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Background: Surgical and medical treatments are applied to pulmonary cryptococcosis (PC) in the real world, while the prognosis of
different therapies is uncertain. This study investigated diagnosis, real-world therapy, follow-up outcomes, and prognosis factors,
aiming to deepen our understanding of PC.
Methods: Patients pathologically diagnosed with PC were retrospectively reviewed and followed up. Further comparisons and
subgroup analyses were conducted in surgical and nonsurgical treatment individuals. Univariable and multivariable logistic regression
methods were used to explore the risk factors associated with treatment failure.
Results: One hundred and sixty-three patients were included in this study, of whom 92 underwent surgical removal of VATS or open
lung surgery (68 of them received postoperative antifungal treatment) and 71 got antifungal drugs only. Compared with nonsurgical
patients, surgical patients were more immunocompetent (73 [79.3%] cases vs 33 [46.5%]), showed milder symptoms and more limited
pulmonary lesions. Although they had instant treatment response owing to lesions resection, there is no significant advantage in the
rate of treatment failure. Multivariable regression showed independent predictive factors associated with treatment failure were
polymorphonuclear (PMN)>6.30*109/L, albumin (Alb) <40g/L and antifungal dosage <400mg/d. Further analysis among patients
with different immune statuses or symptoms demonstrated that sufficient antifungal dosage could reduce the rate of treatment failure.
Conclusion: PC showed variable and nonspecific clinical features. PC patients with limited nodules/masses and mild symptoms often
led to misdiagnosis and unnecessary lung resections. The potential risk factors including higher PMN and hypoalbuminemia could
help clinicians to identify PC patients with poor treatment efficiency at an early stage. To note, sufficient antifungal dosage may
improve the treatment outcomes.
Keywords: pulmonary cryptococcosis, diagnosis, antifungal treatment, clinical features, surgery

Introduction
Cryptococcus, an omnipresent budding yeast-like basidiomycete in the environment,1 causes human diseases by
Cryptococcus neoformans and Cryptococcusgattii.2 Although Cryptococcus is more likely to invade the central nervous
system,3 the lung is always the first stop via inhalation that triggers pulmonary cryptococcosis (PC).4 PC shows
a gradually increased incidence over the past 20 years,5 to the extent that it has become one of the most common
opportunistic invasive fungal infections in China.6 It is well known that PC mainly affects immunocompromised
individuals;7 however, more than half of Chinese patients were immunocompetent.3,8,9 PC presents as nonspecific
clinical and radiological features, perpetuating a knowledge deficit and resulting in a high misdiagnosis rate.10

The treatment of PC tends to follow the guidelines published by the Infectious Diseases Society of America in 2000,
updated in 2010: step-wise graded antifungal treatment based on immune status, severity, and presence of
extrapulmonary.11 Fluconazole has been the most commonly used drug, although itraconazole, voriconazole and
posaconazole are also available.11 However, evidence regarding the management of PC is mainly from retrospective
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surveys and anecdotal reports, while specific therapies and optimal duration of treatment have not been precisely
elucidated,11 leading to inconsistent treatments.12

Surgery is considered for diagnosis or salvage treatment after ineffective antifungal therapy; however, the efficiency
of single surgery without drug treatment in PC has not reached a consensus.11,13 Furthermore, the information about the
dosage and duration of postoperative or nonsurgical antifungal treatment is limited. To discuss the efficiency of different
treatment approaches, this study enrolled 163 surgical and nonsurgical PC cases with pathological evidence, reviewed
their clinical and radiological features, and followed up these cases for more than 6 months.

Materials and Methods
Patients and Data
One hundred and sixty-three patients with tissue-proven PC were analyzed, and all patients were diagnosed during
hospitalization in the Second Xiangya Hospital of Central South University from November 2009 to December 2020
(Figure 1). The inclusion criteria included: 1) biopsy-confirmed PC; 2) clinical data and CT imaging information were
available. Exclusion criteria were: 1) medical record missing; 2) HIV positive; 2) complicated with extrapulmonary

212 cases of biopsy-confirmed  pulmonary 
cryptococcosis

Excluded: n=22
-Medical record missing 

190 medical records of  biopsy-confirmed  
pulmonary cryptococcosis cases were reviewed

Excluded: n=11
-HIV-infection (n=3)
-Extrapulmonary involvement (n=2)
-Concomitant with other pulmonary 
infiltrating diseases (n=6)

179 primary pulmonary cryptococcosis patients

Follow up:
-Lost (n=16)

