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Abstract

Background: The most appropriate alternative to induction therapy for HIV-associated cryptococcal meningitis (CM)
remains unclear when standard treatment is unavailable, inaccessible, intolerable, or ineffective.

Methods: A prospective, multi-centre cohort study was conducted to analyze the data of 156 HIV-infected patients
with CM who were treated with amphotericin B deoxycholate (AmB-D) 4 flucytosine (5FC), voriconazole (VCZ) + 5FC,
or AmB-D + Fluconazole (Flu) as induction regimens. Clinical efficacy, cumulative mortality, and adverse effects were
compared among the three treatment groups.

Results: Fewer deaths occurred by week 4 and week 10 among patients receiving AmB-D + 5FC than among those
receiving AmB-D + Flu [4 (5.1%) vs. 8 (16.0%) deaths by week 4; hazard ratio, 1.8; 95% confidence interval [Cl], 1.0 to
3.3, p=0.039; and 8 (10.3%) vs. 14 (28.0%) deaths by week 10; hazard ratio, 1.8; 95% Cl, 1.1 to 2.7; p=0.008, respec-
tively]. AmB-D plus 5FC was found to result in significantly higher rates of cerebrospinal fluid (CSF) culture sterility
(57.6% vs. 34% by week 2; 87.9% vs. 70% by week 10; p <0.05 for both comparisons). However, the differences in CSF
culture sterility and mortality between the VCZ 4 5FC group and the AmB-D + 5FC group were not statistically signifi-
cant. VCZ plus 5FC had a significantly advantageous effect on the incidence of new AIDS-defining iliness and length
of hospital stay, compared with AmB-D plus 5FC. Laboratory adverse events (grade 3 or 4), such as severe anemia,
were less frequent with VCZ 4 5FC use than with AmB-D combined with 5FC or Flu use.

Conclusion: Our results suggest that AmB-D combined with 5FC remains the more efficacious induction regimen
compared to AmB-D plus Flu, and that VCZ 4+ 5FC might be a potential alternative when the standard regimen is not
readily available, accessible, tolerated, or effective.
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Introduction

Cryptococcal meningitis (CM) remains an important
contributor to HIV-associated deaths, accounting for
an estimated 15% of overall HIV mortality globally [1].
Treatment of CM comprises three therapeutic stages: the
induction, the consolidation, and the maintenance phases
[2]. For induction therapy for CM, amphotericin B deox-
ycholate (AmB-D) administered intravenously, combined
with oral flucytosine (5FC), is the current internation-
ally recommended treatment regimen [3, 4]. The objec-
tive of induction treatment is to rapidly and dramatically
decrease the mycotic load in cerebrospinal fluid (CSF),
and is thus critical for patient survival [5].

Challenges remain to the implementation of this treat-
ment recommendation in resource-limited settings. For
example, 5FC is neither easily accessible nor generally
affordable in areas with high HIV-related CM burden [6,
7]. In addition, standard doses of AmB-D are not well tol-
erated due to the potential for substantial nephrotoxic-
ity [8]. In contrast, Flu is now more readily available in
a generic form and via donation programs, and is associ-
ated with low rates of adverse events [9, 10]. An elevated
dose of Flu is therefore advocated as an alternative to 5FC
for combination therapy with AmB-D; however, the effi-
cacy of the combination of high dose Flu combined with
AmB-D remains debatable [11].

Voriconazole (VCZ) is a new generation triazole with
good CSF penetration and a wide-spectrum of activity
against pathogens [12—-14]. However, not many published
research studies have, as yet, explored VCZ as a poten-
tially useful therapeutic drug for the induction or main-
tenance phases of treatment for CM [15, 16]. Most data
with respect to its use are derived from refractory case
reports, with about 50% treatment success observed [12,
17, 18]. Currently, the role of VCZ for the management of
CM has not been definitively established.

Thus, the present study was designed to compare two
currently recommended regimens and a novel treatment
strategy, with the aim of discovering an appropriate alter-
native to the preferred regimen for primary induction
therapy. The options we chose for comparison included
AmB-D plus 5FC, VCZ plus 5FC, and AmB-D plus Flu.

Methods

Study design and participants

We conducted a prospective multicenter study of HIV-
related CM in six Chinese centers: Chongqing Public

Health Medical Center, Public Health Clinical Center
of Chengdu, The First Hospital of Changsha, The First
Affiliated Hospital of Zhejiang University, Guangxi
Longtan Hospital, and Xixi Hospital of Hangzhou. HIV-
infected patients were eligible for enrollment if they were
diagnosed with CM, either confirmed by CSF India ink
stain, cryptococcal culture in blood or CSF, or crypto-
coccal antigen (CrAg) testing in CSF; were 18 years of
age or older; and were willing to be contacted for study
surveillance. Patients were excluded if their alanine ami-
notransferase (ALT) levels were >5 times the upper limit
of normal, hemoglobin levels were<60 g/L (reference
range: 120-160 g/L for males, 110-150 g/L for females),
creatinine levels were > 1.5 times the upper limit of nor-
mal, were pregnant, were lactating, or developed any
past adverse effects to any of the specific drugs used in
our trial. All patients in the cohort were enrolled between
January 2019 and December 2020.

Study procedures

At enrollment, participants completed interviews which
gathered information regarding their baseline character-
istics (including socio-demographic information, clinical
symptoms, past medical history), and basic medical tests
(such as CSF profiles, blood tests, and imaging examina-
tions, etc.). Lumbar punctures (LPs) for CSF examina-
tion were typically performed on days 0, 7, and 14 after
admission. Additionally, patients with elevated intrac-
ranial pressure (ICP) were treated with therapeutic LPs
until the opening pressure decreased to below 20 cmH,O.

Each eligible participant was treated with one of the
following three induction therapy regimens: Regimen 1
consisted of AmB-D (0.5-0.7 mg per kilogram per day
administered intravenously) plus 5FC (100 mg per kilo-
gram per day) for approximately 4 weeks; Regimen 2
consisted of VCZ (200 mg twice daily; 400 mg twice on
day 1) plus 5FC (100 mg per kilogram of body weight per
day) given orally for approximately 4 weeks; Regimen 3
consisted of AmB-D (0.5-0.7 mg per kilogram per day
administered intravenously) plus Flu (800 mg per day)
for approximately 4 weeks. Induction treatment regimens
were chosen by the attending physician in accordance
with current Chinese clinical guidelines.

