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Objective: The systemic immune-inflammation index (SII) represents a promising yet underexplored biomarker in HIV-associated 
cryptococcal meningitis (HCM). The study aimed to assess the association between SII levels before and during treatment, and 24- 
week outcomes in HCM patients, as well as its potential for predicting mortality.
Methods: This was a secondary analysis of a prospective multicenter study involving HIV patients with newly diagnosed 
cryptococcal meningitis (CM). SII was measured at baseline, and at weeks 2 and 4 following initiation of induction antifungal 
therapy. Correlations between baseline SII levels and clinicopathological factors were analyzed. We also investigated the relationship 
that baseline and on-treatment SII levels may have on patient cumulative mortality.
Results: In total, 21.8% (54/248) of HCM patients succumbed within the 24-week follow-up period. Baseline SII levels were 
significantly higher in HCM patients compared to those with HIV without CM (p<0.0001). In patients with HCM, SII levels during 
treatment were significantly higher in non-survivors than in survivors. Furthermore, a negative correlation was observed between SII 
levels and CD4+ T-cell counts in HCM patients (r=−0.245, p<0.001). After adjusting for potential confounders, elevated SII levels at 
weeks 2 and 4 remained independently associated with a 2.5-fold and 5.5-fold increased risk of mortality, respectively [adjusted hazard 
ratio (95% CI): 2.51 (1.09—5.76), p=0.03; 5.47 (2.38—12.6), p<0.001, respectively]. Moreover, the combination of SII levels at 
weeks 2 and 4, as well as their integration with impaired consciousness (IC) status, effectively predicted poor outcomes within 
24 weeks.
Conclusion: Elevated SII levels during treatment are independently associated with increased 24-week mortality in HCM patients, 
suggesting the potential of SII as an effective prognostic biomarker. The integration of the SII into IC indicators for risk stratification 
further improves prognostic accuracy.
Keywords: HIV, cryptococcal meningitis, systemic immune-inflammation index, biomarkers, prognostic analysis

Introduction
Cryptococcal meningitis (CM) is a life-threatening central nervous system (CNS) disease caused by the invasion of 
Cryptococcus into the meninges and/or brain parenchyma. It is recognized as a common opportunistic infection among 
human immunodeficiency virus- (HIV-) infected individuals, and remains one of the significant causes of acquired 
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immunodeficiency syndrome (AIDS)-related mortality. Although effective treatment has greatly improved the prognosis 
of patients with HIV-associated cryptococcal meningitis (HCM), the overall mortality rate for these patients remains 
high, accounting for 19% of AIDS-related deaths.1 As a result, the early identification of this high-risk population is 
imperative in order to improve clinical outcomes of patients with HCM.

The hallmark of Cryptococcus infection is immunosuppression, characterized by impaired T-cell-mediated immunity 
and a dysregulated inflammatory response,2 which may contribute to disease severity and poor outcomes. Clinically, 
immune profiling in antiretroviral therapy (ART)-naïve HCM patients reveals that elevated interleukin (IL)-4 and IL-17 
levels, along with reduced tumor necrosis factor (TNF)-α, interferon-gamma (IFN)-γ, and CD4+ T-cells, are associated 
with an increased risk of the emergence of immune reconstitution inflammatory syndrome (IRIS) in these patients.3,4 

Furthermore, Scriven et al, have identified an immune signature linked to fatal outcomes in HCM patients, marked by 
increased inflammation [increased levels of serum immune activation markers (IL-6 and CXCL10), higher concentrations 
of anti-inflammatory mediators (IL-10), and increased neutrophil counts], monocyte deactivation (reduced HLA-DR 
expression and TNF-α response to lipopolysaccharide), and downregulated T-helper cell type 1 response (reduced IL-12 
and IFN-γ production).5 Notably, non-surviving HCM patients also exhibit significantly higher levels of circulating 
inflammatory markers [neutrophil-to-lymphocyte ratio (NLR), white blood cell count (WBC), and C-reactive protein 
(CRP)] as well as reduced CD4+ T-cell counts,6–8 possibly due to modulation of the host immune response by 
Cryptococcus. The preceding observations collectively highlight the prognostic potential of the immunological and 
inflammatory biomarkers present in peripheral blood in predicting the clinical trajectory of cryptococcosis.

