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Abstract 

Background: Our previous study explored Amphotericin B (AMB) plus 5-flucytosine (5-FC) combined with flucona-
zole (FLU) therapy in the induction period, which seemed to be better than the previous AMB + 5-FC antifungal 
therapy in non-HIV and non-transplant-associated CM. However, based on our clinical finding, the outcomes of some 
CM patients who received AMB plus 5-FC combined with FLU antifungal therapy were still poor. Therefore, we need to 
explore new antifungal methods in non-HIV and non-transplant-associated CM during the induction period.

Methods: Clinical data from 148 patients admitted to the Third Affiliated Hospital of Sun Yat Sen University from Jan-
uary 2011 to December 2020 were collected. These patients were stratified based on antifungal treatment methods in 
the induction period (group I with AMB + 5-FC + VOR, group II with AMB + 5-FC + FLU, group III with AMB + 5-FC).

Results: The first hospitalization time of Group I (median: 25 days, IQR: 20–34.5) was significantly shorter than that 
of Group II (median: 43 days, IQR: 29–62) (p < 0.001) and Group III (median: 50.5 days, IQR: 43–77.5) (p < 0.001). After 
2 weeks of follow-up, Group I (26/49) had more patients reaching CSF clearance (p = 0.004) than Group II (18/71) and 
Group III (7/28). In multivariable analysis, Group II (OR: 3.35, 95%CI 1.43–7.82, p = 0.005) and Group III (OR: 3.8, 95%CI 
1.23–11.81, p = 0.021) were associated with higher risk about CSF clearance failure at 2 weeks follow-up than Group 
I. After 10 weeks of follow-up, the incidence of hypokalemia in Group I was significantly lower than that in Group II 
(p = 0.003) and Group III (p = 0.004), and the incidence of gastrointestinal discomfort in Group I was significantly lower 
than that in Group II (p = 0.004).

Conclusion: AMB plus 5-FC combined with VOR may rapidly improve clinical manifestation, decrease CSF OP and 
clear the cryptococci in CSF during the early phase, substantially shorten the hospitalization time, and reduce the 
incidences of hypokalemia and gastrointestinal discomfort.
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Background
Cryptococcal meningitis (CM) is a serious disease with 
high morbidity and mortality [1, 2]. Due to the emer-
gence of highly active antiretroviral therapy (HAART), 
the morbidity and mortality of HIV-associated CM has 
gradually decreased [3]. However, the number of CM 
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patients has increased in recent years [4–6]. Recently, 
some studies have shown that non-HIV CM patients 
have higher mortality rate than HIV-infected individu-
als [7, 8]. Therefore, more attention should be paid to the 
antifungal treatment of non-HIV and non-transplant-
associated CM.

Currently, antifungal treatment for CM is divided into 
three phases: induction therapy, consolidation therapy, 
and maintenance therapy. Induction therapy is consid-
ered to be the most crucial phase of the antifungal treat-
ment for CM. Induction therapy with amphotericin B 
(AMB) plus 5-flucytosine (5-FC) for at least 4 weeks is 
recognized as the preferred regimen for non-HIV and 
non-transplant-associated CM worldwide [9]. How-
ever, this regimen is still associated with mortality rates 
of 15% to 40% [10, 11]. In response to this problem, our 
previous study explored an AMB plus 5-FC combined 
with fluconazole (FLU) antifungal therapy in the induc-
tion period, which seemed to be better than the previous 
AMB + 5-FC therapy in non-HIV and non-transplant-
associated CM [12]. However, based on our clinical find-
ing, the outcomes of some CM patients who received 
AMB plus 5-FC combined with fluconazole (FLU) anti-
fungal therapy were still poor. Therefore, we need to 
explore new antifungal methods in non-HIV and non-
transplant-associated CM during the induction period.

Voriconazole (VOR) is a second-generation azole anti-
fungal agent. It is more potent against fungal P-450-de-
pendent 14a-sterol demethylase than FLU and penetrates 
fungal cells more effectively than FLU [13]. Recently, 
some case reports showed that VOR could be used as an 
alternative treatment for CM patients whose standard-
ized treatment failed [14–16]. Therefore, we compared 
the efficacy of combination therapies among AMB plus 
5-FC combined with VOR therapy, AMB plus 5-FC com-
bined with FLU therapy, and AMB plus 5-FC therapy in 
this study.

Methods
Patients and definitions
This study is approved by the Medical Ethics Committee 
of the Third Affiliated Hospital of Sun Yat-sen University 
(approval no. [2021] 02–264-01). At admission, the sub-
jects or the guardians of patients with cognitive impair-
ment provided written informed consent for research 
and publication.

