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Background: Surgical resection is the cornerstone treatment for pulmonary mucormycosis, a lethal fungal 
infection. It is unclear why some patients do not receive surgery, and the natural courses of these patients 
have not been well evaluated.
Methods: A retrospective review was performed using the medical records of 20 patients with 
pathologically-confirmed pulmonary mucormycosis. We evaluated the reasons for not receiving surgery and 
compared treatment outcomes between patients who did and did not undergo surgery.
Results: Overall survival rate was 50%. Nine of 11 (82%) patients who underwent surgery survived; 
however, only 1 of 9 (11%) patients who did not undergo surgery survived. Reasons for not receiving surgery 
were death shortly after diagnosis (n=1), altered mental state (n=1), refractory underlying disease (n=3), and 
refusal by patient due to concern of operative risk (n=4). Patients who did not undergo surgery were more 
likely to be older (P=0.018), have a longer duration of steroid use (P=0.021), higher lactate dehydrogenase 
level (P=0.039), higher sequential organ failure assessment (SOFA) score (P=0.035), and higher rate of 
cytomegalovirus (CMV) infection (P=0.020) than those did receive surgery. Surgery was the only favorable 
survival factor in multivariable analyses (adjusted odds ratio for survival =15.45; P=0.029).
Conclusions: The main reasons for not undergoing surgery in patients with pulmonary mucormycosis 
were the gravity of underlying diseases and concerns for operative risk. Although overall survival rate was 
poor, it was significantly higher in patients who received pulmonary resection surgery. The decision to 
undergo lung resection is time-sensitive and essential in improving survival rate in patients suffering from 
pulmonary mucormycosis, despite perioperative risks.
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Introduction

Mucormycosis is a fungal infection caused by Mucorales 
species (1). Pulmonary infection is the second most 
common form of mucormycosis (2), typically affecting 
severely immunocompromised hosts including patients with 
hematological malignancies and recipients of hematopoietic 
stem cell and organ transplants (1,3,4). Pulmonary 
mucormycosis has emerged as an increasingly relevant and 
highly lethal cause of invasive fungal infection in many 
centers worldwide (5-7). However, due to its rarity, the 
natural course of this disease has not been well evaluated. 
Pulmonary mucormycosis is difficult to diagnose, and 
its management is complicated by an aggressive disease 
course and lack of data to guide treatment decisions (2). 
Although there has been improvement in the management 
and outcome of pulmonary mucormycosis over the past few 
decades, the mortality rate remains high (8,9). 

Previous studies have shown that surgical resection is 
the cornerstone treatment for pulmonary mucormycosis 
(3,10,11). However, some researchers have raised concerns 
regarding selection bias in these studies since the patients 
who underwent surgical resection may have had better overall 
conditions, resulting in better outcomes. Despite the low level 
of evidence based on patient data from case reports or other 
literature, it is difficult to perform a randomized controlled 
trial (surgical resection versus medical treatment) due to 
the rarity and aggressive progression of this disease. Based 
on favorable treatment outcomes in patients who received 
surgical treatment, surgical resection remains the treatment of 
choice for pulmonary mucormycosis. However, considering 
the serious comorbid conditions, some patients cannot 
undergo surgical resection. There have been few studies 
comprehensively evaluating the diagnostic and treatment 
flow in real clinical settings, which could provide information 
regarding factors that affect the decision to perform surgery. 

Based on previous reports and guidelines, we have 
considered surgery as the first-line strategy for the 
treatment of pulmonary mucormycosis in our institution 
since 1996. To evaluate factors affecting the surgical 
decision and corresponding treatment outcomes of this 
disease, we performed a retrospective review of patients 
with pulmonary mucormycosis.