The systemic immune-inflammation index (SII), derived from neutrophil, platelet, and lymphocyte counts, has 
recently emerged as a prognostic marker in inflammatory diseases and various cancers.9 It is also recognized as an 
independent risk factor for mortality in systemic infections, such as COVID-19, sepsis, and infective endocarditis.10–12 

Furthermore, SII can be integrated with other biomarkers to improve predictive models and support clinical decision- 
making.13,14 However, its prognostic value in HCM remains unclear. Given that Cryptococcus infection is characterized 
by its systemic and disseminated nature, and frequently coexists with systemic inflammation and immune dysregulation, 
dynamic changes in peripheral immune and inflammatory factors during induction therapy phase may hold clinical 
significance. Therefore, SII was measured at admission and at weeks 2 and 4 following antifungal therapy to establish 
baseline status and assess early treatment response. Subsequently, we further explored the association between SII 
dynamics and 24-week outcomes in those patients with HCM, aiming to assess its potential as a readily accessible 
peripheral biomarker for monitoring treatment response.

Methods
Study Design and Participants
This study is a secondary analysis of data gathered from participants that were enrolled in a prospective multicenter 
clinical trial registered in China between from January 1st 2019 and December 30th 2020 (Registration No. 
ChiCTR1900021195). The patients included in this study were from 15 medical institutions across China, viz., 
Chongqing Public Health Medical Center, Harbin Medical University, Guangxi Longtan Hospital of Guangxi Zhuang 
Autonomous Region, The First Affiliated Hospital of Zhejiang University, Liuzhou General Hospital, the Third People’s 
Hospital of Guilin, the First Hospital of Changsha, the Fourth People’s Hospital of Nanning, Kunming Third People’s 
Hospital, Public Health Clinical Center of Chengdu, Guiyang Public Health Clinical Center, Xixi Hospital of Hangzhou, 
Beijing Youan Hospital of Capital Medical University, the Third People’s Hospital of Shenzhen, and Tianjin Second 
People’s Hospital. This study was approved by the Ethics Committee of Chongqing Public Health Medical Center 
(Approval No. 2019–003-02-KY), as well as by the individual institutional ethics committees of each of the other 
14 hospitals involved in this study. Written informed consent was obtained from all participants. When patients were 
unable to provide written informed consent, their legal representative was asked to sign the consent form on their behalf. 
The research was conducted in accordance with the Helsinki Declaration of 1975, as revised in 2008.

Eligible participants were individuals with HIV aged 18 years or older who experienced the first episode of 
microbiologically confirmed CM, as diagnosed by positive cerebrospinal fluid (CSF) culture, CSF microscopy, or CSF 
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cryptococcal antigen (CrAg) detection. Patients were excluded if they were allergic or intolerant to any of the therapeutic 
drugs, were pregnant or lactating, had severe concurrent CNS infections, or had other serious coexisting conditions. 
Finally, a total of 248 patients with HCM were included in this study. To assess the impact of HIV infection on SII levels, 
an additional cohort of 236 people with HIV who tested negative for CM was recruited to serve as the control group. 
Access to this dataset was approved by the Ethics Review Committee of Chongqing Public Health Medical Center 
(Approval No. 2020-008-02-KY). The two principal options for CM induction therapy include amphotericin B (AmB) 
combined with flucytosine and AmB combined with fluconazole, and decisions with respect to choice of either of these 
options are based on clinical patient characteristics, and direction from the 2010 Infectious Diseases Society of America 
guidelines15 and Chinese expert consensus documents.16 All patients were followed up until 24 weeks or death either via 
inpatient stay, outpatient visits, or telephone calls.

Data Acquisition
Study data were collected for all participants, and included demographics, symptoms and signs, laboratory examination 
findings, and information regarding prior HIV diagnosis, prior and current ART, diagnosis of opportunistic infections at 
admission, and combination antifungal treatment after diagnosis of CM. The complete blood count (CBC) included the 
platelet count, neutrophil count, and lymphocyte count. The composite biomarker, the SII, calculated using the formula 
platelet count� neutrophil countð Þ=lymphocyte count,17 was longitudinally evaluated at three key time points, ie, 1) the 

pre-treatment baseline (W0), 2) post-treatment week 2 (W2), and 3) post-treatment week 4 (W4) during antifungal 
therapy. The SII values at these respective time points are denoted as SII-W0, SII-W2, and SII-W4.

