity analysis. Table S2 provides the upper limit of the 95%
CI for survival and the lower limit of the 95% CI for costs using a
probabilistic sensitivity analysis. For short-course amphotericin,
assuming a maximum 1-y survival of 72%, the cost effectiveness
ratio is US$16.82, less than half that of the other amphotericin
treatment strategies. As shown in Table S3, if one assumes the
minimum -y survival of 59% for short-course amphotericin, the
cost-effectiveness ratio is US$24.48, which remains lower than that
of any of the alternative treatment strategies. Thus, using the 95%
CI extremes of survival and costs did not change our finding that
the short-course 7-d amphotericin + fluconazole regimen remains
the most cost-effective treatment strategy.

Table 2. Estimated clinical outcomes by cryptococcal meningitis induction treatment regimen.

Duration of

95% ClI for 10-wk 1-y Mortality Mean

Induction Regimen Induction 10-wk Mortality Mean Mortality (95% ClI) References
Fluconazole 800-1,200 mg 14d 54.9% (73/133) 46.0%-63.5% 60% (54-66%) [11,12,28,29]
5FC + fluconazole 1,200 mg 14 d 43.5% (20/46) 28.9%-58.9% 50% (39-61%) [11,300°
Amphotericin + fluconazole 1,200 mg 5-7 d® 26.0% (33/127) 18.6%-34.5% 34% (28-41%) [9,13,15,31]
Ampbhotericin 14 d 34.4% (128/372) 29.6%-39.5% 42% (38-51%) [7,8,20,24,31-33]
Amphotericin + fluconazole 800 mg 14d 30.0% (61/203) 23.8%-36.9% 38% (32-46%) [6-8,34]
Amphotericin + 5FC 14 d 26.8% (62/231) 21.2%-33.0% 35% (28-41%) [6,7,34-36]

doi:10.1371/journal.pmed.1001316.t002
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5FC dosed at 100 mg/kg/d; amphotericin B deoxycholate dosed at 0.7-1.0 mg/kg/d. Figure S2 displays the data.

?Mayanja-Kizza et al. used fluconazole doses of 200 mg/d and 5FC doses of 150 mg/kg/d [30].

PMuzoora et al. [13] used 5 d of amphotericin and Jackson et al. [15] used 7 d of amphotericin at 1.0 mg/kg/d with fluconazole at 1,200 mg/d, whereas 7 d of
amphotericin was used by Bicanic et al. [9] (1.0 mg/kg/d) and Tansuphaswadikul et al. [31] (0.7 mg/kg/d).
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$80.60

297 $41.35

3.61

9.52

58.3%

$393.84 $239.67

$402.07

14 d

Ampbhotericin

$68.73

$39.58

10.16

62.2%

$247.90

14 d

Ampbhotericin +

fluconazole 800 mg

$76.93

$44.00

4.07

10.62

65.0%

14d $467.48 $313.31

Ampbhotericin + 5FC

?QALYs based on an estimated 18-y additional life expectancy with ART, after surviving 1y of ART, based on the weighted average CD4 counts of persons with CM surviving 1y on ART [25].

doi:10.1371/journal.pmed.1001316.t003
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What is Cost-Effective?

Assuming a gross national income per capita of US$2,632 for
the sub-Saharan African region in 2009 [37], all treatment
strategies are highly cost-effective according to WHO definitions
[26], with the short-course amphotericin + fluconazole regimen
having the lowest cost-effectiveness ratio. Additionally, based on
an estimated number needed to treat of 3.5 and an incremental
cost of US$63 for the short-course amphotericin regimen above
the cost of fluconazole monotherapy, the cost to save one
additional life at 10-wk is US$220 using short-course amphotericin
instead of fluconazole monotherapy.