All participants were treated and observed in-hospital
for a minimum of 4 weeks during induction therapy. The
results of laboratory blood tests were monitored regularly
during this period. Patients in all treatment arms were
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subsequently switched to oral Flu [800 mg per day for 8
weeks (consolidation phase), followed by 200 mg per day
(maintenance phase)]. Patients treated with rifampicin
were not assigned to Group 2 due to the potential for
harmful drug interaction between rifampicin and VCZ.

Local Chinese prescribing guidelines for HIV were used
to prescribe antiretroviral regimens. Participants who
were already taking antiretroviral therapy (ART) when
they were diagnosed with CM, continued with their usual
treatment. For ART-naive participants or those patients
taking an ineffective ART regimen, the recommendation
was to initiate or change the ART regimen four to six
weeks after induction antimycotic treatment [19].

Study visits occurred at weeks 1, 2, 3, 4, 10, 22, and 46
after commencement of CM induction. Assessment of
safety was done via participant interviews which ques-
tioned participants regarding possible emergence of new
clinical symptoms, and clinical examination of partici-
pants for assessment of emergence of possible new clini-
cal signs, and included laboratory tests and recording of
clinical adverse events. Compliance to prescribed treat-
ment was assessed by reference to clinical patient diaries
that were accurately completed by medical staff.

Outcomes and definitions

The primary outcomes for the comparison of the three
study treatment strategies were all-cause mortality at
10 weeks and CSF culture sterility at 2 weeks. Second-
ary outcomes included all-cause mortality at weeks 2, 4,
and 46, CSF culture sterility at 10 weeks, culture-positive
relapse, re-hospitalization related to induction therapy,
24-week and 46-week clinical response, therapeutic suc-
cess at week 10, new AIDS-defining illness, emergence
of paradoxical immune reconstitution inflammatory
syndrome (IRIS), and cumulative hospitalized days over
46 weeks. We compared the incidence of new neurologi-
cal events, seizures, rashes, hyperpyrexia, respiratory sys-
tem disorders, gastrointestinal disorders, and any adverse
laboratory event (grade 3 or 4) in the two study groups.
CM relapse was defined as a re-positive CSF Crypto-
coccus culture result obtained after induction therapy.
The definition of IRIS has been previously described in
published literature [20]. The Division of AIDS Table
for Grading the Severity of Adult and Pediatric Adverse
Events: December 2017, was used to assess and record
adverse events which occurred during the course of this
study.

Statistical analysis

Baseline participant characteristics and outcomes in
groups were compared via the Pearson Chi squared
(x%) test or Fisher’s exact test (for categorical variables),
and the one-way analysis of variance (ANOVA) or the
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Kruskal-Wallis test (for continuous variables). All-cause
mortality at two, four, and ten weeks was compared
between the groups using log-rank tests. Kaplan—Meier
plots were also drawn, and Cox regression models with
treatment as a predictor were used to derive hazard
ratios and two-sided 95% confidence intervals (CL).
Other outcomes were compared across treatment groups
with the Chi-squared, Kruskal-Wallis, Fisher’s exact,
or Mann—Whitney U test, as appropriate. All statistical
analyses were performed using Stata software, Version 16
(StataCorp. 2019. Stata Statistical Software: Release 16.
College Station, Texas, USA: StataCorp LLC), GraphPad
Software (GraphPad Prism, La Jolla, California, United
States), Version 6.0, and Statistical Package for the Social
Sciences (IBM-SPSS Software for Windows) software,
Version 24 (IBM Corp., Armonk, New York, USA).

Results

Baseline characteristics

During the study period, 207 patients with HIV-associ-
ated CM were eligible for study participation, and 156
(75%) were fully enrolled (i.e., met screening criteria for
our study and completed follow-up to the end of the
trial) and were included in the analysis population for
treatment comparison (Fig. 1). Of these 156 eligible par-
ticipants, 78 were assigned to group 1 (the AmB-D +5FC
group), 28 to group 2 (the VCZ+ 5FC group), and 50 to
group 3 (the AmB-D + Flu group).

Baseline characteristics of patients were similar
between the three groups, and showed the severity of
HIV-associated immunocompromise in the entire popu-
lation (Table 1). CSF cultures yielded Cryptococcus neo-
formans in 143 of 156 patients (91.7%). In total, 81.4%
(127/156) of participants confirmed that they were, or
had previously been, exposed to antiretroviral drugs. Par-
ticipants who had not previously ever taken ART initi-
ated antiretrovirals at a median initiation point of 35 days
(range, 27 to 39 days) after enrollment.

All-cause mortality

Kaplan—Meier curves for survival up to 46 weeks for
the entire study population according to their treatment
strategy are shown in Fig. 2. By 10 weeks, eight patients
(10.3%) treated with AmB-D+5FC had succumbed, in
comparison to 14 patients (28.0%) using AmB-D + Flu,
and four patients (14.3%) treated with VCZ+5FC
(Table 2). AmB-D+5FC treatment has been linked to
significant reductions in the risk of death by week 10 in
the primary outcome (hazard ratio, 1.8; 95% CI, 1.1 to
2.7; p=0.008); this benefit was initially seen at 4 weeks
(p=0.039). A lower number of participants being treated
with VCZ+5FC died, when comparison was made
with deaths in participants treated with AmB-D + Flu;
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207 patients were screened for eligibility
51 were excluded
3 had an alternate diagnosis
— | 19 declined to participate
2 had CM previously
27 had CM but were ineligible
A
156 were included in the study population
y y A 4
78 were treated with amphotericin 28  were treated  with 50  were treated  with
B deoxycholate plus flucytosine voriconazole plus flucytosine amphotericin B deoxycholate
v v
14 were ART-naive 7 were ART-naive 8 were ART-naive
64 were ART-experienced 21 were ART-experienced 42 were ART-experienced
Fig. 1 Flowchart of patient selection. ART denotes antiretroviral therapy; CM denotes cryptococcal meningitis

however, this difference in mortality was calculated to not
be statistically significant (hazard ratio, 2.2; 95% CL,0.7 to
6.8; p=0.142). The 2-week mortality was 2.6% (2/78) for
patients receiving AmB-D + 5FC, 8.0% (4/50) for patients
receiving AmB-D + Flu, and 3.6% (1/28) for those receiv-
ing VCZ+5FC; differences in mortality rates at week 2
between groups were calculated to not be mathemati-
cally significant. The hazard ratios for death at 2 weeks,
as compared with the AmB-D 4 5FC group were 1.4 (95%
CL, 0.1 to 15.2) in the VCZ+5FC group and 1.8 (95% CI,
0.8 to 4.2) in the AmB-D + Flu group; the corresponding
hazard ratios for death at 4 weeks were 0.7 (95% CI, 0.1 to
6.3) and 1.8 (95% CI, 1.0 to 3.3), respectively.