Methods

Study population

This study included patients with pulmonary mucormycosis 

diagnosed at Samsung Medical Center (a 1,979-bed referral 
hospital in Seoul, South Korea) from October 1996 to July 
2016. The diagnosis of pulmonary mucormycosis was based 
on histopathological demonstration of tissue invasion by 
the characteristic hyphae (12), which was compatible with 
proven cases from the European Organization for Research 
and Treatment of Cancer/Mycosis Study Group (EORTC/
MSG) (13). Tissue specimens were obtained from surgical 
biopsy, bronchoscopic biopsy, or computed tomography 
(CT)-guided percutaneous lung biopsy. This retrospective 
study was approved by the institutional review board (IRB) 
of Samsung Medical Center (IRB application No. 2016-
10-066). As patient information was anonymized and de-
identified prior to analysis, the need for informed consent 
was waived.

Study design

The patients’ medical records were reviewed, and clinical 
data were extracted, including presenting symptoms, 
comorbidities, CT findings, laboratory findings [white 
blood cell (WBC) count, absolute neutrophil count 
(ANC), C-reactive protein (CRP), procalcitonin, lactate 
dehydrogenase (LDH)], immunosuppressant medications 
(steroid, tacrolimus, everolimus, cyclosporine, and 
mycophenolate mofetil), combined bacterial or viral 
infections, sequential organ failure assessment (SOFA) score, 
mechanical ventilation (MV) [including partial pressure of 
arterial oxygen (PaO2)/fraction of inspired oxygen (FiO2) 
ratio; partial pressure of arterial oxygen (PaO2)/fraction of 
inspired oxygen (FiO2) (PF) ratio], and treatment modalities 
(including antifungal agents and lung resection surgery). 
We calculated the SOFA score based on clinical data at 
the time of pathological disease confirmation. Steroid 
dose was converted to prednisolone-equivalent dose. 
Cytomegalovirus (CMV) infection was assessed by the CMV 
antigenemia assay (14) or CMV culture of bronchoalveolar 
lavage fluid (15). We defined a nodule as a round opacity 
measuring up to 3 cm in diameter and a mass as an opacity 
greater than 3 cm in diameter (without regard to contour, 
border, or density characteristics) on chest CT (16).  
Pleural effusion was considered to be associated with 
pulmonary mucormycosis when present on the same side 
as lung parenchymal lesions and without other probable 
cause of pleural effusion. Additionally, the halo sign was 
defined as a ground-glass opacity (GGO) surrounding a 
nodule or mass, and the reversed halo sign was defined as 
a focal rounded area of GGO surrounded by a complete 
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ring of consolidation (16). We evaluated the reasons for not 
performing surgical resection by chart review. The response 
to treatment was based on the EORTC/MSG consensus 
criteria, which incorporate clinical and radiological  
features (17).

Treatment strategies for pulmonary mucormycosis

During the study period, the general treatment strategies 
for pulmonary mucormycosis in our institution were 
as follows. Pulmonary mucormycosis was managed by 
a multidisciplinary team composed of pulmonologists, 
intensivists, infectious disease specialists, and thoracic 
surgeons. Surgical resection was generally recommended 
as  f i r s t- l ine  treatment  i f  there  were  no def in i te 
contraindications. An intravenous antifungal agent 
was initiated immediately after diagnosis of pulmonary 
mucormycosis. Before August 2015, amphotericin B 
deoxycholate was used initially, and liposomal amphotericin 
B was used for patients who developed amphotericin B 
deoxycholate-associated toxicities. From August 2015, 
liposomal amphotericin B was used from the beginning of 
treatment. The optimal duration of antifungal agents was 
determined at the discretion of attending physicians.

