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Purpose: Invasive fungal infection (IFI) causes disability/death in patients with hematologic malignancy (HM) receiving chemother-
apy or hematopoietic stem cell transplant (HSCT). There is limited epidemiological data, treatment outcomes, and factors associated 
with IFI treatment success in Thailand. This study aimed to identify factors associated with IFI treatment success among new HM 
patients receiving chemotherapy or HSCT, determine IFI incidence among HM patients receiving chemotherapy or HSCT, and the IFI 
incidence of a breakthrough in patients receiving primary antifungal prophylaxis, and identify antifungal drugs susceptibility.
Patients and Methods: This study reviewed the charts of patients aged ≥ 15 years with newly HM who received chemotherapy or 
HSCT between January 2016 and June 2021 at King Chulalongkorn Memorial Hospital, Bangkok, Thailand. The 2020 EORTC/MSG 
criteria were used to diagnose IFI. IFI treatment success factors were evaluated using logistic regression.
Results: Ninety-two patients with 107 episodes of IFI met the inclusion criteria. IFI incidence on proven and probable cases among 
newly HM patients receiving chemotherapy or HSCT was 7%. Most infections (38.3%) occurred during the induction-phase 
chemotherapy. Aspergillosis (35.5%) was the commonest IFI, followed by candidiasis (11.2%), Pneumocystis jirovecii pneumonia 
(8.4%), mucormycosis (3.7%), and others, respectively. The 12-week IFI treatment success rate was 67.3%. It was associated with age 
< 60 years, absence of coinfection, and the receipt of appropriate empirical therapy on the first day of IFI diagnosis. The incidence of 
breakthrough IFI from proven and probable cases in patients receiving primary antifungal prophylaxis was 6.1%. Most fungal 
pathogen isolates were still highly susceptible to antifungal drugs.
Conclusion: The IFI treatment success in patients with HM or HSCT in our study was high. Close monitoring of coinfected patients 
aged ≥ 60 is recommended. Appropriate antifungal drugs are essential for clinical outcomes.
Keywords: epidemiology, hematologic malignancy, invasive fungal infections, Thailand, treatment outcomes

Introduction
Invasive fungal infection (IFI) remains a significant cause of morbidity and mortality in high-risk patients, especially 
patients with hematologic malignancy (HM) or hematopoietic stem cell transplant (HSCT) recipients.1 Patients with HM 
have the highest risk of IFI because of receiving intensive cytotoxic chemotherapy, and IFI is the leading mortality cause 
in this group of patients (39%).2 The epidemiology trends of IFI in patients with HM have also changed in recent 
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decades. Aspergillosis is the most common type of IFI, and its incidence, as well as that of mucormycosis, continues to 
increase, especially in Asia.3 Conversely, the incidence of candidiasis has declined.4 The risk factors for developing IFI 
in patients with HM have been well studied, but the factors associated with treatment success have been limited. The data 
on IFI in Thailand are limited,5 and most studies focused on patients with acute myeloid leukemia (AML).6,7 The 
treatment of IFI is challenging. Accordingly, this study aimed to identify treatment outcomes, factors associated with IFI 
treatment success, epidemiology, and IFI characteristics in new patients with HM receiving chemotherapy or HSCT in 
Thailand. We also evaluated the incidence of breakthrough IFI in patients indicated to receive antifungal drugs as primary 
prophylaxis during chemotherapy or HSCT.

Materials and Methods
Patients and Methods
A retrospective cohort study reviewing the electronic medical records was conducted at King Chulalongkorn Memorial 
Hospital, a 1993-bed tertiary referral center and teaching hospital in Bangkok, Thailand. The inclusion criteria were as follows: 
(1) Patients with newly diagnosed HM receiving chemotherapy or HSCT recipients aged ≥ 15 years and hospitalized between 
January 1st, 2016, and June 30th, 2021, and (2) Patients who were diagnosed with IFI and received IFI treatment. All patients 
were followed from IFI diagnosis until the 12th week of IFI treatment or to death or loss to follow-up. Patients were excluded if 
they met the following criteria: (1) Those who refused IFI treatment or received palliative care only, (2) Patients with 
incomplete data in the electronic medical record, or (3) Patients who were diagnosed with IFI before receiving chemotherapy.

The following data were collected: demographics, patient’s HM underlying information, diagnosis of IFI, antifungal 
regimen, treatment outcome at the 12th week, and overall survival within 12 weeks after an IFI treatment. The fungal species 
identification, if requested, was performed by VITEK® 2 AST-YS09 for yeast and by fungal culture or the amplification of 
fungal DNA by PCR combined with DNA sequencing using biopsy tissue for mold. Antifungal susceptibility testing was 
performed by Sensititre™ YeastOne™ or E-test® in accordance with the Clinical and Laboratory Standards Institute (CLSI).8,9

Diagnosis, Definition, Primary Prophylaxis, and Management of IFI
This study was limited to patients with newly diagnosed malignancy who were receiving either chemotherapy or 
autologous or allogeneic stem cell transplant for AML, acute lymphoblastic leukemia (ALL), chronic myeloid leukemia 
(CML), chronic lymphoid leukemia (CLL), lymphoma, or multiple myeloma (MM).