CSF culture sterility

Thirty-eight (57.6%) of 66 patients in the AmB-D +5FC
arm achieved sterile CSF at 2 weeks, compared to 13
(50%) of 27 in the VCZ+5FC arm and 17 (34%) of 50
in the AmB-D+Flu arm; sterile CSF rates achieved
at 2 weeks between the AmB-D+5FC arm and
AmB-D+ Flu arm were found to be statistically signifi-
cantly different (p=0.012). The treatment difference for
mycological outcome (negative CSF culture) at 2 weeks,
as compared against the AmB-D+5FC arm, were -7.6%

(95% CI, -31.9 to 12.9) for the VCZ+5FC arm and
14.1% (95% CI, -8.8 to 37.1) for the AmB-D+ Flu arm.
Consequently, VCZ+5FC was found to be as effective
as, but was not superior to, AmB-D + 5FC with respect
to mycological outcome at week two. At 10 weeks, CSF
cultures were negative in 87.9% of patients receiving
AmB-D +5FC, 77.8% of patients receiving VCZ+ 5FC,
and 70% of those receiving AmB-D + Flu (Table 2). None
of the observed differences among the three groups were
calculated to be mathematically significant (treatment
difference for group 2 vs. group 1, — 10.1% (95% CI,
— 27.6 to 7.4%), and treatment difference for group 3 vs.
group 1, — 17.8% (95% CI, — 32.8 to — 2.9%).

Outcomes in the three treatment groups

The survival benefit at 46 weeks seen for patients
receiving AmB-D+5FC as compared with those
receiving AmB-D +Flu, was not marked (p=0.237,
Table 3). Treatment with VCZ + 5FC failed to bestow
a survival advantage in comparison to treatment with
AmB-D + Flu (p=0.129). Clinical responses at 2 weeks,
defined as improvement of fever, headache, and menin-
geal signs, occurred in 42.6% of patients receiving
AmB-D+5FC, in comparison to 53.8% of patients
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Table 1 Baseline characteristics of study participants
AmB-D + 5-FC VCZ +5FC AmB-D +Flu p-value”
(N=78) (N=28) (N=50)
Demographics
Male—no. (%) 62 (79.5) 20(71.4) 36 (72) 0.534
Median age (IQR)—years 42 (34,52.3) 41 (34,51) 45 (34.8,57) 0.568
Clinical characteristics
BMI, mean £ SD 203427 19.5+£25 204429 0419
Median WBC (IQR)—(10%/L) 49(3.5,6.7) 44(3,69) 3.8(3.2,54) 0.176
Hemoglobin (g/L), mean +SD 111.6£208 105.8+23.8 109+ 18.1 0426
Median creatinine level (IQR)—pumol/L 57.1(47.7,66.2) 66.0 (51.2,87) 59.9(493,72.2) 0111
Median CD4 +T-cell count (IQR)—cells/uL 28(12,53) 24(12.5,59) 36 (13,44.3) 0.981
Current ART use—no. (%) 14 (17.9) 7 (25) 8(16) 0.606
Receiving TB therapy—no. (%) 7 (9) 2(7.1) 7 (14) 0.601t
Symptoms—no. (%)
Headache 57 (73.1) 21 (75) 32 (64) 0.464
Fever 55(70.5) 19 (67.9) 31(62) 0.604
Nausea 40(51.3) 12 (42.9) 18 (36) 0.231
Vomiting 43 (55.1) 13 (46.4) 17 (34) 0.065
Visual field impairment 5 (6.4) 4(14.3) 5(10) 0.388"
Impaired consciousness 13(16.7) 5(17.9) 6(12) 0.730"
Opportunistic infection—no. (%)
PCP 7.7) 1(36) @) 0.443"
MV (5.1) 4(14.3) 7(14) 0.152"
CSF profile
Median ICP (IQR)—cm H,0O 25(16,33) 25.5(14,343) 26.5(14.5,40) 0.856
CSF ICP>25 cm H,0—no. (%) 37 (474) 14 (50) 28 (56) 0.639
Median CSF WBC (IQR)—10%/L 23.5 (6, 103) 3(0,58) 17.5(9.5,44.5) 0.106
Median CSF glucose level (IQR)—mmol/L 24(1.6,195.7) 26(1.9,3.7) 22(1.2,33) 0.266

BMI body mass index, WBC white blood cells, ART antiretroviral therapy, TB tuberculosis, CSF cerebrospinal fluid, PCP pneumocystis pneumonia, CMV cytomegalovirus
infection, ICP elevated intracranial pressure, IQR interquartile range, AmB-D amphotericin B deoxycholate, 5FC flucytosine, VCZ voriconazole, Flu fluconazole

" p-values from the Pearson x? or Fisher’s exact test for categorical variables and the one-way ANOVA or Kruskal-Wallis test for continuous variables, unless otherwise

specified. 'Fisher exact test was used
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Weeks since Randomization
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AmBDSFC 78 70 62 60 59
AMB-D+Flu 28 24 24 23 23
VCZ+#SFC 50 36 33 33 33
Fig. 2 Kaplan—-Meier survival estimates for the three treatment
groups over 46 weeks

receiving VCZ+5FC, and 40.9% of patients who
received AmB-D + Flu. Fifty-two (89.7%) of 58 patients
in group 1, 18 (81.8%) of 22 patients in group 2, and 26
(74.3%) of 35 patients in group 3 had clinical responses
at week 10 (Table 3).