Treatment outcomes of 163 patients were 
analyzed

Figure 1 Flowchart diagram of eligible study population.
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involvement; 3) concomitant with other pulmonary infiltrating diseases, which may influence the assessment of PC; 4)
loss to follow-up. Data about clinical characteristics, diagnosis, treatment and follow-up outcomes of the patients were
collected and analyzed. Subjects were grouped as surgical and nonsurgical individuals, and immunocompromised
individuals were defined as at least one of the predisposing conditions: diabetes mellitus, malignancy, solid organ
transplantation, cirrhosis, respiratory disorder, immunosuppressive drug therapy (such as immunosuppressor and gluco-
corticoid) and other defined immunosuppressive diseases. In addition, the stratification of antifungal therapeutic dose was
classified into <200 mg/d, 200–400 mg/d and ≥400 mg/d, and duration was classified into referred to <2 months, 2–6
months and 6 months, referring to clinical practice guidelines for cryptococcal disease11 and expert consensus on
diagnosis and treatment of pulmonary cryptococcosis.14 The study protocol was approved by the institutional ethics
committee of the Second Xiangya Hospital of Central South University (No. 2018-023) and complied with the
Declaration of Helsinki. Informed consents were obtained from all involved patients.

The demographics, history of illness, laboratory and radiological features, diagnosis and treatments were collected
from the medical records without intervention. The information of follow-up studies was obtained through regular
clinical assessments and telephone calls. All patients had CT scans, and the image findings were divided into three
patterns, including nodules/masses (isolated or multiple), pneumonic infiltrates or mixed.10 Two experienced radiologists
assessed all image findings independently.

Follow-Up and Outcomes
All patients were followed up to 1st August, 2021 (at least 6 months). The definition of outcomes referred to studies by
Zhang et al,10 Yang et al,13 Wei et al15 with summarization and modification. Recovery was defined as the disappearance
of clinical imaging abnormalities, and improvement was the partial improvement of clinical or imaging findings.
Persistence meant no change of symptoms or radiology after at least two-months-antifungal therapy, and progression
was defined as symptoms/images aggravation or recurrence (after lesions were removed). Furthermore, recovery and
improvement groups were defined as treatment response group, while the other two were merged into the treatment
failure group.

Statistical Analysis
All information was entered and verified by three researchers independently, with SPSS 18.0 software (SPSS Inc.,
Chicago, IL, USA) for the data processing. Continuous variables were presented as mean ± SD or median (interquartile
range, IQR); categorical variables were presented as count (percentage). Comparisons between surgical and nonsurgical
subjects were analyzed by two-sample t-test or Wilcoxon rank-sum test for continuous variables, by chi-square or
Fisher’s exact test for categorical variables. To explore the risk factors associated with treatment failure, univariable and
multivariable logistic regression models were used, in which variables with P value of <0.10 in univariate analysis were
included in multivariate regression. A significant difference was approved with P < 0.05.

Results
Demographic and Clinical Information
Figure 2 demonstrates the accumulative numbers of cases with tissue-proven PC from 2009 to 2020, suggesting a general
upward trend. Our study identified 163 patients, of whom 92 (56.4%) underwent surgical removal by VATS or open lung
surgery, followed by clinical observation or postoperative antifungal treatment; 71 received PNLB or TNLB for diagnosis
and antifungal therapy. Except for the 2020 (COVID-19 epidemic), the rate of surgery presented a decreasing trend.

Table 1 summarizes the clinical data of the 163 PC patients. They age from 15 to 82 years, including 106 males,
47.9% of them lived in the village. Fourteen cases had specific histories environmental exposure, including pigeons
(eight cases), wet environments (three cases), dust (two cases) and fowl (two cases). Comorbidities were present in
35.6% of patients, with diabetes being the most common (19 [11.7%] cases), followed by immunosuppressive therapy
associated diseases (16 [9.8%] cases) and malignancy (16 [9.8%] cases). Besides 64 asymptomatic cases, the most
common symptoms were cough and expectoration, followed by chest discomfort and bloody phlegm. Forty-seven
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patients underwent serum cryptococcal antigen (CrAg) test and 57.4% of them had positive results. The lesions are
mainly located unilaterally in the single lobe, 87.7% of which manifested as isolated or multiple nodules/masses, most
commonly accompanied by spiculation, pleural involvement, patchy shadow and mediastinal lymphadenopathy.
Histologically (Supplement Figure 1), the lesions mostly performed as granuloma (62.6%), followed by necrosis
(7.4%), dispersed pathogen (18.4%) and mixed lesions (11.7%). Specific stains were used to find the pathogen, of
which the positive rates were 94.1%, 89.2% and 92.3% in PAS (101 cases), GMS (74 cases) and AP (52 cases) staining.

Diagnosis and Treatment
Diagnosis, treatment and follow-up data are shown in Table 2. Of all 163 cases, the median illness course was 30 days
(IQR 15–60 days), suggesting subacute or chronic onset. Cryptococcal infection was rarely considered during the initial
visits, and most cases were diagnosed with uncertainty (42.9%), followed by lung cancer (28.2%) and pneumonia
(25.8%). Seventy-one patients received antifungal drugs only, with a median fluconazole dose of 375mg/d (IQR 300–
450 mg/d) and a median duration of 6 months (IQR 3–8 months).

