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Background: The mortality and burden of medical costs associated with invasive pulmonary aspergillosis (IPA) is very high. Currently, the clinical features and prognostic factors of patients with proven IPA are not very clear, especially in the Chinese population. In this retrospective analysis, we aimed to identify the clinical features and prognostic factors of patients with proven IPA.

Methods: The diagnostic criteria for proven IPA were based on the international consensus of the EORTC/MSG. Data of patients with proven IPA at the West China Hospital of Sichuan University between January 2012 and December 2018 were collected. The optimal cut-off value of continuous variables was determined by Receiver Operating Characteristic curve and maximum Youden's index. Finally, using the Cox regression analysis to identify correlations between the clinical parameters associated with morbidity.

Results: A total of 117 patients with proven IPA were included in the study, and 32 (27.4%) patients died during the follow-up period. Compared with the survivor group, elderly, patients with comorbidities, and patients undergoing chemotherapy and the level of inflammatory biomarkers [erythrocyte sedimentation rate, platelet count, interleukin-6, C-reactive protein (CRP)] in the non-survivor group were higher, while the albumin level was lower (P = 0.018). The imaging features were consolidation, nodules, cavities, pleural effusion, ground-glass shadows, and halo signs in order. Overall, 41.0% patients had mixed imaging features. The results suggested the most appropriate cut-off value of age and CRP were 60 years and 14.1 mg/L, respectively. The multivariate Cox regression analysis suggested that advanced age (>60 years) [hazard ratio (HR): 10.7, confidence interval (CI): 2.5–44.9, P < 0.001), undergoing chemotherapy (HR: 9.5, CI: 2.7–32.9, P < 0.001), presence of pleural effusion (HR: 5.74, CI: 1.6–20.8, P = 0.008), and increased CRP levels (>14.1 mg/L) (HR: 6.3, CI: 1.2–34.3, P = 0.033) were risk factors for all-cause mortality in patients with proven aspergillosis.

Conclusions: This study showed that the prognosis of proven IPA is poor, and the age >60 years, undergoing chemotherapy, pleural effusion on CT image, and CRP levels >14.1 mg/L may be as risk factors for mortality in patients with proven IPA. large samples and real-world studies are needed to confirm these results in the future.
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INTRODUCTION

Aspergillus spp. is ubiquitous in the environment. The global burden of pulmonary aspergillosis cannot be underestimated. Invasive aspergillosis is the least common, with 0.2 million cases each year. However, it likely represents only 50–60% of actual cases (1). Aspergillus mainly affects immunocompromised individuals, has an extremely high mortality rate between 40 and 90% (2). In addition, Zilberberg et al. showed that the hospital cost of patients with aspergillosis as the principal diagnosis increased from $440 million in 2004 to $590 million in 2013 after adjusting for inflation (3). Despite the increased awareness, increasing number of susceptible individuals and subspecies, and improvement in antemortem diagnosis, China has reported a steady increase in the number of aspergillosis cases for decades (4). In addition, the unaffordability of antifungal treatment, ineffectiveness of antifungal treatment, or failure of patients to adhere to antifungal treatment has resulted in severe outcomes, which have had a huge impact on public health. Nonetheless, epidemiological data on aspergillosis remain scarce in China.

Early diagnosis of pulmonary aspergillosis remains a challenge and should be based on the integration of clinical, microbiological, and radiological data (5). In fact, there is a large proportion of patients with “probable diagnoses” because there are no pathological results. Few studies have focused on the clinical features and prognostic factors of patients with proven aspergillosis. Therefore, in this study, we retrospectively investigated the case data of patients with invasive pulmonary aspergillosis (IPA) confirmed by pathology (proven IPA) at the West China Hospital of Sichuan University to gain a better understanding of its clinical features and risk factors. In addition, this study also provides a reference basis for establishing a prospective multicenter cohort of pulmonary aspergillosis in Western China.