Therapeutic success was defined as a combined myco-
logic and clinical response at 10 weeks. Success was
achieved in 91.2% of patients who took AmB-D + 5FC,
in 76.9% of those who took VCZ+ 5FC, and in 75% of
those who took AmB-D + Flu. Neither clinical response
nor therapeutic success differed in a statistically sig-
nificant manner among the three treatment groups.
The incidence of culture-positive relapse, re-hospi-
talization, and paradoxical IRIS was similar among all
three treatment groups. IRIS occurred infrequently,
with seven cases observed in the AmB-D + 5FC group
(Group 1), one case observed in the VCZ+ 5FC group
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Table 2 All-cause mortality and CSF culture sterility in the three treatment groups
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No. of patients % (95% Cl), by regimen Hazard Ratio, % (95% CI)*
Outcomes Group 1, Group 2, Group 3, Group 2 vs p- Group 3 vs. p- Group 2 vs. p-
AmB-D+5FC  VCZ+45FC AmB-D +Flu Group 1 value Group 1 value Group 3 value
(N=178) (N=28) (N=50)
Mortality at 8 4 14 14 (04 t04.6) 0582 18(1.1t02.7) 0.008 2.2(0.7t06.8) 0.142
10 week 103 (35t017.0) 143(13t027.2) 280(156t0
No. of deaths 40.4)
% (95% Cl)
Mortality at 2 1 4 14(0.1t0152) 0791 1.8(08t04.22) 0.156 23(03t0209) 0435
2 weeks 26(—09to6.1) 36(—33to 8.0(0.5t0 15.5)
No. of deaths 104)
% (95% Cl)
Mortality at 4 1 8 0.7 (0.1t0 6.3) 0747 18(1.0t03.3) 0039 47(06to379) 0.105
4 weeks 5.1(0.2to 10) 36(—33to 16.0 (5.8t026.2)
No. of deaths 10.4)
% (95% Cl)
Treatment difference, % (95% Cl)*
CSF culture 38 13 17 —76(—319t0 0407 —236(—413 0.012 141 (—88to 0.224
negative at 576 (45.7 to 48.1 (293 to 34.0(209to 129) to—5.8) 37.1)
2 weeks 69.5) 67.0) 47.1)
No. of patients
% (95% Cl)
CSF culture 58 21 35 —101(=276 02217 —178(—=328 0017 78(1241t0300) 0465
negative at 87.9 (80.0to 778 (62.1 to 70(573t0827) to74) to—29)
10 weeks 95.8) 93.5)
No. of patients
% (95% Cl)

Cl confidence interval, p-values for the between-group differences in all-cause mortality were calculated using a log-rank test
*Fisher’s exact test was used to compare rate of CSF culture sterility between groups

* Hazard ratios are shown for all outcomes except for the estimated treatment difference in CSF culture sterility rate

* Differences between mortality rates are given as percentage points. The upper limit of the two-sided 95% confidence interval is equivalent to that of the one-sided

97.5% confidence interval

Table 3 Outcomes related to prognosis in the three treatment groups

No. (%) of patients, by regimen p-value
Event Group 1, Group 2, Group 3, Group 2 vs Group 3 vs Group 2 vs
AmB-D + 5FC VCZ +5FC AmB-D +Flu Group 1 Group 1 Group 3
(N=78) (N=28) (N=50)
Mortality at 46 weeks 19 (24.4) 5(17.9) 17 (34) 0.481 0.237 0.129
Clinical responses: week 2 29 (42.6) 14 (53.8) 18 (40.9) 0.330 0.856 0.294
Clinical responses: week 10 52(89.7) 18(81.8) 26 (74.3) 0.450 0.051 0.509
Therapeutic success: week 10 62 (91.2) 20 (76.9) 33 (75) 0.085 0.020 0.856
Culture-positive relapse 4(5.1) 1(36) 1(2) 10" 10" 10"
Re-hospitalization 20 (25.6) 5(17.9) 13 (26) 0.405 0.964 0413
New AIDS-defining illness 13(16.7) 0(0) 8(16) 0019 0921 0045
Paradoxical IRIS 709 1(3.6) 2(4) 0678 0481 10"
Cumulative hospitalized days over 46 (27.5,67) 28.5(19.8,46.3) 39.5(27,51) 0.040 0.174 0.158

46 weeks

IRIS immune reconstitution inflammatory syndrome. CM relapse was defined as a re-positive CSF cryptococcus culture after induction therapy

* Fisher's exact test was used
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(Group 2) and two cases observed in the AmB-D + Flu
group (Group 3). Patients receiving VCZ + 5FC (Group
2) had a significantly lower chance of developing a new
AIDS-defining illness, as compared with those receiv-
ing AmB-D in combination with either 5FC or Flu
(p=0.019 and p =0.045 for comparison of groups 1 and
3 with group 2, respectively). Of note, VCZ combined
with 5FC significantly reduced the cumulative length
of hospital stay at 46 weeks, when compared with the
AmB-D 4 5FC group.

Table 4 Adverse events

Page 7 of 11

Adverse effects of treatments

All regimens produced frequent adverse clinical events,
and this was a likely to be a consequence of the severely
immunocompromised status prevalent in the stud-
ied patient cohort (Table 4). New neurological events
included impaired consciousness, abnormal men-
tal status, hallucinations, visual disturbances, etc. The
occurrence of these events was not calculated to be sig-
nificantly different between the three groups (p =0.322).
The number of patients having seizures or skin rashes
was similar in all treatment groups. Gastrointestinal dis-
orders were uncommon, and incident rates were similar

Event No. (%) of patients, by regimen p-value
Group1, Group 2,VCZ+ 5FC Group 3,
AmB-D + 5-FC (N=28) AmB-D +Flu
(N=78) (N=50)
Any clinical adverse event—no. of patients (%) 31(39.7) 12 (42.9) 24 (48) 0.654
New neurologic sign or symptom—nao. of patients (%) 19 (24.4) 11(39.3) 14 (28) 0322
Seizure—no. of patients (%) 3(3.8) 2(7.1) 5(10) 0413
Rash—no. of patients (%) 7(9) 1(3.6) 5(10) 0687
Hyperpyrexia—no. of patients (%) 5(6.4) 1(3.6) 4 (8) 0.830"
Respiratory system disorder 5(6.4) 0(0) 6(12) 0127
Gastrointestinal disorder 2(2.6) 1(3.6) 24 0.852"
Any adverse laboratory event—no. of patients (%)
Grade3or4 49 (62.8) 7 (25) 34 (68) <0.001
Grade 3 38(48.7) 5(17.9) 27 (54) 0.005
Grade 4 25 (32.1) 2(7.1) 15 (30) 0.033
Anemia—no. of patients (%)
Grade 3 19 (24.4) 2(7.1) 9(18) 0.135
Grade 4 16 (20.5) 0(0) 13 (26) 0012
Hypokalemia—no. of patients (%)
Grade 3 12 (15.4) 1(3.6) 8(16) 0239
Grade 4 2(26) 0(0) 0) 0.686"
Leukopenia—no. of patients (%)
Grade 3 5(6.4) 000 5(10) 0213
Grade 4 3(38) 0(0) 1) 0.820"
Hyperuricemia—no. of patients (%)
Grade 3 ; 0(0) 4(8) 0355
Grade 4 4(5.1) 1(3.6) 1(2) 0856
Thrombocytopenia—no. of patients (%)
Grade 3 5(6.4) 2(7.1) 4(8) 0918
Grade 4 2(26) 1(3.6) 24 0852
Increase Creatinine—no. of patients (%)
Grade 3 2(26) 0 4(8) 0.263"
Grade 4 0 0 -
Other grade 3 or 4 adverse event—no. of patients (%)* 709 1(3.6) 5(10) 0687