Data were retrospectively collected from 148 Chinese 
Han CM patients enrolled between Jan 2011 and Dec 
2020 at the Third Affiliated Hospital of Sun Yat-sen Uni-
versity, Guangzhou, China. Medical data were collected 
from EMRs included demographic data, daily documen-
tation, laboratory results, medications, interventions and 
diagnosis [17]. CM patients were defined with clinical 

symptoms, and a positive results of CSF India ink stain-
ing or CSF culture for Cryptococcus neoformans [18]. 
Patients meeting all the following criteria were included: 
(1) CM was firstly diagnosed in our hospital; (2) the anti-
fungal regimen in the induction period was AMB + 5-FC, 
AMB + 5-FC + FLU, or AMB + 5-FC + VOR (note: AMB 
used in this study was amphotericin B deoxycholate); and 
(3) induction therapy was administered for more than 
2 weeks. Patients meeting any of the following criteria 
were excluded: (1) the antifungal regimen was changed 
in the induction period; (2) a surgical intervention had 
previously been performed and (3) recurrent CM. A 
total of 148 non-HIV and non-transplant-associated CM 
patients was recruited and further divided into three 
groups according to antifungal treatment methods (49 
patients in Group I with AMB + 5-FC + VOR, 71 patients 
in Group II with AMB + 5-FC + FLU, and 28 patients in 
Group III with AMB + 5-FC). Due to the loss of follow-
up, we obtained the data of all these patients until the 
loss of follow-up. And the details of the inclusion and 
exclusion of patients are shown in Fig. 1.

Clinical manifestation assessment
The British Medical Research Council (BMRC) staging 
system is an appropriate method to assess the sever-
ity of central nervous system (CNS) symptoms, which is 
divided into three stages: stage 1, normal sensorium with 
no focal neurological deficit; stage 2, slight or no neuro-
logical deficit (cranial nerve palsy) and/or mild clouding 
of the sensorium; and stage 3, severe focal neurological 
deficit (multiple cranial nerve palsies), severe impairment 
of sensorium, convulsions, and/or involuntary movement 
[19]. The assessment was performed at baseline and after 
2, 4 and 10 weeks of antifungal treatment.

Laboratory examinations
As in our previous study [12], The enrolled patients 
underwent lumbar punctures at least once a week rou-
tinely. CSF opening pressure (OP), CSF white blood cell 
(WBC), glucose, chloride, protein levels, and CSF crypto-
coccal counts in India ink staining were recorded.

Treatment strategies
The treatment strategy followed the 2010 Guideline 
of the Infectious Diseases Society of America and was 
based on our previous study and clinical experience [9, 
12]. Induction therapy lasted for 2–12 weeks in non-
HIV patients, including AMB (See Table 1 for dosages 
of different groups) and 5-FC (See Table 1 for dosages 
of different groups), while some of them received FLU 
(400–800 mg/day) or VOR (loading dose of 6.0 mg/
kg/12 h, maintenance dose of 4.0 mg/kg/12 h). Con-
solidation therapy was given for 8 weeks, including 
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FLU (400–600 mg/day) or VOR (200 mg/12 h). Main-
tenance therapy lasted for more than 6 months, 
including FLU (200 mg/day) or VOR (200 mg/day). 
Mannitol, repeated lumbar puncture, or shunt surgery 

(ventriculoperitoneal shunt and external drainage 
of lumbar cistern) were applied to control high CSF 
pressure.

Fig. 1 Flow diagram of patient inclusion and exclusion

Table 1 Therapeutic regimens in three groups

Group I: AMB + 5-FC + VOR, Group II: AMB + 5-FC + FLU, Group III: AMB + 5-FC. NA: Not available. Data were presented as the mean ± SD, median (IQR). Continuous 
variables were analyzed by one-way ANOVA or Kruskal–Wallis H test
* P < 0.05

Variables Group I (n = 49) Group II(n = 71) Group III(n = 28) P-value

The average daily dosages of AMB, mean ± SD, mg/kg/d 0.64 ± 0.14 0.60 ± 0.13 0.55 ± 0.15 0.023*

The lengths of AMB, median (IQR), days 22(16.5–32) 31(23–45) 42(25.5–65.5)  < 0.001*

The total dosages of AMB, median (IQR), mg 705(530–995) 740(543–1359) 985(577–2080.25) 0.088

The average daily dosages of 5-FC, mean ± SD, mg/kg/d 91.41 ± 15.21 86.41 ± 24 80.16 ± 24.97 0.026*

The lengths of 5-FC, median (IQR), days 24(18.5–33) 38(27–60) 47.5(34.25–73.25)  < 0.001*