MATERIALS AND METHODS


Patients, Setting and Definitions

This study retrospectively collected the available medical records and data of patients with proven IPA at the West China Hospital, Sichuan University, from January 2012 to December 2018. The diagnostic criteria for IPA were mainly based on the international consensus of the European Organization of Treatment and Research of Cancer and the Mycosis Study Group (EORTC/MSG) (6). Proven IPA identification requires histopathological or cytopathological examination of a specimen obtained by needle aspiration or biopsy in which hyphae or melanized yeast-like forms are seen accompanied by evidence of associated tissue damage, or positive culture for Aspergillus from a sample obtained by sterile procedure from the lung (6).

In this study, all patients underwent lung or bronchoscopy biopsy (including needle aspiration), and the pathological findings (Aspergillus infection) were confirmed by two experienced pathologists. All included patients were inpatients at the West China Hospital of Sichuan University, while outpatients and patients who underwent pathological consultations from other hospitals were excluded. Follow-up and prognostic data were obtained via telephone interviews or hospital electronic information systems. If a patient's follow-up data were not available or a patient could not be contacted by telephone after more than three attempts, the patient was excluded. All-cause death was defined as the endpoint of this study. The final follow-up of this study was on January 1, 2020.

This retrospective study was approved by the Biomedical Ethics Committee of the West China Hospital of Sichuan University (No. 2021-305). We confirm that all the experiment protocol for involving human data was in accordance to guidelines of national/international/institutional and Declaration of Helsinki in the manuscript. The Biomedical Ethics Committee waived the requirement for informed consent (No. 2021-305), and all original data used in the analyses were anonymized and de-identified.



Data Collection

The history information system (HIS) was queried to identify all patients with proven IPA. Demographic information, clinical parameters, underlying diseases, and medications for aspergillosis were included in the data extracted from the HIS. Laboratory examinations were obtained from the initial results of patients within 3 days after admission, including white blood cell count (WBC), albumin (ALB) count, erythrocyte sedimentation rate (ESR), platelet count, C-reactive protein (CRP) level, glycated hemoglobin, interleukin (IL)-6, galactomannan (GM) test, and pathogen culture. Radiological features were identified in chest computed tomography (CT) images by two experienced radiologists. All included patients were followed-up to obtain the follow-up data.



Statistical Analysis

Continuous variables with normal distribution are expressed as mean ± standard deviation, and the t-test was used for comparisons between two groups. Continuous variables with non-normal distribution are described as median with interquartile (25th percentile, 75th percentile), and the Mann-Whitney U-test was used for comparisons among groups. Frequency and percentage were used to describe categorical variables, which were analyzed using the chi-square test or Fisher's exact test. The optimal cut-off value of continuous variables and their sensitivity and specificity were determined by Receiver Operating Characteristic (ROC) curve and maximum Youden's index. Statistical significance was set at p < 0.05, and all statistical analyses were two-sided. Kaplan–Meier survival curves and Cox regression analysis were used to identify the risk factors associated with all-cause death in patients with aspergillosis, and significance was determined using the log-rank test. Statistical analysis was performed using the SPSS software (version 21.0; IBM Corp., Armonk, NY, USA).




RESULTS


Study Population

All 125 patients with proven IPA who met the inclusion criteria (6) were enrolled, and eight patients were lost to follow-up. Finally, 117 patients were included in this retrospective analysis (Figure 1). Among them, 74 (63.2%) patients were males, the average age was 52.6 ± 12.9 years. There were 85 (72.6%) survivors and 32 (27.4%) non-survivors. The most common underlying comorbidities were diabetes mellitus (25.6%), malignancy (20.5%), bronchiectasis (17.1%), and chronic obstructive pulmonary disease (COPD) (12.0%). It is worth noting that one patient was HIV positive, one patient underwent lung organ transplantation, and 39 (27.4%) patients had two or more comorbidities. Additionally, 16 patients (13.7%) had a history of tuberculosis, and 15 patients (12.8%) underwent chemotherapy. In terms of etiology, a total of 31 patients (26.5%) were positive for Aspergillosis spp. of sputum or bronchoalveolar lavage fluid (BALF) culture, of which two patients were combined with mucor.


[image: Figure 1]
FIGURE 1. Flow diagram for the selection of patients.