All clinical adverse events and all laboratory events of grades 3 or 4 were classified as severe adverse events

*p-values correspond to overall comparisons among the three groups using Fisher’s exact test

* Other adverse events occurred in less than 3% of patients, except for hyponatremia (which occurred in 3.2% of all patients)
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in the three groups. There were 5 cases of hyperpyrexia in
the AmB-D + 5FC group, 1 case in the VCZ+ 5FC group,
and 4 cases in the AmB-D+Flu group. Five and six
patients in the AmB-D+5FC and AmB-D +Flu groups
experienced respiratory system disorders, respectively.
Laboratory-defined adverse events (grade 3 or 4) were
less frequent in the VCZ+5FC group than in either
the AmB-D+5FC group or the AmB-D+Flu group
(p<0.001 for the overall comparison). The p-values for
the occurrence of grade 3 and grade 4 adverse events in
the three treatment groups were 0.005 and 0.033, respec-
tively. The most frequently occurring adverse events
observed in the three groups were anemia, hypoka-
lemia, thrombocytopenia, leukopenia, and hyperurice-
mia. Grade 4 anemia occurred more commonly among
patients taking AmB-D with either 5FC or Flu, compared
to those receiving VCZ+5FC (20.5% and 26%, respec-
tively, vs. 0%; p=0.012 for the overall comparison). A
grade 4 hypokalemia developed in only two patients,
and this complication was most likely circumvented as
a result of preemptive electrolyte replacement that was
administered to all patients receiving AmB-D. There were
fifteen cases of grade 3 or 4 hyperuricemia recorded,
and elevated uric acid levels occurred in 11.5% of the
patients who were taking the AmB-D + 5FC regimen, in
3.6% of those taking VCZ+ 5FC, and in 10% of those tak-
ing the AmB-D +Flu regimen. Grade 4 leukopenia was
observed in 3.8% of patients taking AmB-D+5FC, in
0% of those taking VCZ+ 5FC, and in 2% of those taking
AmB-D + Flu regimen. A grade 3 or 4 thrombocytopenia
developed in 9% of patients in the AmB-D + 5FC group,
in 10.7% of patients in the VCZ+ 5FC group, and in 12%
of patients in the AmB-D + Flu group. A grade 3 increase
in creatinine level developed in 2 of 78 participants (2.6%)
in the AmB-D +5FC group and in 4 of 50 participants
(8%) in the AmB-D + Flu group. There were no grade 3 or
4 increases in creatinine levels in the VCZ + 5FC group.

Discussion
In this trail, we attempted to compare the efficacy and
safety of AmB-D plus 5FC, VCZ plus 5FC, and AmB-D
combined with high-dose Flu for management of acute
CM in HIV-infected patients. The results of this multisite
study indicate that there are no statistically significant
differences between combination therapy with VCZ plus
5FC and the current standard treatment of AmB-D + 5FC
with respect to primary clinical outcomes, and that 5FC
in combination with AmB-D is associated with lower
mortality (week 4, 10) and higher culture conversion
rates (week 2, 10) than that of Flu in combination with
AmB-D among those patients with data available.

In a randomized, comparative clinical trial evaluating
either VCZ, Flu, and 5FC in combination with AmB-D
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as induction therapy for HIV-associated CM, the early
fungicidal activity (EFA) of VCZ in combination with
AmB-D was not significantly different from the EFA of
high-dose Flu or 5-FC combined with AmB-D [15]. Yao
et al,, observed that the rate of response to VCZ treat-
ment was significantly higher than the response rates to
a combination of AmB-D [or liposomal amphotericin
B (L-AmB)] and Flu, and a combination of AmB (or
L-AmB) and 5FC (100% vs 67.9% and 27.3%, respectively;
p<0.01) [16]. Even so, clinical data regarding the efficacy
of VCZ for the treatment of CM remains relatively lim-
ited, and large-scale, comparative experimental and clini-
cal investigations are warranted to support a definitive
recommendation with respect to its use in the context of
CM.

In vitro and animal model data supports a role for VCZ
in the management of cryptococcosis via results indicat-
ing that broad-spectrum triazoles have excellent efficacy
against Cryptococcus neoformans [21]. In animal model
studies of CM, it was observed that VCZ did reduce fun-
gal burden, and prolonged the survival time of infected
mice, with good CSF penetration [22-24]. Several case
studies have suppressed outcomes of CM using VCZ, and
VCZ has been suggested as an alternative therapeutic
choice for patients whose Cryptococcus isolates develop
secondary fluconazole resistance [18, 25].

Interestingly, it appears that benefits of VCZ in com-
bination with 5FC were observed in data for both new
AIDS-defining illnesses and length of hospital stay, and
an absence of a significant increase in the occurrence of
serious adverse effects (either clinical or laboratory) was
observed to be associated with this therapeutic strat-
egy. There appeared to be no grade 3 or 4 increases in
ALT levels that could have been related to VCZ, which
is in keeping with findings from previous clinical trials
[15]. In addition, VCZ appeared to be safe and well tol-
erated at an oral dose of 200 mg taken twice per day for
approximately 4 weeks. However, utilization of VCZ for
the management of CM is limited by frequent drug-drug
interactions, especially with commonly prescribed ART,
as well as cost and availability.

In comparison with the therapeutic regimen of AmB-D
plus Flu (Flu is a reliable and universally available sec-
ond-line antifungal agent), AmB-D in combination with
5FC was associated with decreased mortality in our
study; Moreover, the mathematical difference between
these groups did achieve statistical significance. The sur-
vival benefit with the use of AmB-D plus 5FC that we
observed in the present study concurs with the findings
of one other double-blind multicenter study [26]. Addi-
tionally, AmB-D combined with 5FC resulted in signifi-
cantly higher rates of CSF sterilization at two weeks than
with use of AmB-D combined with Flu (57.6% vs. 34%;
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treatment difference for two groups, — 23.6% [95% CI, —
25.0 to — 22.2]), which is consistent with the findings of
one randomized, open-label, three-group trial of induc-
tion regimens to treat CM, overseen by Day et al. [10].
Contrarily, one previous study found no significant dif-
ferences in rates of Cryptococcus clearance from patient
CSF between AmB-D plus 5FC and AmB-D plus Flu [15].
Furthermore, AmB-D plus Flu (800 mg/day) has been
selected as the standard antifungal induction drug regi-
men in one multicenter investigation being conducted on
the timing of ART initiation subsequent to initiation of
induction therapy for CM in Africa [27].

