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ARTICLE INFO ABSTRACT

Keywords: Objective: To investigate the application value of computed tomography (CT) value (HU) in the
Pulmonary cryptococcosis diagnosis and differential diagnosis of pulmonary cryptococcosis (PC) and to construct a pre-
Pulmonary space-occupying lesions diction model.

CT value

o Methods: Retrospective analysis of the clinical data of 73 patients who presented with nodular/
Prediction model

mass-type occupations on lung CT and confirmed by histopathology in our hospital from
January 2019 to May 2022 were divided into PC group (23 patients) and non-PC group (50
patients) according to the pathological findings, and the CT values of each patient’s lung lesions
were measured. The differences in age, gender, symptoms, lesion involvement in one/both lungs,
lung lobe distribution, number of lesions, maximum lesion diameter (cm), lesion margin condi-
tion, and CT value results were compared between the two groups. Independent risk factors for PC
were analyzed for indicators with statistically significant differences, clinical prediction models
were constructed and column line plots were drawn, C (correction) indices were calculated,
subject characteristics (ROC) curves were drawn, calibration curves and clinical decision curve
analysis (DCA) were performed to further evaluate the predictive efficacy of the models.
Results: Comparative analysis of patient data between the two groups showed statistically sig-
nificant differences in central, peripheral and global CT values (P < 0.05), and multiple
regression analysis indicated that central CT value, peripheral CT value and global CT value could
be used as independent risk factors for the diagnosis and differential diagnosis of PC. The area
under the ROC curve of the model predicting PC was 0.814 (95 % CI: 0.7011-0.9267), and the
corrected C-index (Bootstrap = 1000) was 0.781; the actual curve overlapped well with the
calibration curve; the DCA results indicated that the column line graph model has high clinical
application value.

Conclusions: CT value measurements of lesions can be used as an independent risk factor for PC,
and clinical prediction models based on the above factors are predictive for the diagnosis and
differential diagnosis of PC.
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1. Introduce

Pulmonary cryptococcosis (PC) is a fungal infection that occurs after inhalation of Cryptococcus neoformans or Cryptococcus gattii
spores, and is a chronic, subacute or acute fungal infection of the lung [1]. PC is an important opportunistic invasive fungal disease in
immunocompromised patients, but it is also increasingly seen in immunocompetent patients [2].Due to the limitations of diagnostic
tools, PC remains underdiagnosed [3], and its imaging presentation is often similar to that of pulmonary diseases such as bacterial
pneumonia, lung cancer, tuberculosis and other pulmonary fungal diseases [4,5], Pulmonary lesions in patients with cryptococcal
infections usually indolent and appears as a localized nodule or a mass [6,7].It may manifest as single nodules, multiple clustered
nodules, multiple scattered nodules, or mass like or pneumonic opacity [8].Some other researches shows the common chest imaging of
PC includes nodule, masses,consolidation,and pleural efusion [9-11].making its imaging presentation nonspecific. In addition,the
insidious onset and complex clinical types make the diagnosis and differential diagnosis of PC more difficult and prone to misdiagnosis
and omission [12]. In this paper, we mainly analyzed the clinical data of 73 patients retrospectively, measured the computed to-
mography (CT) value (HU) of pathologically confirmed lesions of different diseases, and constructed a prediction model, aiming to
improve the diagnosis and differential diagnosis of PC and provide reference for early clinical diagnosis and treatment.

2. Data and methods
2.1. Sources of information

73 patients presenting with nodular/mass-type occupancy on CT of the lung in our hospital from January 2019 to May 2022 were
selected and divided into PC group (23 patients) and non-PC group (50 patients) according to the patients’ postoperative or biopsy
pathological findings.The histopathological types of non-PC group include:pulmonary malformation tumor, pulmonary tuberculosis,
pulmonary neoplasm, other inflammatory lesions(bacterial pneumonia, fungal infection other than PC.

2.2. Inclusion and exclusion criteria

Inclusion criteria: (1) all patients had a lung CT presentation showing an occupying lung lesion; (2) all patients underwent surgical
resection or lung puncture biopsy with pathologically confirmed PC: a, cytopathology of the lung specimen finding cryptococci or
cryptococcal spores; b, histopathology of the lung specimen showing granulomatous inflammation with positive special staining (silver
hexamine stain and/or Schiff’s periodate stain); or histopathology Confirmation of other types of pulmonary lesions: pulmonary
malformation tumor; pulmonary tuberculosis; pulmonary neoplasm; other inflammatory lesions.

