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Abstract 
Introduction: Access to and the cost of induction treatment for 
cryptococcal meningitis (CM) is rapidly changing. The newly-
announced price for flucytosine ($0.75 per 500 mg pill) and possibly 
lower prices for liposomal amphotericin B (AmB-L) create 
opportunities to reduce CM treatment costs compared to the current 
standard treatment in low- and middle-income countries. 
Methods: We developed an Excel-based cost model to estimate health 
system treatment costs for CM over a two-week induction phase for 
multiple treatment combinations, newly feasible with improved access 
to flucytosine and AmB-L. CM treatment costs include medications, 
laboratory tests and other hospital-based costs (bed-day costs and 
healthcare worker time). We report results from applying the model 
using country-specific information for South Africa, Uganda, Nigeria, 
and Botswana. 
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Results: A 14-day induction-phase of seven days of inpatient AmB-D 
with flucytosine, followed by seven days of high-dose fluconazole as 
an outpatient, will cost health systems less than a 14-day hospital stay 
with AmB-D and fluconazole. If daily AmB-L replaces AmB-D for those 
with baseline renal dysfunction, with a cost of $50 or less per 50 mg 
vial, incremental costs would still be less than the AmB-D with 
fluconazole regimen. Simple oral combinations (e.g., seven days of 
flucytosine with fluconazole as an inpatient) are practical when AmB-D 
is not available, and treatment costs would remain less than the 
current standard treatment. 
Conclusions: Improved access to and lower prices for flucytosine and 
AmB-L create opportunities for improving CM treatment regimens. An 
induction regimen of flucytosine and AmB-D for seven days is less 
costly than standard care in the settings studied here. As this regimen 
has also been shown to be more effective than current standard care, 
countries should prioritize scaling up flucytosine access. The cost of 
AmB-L based regimens is highly dependent on the price of AmB-L, 
which currently remains unclear.
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Introduction
Cryptococcal meningitis (CM) among people living with 
advanced HIV disease remains a leading cause of AIDS-related  
deaths globally. Meningitis deaths continue, in part, because 
of health system failures to diagnose, initiate, retain and 
achieve viral suppression in patients on antiretroviral therapy 
quickly after HIV infection, and for patients who develop CM,  
failures to treat patients with efficacious induction-phase  
regimens including off-patent medications1–9. In short, the con-
tinued high incidence of CM cases and deaths are programmatic  
indicators of these failures2.

Prior to 2018, the WHO recommended two-weeks of hospital-
based care with daily amphotericin B deoxycholate (AmB-D) 
infusions plus oral fluconazole as one of the preferred treat-
ment options. This regimen became a standard treatment in 
many settings due to the lack of flucytosine regulatory approvals  
and limited access in most low- and middle-income countries  
(LMICs)1,10–13. The updated 2018 WHO guideline recommends  
AmB-D with flucytosine in place of fluconazole for week one 
and high-dose fluconazole for week two1. This regimen is 
more efficacious and, due to the shorter duration of AmB-D  
infusion, less toxic and allows for a shorter hospital stay. To 
date, flucytosine has been largely unavailable in LMICs despite  
being included in the WHO essential medicines list9,10,14.

After years of advocacy8,9,15, the lack of access to old and off-
patent medications is beginning to change. Flucytosine is 
now available for $75 per 100 pack (500 mg pills) ex works 
although use in country remains very limited (mainly LMICs  
with a high HIV burden), while Gilead announced the  
company will seek to make liposomal amphotericin B (AmB-L)  
available for a substantially lower price as well16.

This research note reports on costs of treatment for CM 
patients during the initial two-week induction phase as 
access to key medications improves (and prices fall) and to  
complement new research evaluating effectiveness of alterna-
tive regimens containing combinations of AmB-D, fluconazole,  
flucytosine, and AmB-L (see, e.g. 10,17). In this analysis, treat-
ment costs are based on World Health Organization guidelines1,  
and include medications as well as laboratory tests and other 
hospital-based costs, which vary based on drug regimen. 
Using country-specific cost information, example results are  
presented for Botswana, Nigeria, South Africa, Uganda. 