Statistical Analysis
Baseline characteristics and outcomes were summarized using frequency and percentages for categorical variables, and 
means with standard deviations (SD) or medians with interquartile ranges (IQR) for continuous variables. Propensity 
score matching was used to obtain matched 1:1 samples of HIV patients who had CM or not, using sex and age as 
covariates. The Mann–Whitney U-test was used to analyze the distributions of SII levels between distinct groups. 
Correlation was measured using Spearman correlation coefficient between two non-normally distributed continuous 
variables and using the point-biserial correlation coefficient between a binary and a continuous variable. Receiver 
operating characteristic (ROC) curves were used to determine the optimal cutoff of SII-W2 and SII-W4, and the 
participants were categorized into high and low groups accordingly. Further risk stratification of participants was 
based on the combination of SII-W2 and SII-W4, and their combination with state of consciousness at admission, 
respectively. Potential prognostic factors were initially assessed using univariable Cox regression, and those with 
significance (p<0.05) were further analyzed via multivariable Cox proportional hazards models. Survival analysis was 
performed by the Kaplan–Meier (KM) method, and the differences were compared using the Log-rank (Mantel-Cox) test. 
Survival predictive accuracy of prognostic models was assessed based on a time-dependent ROC analysis and Harrell’s 
concordance index (C-index) analysis. Data analyses were performed using GraphPad Software Version 9.5 (GraphPad 
Prism, La Jolla, California, USA), Statistical Package for the Social Sciences (SPSS) software, Version 27 [IBM SPSS 
Statistics for Windows, version 27 (IBM Corp., Armonk, N.Y., USA)], and R statistical software package (version 4.3.1). 
A p-value of <0.05 was considered statistically significant.

Results
Patient Characteristics
A total of 322 patients were evaluated for eligibility, and 248 of these patients were eventually selected for inclusion 
(Figure 1). The median patient age across the study cohort was 44 years (range, 34—53 years), and participants were 
predominantly male [186 (75%)]. Typical patient symptoms were fever (61.7%), headache (66.5%), and nausea or 
vomiting (48.8%). The most common comorbidities present in the study cohort were oral candidiasis, tuberculosis, and 
cytomegalovirus infection, seen in >15% of patients. In total, 22.6% of patients were taking or had previously taken ART. 
The median CD4+ T-cell count was 33 cells/μL (IQR, 14—53) at enrollment, and 8.9% of patients had an HIV viral load 
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of <200 copies/mL. The majority (67.7%) of patients received an AmB-based combination antifungal regimen. The study 
cohort was also characterized by elevated CSF protein levels, reduced CSF glucose levels, and increased CSF intracranial 
pressure (ICP). Overall mortality was 21.8% (54/248) within 24 weeks. Patient characteristics and mortality are provided 
in Table 1.

Figure 1 Study flowchart of patient inclusion and exclusion criteria for the analysis. 
Abbreviations: CM, cryptococcal meningitis; CSF, cerebrospinal fluid.

Table 1 Characteristics of Included Participants

Characteristic Result

Sex: Male [No.(%)] 186 (75.0)

Age [median (IQR), yr] 44 (34, 53)
Symptoms and signs [No.(%)]
Headache 165 (66.53)

Fever 153 (61.69)
Nausea/Vomiting 121 (48.79)

IC 40 (16.13)

Complications [No.(%)]
Oral candidiasis 42 (16.94)

Tuberculosis 43 (17.34)

Cytomegalovirus infection 44 (17.74)
Pneumocystis pneumonia 24 (9.68)

Hepatitis B 16 (6.45)

Laboratory results
Hemoglobin [mean±SD, g/L] 111.40±21.44

Neutrophil count [median (IQR), × 109/L] 3.27 (2.42, 4.86)

Platelet [median (IQR), × 109/L] 164 (116, 227.75)
Lymphocyte count [median (IQR), × 109/L] 0.57 (0.37, 0.89)

Leukocyte [median (IQR), × 109/L] 4.57 (3.33, 6.14)

Serum creatinine [median (IQR), µmol/L] 54.20 (42.80, 66)
Total bilirubin level [median (IQR), μmol/L] 9.62 (7.35, 12.80)

AST/ALT ratio [median (IQR)] 1.10 (0.80, 1.56)

Reported ART exposure [No.(%)] 56 (22.58)