Difference in the Clinical Characteristics Between the Survival and Non-survival Groups

The clinical characteristics of the survival and non-survival (overall) groups are summarized in Table 1. Patients with proven aspergillosis who died were more likely to be older (P < 0.001). Symptoms such as dyspnea (P = 0.007), comorbidities such as COPD (P = 0.002), and malignancy (P < 0.001) were more common in the non-survival group. There were more all-cause deaths were associated with two or more comorbidities (P = 0.020). Moreover, patients who did not undergo chemotherapy had a higher chance of survival (P < 0.001). In terms of laboratory test results, patients with lower WBC (P = 0.004), higher ALB (P = 0.018), lower ESR (P = 0.007), lower platelet (PLT) (P = 0.037), lower IL-6 (P = 0.018), and lower CRP (P = 0.003) were likely to survive.


Table 1. Baseline and clinical characteristics of all patients with proven IPA.
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Difference in the Radiologic Characteristics Between the Survival and Non-survival Groups

The most common abnormalities were consolidation (n = 71, 60.7%), nodules (n = 59, 50.4%), cavity (n = 46, 39.3%), pleural effusion (n = 31, 26.5%), ground-glass opacity (n = 20, 17.1%), and the halo sign (n = 14, 12.0%). Overall, 48 (41.0%) patients had mixed imaging features. For all-cause death analysis, on comparison of the different imaging features, survivors were less likely to present with consolidation (P = 0.006) and pleural effusion (P = 0.004). The differences in other imaging features between the groups are shown in Table 1.



Difference in the Treatment Drugs Between the Survival and Non-survival Groups

The treatment strategy is mainly treatment with voriconazole alone (n = 94, 80.3%), followed by amphotericin B (n = 11, 9.4%), Echinocandins (n = 6, 5.1%), Posaconazole (n = 4, 3.4%), and Itraconazole (n = 2, 1.7%). The number of patients treated with two drugs was small (n = 2, 1.7%). As shown in Table 2, for overall cause death analysis, there was no significant difference between the survival and non-survival groups, regardless of whether they were treated with a single-agent or combination therapy.


Table 2. Difference in the treatment drugs between the survival and non-survival groups.
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Determination of Optimal Cut-Off Value of Continuous Variables

In this study, the ROC analyses and maximum Youden's index were used to determine the most appropriate cut-off value of continuous variables for overall survival in patients with proven IPA. The results suggested the most appropriate cut-off value of age, WBC, ALB, ESR, PLT, IL-6, and CRP were 60 years, 6.6 × 109 cells/L, 38.8 g/L, 86.0 mm/h, 190.0 × 109 cells/L, 44.6 pg/ml, 14.1 mg/L, respectively. According to the cut-off value, we converted these continuous variables into dichotomous variables, and used them in the subsequent Cox regression analysis.



Correlations Between All-Cause Death and Parameters of Patients With Proven IPA

The median follow-up time was 1,559 days, and the all-cause mortality over the follow-up period was 27.4% in patients with proven IPA. For all-cause death analysis, in the multivariate Cox regression analysis (Table 3), when the cut-off value of age was set at 60 years and the CRP count cut-off was 14.1 mg/L, age [hazard ratio (HR): 10.7, confidence interval (CI): 2.5–44.9, P < 0.001), undergoing chemotherapy (HR: 9.5, CI: 2.7–32.9, P < 0.001), pleural effusion on CT image (HR: 5.74, CI: 1.6–20.8, P = 0.008), and CRP count (HR: 6.3, CI: 1.2–34.3, P = 0.033) were found to be independent risk factors for mortality. Additionally, it cannot be proven that consolidation on the CT image, albumin level, ESR level, or having two or more comorbidities is correlated with survival. Kaplan–Meier curves of overall patient survival according to age category, chemotherapy status, presence of pleural effusion, and CRP levels are shown in Figure 2.


Table 3. Multivariate cox regression analysis of all-cause death over the entire follow-up period in patients with proven IPA.

[image: Table 3]


[image: Figure 2]
FIGURE 2. Kaplan–Meier curves of overall patient survival according to age category, chemotherapy status, presence of pleural effusion, and CRP levels.