Surgery and Non-Surgery
As shown in Table 1, there was no significant difference in age, sex, and the area between surgical and nonsurgical
patients. However, the immunocompromised frequency (including immunosuppressive drug therapy and renal transplan-
tation) was significantly higher in nonsurgical patients. Compared with surgical patients, nonsurgical cases had more
symptoms (such as cough, expectoration, dyspnea and fever), wilder pulmonary involvement accompanied with patchy

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Surgical 1 3 6 8 7 2 4 5 11 12 9 24

Medical 0 0 0 0 0 3 4 7 5 17 21 14

Total 1 3 9 10 9 7 10 15 19 37 40 52

Enrolled 1 3 6 8 7 5 8 12 16 29 30 38

0

10

20

30

40

50

60

Ac
cu

m
ul

at
iv

e 
nu

m
be

rs
 o

f c
as

es

Figure 2 Dynamics of pulmonary cryptococcosis diagnosed in patients from 2009 to 2020.
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Table 1 Clinical Features of 163 Patients with PC

Variables Total (n=163) Surgical Patients (n=92) Nonsurgical Patients (n=71) P value

Age (years) 49 (40–56) 49 (42–56) 48 (40–56) 0.860
Male, n(%) 106 (65.0) 61 (66.3) 45 (63.4) 0.698

Village, n(%) 78 (47.9) 43 (46.7) 35 (49.3) 0.746

History of environmental exposure, n(%) 14 (8.6) 3 (3.3) 11 (15.5) 0.009*
Immunocompromised, n(%) 58 (35.6) 20 (21.7) 38 (53.5) <0.001*

Diabetes mellitus 19 (11.7) 9 (9.8) 10 (14.1) 0.396

Immunosuppressive drug therapy 16 (9.8) 3 (3.3) 13 (18.3) 0.002*
Malignancy 16 (9.8) 7 (7.6) 9 (12.7) 0.281

Renal transplantation 10 (6.1) 1 (1.1) 9 (12.7) 0.003*
Respiratory system disorders 5 (3.1) 2 (2.2) 3 (4.2) 0.654

Cushing syndrome 2 (1.2) 0 (0.0) 2 (2.8) 0.188

Cirrhosis 2 (1.2) 0 (0.0) 2 (2.8) 0.188
Symptoms

Asymptomatic, n(%) 64 (39.3) 48 (52.2) 16 (22.5) <0.001*

Cough, n(%) 70 (42.9) 29 (31.5) 41 (57.7) 0.001*
Expectoration, n(%) 55 (33.1) 24 (26.1) 30 (42.3) 0.03*

Chest discomfort, n(%) 45 (27.6) 23 (25.0) 22 (31.0) 0.397

Bloody phlegm, n(%) 15 (9.2) 10 (10.9) 5 (7.0) 0.402
Dyspnea, n(%) 13 (8.0) 3 (3.3) 10 (14.1) 0.011*

Fever, n(%) 10 (6.1) 2 (2.2) 8 (11.3) 0.021*

Laboratory examination
HGB, g/L 138.0 (122.5–149.5) 141.0 (129.3–151.0) 131.0 (120.0–146.0) 0.007*

WBC, 109/L 6.2 (5.1–7.7) 5.6 (4.7–6.7) 7.0 (5.6–8.9) <0.001*

PMN, 109/L 3.9 (2.9–5.0) 3.6 (2.4–4.3) 4.5 (3.6–6.3) <0.001*
LYM, 109/L 1.6 (1.2–2.0) 1.6 (1.3–2.1) 1.3 (1.1–1.9) 0.015*

Alb, g/L 40.4 (37.5–42.8) 41.5 (39.1–43.6) 38.7 (33.1–42.0) <0.001*

ESR, % (Positive/Total) 48.8 (39/80) 30.4 (7/24) 56.1 (32/57) 0.037*
CRP, % (Positive/Total) 28.6 (22/77) 8.7 (2/23) 37.0 (20/54) 0.013*

CrAg, % (Positive/Total) 57.4 (27/47) 12.5 (1/8) 66.7 (26/39) 0.007*

Image findings
Unilateral lesions 136 (83.4) 88 (95.7) 48 (67.6) <0.001*

Single lobe 129 (79.1) 83 (90.2) 46 (64.8) <0.001*

Lesions patterns
Nodules/masses 143 (87.7) 90 (97.8) 53 (74.6) <0.001*

Single 82 (50.3) 64 (69.6) 18 (25.4)

Multi 61 (37.4) 26 (28.3) 35 (49.3)
Pneumonic 11 (6.7) 2 (2.2) 9 (12.7)

Mixed 9 (5.5) 0 (0.0) 9 (12.7)

Largest diameter of lesions(mm) 20.0 (13.0–28.0) 15.0 (12.0–22.0) 26.0 (20.0–38.0) <0.001*
Accompanying signs

Patchy shadow 55 (33.7) 21 (22.8) 34 (47.9) 0.001*

GGO 30 (18.4) 17 (18.5) 13 (18.3) 0.978
Spiculation 58 (35.6) 41 (44.6) 17 (23.9) 0.006*