The 2020 European Organization for Research and Treatment of Cancer/Invasive Fungal Infections Cooperative 
Group and the National Institute of Allergy and Infectious Diseases Mycoses Study Group (EORTC/MSG) criteria10 

were used to diagnose IFI. This revision and updated guideline include Pneumocystis jirovecii pneumonia (PJP) as one 
type of IFI, differing from the prior guideline.11 The 2008 MSG/EORTC criteria12 were used to define responding to IFI 
therapy in this study. Our study evaluates the treatment outcomes at the 12th week since the patient received IFI 
treatment, which has two results: treatment success and treatment failure. If patients cannot be evaluated for treatment 
outcomes at the 12th week, we evaluate them at the time closest to the 12th week.

The overall incidence of IFI and breakthrough IFI was calculated based on “proven” and “probable” IFI, which was not 
including “possible” IFI. The definition of breakthrough IFI followed the breakthrough IFI position paper of the Mycoses Study 
Group Education and Research Consortium and European Confederation of Medical Mycology.13 Disseminated fungal infection 
was defined as the presence of a fungal pathogen in the blood and any other sterile deep-seated structure or organ infected due to 
hematogenous seeding. Neutropenia was defined as an absolute neutrophil count of less than 500/ microliter. Active hematologic 
malignancy was defined as patients who did not respond completely to chemotherapy. Coinfection was defined as other infections 
(eg, bacterial, viral, Clostridium difficile) during IFI treatment. The appropriate empirical therapy was defined as appropriateness 
regarding the type of antifungal drugs, dose, administration, and effective spectrum during initial empirical therapy.

Primary antifungal prophylaxis (PAP) was defined as using antifungal drugs to prevent IFI before occurring IFI from 
mold and yeast. Our institute used the consecutive galactomannan follow-up strategy (before 2018) and then used PAP in 
induction-phase chemotherapy for AML in 2018 according to the ECIL guideline.14 Primary P. jirovecii prophylaxis was 
defined as patients receiving anti-pneumocystis drugs (two single-strength cotrimoxazole tablets two or three times per 
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week) before they were diagnosed with PJP. The management of febrile neutropenia was as follows: broad-spectrum 
antimicrobial drugs (eg, ceftazidime, cefepime, piperacillin–tazobactam) were first administered, followed by escalation 
to carbapenems if indicated. When patients had suspected symptoms of IFI, all diagnostic workups were performed, 
including the collection of blood cultures, serology tests for IFI, and computed tomography of the suspected infection 
organ. Other examinations were performed as indicated. The use of antifungal drugs for empirical or preemptive therapy 
was based on the suspected pathogen. The environmental situation of the treatment unit at the hematology ward when the 
patients with HM underwent chemotherapy was facilitated as a portable HEPA filter provided in each room, whereas at 
the HSCT ward was facilitated as both a positive pressure room and a portable HEPA filter provided in each room.

Statistical Analysis
Descriptive statistics were used for all variables. Differences in continuous variables among the groups were compared 
using the Student’s t-test, whereas categorical variables were compared using the chi-squared test. The incidence of IFI 
was reported for patients with proven and probable IFI according to the 2020 EORTC/MSG criteria.10 All factors 
associated with treatment success at the 12th week were assessed using logistic regression analysis to identify factors 
associated with the treatment success for IFI among new patients with HM receiving chemotherapy or HSCT and patients 
with proven, probable, or possible IFI were included. Odds ratio (OR) and associated 95% confidence intervals (95% CI) 
were calculated. Variables associated with treatment success in patients with IFI on univariate analysis with a p-value of 
≤ 0.1 were included in multivariate analysis. Both univariate and multivariate analyses used the enter method. The 
survival curves of patients who received appropriate or inappropriate empirical therapy were drawn by the Kaplan–Meier 
method and compared using the Log rank test. For all tests, a p-value of ≤ 0.05 was considered significant. Statistical 
analyses were performed using SPSS version 26.0 (IBM, Armonk, NY, USA).

Result
Baseline Characteristic
During the study period, 931 patients were newly diagnosed with HM. Ninety-two patients with 107 episodes of IFI met 
the inclusion criteria (Figure 1). The common type of HM was lymphoma (54.9%). Patients with AML had the highest 
rate of IFI (Table 1).