DISCUSSION

In this single-center study, 117 patients with proven IPA were included. The main research results are as follows: first, 27.4% patients died during the follow-up period, and comorbidities were more common among the patients who died. The all-cause mortality of patients with proven IPA in this study is similar to that reported in previous studies involving Chinese patients (7, 8); second, chest CT showed that pulmonary consolidation and pleural effusion were more common in the non-survival group; third, advanced age (>60 years), increased CRP levels (>14.1 mg/L), undergoing chemotherapy, and presence of pleural effusion were risk factors for all-cause mortality in patients with proven IPA.

In this study, the most common underlying comorbidities were diabetes mellitus, malignancy, bronchiectasis, and COPD. Uncontrolled diabetes patients are usually considered to be immunocompromised because hyperglycemia may lead to impaired neutrophil function, antioxidant system, and humoral immune function (9). Several previous studies have shown that the incidence and mortality of pulmonary aspergillosis are significantly increased in immunocompromised patients (10, 11). Aspergillus can colonize and grow in the injured area of the lung in patients with bronchiectasis, and fungal infection can also lead to bronchiectasis. Aspergillosis is common not only in severely immunosuppressed hosts, but also in patients with structural lung diseases, including bronchiectasis and COPD (12, 13). In addition, studies have shown that diabetes and bronchiectasis are risk factors for the prognosis of aspergillosis (14, 15).

We found that the levels of inflammatory biomarkers (WBC, CRP, IL-6, and ESR) were significantly increased in the non-survivor group, and the multivariate Cox regression analysis found that the elevated CRP level (>14.1 mg/L) was closely correlated with poor prognosis of patients with proven aspergillosis (HR: 6.3, CI: 1.2–34.3, P = 0.033), which was similar to the results of a previous study (16). Chai et al. found that the continuously elevated levels of IL-6, IL-8, and CRP may be an early predictor of the adverse outcome of invasive aspergillosis, which can be used for the early identification of patients with poor response to antifungal therapy, and may help in the optimization of antimicrobial therapy (16). Pang et al. found that the CRP level was closely correlated with the prognosis of aspergillosis after the secondary analysis of two multicenter randomized cohorts. However, the study found that an increase in PLT may be positively correlated with the survival of patients with aspergillosis (17). However, our study found that although the number of PLT in the non-survival group was higher than that in the survival group at admission, they were all within the normal reference range.

Advanced age and chemotherapy are correlated with the impairment of immune function. Therefore, they are recognized risk factors for infectious diseases, including aspergillosis (7, 11, 18–20). In this study, we also found that advanced age and chemotherapy increased the overall mortality of patients with proven IPA (HR: 10.7, CI: 2.5–44.9, P < 0.001; HR: 9.5, CI: 2.7–32.9, P < 0.001; respectively). It is worth noting that 24 patients with malignant tumors were included in this study; however, only two patients with hematological malignancies were included. It is well known that hematologic malignancies and stem cell transplantation are important risk factors for IPA (21). The main reason for the inclusion of a small number of patients with hematological malignancies in our study may be that many of these patients cannot undergo puncture or biopsy, and usually rely on clinical data and etiological examination results; therefore, these severe patients were likely diagnosed with hematological malignancies and excluded from this study. In addition, in this study, it was found that the positive rate of pathogenic culture in patients with proven IPA was relatively low (26.5%). In combination with all the above findings, we recommend that when patients have a high mortality risk and can tolerate biopsy, pathological diagnosis should be made as early as possible to identify the disease, so as to avoid underestimating the disease and leading to increased mortality.

In this study, we found that there was no difference in the distribution of lung lesions between the two groups; however, consolidation and pleural effusion were more common in the non-survival group. Interestingly, our results suggest that pleural effusion could increase the overall mortality of patients with proven IPA, which is consistent with previous reports (22, 23). Nivoix et al. suggested that the proportion of invasive aspergillosis patients with pleural effusion was as high as 47.8%, while the proportion of aspergillosis patients with pleural effusion in our study was 26.5%. However, another study reported that the proportion of patients with invasive aspergillosis and pleural effusion was only 2.2% (24). Although we were unable to confirm whether Aspergillus was present in the pleural effusion, our results and those of previous studies suggest that pleural effusion increased the overall mortality of patients with IPA, which may be due to the more severe inflammatory reaction and disease condition in IPA patients with pleural effusion.