Lobulation 42 (25.8) 27 (29.3) 15 (21.1) 0.234

Cavity 33 (20.2) 13 (14.1) 20 (28.2) 0.027*
Air bronchogram 27 (16.6) 14 (15.2) 13 (18.3) 0.598

Pleural involvement 56 (34.4) 28 (30.4) 28 (39.4) 0.230

Pleural effusion 7 (4.3) 2 (2.2) 5 (7.0) 0.241
Hilar lymphadenopathy 38 (23.3) 25 (27.2) 13 (18.3) 0.184

Mediastinal lymphadenopathy 52 (31.9) 31 (33.7) 21 (29.6) 0.576

Notes: Data are presented as Median (IQR), n (%) or n. *P < 0.05.
Abbreviations: HGB, hemoglobin; WBC, white blood cell; PMN, polymorphonuclear; LYM, lymphocyte; Alb, albumin; ESR, erythrocyte sedimentation rate; CRP,
C-reactive protein; CrAg, cryptococcal antigen; GGO, ground glass opacities.
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shadow and cavity. In surgical individuals, spiculation was more common, which may heighten the suspicion of lung
cancer. There were significant differences in blood routines and serum albumin examination, of which nonsurgical cases
showed decreased hemoglobin (HBG) and albumin (Alb), higher count of white blood cell (WBC) and polymorpho-
nuclear (PMN), but they were mostly in the normal range. Among patients receiving serum C-reactive protein (CRP),
erythrocyte sedimentation rate (ESR) and cryptococcal antigen (CrAg) test, the positive rates in nonsurgical subjects
were higher than those in surgical patients.

Among 92 surgical patients, 68 received postoperative antifungal treatment with a median dose of 300 mg/d (IQR
150–300 mg/d) for a median of 2 months (IQR 1–3 months). The clinical characteristics between patients who underwent
simple surgery and postoperative antifungal treatment had no difference (Supplement Table 1). In total, 88.1% of the 163
patients had completely recovered or partly improved (Supplement Figure 2), and the rate of treatment failure
(Supplement Figure 3) was 12.9%.

As shown in Table 2, surgical patients were mostly diagnosed with lung cancer on the initial visits, which led to
surgical resection of benign lesions. After lesion resection, the surgical patients took antifungal drugs in a lower dose
[300 (IQR 150–300) mg/d vs 375 (IQR 300–450) mg/d] and for a shorter duration [2 (IQR 1–3) months vs 6 (IQR 3–8)
months] than patients in the nonsurgical group, while the progressive rate of these two groups had no obvious difference.

Since the guidelines recommend antifungal treatment as a primary therapy, of which medication regimen was
determined by the severity of disease and immune status of patients, we showed therapeutic dosage, duration and
efficiency among different people simply using the histogram. Significantly, higher dosages and longer duration of
antifungal drugs were observed in symptomatic patients than those in asymptomatic cases. In different people, sufficient
antifungal doses may reduce the rate of treatment failure. Treatment and follow-up outcomes among different populations
are demonstrated in Figure 3.

Table 2 Diagnosis and Treatment Outcomes of 163 Patients with PC

Variables Total (n=163) Surgical Patients (n=92) Nonsurgical Patients (n=71) P value

Illness course 30 (15–60) 30 (15–60) 30 (12–90) 0.788
Primary Diagnosis

Uncertainty 70 (42.9) 43 (46.7) 27 (38.0) <0.001*

Cancer 46 (28.2) 46 (50.0) 0 (0.0)
Pneumonia 42 (25.8) 0 (0.0) 42 (59.2)

Metastasis 2 (1.2) 1 (1.1) 1 (1.4)

Pulmonary abscess 1 (0.6) 1 (1.1) 0 (0.0)
Connective tissue diseases 1 (0.6) 0 (0.0) 1 (1.4)

Lymphomatoid granulomatosis 1 (0.6) 1 (1.1) 0 (0.0)
Therapy

Antifungal drugs only 71 (43.6) — 71 (100.0) <0.001*

Simple surgery 24 (14.7) 24 (26.1) —
Surgery + antifungal drugs 68 (41.7) 68 (73.9) —

Fluconazole 135 (97.1) 64 (94.1) 71 (100.0)

Itraconazole 4 (2.9) 4 (5.9) —
Dosage(mg/d) 300 (200–433) 300 (150–300) 375 (300–450) <0.001*

Course(M) 3 (1–6) 2 (1–3) 6 (3–8) <0.001*

Treatment effects
Treatment response 142 (87.1) 84 (91.3) 58 (81.7) 0.069

Recovery 83 (50.9) 68 (73.9) 15 (21.1)

Improvement 59 (36.2) 16 (17.4) 43 (60.6)
Treatment failure 21 (12.9) 8 (8.7) 13 (18.3)

Persistence 6 (3.7) 0 (0.0) 6 (8.5)

Progression 15 (9.2) 8 (8.7) 7 (9.9)