The characteristics of patients with IFI of total 107 episodes are described in Table 2. Approximately half of the 
patients were male (52.3%), and their mean (SD) age was 46.78 (14.36) years. There was a higher age in the IFI 
treatment failure group than in the treatment success group (53.14 ± 12.34 versus 43.68 ± 14.32; p = 0.001). 
Hypertension was the common underlying disease (23.4%), followed by hepatitis B (18.7%) and diabetes mellitus 
(9.3%). The median (IQR) duration of neutropenia during fungal infection was 14 days (5, 33). Fifty-eight cases of IFI 
(54.2%) emerged in patients with active HM, and all patients with treatment failure had active HM. The leading cases of 
IFI occurred in patients with AML (48.6%), followed by lymphoma (24.3%) and ALL (23.4%). The common cases of 
IFI (38.3%) emerged during the induction chemotherapy phase, followed by the reinduction phase (12.1%) and 
consolidation phase (12.1%). For cases of IFI emerging during stem cell transplantation, IFI was more common in 
allogeneic HSCT recipients than in autologous HSCT recipients. The primary pathogen for coinfection was bacteria 
(78.6%), followed by viruses (23.2%). There was a significant difference between the treatment success group and 
treatment failure group (43.1% vs 71.4%, p = 0.006) in patients with coinfection. There was a higher rate of bacterial 
coinfection in the treatment failure group than in the treatment success group (84% vs 74.2%, p = 0.006).

Epidemiology of IFI
Among 107 episodes, most patients were possible IFI (39.3%), followed by probable (32.7%) and proven (28%) IFI. The 
overall incidence of IFI was 7%. We also reported the incidence in patients with different types of HM and the annual 
incidence in Tables S1 and S2, respectively.

By proven and probable IFI cases, aspergillosis was the leading diagnosis (35.5%), followed by candidiasis (11.2%), 
PJP (8.4%), and mucormycosis (3.7%). Two of 6 cases of mucormycosis (including a possible case) occurred in patients 
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with diabetes mellitus. No HIV-positive patient was diagnosed with PJP. Fusariosis was found in two cases in our study 
(1.9%), including one case of sinusitis accompanied by Exserohilum rostratum and one case of cellulitis.

The common site of infection was the lungs (43.9%), followed by blood (9.3%) and ears, nose, and throat (ENT) 
(8.4%). The lungs were the primary site of infection in patients with aspergillosis (74.5%) and PJP (19.1%), blood was 

Patients with newly diagnosed HM who received chemotherapy or HSCT recipients 
aged ≥ 15 years hospitalized at King Chulalongkorn Memorial Hospital, Thailand 

during January 1, 2016 to June 30, 2021
N = 931

11 met the exclusion criteria
6 incomplete data in the electronic medical 

record for investigators to analyse
the treatment outcome

3 diagnosed of IFI before receiving 
chemotherapy

2 refused IFI treatment or patients receiving 
palliative care only

Patients met the inclusion criteria 
N = 92

HM patients who diagnosed of IFI 
and received IFI treatment.

N = 103

HM patients who were not 
diagnosed of IFI

N = 828

Figure 1 Flow diagram for selection of patient cohort.

Table 1 Type of Hematologic Malignancy and Frequency of Invasive Fungal Infection of Patients with Newly 
Diagnosed Hematologic Malignancy Who Received Chemotherapy or Hematopoietic Stem Cell Transplant 
Recipients from January, 2016, to June, 2021

Type of Hematologic Malignancy Number of Hematologic  
malignancy Patients (%)

Number of Invasive Fungal Infections (%)

92 Patients 107 Episodes

Lymphoma 511 (54.9) 22 (23.9) 26 (24.3)

AML 200 (21.5) 46 (50) 52 (48.6)

MM 135 (14.5) 2 (2.2) 2 (1.9)

ALL 57 (6.1) 20 (21.7) 25 (23.4)

CLL 21 (2.3) 1 (1.1) 1 (0.9)

CML 7 (0.8) 1 (1.1) 1 (0.9)

Total 931 (100) 92 (100) 107 (100)

Abbreviations: ALL, acute lymphoid leukemia; AML, acute myeloid leukemia; CLL, chronic lymphoid leukemia; CML, chronic myeloid 
leukemia; MM, multiple myeloma.
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Table 2 Baseline Characteristics of Newly Diagnosed Hematologic Malignancy Patients Who Received 
Chemotherapy or HSCT Recipients with Invasive Fungal Infection Hospitalized from January 2016 to June 2021

Characteristics Total  
(N = 107)

Success  
(N = 72)

Failure  
(N = 35)

p-value

Sex, male, N (%) 56 (52.3) 34 (47.2) 22 (62.9) 0.129

Age, mean ± SD, years 46.78 ± 14.36 43.68 ± 14.32 53.14 ± 12.34 0.001*

Underlying disease, N (%)