This study has several limitations. First, the GM assay is broadly accepted as a valuable tool for the diagnosis of patients with IPA (25, 26), including patients in the ICU (27). Additionally, the GM samples from the BALF were more than GM samples from the serum (28). However, the BALF-GM test was officially launched in our hospital in 2016; therefore, some patients did not have the BALF-GM test results. There may be bias in the results value of the serum and BALF-GM tests in patients with proven IPA. Second, as the nature limited value of retrospective studies on long-term prognosis, it is difficult to make further hierarchical analysis on some possible influencing factors, which may have a certain impact on the real results. Third, it is difficult to further analyze the cause of aspergillosis-specific death in detail; therefore, all-cause mortality was used in this study.



CONCLUSIONS

In summary, our study suggests that advanced age (>60 years) (HR: 10.7, P < 0.001), undergoing chemotherapy (HR: 9.5, P < 0.001), presence of pleural effusion (HR: 5.74, P = 0.008), and elevated CRP levels (>14.1 mg/L) (HR: 6.3, P = 0.033) may be risk factors for all-cause mortality in patients with proven IPA. We strongly suggested that pathological diagnosis should be made as early as possible for patients with a high mortality risk and who can tolerate to biopsy. In the future, large samples and real-world studies are needed to verify these results.
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Imaging site, (%)

Left lobe

Right lobe.

More than three lesions
Imaging features, n (%)

Consolidation

Cavity

Halo sign

Nodule

Ground-glass opacity

Pleural effusion

Mixed
Antibiotic use, n (%)
Etiology positive, n (%)

Survivors
(n=85)

49/36
49.1 %122
2(2.4)
13(15.3)

64(75.3)
30(35.3)
46 (54.1)
10(11.8)
15 (17.6)
15 (17.6)

47
21(24.7)
18(21.2)

7(82)
18(21.2)

6.4(4.6-9.6)
36877
5094 32.1
2086 + 102.8
14.1 (4.0-78.7)
17.5 (6.8-43.0)
83£25
18(15.3)

62(72.9)
22(25.9)
34 (40.0)

45 (52.9)
36 (42.9)
9(10.6)
42 (49.4)
15 (17.6)
16(18.8)
33(38.8)
29(34.1)
22(25.9)

Non-survivors
(n=32)

2577
618101
13 40.6)
3(04)

30(93.8)
9(28.1)
16 (50.0)
11(34.4)
8(25.0)
2(63)

10(813)
9(28.1)
2(63)

17 (63.1)
14(438)
82(6.8-11.8)
331:£64
789 +87.4
254.8 % 106.4
86.3(18.6-157.5)
113.4 (10.4-196.2)
80£22
4(125)

17 (63.1)
15 (46.9)
15 (46.9)

26(81.3)
10(31.3)
5(15.6)
17 (63.1)
5(15.6)
15 (46.9)
15 (46.9)
16 (50.0)
9(28.1)

P-value

0.053
<0.001
<0.001

0.552

0.035
0516
0.681
0.007
0.438
0.225

<0.001
0813
0.060
<0.001
0.020
0.004
0.018
0.007
0.037
0.003
0.018
0.785
1.0

0.048
0.044
0.634

0.006
0.297
0.525
0.837
1.0
0.004
0.528
0.138
0.817

IPA, invasive pulmonary aspergillosis; SD, standard deviation; COPD, chronic obstructive pulmonary disease; WBC, white blood cell; ALB, albumin; ESR, erythrocyte sedimentation
rate; PLT, platelet; CRP, C-reactive protein; IL-6, interleukin-6; GM, galactomannan.
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Drugs Survivors Non-survivors P-value

(0, %) (n=85) (=32

Voriconazole 70 (82.4) 24(75.0) 0278
Amphotericin B 8(9.4) 3(9.4) 1.0
Echinocandins 3(35) 3(9.4) 0343
Posaconazole 3(35) 16.1) 1.0
Itraconazole 1(1.1) 1.1 0.481

Combination therapy 2(24) 0(0) 0.560
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