Methods
Background
Model overview
We used a basic micro-costing approach following standard  
costing recommendations18,19, organized into an Excel-based 
model, to estimate per-protocol treatment costs from the  
health-system perspective (reported in 2019 $US) per CM 
patient and per 1,000 CM patients over a 14-day induction 
phase, where treatment costs include medications, laboratory  
tests and other hospital-based costs (bed-day/hotel cost and 
staff if not included in bed-day costs). Using the basic model, 
we completed four-country specific applications, which are 
available along with a User’s Guide at the OpenBU data  
repository20. Any country-specific case study can also be used 
as a template for replication in other locations or with new  
assumptions (or for readers to conduct additional sensitivity  
analyses).

The model first estimates cost for what has been a standard 
treatment across many LMICs: daily infusion of AmB-D for  
14 days in hospital, if available, with high-dose oral flucona-
zole daily. Costs for a main alternative regimen, AmB-D with 
flucytosine for seven days (followed by fluconazole mono-
therapy in the second week), are then estimated along with 
additional regimens with AmB-L or simple oral combinations  
such as flucytosine plus fluconazole (in the absence of  
AmB-D or AmB-L). Fluconazole monotherapy is not included 
in this analysis because effectiveness is very low21. However,  
the oral regimen (fluconazole plus flucytosine) can be  
easily edited to be fluconazole monotherapy only.

Model structure and assumptions
The Excel model for each country contains the same five  
worksheets: table of contents; assumptions for all regimens; 
cost per patient for each regimen (seven total regimens are 
included); cost per 1,000 patients (which includes nine total 
regimens that consider alternative ways of addressing base-
line renal dysfunction (RD) for patients as well as incident RD  
for a standard two-week regimen with AmB-D). All assumptions 
on resource quantities and unit costs for such resources are pro-
vided in the assumptions for all regimens sheet and the cost 
by regimen per patient sheet. The model is adapted as needed 
for each country, for example based on medication price infor-
mation (price per pill or per pack of pills, laboratory monitor-
ing guidelines or practices, or information requiring inflation  
adjusting). 

Unit costs for all medications except flucytosine and AmB-L, 
laboratory tests, therapeutic lumbar punctures, health worker  
time and hospital in-patient bed days are based on  
country-specific sources (referenced within the Excel model 
application for each country-specific analysis). For flucytosine,  
we use the reported price ($75 per 100 pack of 500 mg 
pills) plus 25% to include additional shipping and handling  
costs15,22,23. The cost of AmB-L remains uncertain at this time. 
In South Africa, for example, while the 2019 single exit price 
of AmB-L was $194 per 50 mg vial, a price of $16.25 per  

          Amendments from Version 2
In this revision, we made a few minor edits for grammar.  As 
suggested by Reviewer 3, we also edited one sentence in the last 
paragraph of the method section. We also agree with Reviewer 
3 that fewer inpatient days with some regimens would free up 
limited hospital resources for other patients.

Any further responses from the reviewers can be found at 
the end of the article
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50 mg vial has been reported24 but currently remains uncon-
firmed by Gilead. For this analysis, we have used a price of $50  
per vial (e.g., $40 ex works plus an additional 25% for  
shipping, handling, etc.). As procurement of these medication  
grows, better estimates will likely be available in the near 
future. Using the Excel-based models provided in the OpenBU 
repository, interested readers can easily conduct additional 
sensitivity analyses by adjusting specific parameters list in  
the worksheet labelled “Assumptions for all regimens”.  

Results and discussion
Main results from these analyses are provided in Figure 1. For  
each country, five main treatment regimens are presented.

AmB-D plus fluconazole (14 hospital days)
For each country, the first regimen reported in Figure 1 is a  
14-day hospitalization with daily infusion of AmB-D with high-
dose oral fluconazole daily. We use this regimen as a basic  
reference point for comparing costs for the other regimens. 
Given recommended daily dosages for this combination 
(50 kilogram adult; 1 mg/kg/day AmB-D; 1200 mg/day  
fluconazole)1, medication costs per day are estimated at $7.11, 
$8.93, $6.22, and $14.40 for South Africa, Botswana, Uganda, 
and Nigeria, respectively. As summarized in Figure 1 (after 
dividing by 1,000), total costs per patient for this regimen are 

$2,043 (South Africa), $1,548 (Botswana), $822 (Nigeria) 
and $487 (Uganda). The basic hospital in-patient costs per 
day (excluding medications, and laboratory tests) in South  
Africa ($97) and Botswana ($88) are substantially higher than 
in Nigeria ($24) and Uganda ($11), which explains most of 
the differences between the higher- and lower-cost countries 
for this regimen. Treatment costs for this AmB-D/fluconazole  
regimen provide the reference point for discussing other  
regimens.