Notes: Data are presented as Median (IQR), n (%) or n. *P < 0.05.
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Prognostic Factors
Univariate and multivariate analyses were performed in patients with different treatment efficiency (Table 3). Univariate
analysis revealed that treatment failures occurred mostly in patients from the village (P=0.026), with HGB <130g/L
(P=0.019), PMN >6.30*109/L (P<0.001), Alb <40g/L (P=0.001), and mixed lesions (P=0.004). Multivariate analysis was
constructed using the following variables: male, village, immunocompromised, HGB <130g/L, PMN >6.30*109/L, Alb
<40g/L, lesion patterns, only antifungal drug and antifungal dosage. Independent predictive factors associated with
treatment failure in patients with PC were PMN >6.30*109/L (OR 18.079, 95% CI 3.539–92.352, P = 0.001), Alb <40g/L
(OR 7.781, 95% CI 1.947–31.089, P=0.004) and antifungal dosage <400mg/d [200–400mg/d (OR 13.141, 95% CI
1.777–97.196, P=0.012); <200mg/d (OR 19.317, 95% CI 2.067–180.524, P=0.009).

To identify prognostic factors in patients with different therapies, univariate and multivariate analyses were,
respectively, executed in surgical or nonsurgical groups. In the nonsurgical group (Table 4), univariate analysis indicated
that treatment failure might be related to male (P=0.046), PMN >6.30*109/L (P=0.005), and antifungal dosage
(P=0.013). Multivariate analysis was constructed using the following variables: male, PMN >6.30*109/L, lesion patterns,
and antifungal dosage. Independent predictive factors associated with treatment failure in nonsurgical patients with PC
were PMN >6.30*109/L (OR 11.663, 95% CI 2.272–59.879, P=0.003) and antifungal dosage <400mg/d [200–400mg/d
(OR 9.576, 95% CI 1.521–60.290, P = 0.016); <200mg/d (OR 20.268, 95% CI 1.651–248.895, P=0.019). In surgical
patients (Table 5), treatment failure was probably related to living in the village (P=0.041), Alb <40g/L (P=0.010) and
hilar lymphadenopathy (P=0.031). Independent predictive factors associated with treatment failure in surgical patients
with PC were living in the village (OR 12.067, 95% CI 1.306–111.517, P=0.028) and Alb <40g/L (OR 20.317, 95% CI
2.237–184.525, P=0.007).

Discussion
In the current study, 56.4% of enrolled patients underwent lesions resection. Due to local lesion removal and decreased
loads of pathogens in the lung, surgery showed instant effects on PC treatment. However, results showed a certain

Figure 3 Treatment and follow-up outcomes among different populations. (A) Treatment and follow-up outcomes of asymptomatic and symptomatic patients with different
antifungal regimen. (B) Treatment and follow-up outcomes of immunocompetent and immunocompromised patients with different antifungal regimen.
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probability of recurrence in single surgical patients without enough antifungal treatment. Furthermore, treatment failure
may relate to higher PMN, insufficient antifungal dose, living area and lower Alb. Enough antifungal drug dose and
duration might prevent patients from treatment failure, which should be further verified in large prospective studies.

Pulmonary cryptococcosis is an invasive fungal infection caused by inhalation of cryptococci spores, mainly affecting
the immunocompromised population.16–18 Recently, the prevalence of PC has been on the rise, and patients are mainly
distributed among non-HIV people in China.5,19 The rising prevalence may be caused by two aspects: 1) the increased
detection rates of PC as a consequence of the development of medical technology and improvement of people’s health
awareness;20 2) the increased rates of PC infection, which may be associated with the aging of the population and the
burden of chronic diseases.20–22 In our study, three of 190 cases co-infected HIVand Cryptococcus were excluded, 35.6%
of 163 enrolled patients had complications, with diabetes, immunosuppressive therapy and carcinoma being the most

Table 3 Univariate and Multivariate Analysis of Factors Associated with Treatment Failure in 163 Patients with PC

Factors Univariate Analysis Multivariate Analysis

Treatment
Response
(n=142)

Treatment
Failure
(n=21)

OR (95% CI) P value OR (95% CI) P value

Age (years) 49 (40–55) 48 (42–61) 1.020 (0.979–1.063) 0.348

Male, n (%) 96 (67.6) 10 (47.6) 0.436 (0.173–1.099) 0.078

Village, n (%) 63 (44.4) 15 (71.4) 3.135 (1.150–8.547) 0.026*
History of environmental

exposure, n (%)

12 (8.5) 2 (9.5) 1.140 (0.237–5.495) 0.870

Immunocompromised, n (%) 47 (33.1) 11 (52.3) 2.223 (0.882–5.607) 0.090
Illness course (d) 30 (15–60) 20 (10–105) 0.999 (0.994–1.003) 0.560