Statistical analyses

Data are presented as median and interquartile range (IQR) 
for continuous variables and as frequency and percentage 
for categorical variables. Data were compared with the 
Mann-Whitney U-test for non-normally distributed 
continuous variables and with Pearson’s chi-square test 
or Fisher’s exact test for categorical variables. To explore 
clinical factors independently associated with a favorable 
treatment outcome of pulmonary mucormycosis, we fitted 
a multivariable logistic regression analysis with the stepwise 
selection method using the minimum Akaike information 
criterion. Initial variables included in the multivariable 
logistic regression model were significant at P<0.10 in 
univariable analyses and included age, body mass index 
(BMI), and clinical relevance (combined viral infection, 
longest diameter on chest CT, and lung resection surgery). 
Firth’s bias-reduced penalized-likelihood method was used 
in univariable and multivariable logistic regression analyses 
to reduce bias due to sparsity of the data (18). All tests were 
two-sided, and P<0.05 was considered significant. Data were 
analyzed using SPSS for Windows (ver. 23.0; IBM Corp., 
Armonk, NY, USA) and the ‘logistf’ package in R 3.3.2 (R 

Foundation for Statistical Computing, Vienna, Austria).

Results

Patients

During the study period, a total of 20 patients were 
diagnosed with pulmonary mucormycosis. For six of the 
patients, some clinical data were included in a recently 
published article (19); data on the remaining patients 
have not been previously reported. Of the 20 patients, 9 
(45%) did not undergo pulmonary resection surgery. The 
reasons for not undergoing surgery were death shortly 
after diagnosis (n=1), altered mental state (n=1), refractory 
underlying hematologic disease (n=3), and refusal by patient 
due to concern of operative risk (n=4). 

Clinical characteristics of the patients are summarized 
in  Tab l e  1 .  The  median  age  was  54  years  ( IQR,  
37.0–66.5 years), and 11 patients were male (55%). Six patients 
(30%) had diabetes mellitus and 14 (70%) had hematological 
diseases. Four patients (20%) received hematopoietic stem 
cell transplantation (HSCT) and 4 (20%) received solid 
organ transplantation, including kidney (n=1) and liver (n=3) 
transplantation. Eight patients (40%) had received steroids, 
with a median of 40 mg (IQR, 12.5–77.5 mg) for a median of 
33.5 days (IQR, 23.5–56.5 days).

Compared with the patients who underwent surgical 
resection, the patients who did not were more likely to be 
older (median 62 vs. 43 years; P=0.018) and have a longer 
duration of steroid use (median 56.5 vs. 23.5 days; P=0.021). 
However, there was no significant difference in sex or 
comorbidities, including diabetes mellitus, hypertension, 
chronic pulmonary disease, chronic kidney disease, 
hematologic malignancy, and solid organ malignancy. In 
addition, there was no difference in proportion of patients 
who underwent HSCT or solid organ transplantation.

Clinical, laboratory, and radiological findings in patients 
with pulmonary mucormycosis

Fever (80%, n=16) was the most common clinical 
manifestation, followed by cough (50%, n=10), sputum 
(40%, n=8), and hemoptysis (30%, n=6). There were 
no significant differences in presenting symptoms; 
laboratory findings including WBC, hemoglobin, CRP, and 
procalcitonin; combined bacterial infection; or radiologic 
findings between the patients who underwent surgical 
resection and those who did not. However, patients who 
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Table 1 Clinical characteristics of patients with pulmonary mucormycosis