The total dosages of 5-FC, median (IQR), mg 108,000(92,200–165,600) 160,000(111,000–237,600) 212,250(154,125–270,000)  < 0.001*

the average daily dosages of VOR or FLU, median (IQR), 
mg/d

400(400–400) 600(400–600) NA NA

The length of VOR or FLU
median (IQR), days

24(20–33) 33(23–44) NA NA

The average daily dosages of mannitol (IQR), ml 277.21(200–342.61) 350(245.96–445.65) 367.90(293.80–474.76)  < 0.001*

The length of mannitol, median (IQR), days 8(3–17) 28(9–44) 46(27–72)  < 0.001*

The average daily dosages of potassium supplementation, 
median (IQR), g/d

5.02(3.44–6.38) 6.1(4.25–7.26) 5.94(4.73–7.09) 0.077

The average daily dosages of fluid supplementation, 
mean ± SD, ml/d

1532.13 ± 459.11 1662.92 ± 477.35 1416.70 ± 529.24 0.059
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Outcome assessments
The treatment response of each patient at the 10th week 
after the initiation of antifungal therapy was recorded. 
The therapeutic outcomes were classified into five lev-
els: (1) complete response: survival and resolution of all 
attributable symptoms and signs of disease with CSF 
clearance; (2) partial response: survival and CSF clear-
ance with the persistence of attributable symptoms and 
signs of disease; (3) stable response: survival with minor 
or no improvement in attributable symptoms and signs 
of disease and persistently positive CSF culture results; 
(4) disease progression: worsening clinical disease symp-
toms or signs and persistently positive CSF culture 
results; and (5) death: death during the prespecified eval-
uation period, regardless of cause [20]. CSF clearance was 
defined as negative CSF cryptococcal culture and CSF 
cryptococcal organisms count through India ink stain 
[21].

Statistical analysis
Baseline demographic and clinical characteristics are pre-
sented as percentages, means with standard deviations 
(SD), or medians with inter-quartile range (IQR). Com-
parisons were performed using chi-square tests or Fish-
er’s exact tests for categorical data and one-way ANOVA 
or Kruskal–Wallis H tests for continuous data. The effi-
cacy of treatment was estimated using the chi-square 
test based on the five levels at the 10th week among the 
three groups. Chi-square tests were used to compare 
CSF sterility within 2, 4 and 10 weeks. Chi-square and 
Fisher’s exact tests were used to compare the incidences 
of adverse events among the three groups. Linear regres-
sion was used to fit the distribution of  log10(CSF cryp-
tococci + 1) at baseline and 2 weeks of follow-up in each 
treatment regimen group. Binary logistic regression was 
used to do multivariate analysis about CSF clearance 
failure at 2 weeks follow-up. And sample calculation 
about multivariate analysis about CSF clearance failure 
at 2 weeks follow-up accorded with “Events Per Variable 
(EPV) more than 10” rules [22]. Statistical analyses were 
performed using SPSS statistics version 25 (IBM) and R 
software (version 3.6.2). All analyses were two-sided, and 
P-values < 0.05 were considered statistically significant.

Results
Therapeutic regimens
The details of the therapeutic regimens in the three 
groups are presented in Table  1. AMB, 5-FC, VOR, or 
FLU were administered by intravenous drip every day for 
at least 2 weeks.

The average daily dosages of AMB in the differ-
ent groups were significantly different (p = 0.023). By 

pairwise comparison, the average daily dosages of AMB 
in Group I (0.64 ± 0.14 mg/kg/day) were more than 
Group III (0.55 ± 0.15 mg/kg/day) (p = 0.022). The length 
of AMB in the different groups were significantly dif-
ferent (p < 0.001). By pairwise comparison, the length of 
AMB in Group I (median: 22 days, IQR: 16.5–32) was 
shorter than Group II (median: 31 days, IQR: 23–45) and 
Group III (median: 42 days, IQR: 25.5–65.5) (p1(Group I 
VS Group II) < 0.001, p2 (Group I VS Group III) < 0.001). 
The total dosages of AMB among the three groups were 
not significantly different (p = 0.088).

The average daily dosages of 5-FC in the different 
groups were significantly different (p = 0.026). By pair-
wise comparison, the average daily dosages of 5-FC 
in Group I (91.41 ± 15.21 mg/kg/day) were more than 
Group III (80.16 ± 24.97 mg/kg/day) (p = 0.029). The 
length of 5-FC in the different groups were significantly 
different (p < 0.001). By pairwise comparison, the length 
of 5-FC in Group I (median: 24 days, IQR: 18.5–33) was 
shorter than Group II (median: 38 days, IQR: 27–60) 
and Group III (median: 47.5 days, IQR: 34.25–73.25) (p1 
(Group I VS Group II) < 0.001, p2 (Group I VS Group 
III) < 0.001). The total dosages of 5-FC among the three 
groups were significantly different (p < 0.001). By pair-
wise comparison, the total dosages of 5-FC in Group I 
(median: 108,000 mg, IQR: 92,200–165,600) was less than 
Group II (median: 160,000 mg, IQR: 111,000–237,600) 
and Group III (median: 212,250 mg, IQR: 154,125–
270,000) (p1 (Group I VS Group II) = 0.002, p2 (Group I 
VS Group III) < 0.001).