HGB<130g/L 43 (30.3) 12 (57.1) 3.070 (1.205–7.823) 0.019*

WBC>9.50*109/L 8 (5.6) 7 (33.3) 8.375 (2.641–26.559) <0.001*
PMN>6.30*109/L 12 (8.5) 8 (38.1) 6.667 (2.308–19.258) <0.001* 18.079 (3.539–92.352) 0.001*

Alb<40g/L 61 (43.0) 18 (85.7) 7.967 (2.245–28.274) 0.001* 7.781 (1.947–31.089) 0.004*

Bilateral lesions 22 (15.5) 5 (23.8) 1.705 (0.566–5.132) 0.343
Multiple lobes 29 (20.4) 5 (23.8) 0.821 (0.278–2.428) 0.722

Lesions patterns

Single nodule/mass 76 (53.5) 6 (28.6) Reference 0.033*
Multi nodules/masses 52 (36.6) 9 (42.9) 2.192 (0.736–6.531) 0.159

Pneumonic 9 (6.3) 2 (9.5) 2.815 (0.493–16.087) 0.245

Mixed 5 (3.5) 4 (19.0) 10.133 (2.139–48.004) 0.004*
Largest diameter of

lesions(mm)

19.0 (12.7–28.0) 20.0 (14.0–

29.0)

1.009 (0.982–1.037) 0.528

Only antifungal drug 58 (40.8) 13 (61.9) 2.353 (0.917–6.038) 0.075
Simple surgery 22 (15.5) 2 (9.5) 0.574 (0.125–2.642) 0.476

Postoperative antifungal

treatment

62 (43.7) 6 (28.6) 0.516 (0.189–1.407) 0.196

Antifungal dosage (mg/d)

<200 25 (17.6) 6 (28.6) 5.160 (0.967–27.535) 0.055 19.317 (2.067–180.524) 0.009*
200–400 52 (36.6) 11 (52.4) 4.548 (0.956–21.640) 0.057 13.141 (1.777–97.196) 0.012*

≥400 43 (30.3) 2 (9.5) Reference 0.176 Reference 0.064

Antifungal course (M)
<2 33 (23.2) 8 (38.1) 2.036 (0.609–6.807) 0.248

2—6 45 (31.7) 6 (28.6) 1.120 (0.318–3.945) 0.860

≥6 42 (29.6) 5 (23.8) Reference 0.524

Notes: Data are presented as median (IQR), n (%) or n. *P < 0.05.
Abbreviations: HGB, hemoglobin; WBC, white blood cell; PMN, polymorphonuclear; Alb, albumin; CI, confidence interval; OR, odds ratio.
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common, suggesting that the increasing number of patients was related to the above two reasons. Only two of 190
patients merged extrapulmonary involvement, indicating that systemic spread of primary PC might be rare, supported by
Chen et al (34/1142).3

Surgery always occurs in misdiagnosing or excluding malignancy, and it is essential to avoid unnecessary lung
resection by further differential diagnosis. The main diagnostic method of our cohort is surgery in the earlier years, and
these patients manifested asymptomatic or mild symptoms, accompanied with more limited solitary or multiple nodules/
masses in radiology, which heightened the rate of misdiagnosis and following surgical resection.13 The environmental
exposures that are acknowledged to be associated with PC, were atypical in our data and more commonly ignored in
surgical patients, suggesting that clinicians should pay more attention to patient’s exposure history.10 Moreover, we found
that laboratory examinations of ESR, CRP and sCRAG may help distinguish PC and malignancy. There are a large
number of capsular polysaccharides released into the blood during Cryptococcus infection; therefore, detection of CrAg
in serum samples has emerged as an invaluable tool for the diagnosis of cryptococcal disease.23 In our study, 47 cases
received sCRAG tests with a lower positive rate (57.4%, 27/47) compared with most reports,10 which could be due to
limited lesions and mild symptoms. Baddley et al24 found that the positive sCRAG test showed a reduced rate in patients

Table 4 Univariate and Multivariate Analysis of Factors Associated with Treatment Failure in 71 Nonsurgical Patients with PC

Factors Univariate Analysis Multivariate Analysis

Treatment
Response
(n=58)

Treatment
Failure
(n=13)

OR (95% CI) P value HR (95% CI) P value

Age (years) 48 (39–55) 48 (41–64) 1.023 (0.972–1.076) 0.397

Male, n (%) 40 (69.0) 5 (38.5) 0.281 (0.081–0.980) 0.046*

Village, n (%) 27 (46.6) 8 (61.5) 0.544 (0.159–1.864) 0.333
History of environmental

exposure, n (%)

10 (17.2) 1 (7.7) 0.400 (0.047–3.437) 0.404

Immunocompromised, n (%) 30 (51.7) 8 (61.5) 1.493 (0.436–5.111) 0.532
Illness course (d) 30 (15–90) 30 (3–120) 0.999 (0.994–1.004) 0.706

HGB<130g/L 24 (41.4) 8 (61.5) 2.267 (0.660–7.782) 0.194

WBC>9.50*109/L 7 (12.1) 6 (46.2) 6.245 (1.625–24.006) 0.008*
PMN>6.30*109/L 9 (15.5) 7 (53.8) 6.352 (1.728–23.345) 0.005* 11.663 (2.272–59.879) 0.003*