AmB-D plus flucytosine (seven hospital days)
As included in the WHO 2018 guidelines, the preferred but  
previously unavailable combination is AmB-D/flucytosine for  
seven days followed by seven days of fluconazole. This regimen  
allows for seven hospital days among patients who do not need 
a more prolonged admission for other clinical reasons. With 
the newly-reduced daily cost for flucytosine at $9.38, this lower 
cost compares more favorable to the daily cost of fluconazole  
(e.g., the daily cost of 1200 mg fluconazole is estimated at 
$6.79, $0.43, $3.11, and $4.40 in South Africa, Uganda,  
Botswana, and Nigeria, respectively).

In all four country examples analyzed (see Figure 1), total 
costs with AmB-D/flucytosine (seven days) and then fluco-
nazole monotherapy (seven days), with seven inpatient and 

Figure 1. Cryptococcal meningitis treatment costs with alternative regimens*. *Total cost for the induction phase is provided at the 
top of each colored bar. The vertical axis (for costs) is not comparable (visually) across countries because the scale varies. For Botswana, 
hospital-based staff costs are included within the basic hospital costs.
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seven outpatient days, are substantially less than with the  
AmB-D/fluconazole regimen. In each case, the additional 
daily medication costs for the first week (AmB-D with flucy-
tosine instead of fluconazole) are offset by lower hospital costs 
and somewhat lower medication costs during week two (only  
fluconazole monotherapy). In the future, as more experience 
grows with the use of this regimen in routine or study settings, 
it is clearly possible that the number of actual in-patient days 
could extend beyond seven days. Such adjustments can be  
easily estimated using the models provided (e.g., cost of this  
regimen in South Africa for 7 in patient days is $1,101 but  
$1,484 with 10 in-patient days).  

Replacing AmB-D with AmB-L
AmB-L is therapeutically equivalent and less toxic than  
AmB-D. Given the considerable morbidity associated with  
AmB-D infusion, benefits from improved access to AmB-L are 
clear. Assuming flucytosine is available, one option is to replace 
AmB-D with AmB-L and combine this with flucytosine dur-
ing the seven hospital days. With dosing of 3 mg/kg/day and 
a patient weighing ≤50 kg, the daily cost for AmB-L is $150  
per day (assuming a cost of $40 per vial (50 mgs) plus an  
additional 25% for insurance, transport, and customs). While 
significantly less than in the past, this daily cost would remain 
substantially higher than the daily cost of AmB-D during the 
induction phase ($0.31, $5.83, $5.78, and $10 for South Africa,  
Botswana, Uganda, and Nigeria, respectively).

From Figure 1, treatment costs with AmB-L/flucytosine  
compared to AmB-D/flucytosine during the first week of treatment 
(followed by fluconazole monotherapy in the second week for 
both regimens) increases significantly for all countries analyzed,  
while other costs largely remain the same. Additional research 
remains needed to consider how the possible benefits (ease 
of administration, side effects of medications, and treatment 
outcomes) of switching to standard doses of AmB-L for all 
patients might compare to the additional costs as well as the  
budgetary impact.

While a substantially lower price ($16.25 per vial) has been 
reported by advocacy organizations (e.g., https://www.gaffi.
org/gilead-reduces-price-of-ambisome-liposomal-amphoter-
icin-b-for-cryptococcal-meningitis-in-hiv-aids/), this price has 
not yet been confirmed by Gilead. Obviously, costs would fall 
substantially for this regimen with the lower price. For example,  
costs per day for AmB-L would fall from $150 to $60 per  
patient with this cost (a low-end estimate), but overall costs  
would remain substantially higher than with AmB-D.