Discussion

Our analysis suggests that a 7-d course of amphotericin (I mg/
kg/d) with adjunctive high dose fluconazole (1,200 mg/d) for at
least 2 wk is the most cost-effective cryptococcal induction
treatment, with a cost-effectiveness ratio of US$20 per QALY
gained. The short-course amphotericin regimen bridges the large
cost disparity between the oral regimens and the 2-wk amphoter-
icin regimens, and thus far seems to be similarly efficacious as the
2-wk amphotericin regimens in resource-constrained settings.
Two-week amphotericin regimens are the most efficacious in
high-income countries and are the first-line recommendation per
WHO and US guidelines [3,38,39]. In low-income countries,
however, 2 wk of amphotericin, along with hospitalization and
monitoring of side effects, is unacceptably expensive and resource-
intensive. Conversely, fluconazole therapy alone is a more
common, accessible option given its affordability. Unfortunately,
low cost does not make fluconazole monotherapy an optimal
induction treatment regimen because other regimens, such as
short-course amphotericin, appear to bridge the expanse between
the efficacy extremes that currently exist. For example, fluconazole
monotherapy has nearly 2-fold higher 10-wk mortality and 30%
higher absolute mortality than short-course amphotericin. The
number needed to treat is an incredibly low 3.5 persons treated
using short-course amphotericin instead of fluconazole monother-
apy to save one additional life. However, more evidence for the
efficacy of short-course amphotericin with adjunctive fluconazole
is needed. This is the only study to our knowledge that weighs the
costs and benefits of care for CM in order to decipher which
alternatives are most efficient from a policy standpoint.

While clearly requiring more infrastructure than an oral
regimen alone, short-course amphotericin may be feasible for
sites with limited amphotericin supplies, limited laboratory
capacity, limited hospital bed space, and healthcare worker
shortages.  Short-course  amphotericin ~ with  fluconazole
(1,200 mg/d) can be safely given with potassium supplementation
but without any routine laboratory monitoring [13,15], as the
cumulative amphotericin-related nephrotoxicity with urinary
clectrolyte wasting does not typically begin until after 5 d of
amphotericin [40-42]. As amphotericin results in logarithmic CSF
clearance of fungi [13,14,35], the maximal clinical and cost-
effective benefit may be realized with short-course therapy,
whereas beyond 1 wk, the further benefit of amphotericin may
be countered by its toxicity, particularly in resource-limited
settings. Head-to-head trials to better determine the optimal
duration of amphotericin induction therapy are essential.

The limitations of this analysis stem mainly from the lack of
high-quality evidence supporting the short-course amphotericin
regimen. There are only four studies anywhere that have
evaluated this strategy, with a total of 127 participants. Thus,
due to lack of power, these studies were pooled for the purposes of
this analysis. Each study used a slightly different amphotericin B
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Figure 1. Cost effectiveness of cryptococcal induction therapies. This figure displays the cost of induction therapy for CM in resource-limited
regions (in US dollars) versus the effectiveness as measured by QALYs saved per regimen. The radius of the circles represents the standard deviation
of the cost estimate. Based on the existing outcome data, the short-course amphotericin (1 mg/d) + fluconazole (1,200 mg/d) regimen has similar
effectiveness to but lower costs than traditional 2-wk amphotericin-based regimens. This short-course amphotericin + fluconazole regimen has
marginally higher cost but significantly greater effectiveness than oral fluconazole-based therapies.

doi:10.1371/journal.pmed.1001316.g001

deoxycholate regimen: Bicanic et al. [9] used 1.0 mg/kg/d alone
for 7 d, Tansuphaswadikul et al. [31] used 0.7 mg/kg/d alone for
7 d, and Muzoora et al. [13] and Jackson et al. [15], respectively,
used 5 and 7 d of amphotericin at 1.0 mg/kg/d with fluconazole
at 1,200 mg daily in divided doses for 14 d [13,15]. The
moderately wide Cls pertaining to 10-wk mortality for all
regimens, but especially short-course amphotericin (95% CI:
19%—-35%), highlight the need for more clinical trials to evaluate
the efficacy of this regimen. From the above-mentioned studies,
one cannot draw evidence-based conclusions on superior efficacy
for short-course (7-d) amphotericin with fluconazole; however, this
regimen does appear to be the most cost-effective and clearly
better than fluconazole monotherapy. Furthermore, there may be
subtle differences between sites that limit precise cross-compari-
sons, such as stage of CM at presentation and management of
elevated intracranial pressure. However, one illuminating experi-
ence is a series of three prospective studies in Mbarara, Uganda,
between 2005 and 2012, in which the 10-wk mortality was 54%
(31/57) with fluconazole (800-1,200 mg/d) monotherapy [12],
28% (8/29) with 5-d amphotericin + fluconazole (1,200 mg/d)
[13], and 40% (16/40) with 14-d amphotericin + fluconazole
(800 mg/d) in 2011-2012 (D. R. B., unpublished data from
NCT01075152).