Hypertension 25 (23.4) 17 (23.6) 8 (22.9) 0.931

Hepatitis B 20 (18.7) 11 (15.2) 9 (25.7) 0.194

Diabetes mellitus 10 (9.3) 4 (5.6) 6 (17.1) 0.053

Dyslipidemia 9 (8.4) 6 (8.3) 3 (8.6) 0.967

Solid cancer 6 (5.6) 5 (6.9) 1 (2.9) 0.389

Cardiovascular disease 5 (4.7) 3 (4.2) 2 (5.7) 0.183

Neurologic disease 3 (2.8) 1 (1.4) 2 (5.7) 0.204

HIV infection (any CD4) 3 (2.8) 2 (2.8) 1 (2.9) 0.981

Thyroid disorder 3 (2.8) 2 (2.8) 1 (2.9) 0.981

Atrial fibrillation 1 (0.9) 1 (1.4) 0 (0) 0.484

Chronic lung disease 1 (0.9) 1 (1.4) 0 (0) 0.484

Gout 1 (0.9) 1 (1.4) 0 (0) 0.484

Chronic kidney disease 1 (0.9) 1 (1.4) 0 (0) 0.484

Liver disease 1 (0.9) 1 (1.4) 0 (0) 0.484

Total days of neutropenia, median (IQR) 14 (5, 33) 14 (4.5, 28) 16 (7, 50) 0.224

Active hematologic malignancy, N (%) 58 (54.2) 23 (31.9) 35 (100) <0.001*

Type of hematologic malignancy, N (%)

AML 52 (48.6) 37 (51.4) 15 (42.9) 0.655

ALL 25 (23.4) 15 (20.8) 10 (28.6)

CML 1 (0.9) 1 (1.4) 0 (0)

CLL 1 (0.9) 1 (1.4) 0 (0)

Lymphoma 26 (24.3) 16 (22.2) 10 (28.6)

MM 2 (1.9) 2 (2.8) 0 (0)

Chemotherapy regimen before IFI, N (%)

Induction 41 (38.3) 30 (41.7) 11 (31.4) 0.287

Reinduction 13 (12.1) 8 (11.1) 5 (14.3)

Consolidation 13 (12.1) 6 (8.3) 7 (20)

Hematopoietic stem cell transplant: 8 (7.5) 7 (9.7) 1 (2.9)

Allogenic 6 6 0

Autologous 2 1 1

Othera 31 (29.0) 20 (27.8) 11 (31.4)

(Continued)
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Table 2 (Continued). 

Characteristics Total  
(N = 107)

Success  
(N = 72)

Failure  
(N = 35)

p-value

Coinfection, N (%) 56 (52.3) 31 (43.1) 25 (71.4) 0.006*

Bacterial coinfection 44 (78.6) 23 (74.2) 21 (84) 0.006*

Viral coinfection 13 (23.2) 8 (25.8) 5 (20) 0.637

C. difficile coinfection 10 (17.9) 6 (19.4) 4 (16) 0.606

Other coinfectionb 8 (14.3) 4 (12.9) 4 (16) 0.279

IFI category, N (%)

Proven 30 (28) 18 (25) 12 (34.3) 0.455

Probable 35 (32.7) 23 (31.9) 12 (34.3)

Possible 42 (39.3) 31 (43.1) 11 (31.4)

IFI diagnosis (proven and probable), N (%)

Aspergillosis 38 (35.5) 23 (31.9) 15 (42.9) 0.268

Lung 33 20 13

ENT 3 3 0

Disseminated 2 0 2

Candidiasis 12 (11.2) 6 (8.3) 6 (17.1) 0.175

Blood 6 2 4

Disseminated 3 2 1

Lung 1 0 1

ENT 1 1 0

Intra-abdominal infection 1 1 0

PJP 9 (8.4) 9 (12.5) 0 (0) 0.029*

Lung 9 9 0

Mucormycosis 4 (3.7) 2 (2.8) 2 (5.7) 0.453

ENT 2 1 1

Lung 1 0 1

Disseminated 1 1 0

Other fungi 4 (3.7) 3 (4.2) 1 (2.9) 0.981

ENT: Exserohilum rostratum, Fusarium oxysporum 1 1 0

Skin: Fusarium spp. 1 1 0

ENT: Curvularia spp. (with aspergillosis) 1 1 0

Disseminated: Trichosporon asahii 1 0 1

Breakthrough IFI (proven and probable), N (%)

Mold 11 (10.3) 9 (12.5) 2 (5.7) 0.512

Candida 2 (1.9) 2 (2.8) 0 (0) 0.512

PJP 1 (0.9) 1 (1.4) 0 (0) 0.657

Antifungal prophylaxis used in breakthrough IFI case, N (%)

Posaconazole 21 (19.6) 13 (18.1) 8 (22.9) 0.495

Fluconazole 8 (7.5) 7 (9.7) 1 (2.9)

Voriconazole 5 (4.7) 3 (4.2) 2 (5.7)

Co-trimoxazole 1 (0.9) 1 (1.4) 0 (0)

(Continued)
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the primary site of infection in patients with candidiasis (90%), and ENT was the leading site of infection in patients with 
mucormycosis (22.2%).