Target AmB-L to patients with baseline renal 
dysfunction
One option to manage the costs of AmB-L, as included 
in the Southern African HIV Clinicians Society’s 2019 
cryptococcal disease management guideline, is to target  
AmB-L/flucytosine to patients with known renal dysfunc-
tion at baseline, with AmB-D/flucytosine for the remainder, 
given that new AmB-D toxicities are uncommon in the first 
week of induction therapy25. AmB-L is also a logical backup to  

manage AmB-D shortages or stock outs. Results for this 
option is provided as the fourth option in Figure 1 for each  
country.

When the proportion of patients with renal dysfunction is  
‘modest’ (8% of CM patients with renal dysfunction from 26),  
prioritizing these patients for AmB-L/flucytosine may be 
medically preferred and probably affordable within the over-
all HIV care and treatment budget. For example, costs per 
1,000 patients for this approach (fourth regimen in Figure 1)  
compared to AmB-D plus flucytosine for all (second regimen 
in Figure 1) increase by about $83,000 in South Africa, 
$79,000 Botswana, $80,500 Uganda, $77,800 Nigeria. How-
ever, when compared to the 14-day regimen of AmB-D plus 
fluconazole (first regimen in Figure 1), costs for this fourth  
regimen are lower per 1,000 patients.    

Regarding national budget implications in, for example,  
South Africa, with an additional cost per 1,000 patients  
of $83,000 (comparing the second and fourth regimen in  
Figure 1) and an estimated 21,000 new CM cases annually in 
South Africa2, the annual additional cost of this approach would 
be $1.74 million annually, which is less than 0.12% of the $1.4 
billion included in the national budget for 2019/2020 for the 
HIV and AIDS program budget27. Given that new CM cases 
are, at least to some important degree, a consequence of health  
system failures, it seems logical for the program to internalize  
this cost of failures.

Oral regimens (flucytosine/fluconazole)
The WHO recommends an oral regimen of flucytosine/ 
fluconazole (for 14 days) when AmB-D is not available. In  
Figure 1, costs for this regimen are included for seven inpatient 
days and seven outpatient days. Treatment costs with this oral  
regimen are similar to costs for AmB-D/flucytosine (lower costs 
from no daily infusions are offset by higher costs of the additional 
seven days of flucytosine). The cost of this flucytosine/fluconazole  
regimen would fall or increase depending on the number of 
days of inpatient care (e.g., only three or four days post-CM  
diagnosis to monitor intracranial pressure and other possible 
complications; or more if patients require ongoing management  
of raised intracranial pressure). The effectiveness of the  
alternative regimens, not just the costs, need to be addressed  
for a full comparison of the two regimens. In highly resource 
limited settings, however, the oral regimens make home-based 
care feasible at least for some subset of patients (i.e., those  
without severe CM at the time of treatment initiation, for example  
as measured by reduced level of consciousness).

Conclusions
With flucytosine accessible at a price of $0.75 per 500 mg 
pill, an opportunity exists to reduce CM treatment costs over 
the initial two-week induction phase compared to standard  
care in LMICs (14 inpatient days with daily infusions of  
amphotericin B deoxycholate plus fluconazole). Although  
medication costs with flucytosine are higher than those of cur-
rent standard treatment, cost reductions from fewer inpatient  
days (14 down to seven) more than offset the additional  
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medication costs. Cost savings with flucytosine are substantial 
even in the examples presented in Figure 1 with lower hospital  
costs (Uganda and Nigeria).

If flucytosine is available, substituting AmB-L for AmB-D 
would substantially increase costs per patient if provided to 
all patients with CM. Nevertheless, the benefits of AmB-L  
(less toxicity and adverse reactions, easier administration, eas-
ier procurement and training to use one medication, etc.) war-
rant further analysis. One cost reducing strategy is to reserve 
use for patients presenting with renal dysfunction, who stand 
to gain the most from its use. In this case, AmB-L only to 
patients presenting with renal dysfunction, the incremental costs 
per 1,000 patients are modest in aggregate based on a cost of  
$50 per 50 mg vial. Clarity from Gilead on actual price(s)  
for AmB-L will allow for better cost estimates.

As new studies investigate new treatment strategies for CM 
cases, the costs for these new strategies can be easily estimated 
and compared using the costing model developed and used for 
this analysis. Such information on costs can then support discus-
sions of budgetary impact and future economic evaluations of  
alternative treatment strategies.