The average daily dosage of mannitol among the three 
groups was significantly different (p < 0.001). By pairwise 
comparison, the average daily dosages of mannitol in 
Group I (median: 277.21 ml, IQR: 200–342.61) was less 
than Group II (median: 350.00 ml, IQR: 245.96–445.65) 
and Group III (median: 367.90 ml, IQR: 293.80–474.76) 
(p1 (Group I VS Group II) = 0.001, p2 (Group I VS Group 
III) = 0.001). And the length of mannitol among the three 
groups was significantly different (p < 0.001). By pairwise 
comparison, the length of mannitol in Group I (median: 
8 days, IQR: 111000–237600) was less than Group II 
(median: 28 days, IQR: 9–44) and Group III (median: 
46 days, IQR: 27–72) (p1 (Group I VS Group II) < 0.001, 
p2 (Group I VS Group III) < 0.001).

About the average daily dosage of potassium supple-
mentation, there was no significantly difference among 
the three groups (p > 0.05).

Baseline patient characteristics
The details of the baseline characteristics of patients are 
presented in Table  2. The first hospitalization time in 
Group I (median: 25 days, IQR: 20–34.5) was significantly 
shorter than that in Group II (median: 43 days, IQR: 
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29–62) (p < 0.000) and Group III (median: 50.5 days, IQR: 
43–77.5) (p < 0.001). However, the hospitalization time 
between Group II and Group III was not significantly dif-
ferent (p = 0.238). There were no significant differences 
among three groups in other baseline characteristics.

Patient characteristics after 2 weeks follow-up
The details of patient characteristics at 2 weeks of follow-
up are presented in Table  3. There were significant dif-
ferences in BMRC stages among three groups (p < 0.001), 
Group I (16/49) had more patients reaching BMRC stage 
1 than Group II (7/71) and Group III (0/28) (p < 0.001).

About CSF data, there were no significant differences 
in the number of lumbar punctures in the three groups 
within 2 weeks (p = 0.431). CSF OP among the three 
groups was significantly different (p < 0.001). By pair-
wise comparison, CSF OP of Group III (median: 257 
 mmH2O, IQR: 220–327.5) was higher than that of Group 
I (median: 177.5  mmH2O, IQR: 123.75–220) (p < 0.001) 
and Group II (median: 210  mmH2O, IQR: 160–265) 
(p = 0.002). CSF clearance among the three groups was 

significantly different (p = 0.004). Group I (26/49) had 
more patients reaching CSF clearance than Group II 
(18/71) and Group III (7/28). However, there was not 
statistically different in CSF WBC, protein, glucose and 
chloride (p > 0.05).

The decline rate of CSF cryptococci within 2 weeks 
follow-up
The decline rate of CSF cryptococci within 2 weeks 
follow-up was shown in Fig.  2. The slope in Group I, 
Group II and Group III was -0.7714, -0.7350 and -0.6296, 
respectively.

Multivariable analysis about CSF clearance failure 
at 2 weeks follow-up
As CSF clearance at 2 weeks follow-up among the three 
groups was significantly different by univariate analysis, 
we further did multivariate analysis about CSF clearance 
failure at 2 weeks follow-up. And the results are pre-
sented in Table  4. Interestingly, compared with Group 
I, Group II (OR: 3.35, 95%CI 1.43–7.82, p = 0.005) and 

Table 2 Baseline characteristics of patients

Group I: AMB + 5-FC + VOR, Group II: AMB + 5-FC + FLU, Group III: AMB + 5-FC. NA: Not available. Data were presented as the mean ± SD, median (IQR). Continuous 
variables were analyzed by one-way ANOVA or Kruskal–Wallis H test. Categorical variables were analyzed by Chi-square test or Fisher’s exact test
* P < 0.05

Variables Group I (n = 49) Group II(n = 71) Group III(n = 28) P-value

Age, mean ± SD, years 48.20 ± 16.44 44.58 ± 14.48 46.00 ± 11.78 0.417

Gender, male (n, %) 32(65.3%) 47(66.2%) 23(82.1%) 0.243

Weight, mean ± SD, Kg 60.596 ± 11.1665 57.757 ± 10.9580 60.346 ± 11.2328 0.340

Length of first hospital stay days, median (IQR), days 25(20–34.5) 43(29–62) 50.5(43–77.5)  < 0.001*