Variables Total (n=20) No surgery (n=9) Surgery (n=11) P value

Age, years 54.0 (37.0–66.5) 62.0 (55.0–69.0) 43.0 (17.0–54.0) 0.018

Male sex 11 (55.0) 5 (55.6) 6 (54.5) 1.0

BMI, kg/m2 20.8 (18.8–25.6) 25.5 (18.2–27.4) 20.7 (19.4–21.4) 0.171

Comorbidities

Diabetes mellitus 6 (30.0) 3 (33.3) 3 (27.3) 1.0

Hypertension 5 (25.0) 3 (33.3) 2 (18.2) 0.795

Chronic pulmonary disease 2 (10.0) 2 (22.2) 0 (0) 0.369

Chronic kidney disease 1 (5.0) 1 (11.1) 0 (0.0) 0.918

Hematologic disease* 14 (70.0) 6 (66.7) 8 (72.7) 1.0

Solid organ malignancy 3 (15.0) 1 (11.1) 2 (18.2) 1.0

HSCT 4 (20.0) 2 (22.2) 2 (18.2) 1.0

Solid organ transplantation 4 (20.0) 2 (22.2) 2 (18.2) 1.0

Immunosuppressant drugs

Steroid 8 (40.0) 4 (44.4) 4 (36.4) 1.0

Steroid dose, mg 40.0 (12.5–77.5) 12.5 (5.0–55.0) 55.0 (40.0–77.5) 0.243

Steroid duration, days 33.5 (23.5–56.5) 56.5 (39.5–83.0) 23.5 (18.5–29.0) 0.021

Other immunosuppressants 6 (30.0) 4 (44.4)** 2 (18.2)*** 0.433

Values are number (%) or median (interquartile range). *, hematological diseases include acute myeloid leukemia (n=6), acute lymphoblastic 
leukemia (n=1), chronic lymphoblastic leukemia (n=1), biphenotypic leukemia (acute myeloid leukemia and acute lymphoblastic 
leukemia) (n=2), lymphoma (n=2), aplastic anemia (n=1), and Langerhans cell histiocytosis (n=1); **, tacrolimus/mycophenolate mofetil  
(2/1,000 mg/day), tacrolimus (0.5 mg/day), tacrolimus (4 mg/day), and cyclosporine (250 mg/day) were each used in one patient; 
***, tacrolimus/everolimus (1/2 mg/day) and tacrolimus (1.5 mg/day) were each used in one patient. BMI, body mass index; HSCT, 
hematopoietic stem cell transplantation.

did not undergo surgical resection had significantly higher 
LDH level [median 800 IU/L (IQR, 696–1,375 IU/L) 
vs. 416 IU/L (IQR, 395–497 IU/L); P=0.039) and SOFA 
score [median 5 (IQR, 3–9) vs. 3 (IQR, 2–4), P=0.035] and 
significantly lower PF ratio [median 256 (IQR, 223–350) 
vs. median 440 (IQR, 390–450), P=0.001) compared to 
patients who underwent surgical resection. In addition, the 
proportions of patients with CMV infection [55.6% (5/9) vs. 
0% (0/11); P=0.020) and receiving MV [55.6% (5/9) vs. 0% 
(0/11); P=0.020] were also higher in patients who did not 
undergo surgery. Regarding radiological findings, patients 
who did not undergo surgical resection were more likely 
to have larger pulmonary lesions [median 62.0 mm (IQR, 
55.0–94.0 mm) vs. 46.0 mm (33.0–55.0 mm); P=0.102] and 
mucormycosis-associated pleural effusion [77.8% (7/9) vs. 
36.4% (4/11); P=0.092] on chest CT compared to patients 
who underwent surgical resection (Table 2). However, these 

differences were not statistically significant.

Treatment modalities and outcomes

Of the 20 patients with pulmonary mucormycosis, 10 
(50%) survived. Among the nine patients who did not 
undergo surgical resection, only 1 (11%) survived, and the 
other 8 (89%) died within 4 weeks after initial diagnosis 
due to pulmonary mucormycosis. In contrast, of the  
11 patients who underwent pulmonary resection surgery, 
9 (82%) survived and 2 (18%) died from ventilator-
associated pneumonia on day 25 and complicated 
surgical wound infection on day 61 after initial diagnosis, 
respectively (Figure 1). 