Data availability
Underlying data
OpenBU: An Excel-based template for estimating induction-phase 
treatment costs for cryptococcal meningitis in high HIV-burden 
African countries. https://hdl.handle.net/2144/4187620.

This project contains the following underlying data:

•    CM Induction Phase Treatment Costs -- Botswana  
May 17 2021.xlsx

•    CM Induction Phase Treatment Costs -- Nigeria  
May 17 2021.xlsx

•    CM Induction Phase Treatment Costs -- South Africa  
May 17 2021.xlsx

•    CM Induction Phase Treatment Costs -- Uganda Dec  
May 17 2021.xlsx

Extended data
OpenBU: An Excel-based template for estimating induction-phase 
treatment costs for cryptococcal meningitis in high HIV-burden 
African countries. https://hdl.handle.net/2144/4187620.

This project contains the following extended data:

•    User_Guide_CM_treatment_costs May 17 2021.pdf

Data are available under a Creative Commons Attribution- 
NonCommercial 4.0 International license (CC BY-NC 4.0).

Disclaimer
The content of this manuscript is solely the responsibility  
of the authors and does not necessarily represent the official  
views of the CDC, NIH, NIHR, the Department of Health  
and Social Care, or other funding entities.
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This paper addresses an important question for the long overdue implementation of flucytosine 
and amphotericin-B based induction treatment regimens for HIV-associated cryptococcal 
meningitis in LMICs – namely, the costs associated with those regimens. By comparing historically-
recommended induction regimens to those currently recommended, the authors conclude that 
flucytosine and amphotericin-B-based regimens are affordable. This has positive implications for 
ongoing advocacy efforts to increase access to these essential medications. 
 
My comments mainly concern the clarity with which the analysis is presented and the rationale 
behind some of the analytical decisions. In addition, a number of assumptions are [necessarily] 
made and these should be highlighted more clearly. 
 
Clarity 
The first two paragraphs of the methods section would be more appropriately included in the 
introduction section, since they provide background information. 
 
The authors state that they estimated costs for fluconazole monotherapy (second paragraph, 
‘Model overview’). However, these estimates are not presented or stated in the paper, nor could I 
see them in the Excel downloads. I would recommend either including the data if they are 
available, or not stating that costs were estimated for fluconazole monotherapy, if these estimates 
are not available (in which case the authors might state why they decided against modelling those 
estimates - presumably because this regimen is not recommended). 
 
Assumptions 
A major assumption made is that patients who are administered AmB-D plus 5FC for 7 days, 
followed by fluconazole for 7 days, are able to complete days 8 to 14 of their induction therapy as 
outpatients. Can the authors discuss what proportion of patients are able to be discharged from 
hospital after 7 days? Many patients may require ongoing inpatient care? 
 
As discussed by the authors, there is uncertainty surrounding the cost of AmB-L. In the absence of 
accurate cost information and because potential costs of AmB-L vary so widely, have the authors 
considered a highest and lowest potential cost calculation for the treatment strategies that 
contain AmB-L? i.e. offer a range of potential costs? 
 
I’m not sure I understand the third paragraph under ‘Target AmB-L to patients with baseline renal 
dysfunction’ in the results section (‘Note that the…’). I don't see that the statements made are 
reflected in figure 1? It appears to me that in all country case studies, the AmB-L/5FC option incurs 
the highest cost, with the option of AmB-L targeted to those with renal dysfunction incurring a 
lower cost than the reference regimen in all cases? 
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Second sentence in Introduction section: deaths are also due to ART failure; data show that 
improved access to ART does not necessarily correlate with reduction in deaths from HIV-
associated CM. 
 
Under Model structure and assumptions subheading: should ‘…incident RD for a standard two 
regimen…’ read, ‘…incident RD for a standard two week regimen…’?
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Authors’ responses and revisions based on Reviewer Reports (on Version1) 
 
In the following, we provide a point-by-point response to each comment and suggestion 
provided by Reviewer 2.  We have numbered each comment to ensure a complete response 
and to note information across comments and reviewers. 
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24 Jan 2022 | for Version 1 
Katharine Elizabeth Stott, Antimicrobial Pharmacodynamics and Therapeutics, Department 
of Molecular and Clinical Pharmacology, Institute of Systems, Molecular and Integrative 
Biology, University of Liverpool, Liverpool, UK 
 
Approved With Reservations 
 
This paper addresses an important question for the long overdue implementation of 
flucytosine and amphotericin-B based induction treatment regimens for HIV-associated 
cryptococcal meningitis in LMICs – namely, the costs associated with those regimens. By 
comparing historically-recommended induction regimens to those currently recommended, 
the authors conclude that flucytosine and amphotericin-B-based regimens are affordable. 
This has positive implications for ongoing advocacy efforts to increase access to these 
essential medications. 
 