The better-performing regimens in our study included
5FC. It appears that this more efficacious partner drug
is especially useful when shorter courses of AmB-D are
used. Improving the opportunity to use 5FC can poten-
tially produce material reductions in the number of
deaths attributable to CM. 5FC may also possess other
qualities, such as a long-lasting “postantibiotic effect”
compared to Flu, in addition to swift fungicidal activity
[11]. Another likely reason for the discernable variance
between the two groups is that Flu has been shown to
antagonize the anti-Cryptococcus properties of AmB-D,
as observed in one past in vitro investigation [28].

It should be noted that in this study, the dose of
AmB-D used was 0.5-0.7 mg/kg/d for induction therapy
(i.e., the dose recommended in current Chinese guide-
lines), which is lower than the recommended dose of
0.7-1.0 mg/kg/d used in current international guidelines
[3, 4]. Although some studies suggest that high doses of
AmB-D could improve patient outcomes [29], our study
showed a mortality rate of 17.2% at 10 weeks, signifi-
cantly lower than that of CM patients in Uganda (approx-
imately 46%) [20], African CM patients in general (35%)
[11], and Taiwanese CM patients (32%) [30]. In addition,
the recommended dosage of AmB-D for the treatment
of CM remains controversial, and several past investiga-
tions have reported that a lower prescribed dose of AmB
[including that of liposomal (L)-AmB] results in a favora-
ble safety profile with comparable benefit for the preven-
tion or treatment of fungal infections [31-34].

We acknowledge several limitations to our study,
which include the failure to enroll the originally cal-
culated sample size and the non-randomized regimen
allocation procedure, which may have led to a degree
of bias. Therefore, some degree of circumspection
should be exercised when generalizing our results to
the entire Chinese population. Further large multi-
center randomized controlled studies are warranted
to extract accurate data with respect to induction regi-
mens for the treatment of CM in the Chinese popula-
tion. In addition, VCZ concentrations in plasma were
not quantified and monitored during our study, nor was
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susceptibility testing routinely undertaken for follow-
up cultures. Consequently, the likelihood of develop-
ment of drug resistance to Flu during drug therapy, thus
inducing treatment failure, cannot be confidently ruled
out. Also, serial quantitative cultures of Cryptococcus
in CSF should ideally be performed to accurately assess
and compare the EFA of different treatment regimens,
and could guide the setting of priorities with regards to
which new drugs or drug combinations should proceed
to much larger clinical investigations [35, 36]. Further-
more, we allowed the inclusion of those patients who
were taking or who had taken ART in the past, and this
may have had a confounding effect on the efficacy of
fungal therapy.

In summary, the combination therapy of AmB-D plus
5FC was the most effective option as induction therapy
for Chinese HIV-infected CM patients in our trial. Our
results also suggest that the orally administered antifun-
gal duo of VCZ and 5FC could be considered as an alter-
native option for the induction phase of CM treatment in
the absence of availability of AmB-D or in circumstances
where AmB-D cannot be administered safely.

Acknowledgements

The authors wish to sincerely thank all study participants, and clinical and
administrative staff of the HIV/AIDS wards at the participating hospitals,
including doctors, nurses, and researchers, for their helpful support and contri-
butions during the data collection process.

Author contributions

This study was conceived and designed by Y-KC. Y-SW, T-TY, KL, G-QZ, and J-HY
conducted the component clinical investigations. WZ, and QZ contributed

to data collection and patient management, X-LX and Y-QL interpreted the
results, TZ wrote the manuscript. VH and Y-KC revised, copy-edited, and proof-
read the manuscript. All authors read and approved the final manuscript.

Funding

Funding for this study was provided by the National Science and Tech-
nology Major Project of China during the 13th Five-year Plan period
(20182X10302104).

Availability of data and materials
The datasets supporting the conclusions of this article are included within the
article.

Declarations

Ethics approval and consent to participate

The research was conducted in accordance with the Declaration of Helsinki.
The study protocol was reviewed and approved by the Ethics Committee of
Chonggqing Public Health Medical Center (Approval Number: 2019-003-02-
KY), and was duly registered as one of 12 trials under a general project at the
Chinese Clinical Trial Registry (ChiCTR1900021195). Written informed consent
was obtained from all the enrolled patients. All methods were carried out in
accordance with the relevant guidelines and regulations.

Consent for publication
Not applicable.

Competing interests
The authors have no conflicts of interest to declare. All co-authors have seen,
read, and agree with the contents of the manuscript.



Zhao et al. BMC Infectious Diseases (2022) 22:677

Author details

!Clinical Research Center, Chongqing Public Health Medical Center, Chong-
qing, China. ?Division of Infectious Diseases, Chongging Public Health Medical
Center, 109 Baoyu Road, Shapingba, Chongging 400036, China. *Division

of Infectious Diseases, Public Health Clinical Center of Chengdu, Sichuan,
China. *Division of Infectious Diseases, The First Hospital of Changsha, Hunan,
China. *Division of Infectious Diseases, Xixi Hospital of Hangzhou, Zhejiang,
China. ®Department of Infectious Disease, Longtan Hospital of Guangxi
Zhuang Autonomous Region, Guangxi, China.

Received: 5 April 2022 Accepted: 2 August 2022
Published online: 08 August 2022

References

1. Rajasingham R, Smith RM, Park BJ, et al. Global burden of disease of HIV-
associated cryptococcal meningitis: an updated analysis. Lancet Infect
Dis. 2017;17(8):873-81. https://doi.org/10.1016/51473-3099(17)30243-8.

2. Rhein J, HupplerHullsiek K, Tugume L, et al. Adjunctive sertraline for HIV-
associated cryptococcal meningitis: a randomised, placebo-controlled,
double-blind phase 3 trial. Lancet Infect Dis. 2019;19(8):843-51. https://
doi.org/10.1016/51473-3099(19)30127-6.

3. Saag MS, Gandhi RT, Hoy JF, et al. Antiretroviral drugs for treatment and
prevention of HIV infection in adults: 2020 recommendations of the Inter-
national Antiviral Society-USA Panel. JAMA. 2020;324:1651-69. https://
doi.org/10.1001/jama.2020.17025.