Alb<40g/L 36 (62.1) 11 (84.6) 3.361 (0.680–16.602) 0.137

Bilateral lesions 18 (31.0) 5 (38.5) 1.389 (0.399–4.839) 0.606
Multiple lobes 20 (34.5) 5 (38.5) 1.187 (0.343–4.110) 0.786

Lesions patterns

Single nodule/mass 16 (27.6) 2 (15.4) Reference 0.216
Multi nodules/masses 29 (50.0) 6 (46.2) 1.655 (0.299–9.177) 0.564

Pneumonic 8 (13.8) 1 (7.7) 1.000 (0.078–12.757) 1.000

Mixed 5 (8.6) 5 (30.8) 6.400 (0.891–45.992) 0.065
Largest diameter of

lesions(mm)

23.5 (20.0–33.0) 23.5 (22.8–

27.5)

0.977 (0.922–1.036) 0.444

Antifungal dosage (mg/d) 400 (300–450) 300 (250–300) 0.992 (0.986–0.998) 0.013*
<200 5 (8.6) 2 (15.4) 6.400 (0.727–56.323) 0.094 20.268 (1.651–248.895) 0.019*

200–400 21 (36.2) 9 (69.2) 6.857 (1.346–34.930) 0.020* 9.576 (1.521–60.290) 0.016*

≥400 32 (55.2) 2 (15.4) Reference 0.063 Reference 0.031*
Antifungal course (M) 6 (3–8) 3 (1–6) 0.791 (0.635–0.985) 0.036*

<2 7 (12.1) 4 (30.8) 4.229 (0.904–19.786) 0.067
2—6 14 (24.1) 4 (30.8) 2.114 (0.495–9.027) 0.312

≥6 37 (63.8) 5 (38.5) Reference 0.177

Notes: Data are presented as median (IQR), n (%) or n. *P < 0.05.
Abbreviations: HGB, hemoglobin; WBC, white blood cell; PMN, polymorphonuclear; Alb, albumin; CI, confidence interval; OR, odds ratio.
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with merely pulmonary involvement, which has been further proven by Zhu et al.25 Significantly, positive sCRAG was
mostly found in nonsurgical cases, avoiding misdiagnosis and unnecessary lung resection.

The efficiency of surgery for patients with PC may be limited, but it might be helpful for persistent lesions. In a study
by Yang et al,13 surgery was thought to effectively treat PC with no need for additional antifungals after complete
resection. On the contrary, some scholars found that surgical patients without antifungals showed a higher rate of
recurrence or cryptococcal meningitis incidence, inferring that antifungal treatment is indeed necessary.15,26 However, in
consideration of the limited sample size in previous studies, the definitive therapy of PC is still controversial. In our
study, surgical patients take a shorter time to reach improvement or recovery, and it could be explained by the local lesion
removement and decreased loads of pathogens in the lung. Although the surgical patients present better baseline
conditions than the nonsurgical group (eg, milder symptoms, limited lesions and good immune status), the rate of
progression shows no significant difference between the two groups. Thus, we suspect that the role of single surgery may
be limited, but it might decrease loads of Cryptococcus for intractable or persistent lesions after 4 weeks of therapy.27

Moreover, surgery always has high costs and increases risks of surgical morbidities,10 so we hold the opinion that surgery
may be unnecessary as the initial therapy of PC.

As the recommended primary therapy, adequate antifungal treatment is crucially important. Some reports10,28 suggest
that clinical observation can be justified for asymptomatic immunocompetent individuals, which was thought to be
debated by Liu et al.26 Guidelines11 recommend administering fluconazole (400 mg per day orally) for 6–12 months to
patients with mild-to-moderate symptoms, while the other expert consensus in China14 recommends administering
fluconazole 200–400 mg per day orally for 6 months to asymptomatic cases. Moreover, long-term antifungal therapy
has been reported to lead to side effects29,30 and may hinder patient compliance, inducing wild ranges of the antifungal

Table 5 Univariate and Multivariate Analysis of Factors Associated with Treatment Failure in 92 Surgical Patients with PC

Factors Univariate Analysis Multivariate Analysis

Treatment Response
(n=84)

Treatment
Failure(n=8)

OR (95% CI) P value OR (95% CI) P value

Age (years) 49 (41–56) 49 (46–54) 1.015 (0.948–1.087) 0.673

Male, n (%) 56 (66.7) 5 (62.5) 0.833 (0.186–3.740) 0.812

Village, n (%) 36 (42.9) 7 (87.5) 9.333 (1.099–79.279) 0.041* 12.067 (1.306–111.517) 0.028*

History of environmental

exposure, n (%)