My comments mainly concern the clarity with which the analysis is presented and the 
rationale behind some of the analytical decisions. In addition, a number of assumptions are 
[necessarily] made and these should be highlighted more clearly. 
 
Clarity 
 
1. The first two paragraphs of the methods section would be more appropriately included in 
the introduction section, since they provide background information. 
 
Authors: Thank you for the recommendation.  We have revised and moved the 
paragraphs as recommended. Based on comments from the other Reviewer (Reviewer 
1, comment 2), we deleted the original last paragraph of the introduction given that 
such information is also included in the conclusions section.  
 
2. The authors state that they estimated costs for fluconazole monotherapy (second 
paragraph, ‘Model overview’). However, these estimates are not presented or stated in the 
paper, nor could I see them in the Excel downloads. I would recommend either including 
the data if they are available, or not stating that costs were estimated for fluconazole 
monotherapy, if these estimates are not available (in which case the authors might state 
why they decided against modelling those estimates - presumably because this regimen is 
not recommended). 
 
Authors.  Thank you for catching this omission. We originally included fluconazole 
monotherapy in our analysis, but then excluded given its poor effectiveness.  We have 
revised the Model Overview section to explain this point.   
 
Assumptions 
 
3. A major assumption made is that patients who are administered AmB-D plus 5FC for 7 
days, followed by fluconazole for 7 days, are able to complete days 8 to 14 of their induction 
therapy as outpatients. Can the authors discuss what proportion of patients are able to be 
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discharged from hospital after 7 days? Many patients may require ongoing inpatient care? 
 
Authors: This is a very relevant point for real-world patient care.  Patients may need to 
remain in hospital even after their intravenous treatment is completed for continued 
management of raised intracranial pressure, for example. As noted in the 
introduction, the main focus of this Research Note is on treatment costs based on 
WHO guidelines. The 4 country-specific case studies (in the Excel files), however, can 
be used to address other questions and sensitivity analyses.  For example, as noted 
above for Reviewer 1, comment 3, future data from a clinical trial or monitoring 
patient care in routine settings might suggest that actual in-patient care typically 
extends to 10 inpatient days on average for the flucytosine plus fluconazole regimen. 
Such adjustments can be easily estimated using the models provided (e.g., cost of this 
regimen in South Africa for 7 in patient days is $1,101 and $1,484 for 10 days.  We have 
added this point into the main text of the paper (Section AmB-D plus flucytosine 
(seven hospital days)).   
 
4. As discussed by the authors, there is uncertainty surrounding the cost of AmB-L. In the 
absence of accurate cost information and because potential costs of AmB-L vary so widely, 
have the authors considered a highest and lowest potential cost calculation for the 
treatment strategies that contain AmB-L? i.e. offer a range of potential costs? 
 
Authors: We have added a last paragraph into the AmB-L section to include the 
recommendation of the reviewer.  “While a substantially lower price ($16.25 per vial) 
has been reported by advocacy organizations (e.g., https://www.gaffi.org/gilead-
reduces-price-of-ambisome-liposomal-amphotericin-b-for-cryptococcal-meningitis-in-
hiv-aids/), this price has not yet been confirmed by Gilead. Obviously, costs would fall 
substantially for this regimen with the lower price. For example, costs per day for 
AmB-L would fall from $150 to $60 per patient with this cost (a low-end estimate), but 
overall costs would remain substantially higher than with AmB-D.”  
 