Exclusion criteria: (1) patients with HIV infection; (2) patients with previously treated pulmonary occupying lesions; (3) patients on

\

Fig. 1. Several different manifestations of pulmonary nodules, include PC(A),lung cancer (B),tuberculosis(C),pneumonia(D) and pulmonary
hamartoma(E,F).
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long-term immunosuppressive therapy; (4) those with incomplete data.
2.3. Instrumentation

A GE Optima CT 680 64-row spiral CT scanner was used. Scanning parameters: tube voltage 120 kV, tube current 300 mA, spiral
scanning mode, pitch 1.2, CT scan of the patient’s chest. The patients were scanned in the supine position, and the scan was started
after inspiration, with a layer thickness and layer spacing of 5 mm from the lung tip to the rib-diaphragm angle. All images were
observed and analyzed by two attending radiologists with many years of experience in film review to observe the distribution,
morphology, density, and number of lesions (see Fig. 1).

The flowchart is shown in Fig. 2.

2.4. Research methods

The basic clinical data and radiological manifestations of 73 patients were retrospectively analyzed. The imaging manifestations
included single and double lungs, lung lobe distribution, number of lesions, whether the lesion margins were shiny or not, and the
maximum diameter of the lesions (the largest was selected for multiple lesions). The patient’s lung CT was also accessed, and the
central, peripheral, and global CT values of the lesions were measured (the largest was selected for multiple lesions). The peripheral CT
values were selected as the average of the measured values of the upper, lower, left and right ends of the lesions(Fig. 3A), and the
central and peripheral CT values were measured over an area of 4.80 mm?-5.20 mm?(Fig. 3B). The global CT values of irregular lesions
were measured over a larger solid area if possible(Fig. 3C).Binary regression analysis of independent risk factors for PC was applied for
statistically significant difference indicators. Clinical modeling was performed with the aid of R software and column plots were
drawn, and the C (correction) index, receiver operating characteristic curve (ROC), calibration curve and clinical decision curve
analysis (DCA) were calculated to further evaluate the predictive model performance.

2.5. Statistical methods

All data analysis and plots were completed using R 3.6.3 (http://www.R-project.org). Count data in terms of cases and rates were
expressed using Fisher’s exact probability method or y?-test; measures with normal distribution in (“x+ s) were expressed using in-
dependent samples t-test; measures that did not conform to normal distribution were expressed using M (P25, P75) and Mann-Whitney
U test was applied. Differences were considered statistically significant at P < 0.05. The regression model with minimum AIC was

CT shows nodular/mass type of
occupancy

Exclusion criteria: 1. HIV-infected patients, 2. treated
patients with previous lung-occupying lesions, 3.
—>| patients on long-term immunosuppressive therapy, 4.

Upon histopathological
examination

those with incomplete data.
v !
pulmonary Other types of lung
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v
Statistical general information, measurement
of CT values of lesions

!

Distinguish between central, peripheral and overall locations
according to the site of the lesion

Differences in CT values between the two groups of patients were
compared and statistically analyzed

Fig. 2. The flowchart for patients inclusion.
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Fig. 3. the method of measuring CT value,the peripheral CT values were selected as the average of the measured values of the upper, lower, left and
right ends of the lesions(A), the central and peripheral CT values were measured over an area of 4.80mm2-5.20mm2(B). The global CT values of
irregular lesions were measured over a larger solid area if possible(C).

obtained by screening variables through logistic stepwise regression analysis of all independent variables using the MASS package in R
software. Further to apply the R software rms package to the above independent risk factors row PC diagnosis of risk factors column
line plot. Bootstrap resampling method (set B = 1000) was applied for internal validation of the model. The C-index, corrected C-index
and area under curve (AUC) were further calculated according to the prediction model to evaluate the predictive efficacy of the
prediction model, and DCA was applied to evaluate the clinical applicability of the prediction model for PC diagnosis, and the cor-
rected, ROC and clinical decision curves of the prediction model were also produced.