(Continued)
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Comparison of SII Levels in Different Populations
To delineate the specific impact of HIV infection on SII levels, we recruited an additional cohort of 236 individuals with 
HIV without CM as controls. Subsequently, a propensity score-matched cohort comprising 209 matched pairs (418 
patients) was constructed, with each pair containing one HIV-infected individual with no CM and one HCM patient. The 
baseline SII levels in HCM patients were significantly higher than those in HIV-infected individuals not having CM 
(median [IQR], 1019.7×109/L [499.9—1873.2×109/L] vs 425.5×109/L [211.5—963.7×109/L], respectively, p<0.0001) 
(Figure 2a). We further performed a comparative analysis of SII levels at each follow-up time point for HCM patients 
with different clinical outcomes (Figure 2b). SII levels were significantly elevated in non-survivors compared to 
survivors at week 2 (median [IQR], 1236.6×109/L [565.5—1998.5×109/L] vs 571.8×109/L [238.9—1123.2×109/L], 
respectively, p<0.001) and also at week 4 (median [IQR], 1096.4×109/L [505.9—1955.4×109/L] vs 385.1×109/L 
[205.4—625.4×109/L], p<0.0001). However, no significant difference was observed in baseline SII levels between 
participants who succumbed from HCM and those who survived from HCM (median [IQR], 1190.7×109/L [437.8— 
2013.3×109/L] vs 951.9×109/L [501.7—1763.5×109/L], respectively, p=0.382).

Correlation Between Baseline SII Levels and Clinical Characteristics
The median (range) SII level at baseline was 1010.5×109/L (498.1—1850.8×109/L). A statistically significant, albeit 
weak, negative correlation was observed between SII levels and CD4+ T-cell counts (r=−0.245, p<0.001, Figure 3). 
CD4+ T-cell counts serve as an indicator of HIV/AIDS progression. Therefore, elevated SII levels may suggest 
inflammatory activation of the immune system and declining immune function in HCM patients, which in turn negatively 

Table 1 (Continued). 

Characteristic Result

CD4+ T-cell count [median (IQR), cells/µL] 33 (14, 53)

HIV RNA level<200 copies/mL [No.(%)] 22 (8.87)
CSF ICP [median (IQR), mm H2O] 287.50 (170, 400)

CSF protein level [median (IQR), mg/L] 487.50 (297.38, 783.21)

CSF glucose [median (IQR), mmol/L] 2.16 (1.40, 2.90)
CSF white-cell count [median (IQR), × 106/L] 23 (6, 84.75)

AmB-based regimen [No.(%)] 168 (67.74)

24-wk mortality [No.(%)] 54 (21.77)

Abbreviations: SD, standard deviation; IOR, interquartile range; IC, Impaired con
sciousness; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ART, anti
retroviral therapy; HIV, human immunodeficiency virus; CSF, cerebrospinal fluid; AmB, 
amphotericin B; ICP, intracranial pressure.

Figure 2 SII levels according to different populations. (a) Differences in baseline SII levels between matched HIV patients (n=209) and HCM patients (n=209). (b) 
Differences in SII levels at W0 (n=248), W2 (n=236), and W4 (n=199) between survivors and non-survivors in the HCM cohort. (note: “***” means p<0.001; “****” means 
p<0.0001). 
Abbreviations: SII, systemic immune-inflammation index; HCM, HIV-associated cryptococcal meningitis; S, survivors; N, non-survivors, W0, pre-treatment baseline; W2, 
post-treatment week 2, W4, post-treatment week 4.
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affects CD4+ T-cell counts and reflects disease progression. The remaining correlations between other variables and SII 
levels did not reach statistical significance, as shown in Supplementary Table 1.

Prognostic Factors in Univariate and Multivariate Analyses
The optimal cut-off values of SII levels for prediction of survival were determined through ROC analysis (Supplementary 
Figure 1) as follows: SII-W0 was 1122.16×109/L [area under the curve (AUC) = 0.539; 95% CI, 0.475—0.602]; SII-W2 
was 1049.30×109/L (AUC = 0.676; 95% CI, 0.612—0.735); and SII-W4 was 725.42×109/L (AUC = 0.791; 95% CI, 
0.728—0.845). Based on the optimal cutoff values, patients were stratified into two groups (the low inflammatory index 
group and the high inflammatory index group). The respective corresponding sensitivities and specificities were 55.6% 
and 59.3% for SII-W0, 57.1% and 73.7% for SII-W2, and 68.8% and 81.9% for SII-W4 (Supplementary Table 2).