In addition, we have compared our cost-benefit analysis to the
WHO-defined cost-effectiveness thresholds, which may be insuf-
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ficient markers of cost-effectiveness. All of the treatment regimens
analyzed here met the WHO criteria for being ‘“highly cost
effective.” However, clearly they are not equally efficacious
regimens. In fact, our analysis suggests that within those ‘“highly
cost effective” regimens, some options are more efficacious than
others, and merely following these WHO thresholds may lead
policy-makers to institute a “cost-effective” strategy with lower
efficacy, thereby ignoring superior regimens available with
minimal additional cost. Additionally, from a policy perspective,
we considered the cost-effectiveness only of CM induction
treatment. Preventative health measures such as early ART
(before AIDS) and targeted screening of asymptomatic cryptococ-
cal antigenemia in individuals with a CD4 count<<100 cells/ul are
certainly more cost-effective to prevent disease than any of the
aforementioned treatment options after cryptococcal disease has
occurred [43-45].

As with any cost-effective analysis, what may be cost-effective
may not be affordable for an individual patient or for a specific
healthcare center, especially given that the Ugandan per capita
expenditure on health in 2009 was approximately US$115 [46].
The purpose of this analysis is to inform stakeholders regarding
where to invest resources on a national level. This analysis suggests
that investing in building capacity for short-course amphotericin
may be a cost-effective long-term strategy. Inclusion into the
analysis of free fluconazole via the Diflucan Partnership Program,
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which is not available in all countries, does not change the ICER
between fluconazole (1,200 mg/d) and short-course amphotericin
+ fluconazole (1,200 mg/d), as both regimens utilize the same
amount of fluconazole. For stakeholder investment, the first
resource to invest in is diagnostic capacity in order to diagnose
cryptococcosis, such as the new point-of-care CRAG lateral flow
assay (US$2 per test, Immy) [47], which is less expensive than
traditional CRAG latex agglutination (US$13.50-US$16.25 in
Malawi and Uganda), as the latex agglutination assay requires
cold-chain shipping, which dramatically increases the real-world
CRAG cost in Africa. Yet, many additional implementation
science questions remain regarding how best to build capacity at
rural healthcare facilities to administer short-course amphotericin.
It may be most efficient to invest in larger referral centers that
already have the capacity for amphotericin. Perhaps switching
from a 14-d course to a 7-d course would free up healthcare
workers, reduce burden on the laboratory, extend the benefit of
amphotericin to more patients, and make more bed space
available for other hospital admissions. If only larger centers are
able to administer amphotericin, resources would have to be
invested into triage and transport of patients with suspected CM at
smaller, remote sites. The alternative is to develop the capacity to
administer short-course amphotericin at these smaller rural
centers, which would require a reliable supply and distribution
of amphotericin, and further investment in healthcare workers for
inpatient care of hospitalized patients.

One caveat is that control of intracranial pressure is equally
important as the pharmaceutical regimen chosen for CM
treatment [18,48,49]. Simply switching to 7 d of amphotericin
will not mirror the reported outcomes without intracranial
pressure control. The vast majority of studies included in this
analysis controlled intracranial pressure through repeated thera-
peutic LPs, although the frequency of therapeutic LPs was not
reported in each study. The assumption in this cost-effectiveness
analysis was an average of three LPs (one diagnostic and two
therapeutic) that would need to be performed to control
intracranial pressure. The cost of manometers ranged from 5%—
16% of the total cost of care. However, manometers, which
support safe and accurate control of intracranial pressure, are
generally unavailable in most healthcare centers and referral
hospitals throughout Africa. Therefore, the scope of any capacity
building must include supplies for safe LPs. In the absence of
manometers, one approach could be to pre-screen with the point-
of-care CRAG lateral flow assay (by fingerstick, plasma, serum, or
urine) before LP [47], and then to either prioritize which patients
to use a manometer on or empirically remove 20 ml of CSF with
repeated therapeutic LP in 24-48 h in confirmed CM [18]. More
operational research on the management of intracranial pressure
in resource-limited settings is also urgently needed, including, for
example, the use of high-quality IV tubing as a possible improvised
manometer or surrogate noninvasive measures such as intraocular
pressure [18,50].

