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ARTICLE INFO ABSTRACT
Article history: Invasive fungal infection (IFI) is frequent in patients with hematologic malignancies or sub-
Received 11 July 2023 mitted hematopoietic stem cell transplantation (HSCT).

Accepted 24 January 2024 Objectives: To evaluate the role of the GM (galactomannan) test in prescribing therapeutic
Available online 6 February 2024 antifungals; to determine invasive aspergillosis (IA) frequency, the factors associated with
positive GM test, and the in-hospital mortality.

Keywords: Methods: We conducted a retrospective observational study including patients aged 18 or
Invasive aspergillosis over with hematological malignancy or submitted to HSCT. GM test was measured twice
Fungal infection weekly. The hypothesis of IFI was considered in patients with neutropenia and persistent

Galactomannan test fever despite broad-spectrum antibiotics.

Mortality Results: A total of 496 patients were evaluated; the mean of GM tests performed per patient
Hematological malignancies was 4.2 (+3.1), and 86 (17.3 %) had positive results. IFI was diagnosed in 166 (33.5 %) and IA
Hematopoietic cell transplantation in 22 (24.6 %) patients. Positive GM test was more frequent in patients with IFI (72.2 % and

25.1 %; OR 8.1; 95 % CI 4.8 - 13.8), and was associated with therapeutic antifungals prescrip-
tion (52, 9 % and 20.5 %; OR 4.3, 95CI% 2.0 - 9.4), as well as lung abnormalities on HRCT
(45.3% vs. 21.5 %; OR 3.0, 95 %CI 1.4 - 6.5). Mortality was 31.6 %. In the multivariate analysis,
the variables associated with mortality were the hypothesis of IFI (OR 6.35; 95 % CI 3.63
—11.12.0), lung abnormalities on HRCT (57.9 % and 26.9 %; OR 2 0.6; 95 % CI 1.5 — 4.4), and
positive GM test (57.9 % and 26.9 %; OR 2.7 95 % CI 1.6 - 4.5).
Conclusions: Positive GM test was associated with lung abnormalities on HRCT and with the
introduction of therapeutic antifungals. If adequate anti-mold prophylaxis is available, the
GM test should not be used as screening, but to investigate IFI in high-risk patients. The
diagnosis of IFI, positive GM test and lung abnormalities on HRCT were predictors of hospi-
tal mortality in patients with hematological malignancies or undergoing HSCT.
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Introduction

Invasive Fungal Infection (IFI) is a complication seen in
immunosuppressed patients, especially among those under-
going chemotherapy for hematologic malignancies or
Hematopoietic Stem Cell Transplantation (HSCT)."* Despite
the evolution in transplantation procedures and the use of
prophylactic antifungals, the incidence of IFI remains high.**
Invasive Aspergillosis (IA) is the most common IFI in patients
who do not receive effective mold prophylaxis and accounts
for approximately 50% of these infections.? The prognosis of
IFI/IA depends on early diagnosis, adequate treatment, and
the reversal of the immune alteration. Delay in starting treat-
ment is often associated with increased mortality.”® These
fungal infections present diagnostic challenges associated
with traditional culture and histological examination meth-
ods. The diagnosis is based on the combination of the
patient’s risk factors, clinical symptoms and signs, culture,
histopathological exams, and detection of antigenic compo-
nents of the fungus, such as Galactomannan (GM).>'° The GM
test has a sensitivity of 71% (95% CI 68%-74%) and specificity
of 89% (95% CI 88% and 90%) in patients with IA."* The GM
test has been used to screen high-risk patients or for microbi-
ological confirmation in patients suspected of IFI/IA. GM test-
ing is available in many hospitals, but there are still questions
about the role it plays in decision-making related to antifun-
gal treatment in high-risk IFI/IA patients.>'**

This study aimed to evaluate the role of the GM test in the
prescribing of therapeutic antifungals in patients with hema-
tological malignancies or undergoing HSCT at a university
public hospital of the Unified Health System (SUS) to deter-
mine the frequency of proven, probable, and possible IA, and
to evaluate the factors associated with the positive GM test,
antifungal used and in-hospital mortality.