We assessed the prognostic factors that might affect the survival of HCM individuals (Table 2). In the univariate 
analyses, we observed that SII-W2 ≥1049.3×109/L (hazard ratio [95% CI]; 3.11 [1.69—5.73], p<0.001), SII-W4 
≥725.42×109/L (6.43 [2.96—13.94], p<0.001), age ≥50 years (2.15 [1.26—3.67], p=0.005), headache (0.56 [0.33— 
0.96], p=0.035), nausea/vomiting (1.94 [1.12—3.37], p=0.019), impaired consciousness (IC) (2.30 [1.27—4.17], 
p=0.006), and non-AmB treatment (1.78×109/L [1.04—3.05], p=0.035) were closely associated with mortality outcomes 
within 24 weeks. Moreover, although not statistically significant (p=0.059), patients in the low SII-W0 group had 
numerically higher overall survival rates than those in the high SII-W0 group. Multivariate analyses confirmed the 
independent prognostic role of SII-W2 ≥1049.3×109/L (adjusted hazard ratio [95% CI]: 2.51 [1.09—5.76], p=0.03), SII- 
W4 ≥725.42×109/L (5.47 [2.38—12.6], p<0.001), and IC (2.97 [1.25—7.03], p=0.014) for 24-week mortality, after 
adjustment for potential confounders (see Table 2).

Kaplan–Meier analysis highlighted a significant association between elevated levels of SII after antifungal therapy 
and poor outcomes in patients with HCM (Figure 4a and b). Cumulative survival was significantly lower in HCM 
patients with high levels of SII (ie, SII-W2 ≥1049.3×109/L) compared with patients with low levels of SII (ie, SII-W2 
<1049.3×109/L), and the difference between the two groups was calculated to be statistically significant (log-rank 
p=0.0001, Figure 4a). Comparable results were observed after four weeks of antifungal therapy, with a lower cumulative 
survival rate in patients with SII-W4 ≥725.42×109/L than in patients with SII-W4 <725.42×109/L (log-rank p<0.0001, 
Figure 4b). Furthermore, we observed a significant difference in 24-week survival rates between patients with and 
without IC at admission, with patients without IC showing significantly higher cumulative survival rates compared to 
those with IC (log-rank p=0.0048, Figure 4c).

Figure 3 Correlation analysis of the SII with CD4+ T-cell count in HCM patients (n=245). 
Abbreviation: SII, systemic immune-inflammation index.
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Table 2 Risk Factors for 24-week Mortality in HCM Patients in Univariate/Multivariate Cox Regression Analysis

Factor Deaths (N=54) Risk Factors for 24-wk Mortality (N=248)

Univariate Multivariate

HR (95%) p-value HR (95%) p-value

Sex

Male 42/186 1 [Reference] 0.619 …

Female 12/62 0.85 (0.45–1.61)
Age, y

<50.0 26/163 1 [Reference] 1 [Reference]

≥50.0 28/85 2.15 (1.26–3.67) 0.005 … 0.054
Headache

Yes 30/165 0.56 (0.33–0.96) 0.035 … 0.104

No 24/83 1 [Reference] 1 [Reference]
Fever

Yes 32/153 0.87 (0.51–1.50) 0.626 …

No 22/95 1 [Reference]
Nausea/Vomiting

Yes 34/121 1.94 (1.12–3.37) 0.019 … 0.385

No 20/127 1 [Reference] 1 [Reference]
IC

Yes 15/40 2.30 (1.27–4.17) 0.006 2.97 (1.25–7.03) 0.014

No 39/208 1 [Reference] 1 [Reference]
Cytomegalovirus infection

Yes 10/44 1.07 (0.54–2.12) 0.855 …

No 44/204 1 [Reference]
CD4+ T-cell count, cells/µL

Missing data 0/3 …

<50.0 40/173 1.22 (0.66–2.24) 0.528 …
≥50.0 14/72 1 [Reference]

ART

On 9/56 1 [Reference]
Off 45/192 1.54(0.75–3.15) 0.238 …

CSF ICP

Missing data 5/10
<300 22/120 1 [Reference]

≥300 27/118 1.28 (0.73–2.25) 0.386 …

CSF white-cell count
Missing data 9/16

<10 14/74 0.97(0.52–1.82) 0.925

≥10 31/158 1 [Reference]
Initial induction therapy

AmB-based regimen 30/168 1 [Reference] 1 [Reference]

Other regimens 24/80 1.78(1.04–3.05) 0.035 … 0.373

SII-W0

<1122.16 24/138 1 [Reference]
≥1122.16 30/110 1.68(0.98–2.87) 0.059

SII-W2

Missing data 12/12
<1049.3 18/160 1 [Reference] 1 [Reference]