The fungal pathogen identification via fungal culture or the amplification of fungal DNA by PCR combined with 
DNA sequencing using biopsy tissue was available for 26 isolates from 20 cases of proven IFI, as described in Table 3. 
Antifungal susceptibility tests were available for 12 cases of proven IFI, as in Table 4. We found that most fungal 
pathogen in our study still had high susceptibility to antifungal drugs. All Candida spp. isolates were susceptible to 

Table 2 (Continued). 

Characteristics Total  
(N = 107)

Success  
(N = 72)

Failure  
(N = 35)

p-value

Pattern of antifungal therapy, N (%)

Monotherapy 98 (91.6) 68 (94.4) 30 (85.7) 0.127

Combination therapy 9 (8.4) 4 (5.6) 5 (14.3)

Switch from PAP used case 32 (29.9) 22 (30.6) 10 (28.6) 0.833

Monotherapy 26 19 7

Combination therapy 6 3 3

Switch from non-PAP used to pre-emptive therapy 27 (25.2) 20 (27.8) 7 (0.2) 0.385

Monotherapy 24 19 5

Combination therapy 3 1 2

Switch from non-PAP used to documented therapy 48 (44.9) 30 (41.7) 18 (51.4) 0.341

Monotherapy 48 30 18

Notes: a5 R-CHOP, 4 CHOP, 3 DA-EPOCH, 3 HyperCVAD, 2 Azacitidine, 2 DHAP, 2 ICE, 1 AspaMetDex, 1 Bendamustine, 1 DCEP, 1 GDP, 1 
OPL (asp), 1 R-ESHAP, 1 R-ICE, 1 Rituximab+Bendamustine, 1 VCD. b7 tuberculosis infection, 1 strongyloidiasis. *Statistically significant. 
Abbreviations: ALL, acute lymphoid leukemia; AML, acute myeloid leukemia; CLL, chronic lymphoid leukemia; CML, chronic myeloid leukemia; 
ENT, Ear, nose, and throat; IFI, invasive fungal infection; MM, multiple myeloma; PJP, Pneumocystis jirovecii Pneumonia.

Table 3 The Identification of Fungal Species from 20 Proven Invasive Fungal Infection Cases

Type IFI 
Diagnosis

Fungal Species Number of Isolates  
(N = 26)

Site of Isolation

Mold Aspergillosis A. flavus 3 Sputum (1), nasal biopsy (1), pus from the ear (1)

A. calidoustus 1 Lung biopsy (1)

Mucormycosis Rhizopus oryzae 2 Nasal biopsy (1), lung biopsy (1)

Lichtheimia ramosa 1 Liver biopsy (1)

Other Exserohilum rostratum 1 Nasal biopsy (1)

Fusarium oxysporum 1 Nasal biopsy (1)

Fusarium spp. 1 Skin biopsy (1)

Curvularia spp. 1 Nasal biopsy (1)

Yeast Candidiasis C. tropicalis 9 Blood (8), ascites fluid (1)

C. albican 2 Sputum (1), blood (1)

C. dubliniensis 1 Pus from the liver (1)

C. parasilosis 1 Pus from the ear (1)

Trichosporosis T. asahii 2 Blood (1), urine (1)

Abbreviation: IFI, Invasive fungal infection.
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Table 4 The Data of Antifungal Susceptibility Testing (N = 12)

Fungal Species (N) Test Minimum Inhibitory Concentration (mg/L)

Amphotericin B Fluconazole Itraconazole Voriconazole Posaconazole Caspofungin Micafungin Anidulafungin 5-FU

C. tropicalis (7) A 1 (S)

A 0.38 (S)

A 24 (R) 1.5 (R) 0.25 (S)

A 0.25 >256 (R) >32 (R) 0.094 (S)

A 0.5 0.38 (S) 0.094 (S)

B 1 2 (S) 0.12 0.12 (S) 0.25 0.06 (S) 0.03 (S) 0.12 (S) <0.06

B 0.5 1 (S) 0.12 0.12 (S) 0.25 0.06 (S) 0.03 (S) 0.12 (S) 0.12

C. albican (1) A 0.25 (S)

C. dubliniensis (1) A 0.25 0.094 (S) 0.32 0.004 0.19

C. parapsilosis (1) B 0.25 1 (S) 0.06 0.03 (S) 0.06 0.25 (S) 0.25 (S) 0.25 (S) <0.06

A. flavus (1) B 4 128 0.25 0.25 0.03 8 8 8 64

Rhizopus oryzae (1) A 0.125

Notes: A, by E-test®; B, by Sensititre™ YeastOne™. 
Abbreviations: S: susceptible, R: resistance.
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echinocandins, amphotericin B, posaconazole, itraconazole and flucytosine. Twenty percent of Candida spp. isolates 
were resistant to fluconazole.