Regarding ant i fungal  treatment,  amphoteric in 
B deoxycholate was prescribed in 6 patients (30%), 
liposomal amphotericin B in 9 (45%), and amphotericin 
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Table 2 Clinical, laboratory, and radiological findings in patients with pulmonary mucormycosis

Variables Total (n=20) No surgery (n=9) Surgery (n=11) P value

Presenting symptoms

Fever 16 (80.0) 6 (66.7) 10 (90.9) 0.432

Cough 10 (50.0) 4 (44.4) 6 (54.5) 1.0

Sputum 8 (40.0) 3 (33.3) 5 (45.5) 0.927

Hemoptysis 6 (30.0) 3 (33.3) 3 (27.3) 1.0

Dyspnea 6 (30.0) 5 (55.6) 1 (9.1) 0.077

Laboratory findings

WBC (/µL) 420 [245–6,050] 430 [300–4,460] 410 [245–4,670] 0.879

ANC (/µL) 110 [11–3,932] 150 [12–1,800] 70 [15–4,215] 0.849

Hb (g/dL) 9.6 (9.1–11.6) 9.3 (8.5–11.5) 10.4 (9.4–11.6) 0.382

CRP (mg/dL) 12.1 (7.7–20.2) 15.3 (7.6–26.6) 11.9 (8.4–15.0) 0.518

Procalcitonin (ng/mL) 0.5 (0.3–1.0) 0.8 (0.3–2.0) 0.4 (0.3–0.8) 0.462

LDH (IU/L) 613 [425–1,285] 800 [696–1,375] 416 [395–497] 0.039

Combined infection 9 (45.0) 5 (55.6) 4 (36.4) 0.684

Blood stream infection 5 (25.0) 1 (11.1) 4 (36.4) 0.436

CMV infection 5 (25.0) 5 (55.6) 0 (0) 0.020

Radiological findings

Longest diameter, mm 55.0 (39.0–65.5) 62.0 (55.0–94.0) 46.0 (33.0–55.0) 0.102

Halo sign 10 (50.0) 4 (44.4) 6 (54.5) 1.0

Reversed halo sign 10 (50.0) 6 (66.7) 4 (36.4) 0.369

Central necrosis 1 (5.0)  0 (0.0) 1 (9.1) 1.0

Nodules 5 (25.0) 1 (11.1) 4 (36.4) 0.436

Mass 14 (70.0) 6 (66.7) 8 (72.7) 1.0

Pleural effusion
Bilateral lesions

11 (55.0)
6 (30.0)

7 (77.8)
4 (44.4)

4 (36.4)
2 (18.2)

0.092
0.336

SOFA score 3 [2–5] 5 [3–9] 3 [2–4] 0.035

PF ratio 368 [250–445] 256 [223–350] 440 [390–450] 0.001

Mechanical ventilation 5 (25.0) 5 (55.6)  0 (0) 0.020

Values are number (%) or median (interquartile range). WBC, white blood cell; ANC, absolute neutrophil count; Hb, hemoglobin; CRP, 
C-reactive protein; LDH, lactate dehydrogenase; CMV, cytomegalovirus; SOFA, sequential organ failure assessment; PF, partial pressure of 
arterial oxygen (PaO2)/fraction of inspired oxygen (FiO2). 

B deoxycholate followed by liposomal amphotericin B in 
5 (25%). Median time between onset of first symptoms 
and initiation of amphotericin B was 14.0 days (IQR,  
8.3–29.5 days). There was no significant difference in 
antifungal treatment between patients who underwent 
surgery and those who did not (Table 3).

Comparison of clinical characteristics and treatment 
outcomes between patients who refused surgery and those 
who underwent surgery

Baseline characteristics and treatment outcomes in patients 
who refused surgery and those who underwent surgery 
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are summarized in Table S1. There were no significant 
differences in sex, blood stream infection, and radiological 
findings despite relatively prolonged steroid use in patients 
who refused surgery compared to those who underwent 
surgery (median 43 vs. 24 days, P=0.034). There were 
no patients who had CMV infection and who received 
prolonged use of MV (≥3 days) in either patient group. 
Although the patients who refused surgery were more likely 
to be older and have a higher SOFA score, these differences 
were not statistically significant (P=0.050 for age, P=0.054 
for SOFA score). Regarding treatment outcomes, survival 
rate was significantly higher in patients who underwent 
surgery compared to those who refused surgery [25.0% (1/4) 
vs. 90.9% (10/11), P=0.033].