≥1049.3 24/76 3.11(1.69–5.73) <0.001 2.51 (1.09–5.76) 0.030

SII-W4

(Continued)
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Predictive Ability of Combined SII-W2 and SII-W4 for Survival Outcomes
In order to facilitate further validation, patients were categorized into four groups [(SII-W2 ≥1049.3×109/L and SII-W2 
<1049.3×109/L) and (SII-W4 ≥725.42×109/L and SII-W4 <725.42×109/L)] based on SII levels measured at both two and 
four weeks following antifungal treatment. The combination of two prognostic factors was observed to improve the risk 
stratification for 24-week survival (p<0.0001). In this analysis, patients in the SII-W4 <725.42×109/L and the SII-W2 
<1049.3×109/L groups were observed to have the best prognosis, with a survival rate of 95.7%. For patients with SII-W4 
≥725.42×109/L or SII-W2 ≥1049.3×109/L, the survival rate was intermediate. Specifically, survival rates in the SII-W4 
≥725.42×109/L and SII-W2 <1049.3×109/L groups were observed to be 71.4%, which was lower than the 87.1% 
observed in the SII-W4 <725.42×109/L and the SII-W2 ≥1049.3×109/L groups. However, patients in the high SII-W4 
≥725.42×109/L and SII-W2 ≥1049.3×109/L group were observed to have the poorest survival data (Figure 5a).

Table 2 (Continued). 

Factor Deaths (N=54) Risk Factors for 24-wk Mortality (N=248)

Univariate Multivariate

HR (95%) p-value HR (95%) p-value

Missing data 26/49
<725.42 10/149 1 [Reference] 1 [Reference]

≥725.42 18/50 6.43 (2.96–13.94) <0.001 5.47 (2.38–12.60) <0.001

Abbreviations: IC, Impaired consciousness; CSF, cerebrospinal fluid; ICP, intracranial pressure; AmB, amphotericin B; SII, systemic immune-inflammation 
index; SII-W0, the SII levels at pre-treatment baseline; SII-W2, the SII levels at post-treatment week 2; SII-W4, the SII levels at post-treatment week 4.

Figure 5 Kaplan-Meier survival curves for 24-week survival based on combinations of (a) SII-W2 and SII-W4, (b) SII-W2 and IC status, and (c) SII-W4 and IC status. Sample 
sizes for each variable were n=236 for SII-W2, n=199 for SII-W4, and n=248 for IC. 
Abbreviations: SII, systemic immune-inflammation index; SII-W2, the SII levels at post-treatment week 2; SII-W4, the SII levels at post-treatment week 4; IC, impaired 
consciousness.

Figure 4 Kaplan-Meier survival curves for 24-week outcomes in patients with HCM. Kaplan-Meier curves of cumulative survival in HCM patients according to SII-W2 
(n=236), (a), SII-W4 (n=199), (b), and IC (n=248), (c). Each p-value was calculated by Log rank testing. 
Abbreviations: SII, systemic immune-inflammation index; SII-W2, the SII levels at post-treatment week 2; SII-W4, the SII levels at post-treatment week 4; IC, impaired 
consciousness.
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The Combination of IC and SII-W2 or SII-W4 May Better Predict Survival Outcomes
The results of our analysis indicate that SII levels following antifungal therapy may serve as an independent prognostic 
marker for cumulative survival in HCM patients. Additionally, given the established role of IC as a predictive marker for 
patient prognosis, we investigated the combined effect of SII levels together with IC at hospital admission in the quest to 
improve the accuracy of survival outcome prediction. To this end, patients were categorized into risk groups based on 
their state of consciousness and SII-W2 or SII-W4 levels, aiming to determine whether the resultant prognostic value is 
additive.

When stratified according to SII-W2 levels and IC status, patients with both elevated SII-W2 (≥1049.3×109/L) and IC 
demonstrated significantly lower cumulative survival rates compared to the other groups (p<0.0001, Figure 5b), indicat
ing a synergistic adverse effect. Similarly, classification based on SII-W4 and IC status yielded enhanced discrimination 
of survival risk. Patients with SII-W4 <725.42×109/L and without IC exhibited the most favorable prognosis. Those with 
either SII-W4 ≥725.42×109/L or IC alone showed intermediate survival outcomes. Consistent with the observations for 
SII-W2, patients with SII-W4 ≥725.42×109/L and concomitant IC were observed to be associated with an extremely high 
risk of mortality (Figure 5c). These results underscore the potential clinical utility of integrating levels of markers of 
systemic inflammation together with clinicopathologic features to refine risk stratification, and guide early therapeutic 
decision-making in HCM management.