Incidence of Breakthrough IFI
Among 931 HM patients, 198 HM patients were received PAP which 12 of them were diagnosed with proven and 
probable IFI cases, whereas 598 HM patients were received primary P. jirovecii prophylaxis which 1 of them was 
diagnosed with probable PJP. Thus, the incidence of breakthrough IFI from proven and probable cases in patients 
receiving PAP and in patients receiving primary P. jirovecii prophylaxis was 6.1% and 0.2%, respectively.

Aspergillosis was the most breakthrough IFI among proven and probable cases (69.2%). There was not statistically 
different in mold, candida, and PJP between the treatment success group and the treatment failure group.

The leading antifungal drugs used for IFI prophylaxis in breakthrough IFI cases were posaconazole (19.6%), followed 
by fluconazole (7.5%) and voriconazole (4.7%). We found one case that was a breakthrough PJP from cotrimoxazole.

Patterns of Antifungal Therapy
Conventional amphotericin B was the leading antifungal drug used as the monotherapy for empirical therapy (39.8%), 
followed by voriconazole (37.8%) and cotrimoxazole (9.2%). For combination therapy, we found five regimens, 
including liposomal amphotericin B plus voriconazole (44.4%), conventional amphotericin B plus voriconazole 
(22.2%), conventional amphotericin B plus posaconazole, anidulafungin plus voriconazole, and anidulafungin plus 
posaconazole (each 11.1%). Sixty-seven percent of combination empirical regimens were administered to patients with 
breakthrough IFI. Additional details of the antifungal drugs used in each regimen are reported in Table S3.

Treatment Outcome and Factors Associated with Treatment Success in Cases of IFI
The overall treatment success rate at the 12th week was 67.3%, including complete and partial response rates of 63.6% 
and 3.7%, respectively. Conversely, failure treatment outcomes included stable disease (2.8%), progression of fungal 
disease (3.7%), and death (26.2%).

The factors significantly associated with IFI treatment success in univariate analysis were age < 60 years (odds ratio 
[OR] = 4.16; 95% confidence interval [CI] = 1.64–10.52), duration of neutropenia (OR = 0.98; 95% CI = 0.97–1), 
absence of coinfection (OR = 3.31; 95% CI = 1.39–7.89), received appropriate empirical therapy on the first day of an IFI 
diagnosis (OR = 4.64; 95% CI = 1.42–15.15), and received appropriate empirical therapy within six days of an IFI 
diagnosis (OR = 4.17; 95% CI = 1.51–11.5). From multivariate analysis, age < 60 years (adjusted odds ratio [aOR] = 
5.07; 95% CI = 1.78–14.42), absence of coinfection (aOR = 2.85; 95% CI = 1.09–7.49), and received appropriate 
empirical therapy on the first day of an IFI diagnosis (aOR = 3.40; 95% CI = 1.03–11.26) were significant factors 
associated with treatment success. The results of univariate and multivariate analysis are presented in Table 5.

Table 5 The Clinical Factors Associated with Treatment Success at the 12th Week in Newly Diagnosed Hematologic Malignancy 
Patients Who Received Chemotherapy or HSCT Recipients with Invasive Fungal Infection Hospitalized from January 2016 to June 2021

Factors Univariate Analysis Multivariate Analysis

OR 95% CI p-value aOR 95% CI p-value

Age < 60 years 4.16 (1.64, 10.52) 0.003* 5.07 (1.78, 14.42) 0.002*

Active hematologic malignancya N/A N/A -

Duration of neutropenia (days) 0.98 (0.97, 1) 0.042* 0.98 (0.97, 1) 0.92

Autologous stem cell transplantation recipientsa N/A N/A -

Absence of coinfection 3.31 (1.39, 7.89) 0.007* 2.85 (1.09, 7.49) 0.033*

(Continued)
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Survival Outcome Within 12 Weeks
The overall mortality rate in patients with IFI within 12 weeks after antifungal therapy was 26.2%. The overall survival 
rate significantly differed between patients who received appropriate empirical therapy and those who received inap-
propriate empirical therapy on the first day of an IFI diagnosis (p = 0.03, Log rank test; Figure 2). The overall survival 
rate also differed according to the presence of candidiasis (p = 0.002, Log rank test; Figure S1).

