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LETTER TO EDITOR

Derivation and validation of a clinical model to identify
cryptococcosis from suspected malignant pulmonary
nodules: A dual-center case-control study

Dear Editor,
Pulmonary cryptococcosis (PC) usually presents as single
or multiple pulmonary nodules (PNs) in immunocompe-
tent patients, easily mimicked lung cancer clinically and
radiologically (Figure 1), caused many unnecessary surg-
eries. To settle this problem, we established and validated
a clinical model to identify PC from suspected malig-
nant PNs.
PC is caused by Cryptococcus spp., a fungal disease

that is endemic in many countries.1 Previously though,
PC occurred in immunocompromised patients, such as
infected by human immunodeficiency virus, long-termuse
of immunosuppressant, it’s also common in immunocom-
petent population. PC was easily misdiagnosed as malig-
nancy in immunocompetent patients, due to the relatively
lower positive rate of culture or antigen detection of Cryp-
tococcus in the patients with localized lesion.2,3 Previous
studies showed that over 30% of PC were misdiagnosed as
malignancy and suffered unwanted surgery.4,5
In the present study, we performed a multicenter case-

control study and two specialized pulmonary hospitals
with a large amount of lung surgery, Shanghai Pulmonary
Hospital and Shanghai Chest Hospital participated in this
study. Patients with suspected malignant PNs, subsequent
surgical histopathological diagnosed as PC from centers
from January 2014 to March 2019 were included. Patients
with suspected malignant PNs and surgical histopatho-
logical diagnosed as malignancy from centers between
December 2018 and March 2019 were also included. A
standardized data collection spreadsheet was designed to
obtain patient’s general and anthropometric information,
comorbidities, laboratorial indicators from electronic
medical records. Radiological images when the PNs was
first detected were obtained from medical system and
reevaluated by two radiologists with more than 20 years
of experience without knowing the final diagnosis. Ethics
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Committee of Shanghai Pulmonary Hospital (K20-006)
and Shanghai Chest Hospital (IS2006) approved this study.
Total 1042 suspected malignant PNs were finally

included and then randomly split into derivation (364 PC
and 383 malignancy) and validation set (142 PC and 153
malignancy) at a ratio of 7:3. Based on derivation set,
the following predictors of PC were identified according
to the logistic regression: male (OR: 1.95, 95%CI: 1.08-
3.52), located in lower lobe (OR: 2.72, 95%CI: 1.50-4.92),
morphological irregularity (OR: 7.06, 95%CI: 3.73-13.36),
the presence of Halo sign (OR: 33.62, 95%CI: 15.58-72.56)
and Feeding vessel sign (OR: 2.34, 95%CI: 1.26-4.32), part-
solid (OR: 5.99, 95%CI: 1.82-19.76) or solid type (OR: 41.73,
95%CI: 12.68-137.32). The screening process of predictive
indicators is shown in Supplementary tables. RAS score
(Radiography, Age, and Sex) was established according to
β regression coefficients estimated from the logistic model
(Table 1). The RAS score ranges from -6 to 13 points and
patients with higher scores have a higher probability of
PC. After validated, RAS score showed good discrimina-
tionwith anAUCof 0.982 (95%CI: 0.971-0.993) (Figure 2A).
Furthermore, visual inspection of the calibration plot and
curve showed good agreement between RAS score pre-
dicted probabilities of PC and actual prevalence of PC in
PNs (Figures 2B and 2C).
Three models (Mayo Clinic,6 Veterans Association

[VA],7 and Brock University8) were widely quoted to esti-
mate the probability of malignant nodules in clinical prac-
tices and guidelines. However, the ability of these mod-
els to distinguish PC and malignancy remains unclear. We
further compared the performance of these models with
RAS model in the entire dataset in this study. The results
showed that these models both underperformed the RAS
model on the accuracy of malignancy prediction and the
discriminative ability of malignancy and PC (Figures 2D
and 2E). Moreover, decision curve analysis was used to

Clin. Transl. Med. 2021;11:e544. wileyonlinelibrary.com/journal/ctm2 1 of 5
https://doi.org/10.1002/ctm2.544

http://creativecommons.org/licenses/by/4.0/
https://wileyonlinelibrary.com/journal/ctm2
https://doi.org/10.1002/ctm2.544