Clinical factors affecting survival of patients with 
pulmonary mucormycosis

As shown in Table 4, pulmonary resection surgery was 
the only clinical factor associated with survival in both 
univariate [odds ratio (OR) for survival =21.53, 95% 
confidence interval (CI), 2.08–223.04; P=0.010) and 
multivariable analyses (adjusted OR for survival =15.45, 

95% CI, 1.33–179.28; P=0.029). Although age, BMI, viral 
infection, and longest diameter on CT were marginally 
significantly associated with treatment outcomes of 
pulmonary mucormycosis, these factors were not significant 
in multivariable analyses.

Discussion

In this study, we showed that about half of the patients 
with pulmonary mucormycosis did not undergo surgical 
resection mainly due to underlying disease and the concern 
of operative risk. Unfortunately, most patients who did 
not undergo surgery died within 1 month of the initial 
diagnosis. The other half of the patients underwent surgical 
resection, and about 80% of these patients survived. These 
findings clearly indicate that surgical resection should 
continue to be the mainstay of treatment to overcome the 
serious disease burden of pulmonary mucormycosis.

Since mucormycosis is a highly angioinvasive infection 
with extensive thrombosis and tissue necrosis (20), 
antifungal agents may have poor penetration at the site of 
infection and have a limited effect on successful treatment 
without surgical resection. Overall survival rates in previous 

Table 3 Treatment modalities and outcomes in patients with pulmonary mucormycosis

Variables Total (n=20) No surgery (n=9) Surgery (n=11) P value

IV amphotericin B 20 [100] 9 [100] 11 [100] 1.0

Amphotericin B deoxycholate 6 (30.0) 3 (33.3) 3 (27.3)

Amphotericin B, liposomal* 14 (70.0) 6 (66.7) 8 (72.7)

IV amphotericin B duration, days 26.0 (15.0–41.0) 15.0 (9.5–47.5) 38.0 (23.5–41.0) 0.119

Symptom to treatment**, days 14.0 (8.3–29.5) 16.0 (11.0–27.0) 10.0 (7.5–30.0) 0.493

Oral posaconazole 5 (25.0) 0 5 (45.5) 0.069

Oral posaconazole duration, days 31.0 (17.5–77.5) NA 31.0 (17.5–77.5) NA

Lung resection surgery 11 (55.0) 0 11 [100] NA

Limited resection 5 0 5

Lobectomy 5 0 5

Pneumonectomy 1 0 1

Treatment outcomes

Survived 10 (50.0) 1 (11.1) 9 (81.8) 0.007

Follow-up duration 84.5 (12.8–534.8) 12.0 (8.0–37.0) 354.0 (108.0–1492.0) 0.001

Values are number (%) or median (interquartile range). *, amphotericin B deoxycholate was used initially in five patients, followed by 
liposomal amphotericin B; **, median time between onset of first symptoms and initiation of intravenous amphotericin B. IV, intravenous; 
NA, not applicable.
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studies were 46%, 45%, and 35%, but surgically treated 
patients demonstrated much higher survival rates of 
51%, 73%, and 90%, respectively (3,10,11). Consistent 
with previous studies, the survival rate in our study was 
significantly higher in patients who received pulmonary 
resection surgery (82%) than in those who did not (11%). 
The strength of our study is that it was conducted in a 
single cohort, in contrast to previous studies that extracted 
patient data from other studies (3,10,11).