5. I’m not sure I understand the third paragraph under ‘Target AmB-L to patients with 
baseline renal dysfunction’ in the results section (‘Note that the…’). I don't see that the 
statements made are reflected in figure 1? It appears to me that in all country case studies, 
the AmB-L/5FC option incurs the highest cost, with the option of AmB-L targeted to those 
with renal dysfunction incurring a lower cost than the reference regimen in all cases? 
Authors: Thank you very much for highlighting the confusing paragraph.  We have 
revised the section to clarify the comparisons being made.  The AmB-L to patients with 
baseline renal dysfunction approach is the fourth option provided in Figure 1, which is 
mainly compared to the second option in Figure 1 AmB-D plus flucytosine for all 
patients. We then note that when compared to the 14-day regimen of AmB-D plus 
fluconazole (first regimen in Figure 1), costs for this fourth regimen are lower per 
1,000 patients.     
  
Additional comments 
 
6. Second sentence in Introduction section: deaths are also due to ART failure; data show 
that improved access to ART does not necessarily correlate with reduction in deaths from 
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HIV-associated CM. 
 
Authors: We agree with the reviewer’s comment.  We have revised this sentence to 
include diagnose, initiate, retain, and achieve viral suppression…. We think the 
addition of “retain and achieve viral suppression” includes a broader set of reasons for 
ART failure.   
 
7. Under Model structure and assumptions subheading: should ‘…incident RD for a standard 
two regimen…’ read, ‘…incident RD for a standard two week regimen…’? 
 
Authors: Yes.  Thank you.  We have revised.  

Competing Interests: No competing interests were disclosed.
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Angela Kairu   
Health Economics Research Unit, KEMRI-Wellcome Trust Research Programme Nairobi, Nairobi, 
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This paper succinctly describes different treatment regimens for cryptococcal meningitis in HIV 
patients and their associated costs. This paper highlights the use and costs of the different drug 
regimens against the context of resource constraints and patient contraindications of some of the 
medications. 
 
My main comments are in the structuring of the various sections in the paper, and description of 
study methods. 
 
The introduction gives a brief summary of the disease and outcomes. However, the 2nd and 3rd 
paragraph capture information that would better fit in the methods and conclusion sections 
respectively. Additionally, the introduction does not include any literature (past/current) on the 
drug regimens being costed. Perhaps the background provided in the methods sections would 
better fit in the introduction. 
 
The methods provide a good overview of the costing model and assumptions used (additional 
files). However, some details on costing methods are not reported as these ensure replicability of 
the work. A useful guide for this may be (Cunnama L, Garcia Baena I, Laurence Y, Sweeney S, 
Vassall A, Sinanovic E et al. Costing guidelines for tuberculosis interventions. Geneva: World Health 
Organization; 2019. Licence: CC BY-NC-SA 3.0 IGO1) 
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For the hospital based costs, which level of health facilities were sampled and costed? Or was this 
based on secondary data? This is not clear. 
 
In addition it may be beneficial to conduct a sensitivity analysis on the uncertain cost parameters 
given the cost variations across the countries. This will strengthen the analysis and the results of 
the work. 
 
The results and discussion sections are merged together which generally interpret the costs 
across the study countries. However, there are no comparisons to similar settings on the same 
drug regimens which would give a comprehensive understanding of the cost estimates and the 
variances. This ties to the limited literature of the drug regimens that is provided in this paper. 
Also, important to include is the limitations and strengths of this analysis. 
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Authors’ responses and revisions based on Reviewer Reports (on Version1) 
 
In the following, we provide a point-by-point response to each comment and suggestion 
provided by Reviewer 1.  We have numbered each Reviewer comment to ensure a complete 
response and to note information across comments and reviewers. 
 
 
Reviewer 1:   
 
11 Oct 2021 | for Version 1 
Angela Kairu, Health Economics Research Unit, KEMRI-Wellcome Trust Research 
Programme Nairobi, Nairobi, Kenya 
 
Approved With Reservations 
 
1. This paper succinctly describes different treatment regimens for cryptococcal meningitis 
in HIV patients and their associated costs. This paper highlights the use and costs of the 
different drug regimens against the context of resource constraints and patient 
contraindications of some of the medications. 
 
Authors:  Thank you for your efforts and guidance on this manuscript.  In the 
following, we will respond to questions and explain how and where we have revised 
the manuscript based on the Reviewers comments (Dr. Kairu and Dr. Stott). 
 
My main comments are in the structuring of the various sections in the paper, and 
description of study methods. 
 