3. Results
3.1. Comparison of general data between the two groups of patients

The results of the comparison of the underlying data between the two groups are shown in Table 1, which indicates that the
difference in CT value measurements of lesions between the two groups is statistically significant (P < 0.05).

Rough

27 (54.00 %)

13 (56.52 %)

Table 1

Comparison of various clinical factors of PC and non-PC.
Variable Non-PC PC Standardize diff P-values
Number 50 23
Age 55.80 + 12.68 50.91 + 13.46 0.37 (-0.12, 0.87) 0.138
Maximum diameter of lesion 30.67 + 20.99 26.91 + 15.21 0.20 (—0.29, 0.70) 0.444
Central CT value 30.75 £ 13.69 50.27 + 34.64 0.74 (0.23, 1.25) <0.001
Peripheral CT value 59.71 + 23.56 101.44 + 50.17 1.06 (0.54, 1.59) <0.001
Global CT value 22.76 + 16.26 38.36 + 33.72 0.59 (0.09, 1.09) 0.009
Gender 0.24 (-0.25, 0.74) 0.345
Female 21 (42.00 %) 7 (30.43 %)
Male 29 (58.00 %) 16 (69.57 %)
Symptoms 0.14 (—0.36, 0.63) 0.583
No 23 (46.00 %) 9(39.13 %)
Yes 27 (54.00 %) 14 (60.87 %)
Lung’s side 0.43 (-0.07, 0.92) 0.257
Left 9 (18.00 %) 7 (30.43 %)
Right 16 (32.00 %) 9(39.13 %)
Double 25 (50.00 %) 7 (30.43 %)
Distribution of lung 0.39 (-0.11, 0.89) 0.489
Upper lobe of the lung 15 (30.00 %) 6 (26.09 %)
Middle lobe of the lung 1 (2.00 %) 1 (4.35 %)
Lower lobe of the lung 10 (20.00 %) 8 (34.78 %)
Multilobar lung 24 (48.00 %) 8 (34.78 %)
Number of lesions 0.00 (—0.49, 0.50) 0.994
Single 13 (26.00 %) 6 (26.09 %)
Multiple 37 (74.00 %) 17 (73.91 %)
Lesion margin 0.05 (—0.44, 0.54) 0.841
Smooth 23 (46.00 %) 10 (43.48 %)
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3.2. Univariate analysis

In the analysis for each clinical index, the results showed that the CT value measurement of the lesion was an influential factor in
differentiating PC from other pulmonary lesions. Each specific result is shown in Table 2.

3.3. Multiple regression analysis

Multiple regression analysis was performed with central CT value, peripheral CT value, and global CT value as independent
variables and whether the lesion was PC as dependent variable. In model I, the adjusted variables were age and sex, and in model I, the
adjusted variables were age, gender, lung’s side, lobe, symptoms, lesion margin condition, number of lesions, and maximum diameter
of lesions, and the results showed that focal CT value measurements could be used as an independent risk factor for PC. As shown in
Table 3.

3.4. Clinical prediction model construction

According to the results of multiple regression analysis, high CT values in the center, periphery and the whole lesion are inde-
pendent risk factors for PC. This risk factor was plotted as a nomogram (Fig. 4).

3.5. Prediction model evaluation

The model correction by calculation and using Bootstrap resampling method (B = 1000) yielded a corrected C-index of 0.781. The
ROC analysis suggested that the area under the curve was 0.814 (95 % CI: 0.7011-0.9267), suggesting that the CT value was a good
predictor of the diagnosis of PC, as shown in Fig. 5. The corrected curve by Bootstrap resampling method still overlaps well with the
actual curve, as shown in Fig. 6.

3.6. Decision curve analysis

The clinical applicability of the PC diagnostic prediction model was evaluated using DCA, where the horizontal line indicates that
all samples are negative and the net benefit is 0, and the diagonal line indicates that all samples are positive and the net benefit is an
inverse slope with a negative slope. The farther the decision curve is from the 2 extreme lines, the higher the value of the clinical
application of the column line diagram, as shown in Fig. 7. The results of DCA indicate that the column line diagram model can improve
the predictive ability of PC within a large range of risk threshold probabilities.

Table 2
Univariate analysis of clinical factors influencing PC.