Despite the importance of surgical resection, some 
patients cannot undergo surgery, most likely due to serious 
comorbid conditions and/or concerns for operative risks. 
However, few studies have comprehensively evaluated 
the diagnostic flow in real clinical settings. Our study 
overcame this limitation and provided the reasons for not 

undergoing surgical resection in real clinical practice. In 
our study, one patient with altered mental state and three 
patients with refractory hematologic disease did not receive 
surgical resection because surgery might not have changed 
their overall clinical course; brain MRI performed to the 
patient with altered mental state revealed multiple embolic 
infarction, which may have been caused by fungal infection. 
There were also several signs such as persistent dilatation 
of pupils and EEG findings suggestive of irreversible brain 
damage. Therefore, our multidisciplinary team decided not 
to perform surgery. However, an additional four patients 
refused surgery due to the concern for operative risk even 
though their underlying diseases were not progressive or 
refractory. In such cases, real-world clinic data showing 
extremely poor treatment outcomes in patients not 
undergoing surgical resection may have persuaded the 
patients to undergo surgical resection while confronting 
the operative risk. Together with the findings of previous 
studies (3,10,11), our results strongly suggest that clinicians 
should not delay pulmonary resection despite operative 
risks, especially in patients with stable underlying disease.

In this study, the overall survival rate of patients with 
pulmonary mucormycosis was 50%, which was similar to or 
slightly higher than the rate of previous studies (30–50%) 
(10,11). The explanation for this might be that our patients 
received effective treatment following a timely diagnosis, 
according to the recommendations of recent clinical 
guidelines (13). We initiated effective intravenous antifungal 
agents when pulmonary mucormycosis was suspected, 
even before confirmative diagnosis. In agreement with our 
findings, Chamilos et al. reported that initiating antifungals 
within 5 days after diagnosis of mucormycosis was 
associated with improved survival compared to initiating 

Table 4 Univariate and multivariate logistic regression analyses of clinical factors associated with survival of patients with pulmonary 
mucormycosis

Clinical factors
Univariate analysis Multivariate analysis*

Odds ratio (95% CI) P value Adjusted odds ratio (95% CI) P value

Lung resection 21.53 (2.08–233.04) 0.010 15.45 (1.33–179.28) 0.029

Age ≥55 years 0.13 (0.02–1.01) 0.051

BMI (kg/m2) 0.80 (0.62–1.02) 0.073

Viral infection 0.05 (0.002–1.35) 0.074

Longest diameter on CT ≥60 mm 0.11 (0.01–1.01) 0.051 0.15 (0.01–2.17) 0.165

*, based on the final model constructed by the stepwise selection procedure. CI, confidence interval; BMI, body mass index; CT, 
computed tomography.

Figure 1 Treatment outcomes of patients with pulmonary 
mucormycosis according to resection surgery.

Patients with pulmonary mucormycosis
(n=20)

Survived
(n=1)

No surgery
(n=9)

Not survived
(n=8)

Surgery
(n=11)

Survived
(n=9)

Not survived
(n=2)

Reasons for no surgery
•	Death shortly after diagnosis (n=1)
•	Altered mental state (n=1)
•	Refractory hematologic diseases (n=3)
•	Refusal by patients (n=4)
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treatment 6 days after diagnosis (21). 
In addition to surgery and timely treatment, the 

underlying condition of the patients may have influenced 
the treatment outcomes. Lewis et al. reported that a higher 
LDH level at the time of diagnosis is an independent marker 
for rapid disease progression and death in patients with 
pulmonary mucormycosis (22). In our study, non-surviving 
patients had significantly higher LDH level than surviving 
patients, which probably reflects the activity of underlying 
hematological or malignant diseases. Furthermore, non-
survivors might be more immunocompromised compared 
to survivors, as concomitant CMV infections were 
observed only in non-survivors. Thus, successful treatment 
of pulmonary mucormycosis also relies on reversing 
underlying predisposing factors. 