Admission time (n, %), years  < 0.001*

 2011–2015 0(0%) 24(33.8%) 21(75.0%)

 2016–2020 49(100%) 47(66.2%) 7(25.0%)

Underlying diseases (n, %)

 autoimmune disorder 7(14.3%) 6(8.5%) 0(0%) 0.104

 immunosuppressive agent 8(16.3%) 7(9.9%) 1(3.6%) 0.213

 diabetes mellitus 6(12.2%) 5(7.0%) 0(0%) 0.135

 liver cirrhosis 0(0%) 2(2.8%) 1(3.6%) 0.428

 Altered mental state (n, %) 5(10.2%) 7(9.9%) 6(21.4%) 0.257

BMRC stage (n, %) 0.632

 1 0(0%) 2(2.8%) 0(0%)

 2 42(85.7%) 60(85.4%) 22(78.6%)

 3 7(14.3%) 9(12.7%) 6(21.4%)

CSF opening pressure, median (IQR),  mmH2O 240(147.5–330) 266(175–330) 280(162.75–330) 0.311

CSF opening pressure >  = 200 (n, %) 31(63.3%) 51(71.8%) 18(64.3%) 0.565

CSF cryptococci, median (IQR), count/ml 56(0–5718) 1296(56–5376) 505(17.25–4308.75) 0.254

CSF white blood cell, median (IQR), *10^6/l 120(47.5–185) 120(64–190) 106.5(34.5–241.5) 0.671

CSF protein, median (IQR), g/l 0.817(0.565–1.362) 0.818(0.56–1.25) 0.655(0.4125–0.9825) 0.133

CSF glucose, median (IQR), mmol/l 1.86(0.73–2.775) 1.33(0.71–2.31) 1.935(1.0825–2.665) 0.366

CSF chloride, median (IQR), mmol/l 116.8(110.8–121.15) 116(109.4–119.3) 117.5(113.35–120.95) 0.158
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Group III (OR: 3.8, 95%CI 1.23–11.81, p = 0.021) were 
independently associated with higher risk about CSF 
clearance failure at 2 weeks follow-up.

Patient characteristics after 4 weeks follow-up
The details of patient characteristics at 4 weeks of 
follow-up are presented in Table  5. There were no 

significant differences in BMRC stages among three 
groups (p = 0.073).

About CSF data, there were no significant differ-
ences in the number of lumbar punctures in the three 
groups within 4 weeks (p = 0.808). CSF OP among the 
three groups was significantly different (p = 0.006). 
By pairwise comparison, CSF OP of Group I (median: 

Table 3 The characteristics of patients after 2 weeks follow-up

Group I: AMB + 5-FC + VOR, Group II: AMB + 5-FC + FLU, Group III: AMB + 5-FC. Data were presented as the median (IQR). Continuous variables were analyzed by one-
way ANOVA or Kruskal–Wallis H test. Categorical variables were analyzed by Chi-square test or Fisher’s exact test
* P < 0.05

Variables Group I (n = 49) Group II(n = 71) Group III(n = 28) P-value

BMRC stage (n, %)  < 0.001

 1 16(32.7%) 7(9.9%) 0(0%)

 2 32(65.3%) 60(84.5%) 27(96.4%)

 3 1(2.0%) 4(5.6%) 1(3.6%)

Number of lumbar punctures within 2 weeks, 
median (IQR)

3(3–4) 3(2–4) 3(2–4) 0.431

CSF opening pressure, median (IQR),  mmH2O 177.5(123.75–220) 210(160–265) 257(220–327.5)  < 0.001

CSF cryptococci, median (IQR), count/ml 0(0–400) 85(0–1500) 72(1–333) 0.061

CSF clearance

 Case (n, %) 26(53.1%) 18(25.4%) 7(25.0%) 0.004*

CSF white blood cell, median (IQR), *10^6/l 70(32–120) 81(28–124) 80(30–123.25) 0.946

CSF protein, median (IQR), g/l 0.955(0.482–2.088) 0.97(0.56–1.80) 0.81(0.4925–1.3325) 0.414

CSF glucose, median (IQR), g/l 2.205(1.015–3.58) 1.83(0.89–2.46) 1.86(1.42–2.215) 0.072

CSF chloride, median (IQR), mmol/l 121.85(115.15–124.60) 118.9(114.2–122.6) 120.05(113.325–124.6) 0.276

Fig. 2 The decline rate of CSF cryptococci within 2 weeks follow-up
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162.5  mmH2O, IQR: 119–211.25) was lower than that 
of Group II (median: 210  mmH2O, IQR: 145–260) 
(p = 0.048) and Group III (median: 240  mmH2O, IQR: 
170–230) (p = 0.005). CSF clearance among the three 
groups was significantly different (p = 0.004). Group I 
(25/41) had more patients reaching CSF clearance than 
Group III (7/26) (P = 0.02). However, there was not 

statistically different in CSF WBC, protein, glucose and 
chloride (p > 0.05).