To further quantify the discriminatory power of this combination, we evaluated the predictive performance of a model 
incorporating both SII-W4 and IC. The model exhibited favorable predictive accuracy, with a C-index of 0.771 (95% CI: 
0.684–0.857). We subsequently investigated whether the inclusion of CD4+ T-cell counts may improve model perfor
mance; however, no significant enhancement was observed (C-index: 0.773, 95% CI: 0.685–0.861; p=0.738). 
Furthermore, time-dependent ROC analysis at 24 weeks revealed highly similar AUC values for both models (0.796 
vs 0.798; Supplementary Figure 2), underscoring the robust prognostic utility of combining SII-W4 with IC.

Discussion
This study investigated the relationship between SII levels and short-term clinical outcomes in patients with HCM. Our 
observations indicate that SII levels at presentation are significantly higher in patients with HCM compared to those with 
HIV without CM. Importantly, elevated SII levels during treatment are independently associated with an increased risk of 
mortality in the HCM cohort. Interestingly, a significant negative correlation was observed between SII levels and CD4+ 
T-cell counts. Additionally, the outcomes of this study suggest that monitoring SII-W2 and SII-W4 levels and combining 
these indices in assessment and prognostic analyses may assist in the early identification of high-risk individuals. 
Furthermore, the combination of each of these two SII risk indicators with IC status improves the prognostic significance. 
Thus, SII may serve as a valuable surrogate for prediction of clinical outcomes following antifungal therapy in HCM 
patients.

The clinical outcome of cryptococcal infection depends on a precarious balance between the virulence of the 
pathogen and host immune responses and immune regulation.18,19 Lymphocytes are well-established as critical compo
nents of the immune defense against pathogenic microorganisms. A reduced peripheral lymphocyte count has been 
identified as a poor prognostic predictor for CM patients with connective tissue disease.20 Notably, the profound 
depletion of CD4+ T-cells is a hallmark of HCM, with lower CD4+ T-cell counts being independently associated with 
CM recurrence or mortality in HCM patients.8 In addition to adaptive immunity, innate immune responses, especially 
those involving neutrophils, also contribute significantly to disease progression.21 The “priming” of neutrophils by 
bacteria and fungi acts as a double-edged sword, promoting effective pathogen clearance while potentially inducing 
immunopathology though the release of reactive oxygen species (ROS) and neutrophil extracellular traps (NETs).21 

Interestingly, one murine model of pulmonary cryptococcosis demonstrated improved survival in neutropenic mice 
compared to immunocompetent controls, suggesting that excessive neutrophil activity may be detrimental in certain 
contexts.22 Clinically, elevated neutrophil counts in HCM patients have been associated with increased mortality.6 The 
NLR serves as a diagnostic and prognostic marker of disease severity in patients with inflammatory conditions, reflecting 
the balance between innate and adaptive immunity.6 An increasing NLR during antifungal therapy has been proposed as 
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a potential indicator of treatment failure in patients with CM.23 Furthermore, elevated neutrophil and NLR levels, 
alongside reduced lymphocyte, and monocyte counts, have been identified as risk factors for cryptococcal 
dissemination.24 Platelets have been shown to facilitate the recruitment of pathogenic eosinophils and exacerbate disease 
progression during cryptococcal infection.25 In addition, the platelet-to-lymphocyte ratio (PLR) and NLR have been 
proposed as indicators of the severity of systemic disturbances in the inflammatory and coagulation processes, which may 
contribute to increased mortality in people with HIV.26

The systemic immune-inflammation index (SII) biomarker is derived from peripheral neutrophil, lymphocyte, and 
platelet counts, and serves as a composite marker reflecting both inflammatory and immunological status. Prior research 
has established its substantial predictive value across various diseases, such as COVID-19, acute ischemic stroke, and 
malignant tumors;10,27,28 however, its utility in the context of HCM remains to be determined. In our study, SII was 
measured at admission and at weeks 2 and 4 to capture baseline status and early treatment response during the induction 
phase, a period critical for fungal clearance and survival. Mortality was then monitored over a 24-week follow-up term, 
which encompasses the early high-risk period and short-term outcomes while maintaining feasible follow-up. We 
observed that elevated SII values at 2 and 4 weeks following antifungal treatment were associated significantly with 
increased cumulative mortality. Notably, patients with SII levels exceeding an identified threshold exhibited a 2.5- to 
5.5-fold higher risk of death compared to those with lower SII levels. These observations suggest that SII may serve as 
a surrogate marker of systemic inflammatory response and immune dysregulation, with a potential utility in prognostic 
risk stratification among patients with HCM.