4. Panel on opportunistic infections in adults and adolescents with HIV.
Guidelines for the prevention and treatment of opportunistic infections
in adults and adolescents with HIV: recommendations from the Centers
for Disease Control and Prevention, the National Institutes of Health,
and the HIV Medicine Association of the Infectious Diseases Society of
America. http://aidsinfo.nih.gov/contentfiles/lvguidelines/adult_oi.pdf,

5. Boyer-Chammard T, Temfack E, Alanio A, et al. Recent advances in manag-
ing HIV-associated cryptococcal meningitis. F1000Res. 2019;8:F 1000
Faculty Rev-743. https://doi.org/10.12688/f1000research.17673.1.

6. Sloan D, Dlamini S, Paul N, et al. Treatment of acute cryptococcal
meningitis in HIV infected adults, with an emphasis on resource-limited
settings. Cochrane Database Syst Rev. 2008;4: CD005647. https://doi.org/
10.1002/14651858.CD005647.

7. Perfect JR, Dismukes WE, Dromer F, et al. Clinical practice guidelines for
the management of cryptococcal disease: 2010 update by the infectious
diseases society of america. Clin Infect Dis. 2010;50(3):291-322. https://
doi.org/10.1086/649858.

8. BicanicT, Bottomley C, Loyse A, et al. Toxicity of amphotericin B deoxy-
cholate-based induction therapy in patients with HIV-associated crypto-
coccal meningitis. Antimicrob Agents Chemother. 2015;59(12):7224-31.
https://doi.org/10.1128/AAC.01698-15.

9. Wertheimer Al, Santella TM, Lauver HJ. Successful public/private donation
programs: a review of the Diflucan Partnership Program in South Africa. J
Int Assoc Physicians AIDS Care (Chic). 2004;3(3):74-9 84-5. https://doi.org/
10.1177/154510970400300302.

10. Day JN, ChauTT, Lalloo DG. Combination antifungal therapy for crypto-
coccal meningitis. N Engl J Med. 2013;368(26):2522-3. https://doi.org/10.
1056/NEJMc1305981.

11. Molloy SF, Kanyama C, Heyderman RS, et al. Antifungal combina-
tions for treatment of cryptococcal meningitis in Africa. N Engl J Med.
2018;378(11):1004-17. https://doi.org/10.1056/NEJMoa1710922.

12. Perfect JR, Marr KA, Walsh TJ, et al. Voriconazole treatment for less-
common, emerging, or refractory fungal infections. Clin Infect Dis.
2003;36(9):1122-31. https://doi.org/10.1086/374557.

13. Pfaller MA, Messer SA, Boyken L, et al. In vitro activities of voriconazole,
posaconazole, and fluconazole against 4,169 clinical isolates of Candida
spp. and Cryptococcus neoformans collected during 2001 and 2002 in
the ARTEMIS global antifungal surveillance program. Diagn Microbiol
Infect Dis. 2004,48(3):201-5. https://doi.org/10.1016/j.diagmicrobio.2003.
09.008.

14. Bandettini R, Castagnola E, Calvillo M, et al. Voriconazole for crypto-
coccal meningitis in children with leukemia or receiving allogeneic
hemopoietic stem cell transplant. J Chemother. 2009;21(1):108-9.
https://doi.org/10.1179/j0c.2009.21.1.108.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

Page 10 of 11

Loyse A, Wilson D, Meintjes G, et al. Comparison of the early fungicidal
activity of high-dose fluconazole, voriconazole, and flucytosine as
second-line drugs given in combination with amphotericin B for the
treatment of HIV-associated cryptococcal meningitis. Clin Infect Dis.
2012;54(1):121-8. https://doi.org/10.1093/cid/cir745.

Yao'Y, Zhang JT, Yan B, et al. Voriconazole: a novel treatment option
for cryptococcal meningitis. Infect Dis (Lond). 2015;47(10):694-700.
https://doi.org/10.3109/23744235.2015.1044260.

Nierenberg NE, Thompson GR, Lewis JS, et al. Voriconazole use and
pharmacokinetics in combination with interferon-gamma for refrac-
tory cryptococcal meningitis in a patient receiving low-dose ritonavir.
Med Mycol. 2010;48(3):532-6. https://doi.org/10.3109/1369378090
3325282.

Chang HH, Lee NY, Ko WC, et al. Voriconazole inhibition of tacrolimus
metabolism in a kidney transplant recipient with fluconazole-resistant
cryptococcal meningitis. Int J Infect Dis. 2010;14(4):e348-50. https://
doi.org/10.1016/}.ijid.2009.04.012.

Guidelines for the diagnosis, prevention and management of crypto-
coccal disease in HIV-infected adults, adolescents and children: supple-
ment to the 2016 consolidated guidelines on the use of antiretroviral
drugs for treating and preventing HIV infection. Geneva: World Health
Organization (2018).

Haddow LJ, Colebunders R, Meintjes G, et al. Cryptococcal immune
reconstitution inflammatory syndrome in HIV-1-infected individuals:
proposed clinical case definitions. Lancet Infect Dis. 2010;10(11):791-
802. https://doi.org/10.1016/51473-3099(10)70170-5.

Gamaletsou MN, Sipsas NV, Kontoyiannis DP, et al. Successful salvage
therapy of refractory HIV-related cryptococcal meningitis with the
combination of liposomal amphotericin B, voriconazole, and recom-
binant interferon-y. Diagn Microbiol Infect Dis. 2012;74(4):409-11.
https://doi.org/10.1016/j.diagmicrobio.2012.08.009.

Kirkpatrick WR, Najvar LK, Bocanegra R, et al. New guinea pig

model of Cryptococcal meningitis. Antimicrob Agents Chemother.
2007;51(8):3011-3. https://doi.org/10.1128/AAC.00085-07.

Serena C, Pastor FJ, Mariné M, et al. Efficacy of voriconazole in a murine
model of cryptococcal central nervous system infection. J Antimicrob
Chemother. 2007;60(1):162-5. https://doi.org/10.1093/jac/dkm123.
Mavrogiorgos N, Zaragoza O, Casadevall A, et al. Efficacy of voricona-
zole in experimental Cryptococcus neoformans infection. Mycopatho-
logia. 2006;162(2):111-4. https://doi.org/10.1007/511046-006-0039-4.
Li SS, Tang XY, Zhang SG, et al. Voriconazole combined with low-dose
amphotericin B liposome for treatment of cryptococcal meningitis.
Infect Dis (Lond). 2016;48(7):563-5. https://doi.org/10.3109/23744235.
2016.1157897.

van der Horst CM, Saag MS, Cloud GA, et al. Treatment of cryptococcal
meningitis associated with the acquired immunodeficiency syndrome.
National Institute of Allergy and Infectious Diseases Mycoses Study
Group and AIDS Clinical Trials Group. N Engl J Med. 1997;337(1):15-21.
https://doi.org/10.1056/NEJM199707033370103.