Patient characteristics after 10 weeks follow-up
The details of patient characteristics at 10 weeks of 
follow-up are presented in Table  6. There were no 

Table 4 Multivariate analysis of factors associated with CSF clearance failure at 2 weeks follow-up in non-HIV and non-transplant-
associated CM patients

Group I: AMB + 5-FC + VOR, Group II: AMB + 5-FC + FLU, Group III: AMB + 5-FC. NA: Not available
a Logistic regression analysis. p-values obtained are 2-tailed
b Final logistic regression model containing the covariates with p < 0.2 from the univariable models and some important covariates (autoimmune disorder, 
immunosuppressive agent, diabetes mellitus, liver cirrhosis) associated with outcome as previous literature reported
* p < 0.05

Variable Univariatea Multivariateb

OR (95% CI) p-value OR (95% CI) p-value

Group (ref: Group I) NA NA NA NA

Group II 3.33 (1.53,7.23) 0.002* 3.35 (1.43,7.82) 0.005*

Group III 3.39 (1.22,9.43) 0.019* 3.80 (1.23,11.81) 0.021*

Autoimmune disorder 1.20 (0.35,4.11) 0.770 0 (0, Inf ) 0.999

Immunosuppressive agent 1.66 (0.51,5.43) 0.403 17,144,397.01 (0, Inf ) 0.999

Diabetes mellitus 0.61 (0.18,2.09) 0.429 0.44 (0.08,2.47) 0.353

Liver cirrhosis 3,123,919.74 (0, Inf ) 0.986 10,359,331.41 (0, Inf ) 0.999

Number of lumbar punctures within 
2 weeks

1.22 (0.91,1.64) 0.180 1.32 (0.89,1.96) 0.168

Baseline CSF OP 1.00 (1.00,1.01) 0.009* 1.00 (1.00,1.01) 0.118

Baseline CSF cryptococci 1.00 (1.00,1.00) 0.038* 1.00 (1.00,1.00) 0.078

Table 5 The characteristics of patients after 4 weeks follow-up

Group I: AMB + 5-FC + VOR, Group II: AMB + 5-FC + FLU, Group III: AMB + 5-FC. NA: Not available. Data were presented as the mean ± SD, median (IQR). Continuous 
variables were analyzed by one-way ANOVA or Kruskal–Wallis H test. Categorical variables were analyzed by Chi-square test or Fisher’s exact test
* P < 0.05

Variables Group I (n = 41) Group II(n = 67) Group III(n = 26) P-value

BMRC stage (n, %) 0.073

 1 17(41.5%) 12(17.9%) 5(19.2%)

 2 23(56.1%) 52(77.6%) 20(76.9%)

 3 1(2.4%) 3(4.5%) 1(3.8%)

Number of lumbar punctures within 4 weeks, median 
(IQR)

5(3.5–5.5) 5(4–6) 5(4–5) 0.808

CSF opening pressure, median (IQR),  mmH2O 162.5(119–211.25) 210(145–260) 240(170–230) 0.006*

CSF cryptococci, median (IQR), count/ml 38.5(0–179.5) 1(0–357) 3(0–56) 0.518

CSF clearance

Case (n, %) 25(61.0%) 36(53.7%) 7(26.9%) 0.02*

CSF white blood cell, median (IQR), *10^6/l 43.5(18.5–78.25) 50(22–86) 64(16–90) 0.734

CSF protein, median (IQR), g/l 0.97(0.40–1.36) 0.80(0.47–2.27) 0.87(0.42–1.06) 0.446

CSF glucose, median (IQR), g/l 2.25(0.87–3.55) 2.12(1.06–2.64) 2.38(1.76–2.71) 0.456

CSF chloride, median (IQR), mmol/l 122.3(117.4–124.73) 120.8(117.1–123) 122.1(117.1–124.9) 0.395
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significant differences in BMRC stages among three 
groups (p = 0.620).

About CSF data, there were no significant differences 
in the number of lumbar punctures in the three groups 
within 10 weeks (p = 0.143). Moreover, there was not sta-
tistically different in CSF OP, CSF cryptococci, CSF clear-
ance, CSF WBC, protein, glucose and chloride (p > 0.05).