2 of 5 LETTER TO EDITOR

F IGURE 1 Examples of representative CT images. (A, B) Male, 65 years old, suspected malignant nodule, and pathological diagnosed as
pulmonary cryptococcosis. (C, D) Male, 61 years old, long history of smoking, suspected malignant nodule and pathological diagnosed as
pulmonary cryptococcosis. (E, F) Male, 57 years old, suspected pulmonary cryptococcosis, and pathological diagnosed as pulmonary
cryptococcosis adenocarcinoma. (G, H) Male, 52 years old, suspected pulmonary cryptococcosis, and pathological diagnosed as pulmonary
cryptococcosis adenocarcinoma

analyze the clinical net benefit based on these models.
Results showed that RAS score provided a larger net bene-
fit than Mayo, VA and Brock models (Figure 2F). Further-
more, net reclassification improvement (NRI) was used to
analyze the improvement in classification of cryptococco-

sis andmalignancy in these models based on the following
risk classification: <5% is low-risk, ≥10% is high-risk, and
moderate-risk is ≥5% to <10%. After calculation, the addi-
tive and absolute NRIs of RASmodel were 58.6% and 29.3%
compared with Mayo model, 71.4% and 36.3% compared
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F IGURE 2 Validation of RAS model and performance comparison of these models. (A) Discrimination of RAS model. (B) Calibration
plots of RAS model. (C) Calibration curves by plotting the predicted probabilities of cryptococcosis divided into 20 groups based on the RAS
score. Data are presented as mean and 95%CI. (D) Comparison of discrimination in these models. (E) Comparison of prediction accuracy in
these models. Data were presented as median with IQR. (F) Analysis of clinical net benefit based on these models. (G) Net reclassification
improvement of RAS model compared with previous clinical models
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TABLE 1 Final score and scoring of each variable in the score
system

Predictive marker RAS points
Age, years
<40 0
40–59 –1
≥60 –2

Sex
Female 0
Male 1

Location
Other lobes 0
Lower lobe 1

Morphology
Round or roundish 0
Irregularity 2

Density
pGGN 0
Part-solid 2
Solid 4

Spiculation
No 0
Yes –3

Halo sign
No 0
Yes 4

Vacuole sign
No 0
Yes –1

Feeding vessel sign
No 0
Yes 1

pGGN: pure ground glass nodule.

with VA model, 63.8% and 32.3% compared with Brock
model (Figure 2G). This result suggested that RAS model
displayed improved risk stratification than other models.
In this study, the stronger predictors of cryptococcosis in

patients with suspected malignant PNs were the presence
ofHalo sign and solid density in chest CT images.Halo sign
is described as ground-glass opacity around the nodules
andmay be caused by lung inflammatory infiltration. Halo
sign is nonspecific to cryptococcosis and represents gran-
ulomatous inflammation on histological examination.9,10
Another solid density dominated the predictive factor of
cryptococcosis indicated that theHRCTplays an important
role in distinguish malignancy from benign nodules, espe-
cially cryptococcosis, which is resembling a malignancy.
What is noteworthy is that nodule size was not a predictor
for differentiating malignancy and cryptococcosis in this

study, mainly because the nodule size of cryptococcosis
often ranges from micronodules to mass. However, nod-
ule size is one of the influence factors in medical choice
such as percutaneous lung biopsy or surgical resection in
the clinical practice. Physicians should comprehensively
consider all relevant indicators, rather than only focus on
the nodule size, before deciding on invasive interventions,
which could provide better individualization project for
those patients.
Although previous models have been tested in some

independent cohorts to help predicting the probability of
malignant nodules, these models have not been evaluated
in distinguishing cryptococcosis and malignant nodules.
The most important reason for different performance
between these models is the indefinite final diagnosis of
many nodules in these studies. Theoretically, models that
were developed based on definite diagnosis have high
accuracy and authenticity. Although these models per-
formed well in differentiating benign and malignant nod-
ules, they performed poorly in differentiating cryptococco-
sis and malignant nodules, indirectly demonstrating that
PC easily mimicked andmisdiagnosedmalignant nodules.
In summary, we established and validated a clinical

model that accurately identifies cryptococcosis from sus-
pected malignant PNs. While comprehensively assessing
patient’s living environment and the dynamic course
of the disease, the RAS score can be applied to identify
cryptococcosis from suspected malignant nodules, which
may be helpful to avoid unwanted surgery and guide
decision making.