Statistics OR (95 % CI) P-value
Age 54.26 + 13.04 0.97 (0.93, 1.01) 0.1391
Gender
Female 28 (38.36 %) 1.0
Male 45 (61.64 %) 1.66 (0.58, 4.73) 0.3473
Symptoms
No 32 (43.84 %) 1.0
Yes 41 (56.16 %) 1.33 (0.48, 3.62) 0.5831
Lung’s side
Left 16 (21.92 %) 1.0
Right 25 (34.25 %) 0.72 (0.20, 2.61) 0.6202
Double 32 (43.84 %) 0.36 (0.10, 1.31) 0.1222
Distribution of lung
Upper lobe of the lung 21 (28.77 %) 1.0
Middle lobe of the lung 2 (2.74 %) 2.50 (0.13, 46.78) 0.5398
Lower lobe of the lung 18 (24.66 %) 2.00 (0.53, 7.54) 0.3059
Multilobar lung 32 (43.84 %) 0.83 (0.24, 2.88) 0.7731
Number of lesions
Single 19 (26.03 %) 1.0
Multiple 54 (73.97 %) 1.00 (0.32, 3.07) 0.9937
Lesion margin
Smooth 33 (45.21 %) 1.0
Rough 40 (54.79 %) 1.11 (0.41, 2.99) 0.8406
Maximum diameter of lesion 29.48 +19.33 0.99 (0.96, 1.02) 0.4413
Central CT value 36.90 + 24.03 1.04 (1.01, 1.07) 0.0049
Peripheral CT value 72.86 + 39.09 1.04 (1.02, 1.07) 0.0003
Global CT value 27.67 + 24.10 1.03 (1.00, 1.06) 0.0208
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Table 3
Multiple regression analysis of clinical factors affecting PC.
Unadjusted Model I Model I
OR (95 % CI) P-value OR (95 % CI) P-value OR(95 % CI) P-value
Central CT value 1.04(1.01, 1.07) 0.0049 1.04 (1.01, 1.07) 0.0079 1.04(1.01, 1.07) 0.0086
Peripheral CT value 1.04(1.02, 1.07) 0.0003 1.04 (1.02, 1.07) 0.0007 1.04(1.02, 1.07) 0.0012
Global CT value 1.03(1.00, 1.06) 0.0208 1.03 (1.01, 1.06) 0.0100 1.04(1.01, 1.08) 0.0088
Nomogram
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Fig. 4. Nomogram of CT measurements for risk prediction of PC.
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Fig. 5. Nomo prediction model for CT value results for PC diagnosis risk prediction.
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Fig. 7. DCA analysis of CT value on PC diagnostic prediction model.
4. Discuss

PC is a fungal infection of the lungs second only to pulmonary aspergillosis and is caused by infection with Cryptococcus neo-
formans, with a probability of occurrence of about 20 %[13]. Given its insidious onset, atypical symptoms, and diverse imaging
manifestations, the diagnosis and differential diagnosis are difficult. The nodule/mass pattern is the most common CT manifestation
and is often confused with other imaging manifestations of lung-occupying lesions. The diagnosis of pulmonary histopathology is still
the gold standard, but for some patients who cannot undergo pulmonary histopathology, it is crucial to use a combined
multi-information model to make the further diagnosis of pulmonary occupying lesions. With the improvement of CT thin-layer
scanning technology, increasingly higher image resolution can be obtained, and the density of the lesion on CT can reflect some
extent the growth of tissue cells within the lesion. There have been many studies on the use of CT values to determine the nature of
pulmonary ground-glass nodules [14-16], but there are few studies on the application of CT values in other pulmonary
space-occupying lesions. Relevant studies have shown that the average lung density method, that is, the CT value can reflect the
comprehensive density of lung parenchyma, gas, tissue fluid, interstitial and blood, and provide data for the quantitative analysis of the
distribution of lesions [17]. The CT value can quantitatively reflect the average density of tissues in the selected area, and changes in
the content of chemical substances, blood flow and any cellular structure in the local tissue can make the CT value change. Therefore, it
can also be considered as a direct reflection of pathological changes in regional tissues.