In terms of treatment response, there was not statis-
tically different among three groups (p > 0.05). About 

adverse events, most patients had common adverse 
events (such as chills and fevers, liver impairment, and 
renal impairment) during the 10 weeks of treatment (see 
Table  6). The most common adverse events were renal 
impairment in Group I (11/15, 73.3%) and hypokalemia 
in Group II (27/30, 90.0%) and Group III (17/18, 94.4%). 
The incidence of hypokalemia was significantly differ-
ent among three groups (p = 0.001). Group I had a sig-
nificantly lower incidence of hypokalemia than Group II 

Table 6 The characteristics of patients after 10 weeks follow-up

Group I: AMB + 5-FC + VOR, Group II: AMB + 5-FC + FLU, Group III: AMB + 5-FC. Data were presented as median (IQR). Continuous variables were analyzed by one-way 
ANOVA or Kruskal–Wallis H test. Categorical variables were analyzed by Chi-square test or Fisher’s exact test. *P < 0.05. Note: there were 6 observed deaths by week 
10 of follow-up. 1 patient died at 3rd week of follow-up, 1 patient died at 5th week of follow-up, 2 patients died at 7th week of follow-up, 1 patient died at 8th week of 
follow-up and 1 patient died at 10th week of follow-up. The 5 patients who died after less than 10 weeks of follow-up were not analyzed at 10 weeks of follow-up. The 
10-week mortality in our study was 6/148 (4.1%)

Variables Group I (n = 15) Group II(n = 30) Group III(n = 18) P-value

BMRC stage (n, %) 0.620

 1 9(60.0%) 14(46.7%) 12(66.7%)

 2 6(40.0%) 14(46.7%) 6(33.3%)

 3 0(0%) 2(6.7%) 0(0%)

Number of lumbar punctures within 10 weeks, 
median (IQR)

6(4–10) 7(6–11.25) 7(6–8.25) 0.143

CSF opening pressure, median (IQR),  mmH2O 140(115–220) 175(128.75–232.5) 179(135–207.5) 0.437

CSF cryptococci, median (IQR), count/ml 0(0–0) 0(0–0.75) 0(0–3) 0.868

CSF clearance

Case (n, %) 11(73.3%) 22(73.3%) 13(72.2%) 1.000

 CSF white blood cell, median (IQR), *10^6/l 8(3–22) 16(8–48) 19(7.5–36.5) 0.163

 CSF protein, median (IQR), g/l 0.42(0.29–0.75) 0.62(0.36–1.31) 0.57(0.35–1.40) 0.310

 CSF glucose, median (IQR), g/l 2.63(2.18–3.90) 2.45(2.11–2.85) 2.64(2.07–3.09) 0.627

 CSF chloride, median (IQR), mmol/l 122.2(120.4–125) 121.5(117.48–125) 122.45(121.4–126.03) 0.407

Treatment Outcomes (n, %)

 Complete response 8(53.3%) 14(46.7%) 11(61.1%) 0.622

 Partial response 3(20.0%) 6(20.0%) 2(11.1%) 0.757

 Stable response 4(26.7%) 8(26.7%) 5(27.8%) 0.709

 Disease progression 0(0%) 1(3.3%) 0(0%) 1.000

 Death 0(0%) 1(3.3%) 0(0%) 1.000

Adverse events (n, %) 15(100%) 30(100%) 18(100%) NA

Chills and fevers 0(3.4%) 2(6.7%) 2(11.1%) 0.565

Hypokalemia 7(46.7%) 27(90.0%) 17(94.4%) 0.001*

Mild hypokalemia 0(0%) 6(20.0%) 3(16.7%) 0.188

Moderate hypokalemia 6(40.0%) 13(43.3%) 11(61.1%) 0.388

Severe hypokalemia 1(6.7%) 8(26.7%) 3(16.7%) 0.317

Gastrointestinal discomfort 1(6.7%) 15(50.0%) 4(22.2%) 0.008*

Liver impairment 6(40.0%) 22(73.3%) 12(66.7%) 0.088

Renal impairment 11(73.3%) 19(63.3%) 7(38.9%) 0.105

Mild renal impairment 6(40.0%) 8(26.7%) 3(16.7%) 0.308

Moderate renal impairment 4(26.7%) 9(30.0%) 2(11.1%) 0.346

Severe renal impairment 1(6.7%) 2(6.7%) 2(11.1%) 0.844

Anemia 4(26.7%) 12(40.0%) 7(38.9%) 0.661

Phlebitis 1(6.7%) 2(6.7%) 1(5.6%) 1.000

Visual side effects 1(6.7%) 0(0%) 0(0%) 0.238
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(p = 0.003) and Group III (p = 0.004). However, there was 
not significantly different in the incidence of mild, moder-
ate and severe hypokalemia among three groups (p > 0.05) 
(note: mild hypokalemia: 3 mmol/L <  =  K+ < 3.5 mmol/L, 
moderate hypokalemia: 2.5 mmol/L <  =  K+ < 3 mmol/L, 
severe hypokalemia:  K+ < 2.5 mmol/L). In addition, the 
incidence of gastrointestinal discomfort among three 
groups was significantly different (p = 0.008). By pairwise 
comparison, Group I had a significantly lower incidence 
of gastrointestinal discomfort than Group II (p = 0.004).