ACKNOWLEDGMENTS
This work was supported by the National Natural Science
Fund for Distinguished Young Scholar (No. 81925001), Key
Scientific Innovation Project of Shanghai Municipal Edu-
cation Commission (No. 202101070007-E00097), and the
Innovation Group Project of Shanghai Pulmonary Hospi-
tal. The funder of the study had no role in study design,
data collection, data analysis, data interpretation, or writ-
ing of the report.

CONFL ICT OF INTEREST
The authors declare that there is no conflict of interest.

Bei Mao1
Hai Zhang2

Wen-Wen Wang1
Hai-Wen Lu1
Jia-Wei Yang1

Sen Jiang3
Xiao-Dan Ye4

Feng Li2
Jin-Fu Xu1

https://orcid.org/0000-0002-8039-8973


LETTER TO EDITOR 5 of 5

1 Department of Respiratory and Critical Care Medicine,
Shanghai Pulmonary Hospital, Institute of Respiratory

Medicine, School of Medicine, Tongji University, Shanghai,
China

2 Department of Pulmonary Medicine, Shanghai Chest
Hospital, Shanghai Jiao Tong University, Shanghai, China
3 Department of Radiology, Shanghai Pulmonary Hospital,

Tongji University School of Medicine, Shanghai, China
4 Department of Radiology, Shanghai Chest Hospital,

Shanghai Jiao Tong University, Shanghai, China

Correspondence
Prof. Jin-Fu Xu, Shanghai Pulmonary Hospital, Institute

of Respiratory Medicine, School of Medicine, Tongji
University, No. 507 Zhengmin Road, Shanghai, China.

Email: jfxu@tongji.edu.cn

Bei Mao, Hai Zhang, Wen-Wen Wang, and Hai-Wen Lu
contributed equally to this article.

ORCID
Jin-FuXu https://orcid.org/0000-0002-8039-8973

REFERENCES
1. Chang CC, Sorrell TC, Chen SCA. Pulmonary cryptococcosis.

Semin Respir Crit Care Med. 2015;36(5):681-691.
2. Sudhakaran S, Bashoura L, Stewart J, Balachandran DD, Faiz

SA. Pulmonary cryptococcus presenting as a solitary pul-
monary nodule. Am J Respir Crit Care Med. 2017;196(9):1217-
1218.

3. Hevey MA, George IA, Rauseo AM, Larson L, Powderly W,
Spec A. Performance of the lateral flow assay and the latex
agglutination serum cryptococcal antigen test in cryptococcal
disease in patients with and without HIV. J Clin Microbiol.
2020;58(11):e01563-20.

4. Zhang Y, Li N, Zhang Y, et al. Clinical analysis of 76 patients
pathologically diagnosed with pulmonary cryptococcosis. Eur
Respir J. 2012;40(5):1191-1200.

5. Deng H, Zhang J, Li J, Wang D, Pan L, Xue X. Clinical features
and radiological characteristics of pulmonary cryptococcosis. J
Int Med Res. 2018;46(7):2687-2695.

6. Swensen SJ, Silverstein MD, Ilstrup DM, Schleck CD, Edell ES.
The probability of malignancy in solitary pulmonary nodules.
Application to small radiologically indeterminate nodules. Arch
Intern Med. 1997;157(8):849-855.

7. Gould MK, Ananth L, Barnett PG. A clinical model to estimate
the pretest probability of lung cancer in patients with solitary
pulmonary nodules. Chest. 2007;131(2):383-388.

8. McWilliams A, Tammemagi MC, Mayo JR, et al. Probability of
cancer in pulmonary nodules detected on first screening CT. N
Engl J Med. 2013;369(10):910-919.

9. Lee YR, Choi YW, Lee KJ, Jeon SC, Park CK, Heo JN. CT
halo sign: the spectrum of pulmonary diseases. Br J Radiol.
2005;78(933):862-865.

10. Parrón M, Torres I, Pardo M, Morales C, Navarro M, Martínez-
Schmizcraft M. The halo sign in computed tomography images:
differential diagnosis and correlation with pathology findings.
Arch Bronconeumol. 2008;44(7):386-392.

SUPPORT ING INFORMATION
Additional supporting information may be found in the
online version of the article at the publisher’s website.

mailto:jfxu@tongji.edu.cn
https://orcid.org/0000-0002-8039-8973
https://orcid.org/0000-0002-8039-8973

	Derivation and validation of a clinical model to identify cryptococcosis from suspected malignant pulmonary nodules: A dual-center case-control study
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST
	ORCID
	REFERENCES
	SUPPORTING INFORMATION