This analysis is certainly generalizable to sub-Saharan African
countries with respect to estimates of 10-wk mortality and
projected estimates of long-term survival, as all of the referenced
papers were taken from similar resource-limited settings with a
significant burden of CM. In sub-Saharan Africa, patients often
present with more advanced cryptococcosis than in the US or
Europe, as evidenced by longer duration of symptoms, higher
CRAG titers, higher intracranial pressure, and greater proportion
with altered mental status [5,23]. Variation in the cost-effective-
ness ratio within Africa is likely, as the actual costs of hospital
personnel vary from country to country, and even within a single
country, depending on the funding of the healthcare facility.
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Although astoundingly low, the personnel costs utilized in this
analysis are correct and based on Ugandan national government
public-sector salaries, where salaries are approximately 5-fold
lower than in private-sector hospitals. When private-sector salaries
are considered instead, the proportion of total costs accountable to
personnel costs would increase from 8% to 32% for the short-
course amphotericin regimen, with a resulting cost-benefit ratio of
US$27/QALY and no change in the ICER versus fluconazole
monotherapy. In South Africa, the total cost of caring for a patient
with CM is estimated at US$2,883 [51]. While medications,
supplies, and laboratory costs in South Africa are similar to our
estimates, the specific regimen and cost components are unclear.
Personnel costs are approximately 15-fold higher in South Africa
and 4-fold higher in Rwanda than in the Uganda public sector,
and healthcare worker to patient ratios are substantially better in
South Africa, which may account for the difference in total cost of
CM care. Still, there is no difference in the personnel necessary
(and thereby the costs) between the fluconazole monotherapy and
7-d amphotericin + fluconazole regimens, thus the ICER remains
unchanged even with varying personnel costs.

There are approximately 720,000 cases of CM annually in sub-
Saharan Africa [1]. The WHO guidelines recommend ampho-
tericin-based regimens, as they are clearly most effective. Many
stakeholders instead rely on fluconazole monotherapy because it is
more accessible, has lower upfront costs, and lacks the lab
monitoring needs of amphotericin treatment, despite 25%-30%
absolute higher mortality. We believe this is ineffective public
health policy. Amphotericin should be moved from the “comple-
mentary list” to the “core list” in the WHO Model List of Essential
Medications [52]. Our analysis suggests that using 7-d amphotericin
(1 mg/kg/d) coupled with fungicidal doses of fluconazole
(1,200 mg/d) for 2 wk appears to offer similar survival benefit
but without the toxicity of 14 d of amphotericin in resource-
constrained settings. Large-scale studies in resource-limited areas
must be prioritized to determine efficacy, side effects, and risk of
relapse with short-course amphotericin compared to more
traditional 14-d amphotericin regimens. If the efficacy of short-
course amphotericin is better determined, and survival is in fact
~30% better than with fluconazole monotherapy, then moving to
short-course amphotericin could save ~150,000 lives annually
(95% CI: 85,000 to 225,000) in sub-Saharan Africa, at a cost of
US$220 per life saved.
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Editors’ Summary

Background Cryptococcal meningitis, a fungal infection of
the membranes around the brain and spinal cord, affects
about a million people every year (most of them living in
sub-Saharan Africa and Southeast Asia) and kills about
640,000 people annually. People become infected with
Cryptococcus neoformans, the fungus that causes cryptococ-
cal meningitis and which is found in soil and dirt, by
breathing it in. In healthy individuals, infection rarely causes
disease. But in people living with AIDS, whose immune
system has been damaged by HIV infection, and in people
whose immune system is compromised for other reasons,
the fungus can invade and damage many organs, including
the brain. Cryptococcal meningitis, the symptoms of which
include fever, stiff neck, headache, and vomiting, is
diagnosed by looking for the fungus in fluid taken from
the spinal cord in a procedure called a lumbar puncture.
Cryptococcal meningitis is treated with antifungal drugs
such as amphotericin, fluconazole, and flucytosine (induction
therapy); recurrence of the infection is prevented by taking
fluconazole daily for life or until the immune system
recovers.