In the present study, comparing the general data and imaging characteristics of PC patients and non-PC patients, the results showed
no significant difference, which also indicates that CT, as a common radiological examination for chest diseases, although it has an
important role in the diagnosis and differentiation of lung diseases, it is difficult to give an accurate judgment due to the lack of
specificity in the imaging presentation of PC. In comparing the results of central CT values, peripheral CT values and global CT values
obtained from the two groups of patients, differences were found (P < 0.05), indicating that the CT value measurements might provide
a reference for the differential diagnosis of PC and other types of pulmonary occupying lesions.

The content of solid components in the lesion can be reflected by CT value. Combined with the results of this study, the larger the CT
value, the more likely the disease nature was to be PC (P < 0.05), which may be related to the fact that the PC showed more masses or
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solid nodules on imaging. Studies have shown that masses/solitary nodules are the most common imaging findings of PC [18]. First, PC
pathogens are deposited in the lower lung due to gravity; second, it will spread along the blood stream and migrate to the end of the
pulmonary circulation where the blood flow is slow or stagnant [19]. In addition, because cryptococcus mostly has a capsule, its
capsule can be combined with IgG, and the complex formed by the combination of the capsule and IgG can be combined with the cR
(FcRI and FcRII) of phagocytes via the Fc segment of IgG, thus inducing phagocytosis and clearance of antigen-antibody complexes by
phagocytes [20]. Phagocytes phagocytose PC pathogens and form fibrous tissues and inflammatory granulomas with lymphocytes,
tissues and fibrocytes, thus limiting the spread of PC [21]. And most of the PC are low inflammatory response or granulomatous
inflammation, while the general inflammatory response from infection causes capillary dilation and more scattered distribution of
lesions, and lung cancer is mostly due to tumor vascular formation, therefore, compared to other nature of lesions, the solid component
of lesions in PC is higher and higher than other lesions in CT value measurement results.

The results of data analysis in this study showed that the central CT value, peripheral CT value and global CT value obtained from
lesion measurement could be used as independent risk factors for PC patients compared with other lung occupying lesions. The Nomo
prediction model was constructed on this basis, and the area under the ROC curve of the nomogram was 0.814 (95%CI:
0.7011-0.9267). After correction, C-index was 0.781. The actual curve overlaps well with the calibrated curve. It indicates that the
model prediction has high application value in clinical practice. The results of DCA curve showed that the nomogram model had
certain clinical application value. Therefore, for patients with lung space occupying lesions who are not suitable for lung histopa-
thology examination, it is beneficial to the diagnosis and differential diagnosis of PC by observing the imaging manifestations of the
lesions and combining the CT value measurement results of multiple parts of the lesions,and also has the advantages of easy operation
and non-invasive.

The limitations of this paper are: 1.The PC group selection criteria: in this study, the PC group includes a variety of lung space space-
occupying lesions, such as lung cancer, benign tumor, tuberculosis and other inflammatory lesions. These cases were all confirmed by
histopathology. Though these lesions have heterogeneity to some extent, but we do realize that encountered in the clinical practice
group of patients may be more complicated and varied. 2.Preliminary Nature of the study: The aim of this study was to preliminarily
explore the application value of CT value in the diagnosis of pulmonary cryptococcosis. Although the selection of the non-PC group
may have simplified the problem to some extent, preliminary findings have shown the potential of CT value as a diagnostic index. We
believe that this is an important starting point for further expansion of future research.

Future research improvements:Diverse non-PC group: In future studies, we plan to include a more diverse group of non-PC cases,
covering a wider spectrum of lung diseases. This will include more complex cases, such as patients with multiple combined lesions, to
improve the applicability of the model for practical clinical applications.Multi-center cooperation: By cooperating with more medical
institutions to collect data from patients with different types of lung diseases in different regions, we can ensure that the results of our
study have wider application and promotion value.Although preliminary model validation and optimization: existing research showed
the potential of CT value in the diagnosis of PC, but we are planning in a follow-up study, through the larger samples and more complex
data validation and optimization of the model. This will involve advanced data analysis methods, such as machine learning, and more
diverse clinical and radiographic features, in order to improve the diagnostic accuracy and reliability of the model.

5. Conclusion

In conclusion, the CT value measurement results of this study can be used as an independent risk factor for PC, which is helpful to
differentiate it from other pulmonary space occupying diseases, and can help clinicians to diagnose and differentiate PC as early as
possible. However, it is worth noting that lung histopathology is still the most recommended approach to avoid missed diagnosis of
lung malignancies.
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