Discussion
This retrospective cohort study found that the incidence of proven and probable IFI according to the recent EORTC/MSG 
consensus criteria10 was 7%. The epidemiology of IFI in patients with HM has also changed recently. Its incidence varies 
among different regions, ranging 4.6%–15% in Europe,2,15–19 9.6% to 16.2% in South Africa,20,21 and 1.3% to 12% in 
Asia.3,5,22–24 In our study, the incidence of IFI among patients with HM was lower than that reported in the past decade in 
Thailand (14%).5 This finding may reflect the efficacy of initial PAP use in recent years. Conversely, a 1-year retrospective 
study in 2006 in the same setting as our study25 revealed that the incidence of IFI in patients with HM was 4.8%, slightly lower 
than our result. The explanation might be the increased awareness and the accessibility of newer diagnostic techniques.26

Surprisingly, when stratifying patients by the underlying HM, although AML was the most common HM in this study, 
the frequency of IFI was highest in patients with ALL. Usually, chemotherapy intensity is lower in ALL than in AML. 

Table 5 (Continued). 

Factors Univariate Analysis Multivariate Analysis

OR 95% CI p-value aOR 95% CI p-value

Non-mucormycosis diagnosis 1.59 0.34–7.54 0.557

Received appropriate empirical therapy on the first day of an invasive fungal infection diagnosis 4.64 (1.42, 15.15) 0.011* 3.40 (1.03, 11.26) 0.045*

Received appropriate empirical therapy within six days of an invasive fungal infection diagnosis 4.17 (1.51, 11.5) 0.006* 1.41 (0.35, 5.7) 0.628

Duration since the first day of giving therapy to switch to documented therapy (days) 1.03 0.97–1.1 0.363

In-target antifungal drugs levels 0.792 0.31–2.05 0.629

Note: aOdds ratio was incomputable due to having 0 in the cell. *Statistically significant. 
Abbreviations: OR, odds ratio; aOR, adjusted odds ratio.

Figure 2 Overall survival within 12 weeks of newly diagnosed hematologic malignancy patients who received chemotherapy or HSCT recipients with invasive fungal 
classified by the appropriateness of empirical therapy.
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Hence, patients with ALL have a lower risk of IFI than those with AML.27 However, the incidence of IFI in patients with 
ALL has increased in recent years. In the past decade, one of the largest retrospective studies reported an incidence of IFI of 
approximately 6.5% in patients with ALL.2 Another retrospective study in Korea found that patients with ALL had 
a slightly higher rate of IFI than those with AML (7.5% vs 7.1%).27 This higher IFI incidence in ALL in our study may be 
related to the use of PAP has been mainly recommended in patients with AML in our institution since 2018, and there is no 
consensus on the routine use of antifungal prophylaxis in patients with ALL. Thus, the emergence of IFI should be closely 
monitored in patients with ALL. However, the use of PAP should be carefully considered in these patients because of drug– 
drug interactions between mold-active azoles and Vinca alkaloids, which are the main chemotherapies used in ALL.14 

These azoles are potent inhibitors of the P450 3A4 enzyme system, which can enhance the neurotoxicity of vincristine.
When focusing on the annual incidence of IFI during the study period, a trend reduction of mold infections was 

observed between the era of the consecutive galactomannan follow-up strategy (2016–2017, 8.5%) and the era of PAP 
(since 2018, 6.2%) (Table S2). This result indicates that PAP represents an effective and reasonable approach for 
reducing the incidence of IFI in patients with HM, as previously reported.21,27–29

Aspergillosis was the leading IFI in our study, similar to other studies.20–23,30,31 It was the most frequent IFI and the 
most commonly found in patients with AML, which was similar to other studies conducted in Thailand.3,5 Almost all 
mycological samples of Aspergillus spp. which had the identification of fungal species in our study were A. flavus. This 
finding differed from Europe and the US, where the main fungal species of aspergillosis in patients with HM is 
A. fumigatus.17,32 The interesting or unique epidemiology in Asian countries was that A. flavus was more common 
than A. fumigatus.33,34 However, the newest 2020 EORTC/MSG criteria may affect the incidence of aspergillosis due to 
the changing of definitions compared to the 2008 version, such as adding the cut point of galactomannan antigen. This 
change may improve the specificity of diagnosis, but it could affect the type of IFI category diagnosis. Our study found 
41.1% of probable IFI when using the 2008 EORTC/MSG criteria and reduced to 32.7% when using the 2020 EORTC/ 
MSG criteria, which is similar to a retrospective in Turkey showed that the use of 2020 EORTC/MSG criteria resulted in 
a 27.3% reduction in probable invasive pulmonary aspergillosis.35 This result indicated that using the 2020 EORTC/MSG 
criteria could reduce the diagnosis of probable IFI cases.