Discussion
In this study, we found that the AMB + 5-FC + VOR ther-
apy substantially shortened the hospitalization time, rap-
idly improved clinical manifestation, decreased CSF OP, 
cleared the cryptococci from the CSF in the early phase 
and decreased the incidence of adverse events (hypoka-
lemia and gastrointestinal discomfort) associated with 
antifungal drugs.

The recommended dose of AMB and 5-FC in induc-
tion phase for non-HIV and non-transplant CM is AMB 
(0.7–1.0 mg/kg per day) plus 5-FC (100 mg/kg per day) 
[9]. However, most Chinese CM patients could not tol-
erate AMB and 5-FC at the recommended doses during 
the induction phase [23]. In our study, the dose of AMB 
and 5-FC in each group is visually lower than the recom-
mended regimen, which is consistent with our previous 
study and Chinese expert consensus [12, 24].

Recently, a network meta-analysis showed that 
AmB + 5-FC + Azole was superior to all other induction 
regimens in HIV-positive CM patients [25]. And our pre-
vious study also showed that AMB + 5-FC + FLU therapy 
was superior to AMB + 5-FC therapy as the induction 
regimen in non-HIV CM patients [12]. The reasons why 
we chose the AMB + 5-FC + VOR therapy to replace 
the AMB + 5-FC + FLU therapy were as follows: firstly, 
based on our clinical finding, the outcomes of some CM 
patients who received AMB + 5-FC + FLU therapy were 
still poor, and secondly, VOR has been proved to be 
more effective than FLU in vitro and animal models [13, 
26–28].

Elevated intracranial pressure (ICP) is an important 
factor in morbidity and mortality of CM patients [9, 
29]. CM patients with persistent high ICP suffer from 
cranial nerves injury, usually manifested as visual and 
hearing loss [30]. Therefore, early controlling of ICP 
is very important for CM patients. A previous study 
showed that CM patients with higher fungal burden 
might have higher CSF OP [31]. Early clearance of cryp-
tococcus in CSF can reduce CSF OP and improve the 
outcome of CM patients. Interestingly, our study sug-
gested that the AMB + 5-FC + VOR therapy may rap-
idly reach CSF clearance in the early phase. The reasons 

for this phenomenon may be as follows: (1) VOR has 
been shown to be more potent and effective than FLU 
[13, 26–28]; (2) the average daily AMB dosages of the 
AMB + 5-FC + VOR Group were higher than other two 
groups. Most CM patients in this study discharged with 
improved clinical manifestation and CSF results, shorter 
hospitalization time could reflect the advantage of the 
AMB + 5-FC + VOR therapy.

In the treatment of CM, it is very important to reduce 
the incidence of adverse events. The reasons for the low 
incidence of hypokalemia in the AMB + 5-FC + VOR 
therapy may be as follows: (1) hypokalemia caused by 
AMB is dose-dependent [32, 33], the total dosages of 
AMB in the AMB + 5-FC + VOR therapy were lower than 
that of the other two groups; (2) VOR is reported to cause 
hyperkalemia [34] and this may inadvertently counteract 
the potassium loss effect of AMB, thereby reducing the 
occurrence of hypokalemia. And the lower incidence of 
gastrointestinal discomfort in the AMB + 5-FC + VOR 
therapy might be associate with the shorter hospitaliza-
tion time.

There were some limitations of our study. First, our 
study was a retrospective study, which meant that it was 
prone to produce selection bias and recall bias. And there 
was an observer bias whereby much more patients were 
admitted from 2016 to 2020 years in Group I (49/49) than 
Group II (47/71) and Group III (7/28). Because we often 
chose AMB + 5-FC + VOR antifungal therapy in induc-
tion phase when treating CM patients in recent years, 
this may lead to this observer bias. Second, our data 
were obtained from a single center. However, our hospi-
tal is the major research unit focused on non-HIV CM 
in China. Especially, a multicenter study with a larger 
sample size is needed. Third, early fungicidal activity 
(EFA) based on quantitative cryptococcal culture was 
not available because of the limitation of laboratory con-
ditions. In addition, our hospital did not carry out cryp-
tococcal antigen (CrAg) titer test before 2018, and there 
were many missing data, so we did not include it in the 
analysis.

Conclusion
AMB plus 5-FC combined with VOR may rapidly 
improve clinical manifestation, decrease CSF OP and 
clear the cryptococci in CSF during the early phase, sub-
stantially shorten the hospitalization time, and decrease 
the incidences of hypokalemia and gastrointestinal 
discomfort.
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