Currently, there is a lack of clarity regarding the specific fundamental mechanisms responsible for increased SII levels 
in patients with HCM. One potential factor for this is the fact that HIV infection may directly alter hematological 
parameters via its effects on bone marrow, which in turn lead to elevated SII levels. One recent study observed that SII 
levels are significantly higher in ART-naïve HIV patients compared with those on ART, and while SII levels of ART- 
naïve HIV patients were also numerically elevated compared against non-HIV controls, this difference does not achieve 
statistical significance.29 Interestingly, another report showed that virologically suppressed HIV patients had lower SII 
levels than those without HIV,30 perhaps benefiting from the effect of ART on specific hematological parameters. Lower 
CD4+ T-cell counts (particularly <200 cells/µL) are associated with an increased likelihood of hematological 
abnormalities,31,32 and this is consistent with our observation that higher SII negatively correlates with lower CD4+ 
T-cell counts in HCM patients. Secondly, immunological perturbations and inflammatory responses driven by the 
cryptococcal organism and their antigens might influence SII levels. Cryptococcal infection is a hallmark of HIV disease 
progression, and its co-infection has been shown to alter the host immune system.33 Additionally, Li et al, have 
demonstrated the presence of a predominantly pro-inflammatory microenvironment characterized by elevated levels of 
cytokines (IL-4 and TNF-α) in patients with HIV co-infection with Cryptococcus.34 In the present study, we observed 
that SII levels were significantly higher in HIV patients with Cryptococcus co-infection than in those with HIV alone, 
suggesting that Cryptococcus co-infection may affect SII levels by materially altering the systemic immunological and 
inflammatory status.

IC that is observed at the time of CM diagnosis is associated with increased mortality risk in HCM patients.35 This 
relationship has also been observed in HIV-negative CM patients, where IC not only serves as an independent prognostic 
factor but also correlates significantly with survival duration.36 Consistent with these clinical findings, our cohort analysis 
revealed that non-survivors were significantly more likely to present with IC at baseline, compared to survivors. 
Furthermore, altered mental status [Glasgow Coma Scale (GCS) <15] at presentation has been linked to an elevated 
risk of neurocognitive impairment at 12 weeks post-treatment among HCM patients.37 In our study, further analysis 
showed that the combination of an elevated SII together with IC had significant prognostic predictive value for poor 
outcomes, suggesting that the synergistic effect of peripheral and central immune-inflammatory responses may exacer
bate mortality risk. This result is consistent with the outcomes of a risk stratification model for HCM that has been 
previously designed and created by our team,35 which identified IC as a significant risk factor contributing to mortality, 
and collectively emphasizes the predictive and prognostic “early warning” value of IC in the clinical management 
of HCM.
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Limitations across the present study include: i) the relatively limited sample size and potential unmeasured con
founders (eg, concurrent infections, steroid therapy, or other triggers of stress) may have influenced the dynamics of SII. 
In addition, the prognostic utility of SII observed in our cohort has not yet been externally validated, which limits 
generalizability; ii) some clinical parameters such as GCS scores, body mass index (BMI), and inflammatory markers 
[including C-reactive protein (CRP) and procalcitonin (PCT) levels] were not available, limiting the depth of our clinical 
correlational analysis. Moreover, we were unable to perform cytokine profiling (eg, IL-6, IL-10) or to include fungal 
burden data, which would have provided a deeper understanding of the inflammatory drivers underlying SII; iii) The 
optimal monitoring duration of SII beyond week 4 remains unclear, and the clinical applicability and predictive value of 
SII should be further confirmed in larger, prospective cohorts.

Overall, our study suggests that elevated SII values at 2- and 4-weeks following antifungal therapy are independently 
associated with poor 24-week outcomes in patients with HCM. The SII may serve as a potential and readily accessible 
prognostic biomarker, which alone or in combination with IC status may also facilitate the early identification of high- 
risk populations. Further well-designed in-depth studies are required to evaluate the impact of the SII on survival in the 
HCM population, and its predictive and prognostic potential in clinical settings.
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