In agreement with previous findings,24 we noted that candidiasis was more common in patients with ALL. Candida 
tropicalis was the most common Candida spp. in patients with HM,36 similar to our finding. All Candida spp. in our 
study were susceptible to echinocandins, posaconazole, and amphotericin B. Approximately 20% of the total Candida 
spp. isolates in our study were resistant to fluconazole, which was slightly more susceptible compared to the one 
retrospective study in Italy found that the available antifungal susceptibility of Candida spp. isolates from HM patients 
with IFI were resistant to fluconazole and voriconazole 40%.17

Five of the nine cases of PJP occurred in patients with lymphoma. However, the incidence of PJP in patients with 
lymphoma in our study was extremely low (1% from 5/511) compared to that in a single-center retrospective study 
conducted in the US (6.2%).37

The incidence of mucormycosis has slightly increased recently, especially among patients with acute leukemia.38 

Still, it is likely underestimated because most cases were detected during autopsy.39,40 In our study, only two of six cases 
of mucormycosis (including a possible case) occurred in patients with diabetes mellitus. We could not clarify whether 
diabetes mellitus was a risk factor for mucormycosis because of the small number of cases. Lastly, fusariosis was found 
in only 1.9% of the other uncommon pathogens, in agreement with other studies in the same region of ours.5,41

The incidence of breakthrough IFI in our study was approximately 6%, which was slightly higher than the results 
from other previous studies in recent years.29,42–44 Aspergillosis was the leading cause of breakthrough IFI (53.8%), 
similar to other studies.45,46 Contrarily, our result differed from a 4-year retrospective study from France showed that 
mucormycosis and fusariosis were the leading cause of breakthrough IFI.42 Thus, the incidence and spectrum of 
breakthrough IFI significantly differ among countries depending on the antifungal prophylaxis, the local epidemiology, 
and individual patient characteristics.

Most other studies use the term “survival” and “death” for the treatment outcome. In contrast, our study uses “success” 
and “failure” according to the 2008 MSG/EORTC defining the response of IFI therapy criteria.12 The survival rate within 12 
weeks was high in our study (73.8%) when compared to previous studies that reported a survival rate of about 60%.2,5,21,22 
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Our mortality rate was 26.2% which lower than that reported in prior retrospective cohort studies in Thailand.5 Our finding 
suggested that the accessibility of novel antifungal drugs and novel diagnostic tools in recent years may improve the 
survival outcome of patients. Meanwhile, our result revealed that the mortality rate associated with candidiasis in patients 
with HM is increasing, contradicting a large retrospective study conducted in Italy, where mucormycosis was the primary 
cause of death.2 This study also evaluated factors associated with treatment success in IFI. Our finding suggested closely 
monitoring treatment outcomes in patients aged ≥ 60 years and with coinfection. Since “age” was the non-modifiable risk 
factor, the strategy for primary prophylaxis of IFI among elderly patients would be considered but a delicate condition from 
polypharmacy would be a concern. Thus, the use of PAP in the elderly may be determined by physicians’ judgment for an 
individual patient. Lastly, the appropriate type of antifungal drug is significant for clinical outcomes.

The significant effect of receiving appropriate empirical therapy immediately after an IFI diagnosis was even more 
pronounced in multivariate analysis, which revealed a 2-fold reduction in the mortality rate on Kaplan–Meier analysis 
from 45% to 21.8%. Notably, this result reiterates the importance of appropriateness regarding the drug, dose, admin-
istration route, and effective spectrum during initial empirical therapy in HM patients with IFI. Since mold was the 
leading pathogen in our study, protocol implementation in the institution by initially using rapid novel diagnostic tools 
and using extended-spectrum azoles as empirical therapy strategies may provide more appropriate empirical therapy and 
lead patients to better clinical outcomes.

Our study had some strengths. To the best of our knowledge, this is the first study to determine the occurrence of IFI 
using the standard criteria recommended by the latest 2020 EORTC/MSG. This is the first study to evaluate the factors 
associated with the treatment success of IFI in patients with HM. Our study is the newest retrospective analysis of IFI, 
including PJP infection in patients with HM and evaluating the incidence of breakthrough IFI in Thailand reported to 
date. We also provided antifungal susceptibility data, including minimum inhibitory concentration and its interpretation 
from CLSI, to indicate a trend of antifungal resistance in such a group of patients.

Our study also had some limitations. Despite the retrospective study and its relatively short duration of data collection 
because the microbiological data before the year 2016 in the electronic medical records in our institution were 
unavailable, we have provided essential information. Because of resource limitations in our country, a substantial 
proportion of patients with IFI received conventional amphotericin B as opposed to liposomal amphotericin B, but 
this did not significantly affect outcomes. Some fungal isolates were performed by E-test®, which was not the standard 
test of antifungal susceptibility testing.

Conclusion
In conclusion, the epidemiology and mortality of IFI in Thailand slightly differed from findings in other countries. Most 
cases of IFI occurred during the induction phase of chemotherapy. Our data confirmed that PAP has significantly reduced 
the incidence of IFI. Further studies are needed to determine the risk–benefit profiles of PAP for certain hematological 
disorders, especially ALL. This finding could represent a first step toward standardizing such protocols (providing better 
antifungal guidance in treating invasive candidiasis) to improve patient outcomes.
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