Boulware DR, Meya DB, Muzoora C, et al. Timing of antiretroviral
therapy after diagnosis of cryptococcal meningitis. N Engl J Med.
2014;370(26):2487-98. https://doi.org/10.1056/NEJMoa1312884.
Santos JR, Gouveia LF, Taylor EL, et al. Dynamic interaction between flu-
conazole and amphotericin B against Cryptococcus gattii. Antimicrob
Agents Chemother. 2012;56(5):2553-8. https://doi.org/10.1128/AAC.
06098-11.

Bicanic T, Wood R, Meintjes G, et al. High-dose amphotericin B with flu-
cytosine for the treatment of cryptococcal meningitis in HIV-infected
patients: a randomized trial. Clin Infect Dis. 2008;47(1):123-30. https://
doi.org/10.1086/588792.

Lee YC, Wang JT, Sun HY, et al. Comparisons of clinical features and
mortality of cryptococcal meningitis between patients with and with-
out human immunodeficiency virus infection. J Microbiol Immunol
Infect. 2011;44(5):338-45. https://doi.org/10.1016/j,jmii.2010.08.011.
Koh LP, Kurup A, Goh YT, et al. Randomized trial of fluconazole versus
low-dose amphotericin B in prophylaxis against fungal infections in
patients undergoing hematopoietic stem cell transplantation. Am J
Hematol. 2002;71(4):260-7. https://doi.org/10.1002/ajh.10234.
Lequaglie C. Liposomal amphotericin B (AmBisome): efficacy and safety
of low-dose therapy in pulmonary fungal infections. J Antimicrob Chem-
other. 2002;49(Suppl 1):49-50. https://doi.org/10.1093/jac/49.


https://doi.org/10.1016/S1473-3099(17)30243-8
https://doi.org/10.1016/S1473-3099(19)30127-6
https://doi.org/10.1016/S1473-3099(19)30127-6
https://doi.org/10.1001/jama.2020.17025
https://doi.org/10.1001/jama.2020.17025
http://aidsinfo.nih.gov/contentfiles/lvguidelines/adult_oi.pdf
https://doi.org/10.12688/f1000research.17673.1
https://doi.org/10.1002/14651858.CD005647
https://doi.org/10.1002/14651858.CD005647
https://doi.org/10.1086/649858
https://doi.org/10.1086/649858
https://doi.org/10.1128/AAC.01698-15
https://doi.org/10.1177/154510970400300302
https://doi.org/10.1177/154510970400300302
https://doi.org/10.1056/NEJMc1305981
https://doi.org/10.1056/NEJMc1305981
https://doi.org/10.1056/NEJMoa1710922
https://doi.org/10.1086/374557
https://doi.org/10.1016/j.diagmicrobio.2003.09.008
https://doi.org/10.1016/j.diagmicrobio.2003.09.008
https://doi.org/10.1179/joc.2009.21.1.108
https://doi.org/10.1093/cid/cir745
https://doi.org/10.3109/23744235.2015.1044260
https://doi.org/10.3109/13693780903325282
https://doi.org/10.3109/13693780903325282
https://doi.org/10.1016/j.ijid.2009.04.012
https://doi.org/10.1016/j.ijid.2009.04.012
https://doi.org/10.1016/S1473-3099(10)70170-5
https://doi.org/10.1016/j.diagmicrobio.2012.08.009
https://doi.org/10.1128/AAC.00085-07
https://doi.org/10.1093/jac/dkm123
https://doi.org/10.1007/s11046-006-0039-4
https://doi.org/10.3109/23744235.2016.1157897
https://doi.org/10.3109/23744235.2016.1157897
https://doi.org/10.1056/NEJM199707033370103
https://doi.org/10.1056/NEJMoa1312884
https://doi.org/10.1128/AAC.06098-11
https://doi.org/10.1128/AAC.06098-11
https://doi.org/10.1086/588792
https://doi.org/10.1086/588792
https://doi.org/10.1016/j.jmii.2010.08.011
https://doi.org/10.1002/ajh.10234
https://doi.org/10.1093/jac/49

Zhao et al. BMC Infectious Diseases (2022) 22:677 Page 11 of 11

33, Kassamali Z, Danziger LH, Glowacki RC, et al. How low can you go? Use
of low- and standard-dose liposomal amphotericin B for treatment of
invasive fungal infections. Int J Infect Dis. 2013;17(8):e615-20. https://doi.
0rg/10.1016/}.ijid.2013.01.015.

34. YasuT KonumaT, Oiwa-Monna M, et al. Efficacy and safety of low-
dose liposomal amphotericin B in adult patients undergoing unre-
lated cord blood transplantation. Antimicrob Agents Chemother.
2018;62(11):01205-e1218. https://doi.org/10.1128/AAC.01205-18.

35. Bicanic T, Meintjes G, Wood R, Harrison T, et al. Fungal burden, early fun-
gicidal activity, and outcome in cryptococcal meningitis in antiretroviral-
naive or antiretroviral-experienced patients treated with amphotericin B
or fluconazole. Clin Infect Dis. 2007;45(1):76-80. https://doi.org/10.1086/
518607.

36. Dyal J, Akampurira A, Rhein J, et al. Reproducibility of CSF quantita-
tive culture methods for estimating rate of clearance in cryptococcal
meningitis. Med Mycol. 2016;54(4):361-9. https://doi.org/10.1093/mmy/
myv104.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.1016/j.ijid.2013.01.015
https://doi.org/10.1016/j.ijid.2013.01.015
https://doi.org/10.1128/AAC.01205-18
https://doi.org/10.1086/518607
https://doi.org/10.1086/518607
https://doi.org/10.1093/mmy/myv104
https://doi.org/10.1093/mmy/myv104

	Comparison of amphotericin B deoxycholate in combination with either flucytosine or fluconazole, and voriconazole plus flucytosine for the treatment of HIV-associated cryptococcal meningitis: a prospective multicenter study in China
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Methods
	Study design and participants
	Study procedures
	Outcomes and definitions
	Statistical analysis

	Results
	Baseline characteristics
	All-cause mortality
	CSF culture sterility
	Outcomes in the three treatment groups
	Adverse effects of treatments

	Discussion
	Acknowledgements
	References