Pulmonary mucormycosis often demonstrates non-
specific radiological findings, including infiltration, 
consolidation, nodules, and effusion on chest CT (23). 
Although one study insisted that the reversed halo sign is 
useful to distinguish pulmonary mucormycosis from other 
invasive fungal infections (24), no pathognomonic CT 
feature was observed in our study, similar to the findings of 
other reports (10,25). Chamilos et al. reported that presence 
of pleural effusion on initial CT scan is an independent 
predictor for poor treatment outcome in patients with 
pulmonary mucormycosis (21). However, in our study, 
pleural effusion was not associated with poor treatment 
outcomes despite a tendency of higher mortality among 
patients with pleural effusion over those without pleural 
effusion. Regarding this issue, subsequent studies with a 
larger number of patients are needed. 

Our study also provides very informative data that longer 
diameter on CT scan, which might reflect the extent of 
pulmonary mucormycosis, is associated with a poor clinical 
outcome. Among subjects who survived, one who did not 
undergo surgery had a relatively small lesion (38 mm of 
maximal diameter on CT). Fortunately, this patient did not 
receive MV support and had no concurrent bacteremia or 
viral infection. Although our study suggests that surgical 
resection is associated with better clinical outcomes, this 
case indicates that patients with small lesions might be 
treated successfully with appropriate antifungal drugs.

Our study had several limitations. First, it was a 
retrospective study conducted at a single referral center in 
South Korea. Second, the low survival rate might have been 
affected by multiple factors other than surgery such as MV 
support, CMV infection, and organ failures though surgery 
seemed the most important factor to improve survival in 

patients with pulmonary mucormycosis. Third, we did not 
evaluate whether survival differed according to Mucorales 
species. Since the diagnosis of mucormycosis was based on 
histopathologic findings, information on the species was not 
available. Fourth, due to the relatively small sample size, it 
was difficult to demonstrate statistical significance for some 
of the factors affecting treatment outcomes of pulmonary 
mucormycosis.

In conclusion, our study showed that about half of the 
patients with pulmonary mucormycosis underwent surgical 
resection. The main reasons for not undergoing surgery 
were the gravity of underlying diseases and concerns of 
operative risk. Although overall survival rate of patients 
with pulmonary mucormycosis was poor, it was significantly 
higher in those who received pulmonary resection surgery. 
Therefore, a timely decision to undergo lung resection 
might be crucial to improve survival in patients with 
pulmonary mucormycosis, and more surgical-oriented 
treatment strategies need to be considered in such patients.
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Table S1 Comparison of clinical characteristics and treatment outcomes between the patients who refused surgery and those who underwent 
surgery

Variables Patients who refused surgery (n=4) Patients who underwent surgery (n=11) P value

Age, years 62 [48–72] 43 [17–54] 0.050

Sex, male 1 (25.0) 6 (54.5) 0.569

BMI, kg/m2 26.6 (20.1–28.9) 20.7 (19.4–21.9) 0.150

Steroid* 3 (75.0) 4 (36.4) 0.282

Steroid dose, mg 20.0 (NA) 55.0 (40.0–81.3) 0.476

Steroid duration, days 43 (NA) 24 [18–30] 0.034

Combined infection

Blood stream infection 1 (25.0) 1 (9.1) 0.476

CMV infection 0 0 –

Radiological findings

Longest diameter, mm 75 [43–125] 46 [26–55] 0.191

Pleural effusion 3 (75.0) 4 (36.4) 0.282

SOFA score 6 [3–10] 3 [2–4] 0.054

Use of mechanical ventilation** 3 (75.0) 3 (27.3) 0.235

Use of mechanical ventilation ≥3 days 0 (0) 0 (0) –

Treatment outcomes

Survived 1 (25.0) 10 (90.9) 0.033

Values are number (%) or median (interquartile range). *, defined as steroid use of ≥1 month; **, defined as use of mechanical ventilation 
at the time of decision of surgical resection. BMI, body mass index; NA, not applicable; CMV, cytomegalovirus; SOFA, sequential organ 
failure assessment.
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