2 (2.4) 1 (12.5) 5.857 (0.471–72.903) 0.169

Immunocompromised, n (%) 17 (20.2) 3 (35.7) 2.365 (0.514–10.889) 0.269

Illness course(d) 30 (15–60) 18 (13–75) 0.997 (0.987–1.007) 0.542

HGB<130g/L 19 (22.6) 4 (50.0) 3.421 (0.781–14.986) 0.103

WBC>9.50*109/L 1 (1.2) 1 (12.5) 11.857 (0.667–210.625) 0.092

PMN>6.30*109/L 3 (3.6) 1 (12.5) 3.857 (0.353–42.148) 0.269

Alb<40g/L 25 (29.8) 7 (87.5) 16.520 (1.930–141.377) 0.010* 20.317 (2.237–184.525) 0.007*

Lesions patterns

Single nodule/mass 60 (71.4) 4 (50.0) Reference 0.179

Multi nodules/masses 23 (27.4) 3 (37.5) 1.957 (0.406–9.425) 0.403

Pneumonic 1 (1.2) 1 (12.5) 15.000 (0.784–286.823) 0.072

Largest diameter of

lesions(mm)

15.5 (11.3–22.0) 14.5 (13.3–38.8) 1.029 (0.989–1.069) 0.157

Hilar lymphadenopathy 20 (23.8) 5 (62.5) 5.333 (1.170–24.309) 0.031*

Mediastinal lymphadenopathy 26 (31.0) 5 (62.5) 3.718 (0.826–16.734) 0.087

Antifungal dosage (mg/d)

<200 20 (23.8) 4 (50.0) 4.200 (0.709–24.879) 0.114

≥200 42 (50.0) 2 (25.0) Reference

Antifungal course (M)

<2 26 (31.0) 4 (50.0) 2.769 (0.471–16.270) 0.260

≥2 36 (42.9) 2 (25.0) Reference

Notes: Data are presented as median (IQR), n (%) or n. *P < 0.05.
Abbreviations: HGB, hemoglobin; WBC, white blood cell; PMN, polymorphonuclear; Alb, albumin; CI, confidence interval; OR, odds ratio.
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dose and duration in the real world. Our data show that more than half of subjects received fluconazole less than 400 mg
per day, which is an independent risk factor of treatment failure of PC, especially for nonsurgical patients. Conversely,
sufficient antifungal dose may prevent treatment failure of PC, which can be proved again in the analysis of treatment
regimen and outcomes between symptomatic and asymptomatic, immunocompromised and immunocompetent groups.
Nevertheless, there is insufficient evidence to indicate whether a duration of more than 6 months is required. Wild range
of duration was also observed in the study by Zhang et al10 (2 weeks to 2 years, with a mean of 4.8 months and a median
of 3 months) and Liu et al26 (2 weeks to 1.5 years), which showed overall efficiency of 98.68% and 86%, indicating that
shorter duration might be available, which should be further verified by large prospective studies. Furthermore, post-
operative antifungal treatment was necessary to prevent systemic dissemination when immunocompromised factors
persist, lesions rupture during the surgery, the symptoms and signs relapse26 and at least 2 months of antifungal treatment
was recommended by the expert consensus in China.14 However, Wei et al15 found that there was no significant
difference in the rates of PC recurrence and cryptococcal meningitis occurrence between groups with 2 months’ and
more than 2 months’ antifungal treatment. The specific dosage and duration of postoperative antifungal therapy need to
be further clarified.

Besides the antifungal dosage discussed above, some risk factors of treatment failure should be paid attention early to
improve the prognosis of PC. A high level of PMN is also found as an independent risk factor in the majority of
nonsurgical cases, indicating that a higher inflammation level may cause treatment failure. Moreover, a lower level of
Alb infers poor baseline condition of patients to prevent Cryptococcus infection, which is independently associated with
treatment failure. Furthermore, it could be explained that the poorer prognosis of rural people is due to larger lesions and
lower antifungal dosage than that of the citizens. Taken together, we assume that PC patients with poor baseline
conditions should be paid more attention. Meanwhile, sufficient antifungal therapy may prevent treatment failure, to
some extent filling up the gaps in the previous studies.

There are several limitations in the current study that deserve to be acknowledged. First, the natural limitations of
retrospective analysis may introduce the possibility of unrecognized biases. Second, since most cases were admitted in
surgery to rule out malignancy, our data consisting of laboratory examinations are not comprehensive, such as sCRAG
tests, quantitative immune status, microbiological culture and molecular subtype. Furthermore, the specific regimen of
postoperative antifungal drugs needs to be investigated in prospective studies with larger samples.

Conclusion
Pulmonary cryptococcosis showed varied and nonspecific manifestations, leading to a high rate of misdiagnosis and
unnecessary lung resection. Serum cryptococcal antigen, which correlated with the extent of the lesions and symptoms,
may be instructive for further diagnosis and treatment. Single surgery in PC treatment has limited efficiency and might be
used for intractable lesions resection after enough antifungal treatment. Antifungal treatments should not only be
considered as primary therapy, but also as necessary postoperatively to prevent recurrence.
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