Why Was This Study Done? The World Health Organiza-
tion (WHO) recommends a 14-day regimen of intravenous
(injected) amphotericin and oral flucytosine or fluconazole
for induction therapy of cryptococcal meningitis. Unfortu-
nately, this regimen is impractical in many resource-limited
settings because of the cost of the drugs and hospital care
and the need for intensive monitoring—amphotericin is
extremely toxic. Consequently, high-dose fluconazole mono-
therapy is the usual treatment for cryptococcal meningitis in
resource-limited countries, although this regimen is much
less effective. Another regimen that has improved survival in
trials is flucytosine with fluconazole for two weeks. However,
flucytosine is very expensive and is not licensed in most sub-
Saharan African countries. Stakeholders in developing
countries badly need guidance, therefore, on which induc-
tion treatment for cryptococcal meningitis they should
recommend to optimize outcomes in their particular
countries. In this cost-effectiveness analysis (a study that
compares the costs and health effects of different interven-
tions), the researchers use costs in Uganda to estimate the
survival, cost, and cost per benefit associated with various
induction treatments for cryptococcal meningitis in HIV-
infected patients.

What Did the Researchers Do and Find? The researchers
calculated the overall cost of six induction treatments using
2012 healthcare costs in Uganda for medications, supplies,
and hospital care, and average laboratory costs for monitor-
ing treatment from three African countries. They used data
from published trials of cryptococcal meningitis treatment in
resource-limited areas to estimate ten-week and one-year
survival, life expectancy, and quality-adjusted life years
(QALYs, the number of years of life added by an intervention,
adjusted for the quality of life) for each intervention. Finally,
they calculated the cost-effectiveness ratio (cost per QALY
gained) and the incremental cost effectiveness ratio (ICER,
the additional cost of a treatment strategy compared to
fluconazole monotherapy divided by the incremental
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improvement in QALYs) for each intervention. The estimated
costs per person for each induction treatment strategy
ranged from US$154 for 14 days of fluconazole monotherapy
to US$467 for 14 days of amphotericin plus flucytosine.
Estimated average one-year survival was lowest for flucon-
azole (40%) and highest for short-course (seven days)
ampbhotericin plus 14 days of fluconazole (66%), similar to
other amphotericin-based treatments. Cost-effectiveness
ratios ranged from US$20 per QALY for short-course
amphotericin plus fluconazole to US$44 per QALY for 14
days of amphotericin plus flucytosine. Short-course ampho-
tericin plus fluconazole had the lowest ICER (US$15.11 per
additional QALY over fluconazole monotherapy).

What Do These Findings Mean? These findings suggest
that, among the treatments investigated, a seven-day course
of amphotericin with high-dose fluconazole for at least two
weeks is the most cost-effective induction treatment for
cryptococcal meningitis in Uganda. Although this result
should be generalizable to other African countries, it needs
to be treated with caution because very few trials have
actually looked at the clinical effectiveness of this particular
regimen. While short short-course amphotericin appears to
be substantially more effective than fluconazole monother-
apy, large-scale trials comparing short-course amphotericin
regimens with more traditional 14-day regimens in resource-
limited countries must be undertaken before short-course
amphotericin-based treatments are adopted. Notably, how-
ever, if these trials confirm that survival with short-course
amphotericin with fluconazole is about 30% better than with
fluconazole alone, the researchers calculate that moving to
short-course amphotericin could save about 150,000 lives
every year in sub-Saharan Africa at a cost of US$220 per life
saved.

Additional Information Please access these websites via
the online version of this summary at http://dx.doi.org/10.
1371/journal.pmed.1001316.

e This study is further discussed in a PLOS Medicine
Perspective by Andrew Farlow

® Preventcrypto.org provides a clearinghouse for updated
guidelines for cryptococcal diagnosis and treatment.

e The US Centers for Disease Control and Prevention
provides information on Cryptococcus neoformans and a
training manual called the Cryptococcal Screening Program
Training Manual for Healthcare Providers

o NAM/aidsmap provides information about all aspects of
infection with Cryptococcus neoformans, including a
personal story about cryptococcal meningitis

e AIDS InfoNet has a fact sheet on cryptococcal meningitis
(in several languages)

e The not-for-profit organization Project Inform, which
provides information, inspiration, and advocacy for people
with HIV/AIDS and hepatitis C (in English and Spanish), has
a fact sheet on cryptococcal meningitis

e The MedlinePlus encyclopedia has a page on cryptococcal
meningitis (in English and Spanish)
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