2. The introduction gives a brief summary of the disease and outcomes. However, the 2nd 
and 3rd paragraph capture information that would better fit in the methods and conclusion 
sections respectively. Additionally, the introduction does not include any literature 
(past/current) on the drug regimens being costed. Perhaps the background provided in the 
methods sections would better fit in the introduction. 
 
Authors:  Thank you for these comments.  As recommended, we moved the “Methods 
Background” section to the introduction, which also provides additional literature on 
drug regimens. Also as suggested, we removed the last paragraph of the introduction 
from the introduction section.  In hindsight, the information in that paragraph is 
essentially already in the conclusions section, so we just deleted it to avoid 
duplication. We hope it is acceptable to leave the original paragraph two in the 
introduction (now the final paragraph).  We think it helps the reader to understand 
the main objective of the paper and what’s to come.   
 
3. The methods provide a good overview of the costing model and assumptions used 
(additional files). However, some details on costing methods are not reported as these 
ensure replicability of the work. A useful guide for this may be (Cunnama L, Garcia Baena I, 
Laurence Y, Sweeney S, Vassall A, Sinanovic E et al. Costing guidelines for tuberculosis 
interventions. Geneva: World Health Organization; 2019. Licence: CC BY-NC-SA 3.0 IGO1) 
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Authors:  As recommended, we added the reference to Cunnama et al. along with the 
Drummond book (also a standard reference for costing methods).  Regarding 
replication, all cost-related information, assumptions, and results for this manuscript 
come directly from the country-specific analyses (one Excel file per country) provided 
in the OpenBU repository referenced in this manuscript.  
 
As importantly, any of these country-specific analyses can be used as a template for 
replication and adaptation in other contexts.  For example, in the future, data from a 
clinical trial or observational study might suggest that actual in-patient care in that 
study extended from 7 to 10 inpatient days on average for the flucytosine plus 
fluconazole regimen. Such adjustments can be easily incorporated into the analysis 
for a study-specific analysis.  
 
4. For the hospital based costs, which level of health facilities were sampled and costed? Or 
was this based on secondary data? This is not clear. 
 
Authors:  Because this article is intended as a Research Note, we did not review all of 
the specific assumptions used in each of the country-specific analyses. As noted in the 
section “Model structure and assumptions”, such details can be found in the Excel file 
for each country.  For example, for South Africa, the hospital cost assumptions (see 
sheet “Assumptions for all regimens”) are in cells D63-D67 (and reference is in cell 
G63). In this base analysis presented in the paper, the hospital bed-day cost was 50% 
of the national average bed-day cost, which is considered a conservative assumption 
when comparing costs for different regimens. 
 
5. In addition it may be beneficial to conduct a sensitivity analysis on the uncertain cost 
parameters given the cost variations across the countries. This will strengthen the analysis 
and the results of the work. 
 
Authors:  Because this article is intended as a Research Note, we did not include 
additional discussion based on sensitivity analyses.  However, as noted in the section 
“Model overview”, the Excel files for any country can be used as a template for 
additional analyses and for readers to explore the sensitivity of results to 
assumptions. For example, in the South Africa file, the base case hospital cost 
assumption is chosen as “50% of the national average” (cell c659 is 4).  The file 
contains four other hospital cost possibilities that could be used for sensitivity 
analyses (the same structure exists in all the Excel files).  We added additional 
information on conducting sensitivity analyses at the end of the methods section. 
 
6. The results and discussion sections are merged together which generally interpret the 
costs across the study countries. However, there are no comparisons to similar settings on 
the same drug regimens which would give a comprehensive understanding of the cost 
estimates and the variances. This ties to the limited literature of the drug regimens that is 
provided in this paper. Also, important to include is the limitations and strengths of this 
analysis. 
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Authors:  For each country, we consider AmB-D plus fluconazole with 14 in-patient 
days as reference point for discussing the results for the other regimens.  This 
regimen is the comparison for the same setting for the other regimens evaluated (and 
presented in Figure 1).  We have retitled the Results section to Results and Discussion 
to note the combination, which we think in this case makes sense. The focus here is on 
medications and combinations that are already recommended by the WHO (see 
reference 1 that provides substantial review of medications, etc.). 
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