Material and methods

A retrospective observational study was carried out, analyz-
ing medical records. Cases were identified from records at
Unicamp’s LEMDI (Laboratory of Molecular Epidemiology and
Infectious Diseases), which has performed all GM tests since
its introduction in 2011. According to the institution’s proto-
col, the test was requested twice a week for neutropenic
patients or for patients with a hypothesis of IFI.

The GM test was performed by the ELISA technique
(Enzyme-Linked Immuno Sorbent Assay) using the Platelia
Aspergillus test (Bio-Rad, Paris, France). The GM test is per-
formed according to the manufacturer’s recommendations
on blood or bronchoalveolar lavage fluid, and a GM Optical
Density Index of 0.5 on two sequential samples is considered
positive. The result is available on the day of its completion.

Inclusion criteria were patients aged 18 or over with a diag-
nosis of hematologic malignancy, hospitalized in the oncohe-
matology wards or in the HSCT unit, who underwent the GM
test from 2012 to 2017. All events were included when the
patient had more than one hospitalization or episode of neu-
tropenia with GM measurement. Severe neutropenia was

considered if the neutrophil count was < 500 cells/mL for
more than seven days.

Outcome variables were frequency of IA proven, probable,
and possible, factors associated with positive GM tests, use of
therapeutic antifungal, and in-hospital mortality, calculated
as the ratio of patients who died during hospitalization to the
total number of patients included in the study.

Demographic, clinical, laboratory, microbiological, antimi-
crobial usage, antifungal data, HRCT (High-Resolution Chest
Tomography) findings, GM results, and evolution were col-
lected. Information was obtained until discharge or death.
Cases were classified according to the probability of IA into
proven, probable, and possible infection according to the
European Organization for Research and Treatment of Cancer
and the Mycoses Study Group Education and Research Con-
sortium (EORTC/MSG).’

IA possible was assumed when empirical antifungal was
prescribed to patients with neutropenia, and persistent fever
despite broad-spectrum antibiotics and without microbiolog-
ical or imaging evidence of IFI.

IA probable was defined in patients with clinical symp-
toms, altered findings in HRCT, or a positive GM test.

Prophylaxis for IA was considered adequate if the patient
received voriconazole or echinocandins. Antifungal treat-
ment was considered adequate when the patient received
amphotericin in different formulations or voriconazole.™

Candidemia was diagnosed by blood culture and invasive
fusariosis by blood culture or culture of biopsy material.

Considering that patients admitted to the oncohematology
ward or HSCT unit could present different risk factors for IFI
or for mortality, the initial descriptive analysis was carried
out according to the place of hospitalization.

Patients were followed only during hospitalization until
discharge or death; therefore, we calculated the in-hospital
mortality.

Categorical variables were described as frequency and per-
centage, and continuous variables as mean and standard
deviation. In comparative analyses, the Chi-Square and Stu-
dent’s t-test were used for categorical and continuous varia-
bles, respectively. Two-tailed p-values < 0.05 were accepted
as statistically significant.

Variables associated with the positivity of the GM test, the
use of antifungal, and the evolution to death, at the p-value of
0.05, were included in the logistic regression analysis using
the backward conditional technique. IBM SPSS Statistics, ver-
sion 21.0 for Windows, was used for the statistical analysis.

The collected data were stored in RedCap (Research Elec-
tronic Data Capture) https:/redcap.fcm.unicamp.br/red
cap_v10.9.0/.

The medical ethics committee approved the research
(CAAE: 24708019.0.0000.5404).

Results

A total of 496 patients were included, of which 413 (83.3 %)
were admitted to the oncohematologic ward and 83 (16.7 %)
to the HSCT unit. Patient characteristics, underlying diseases,
and duration of neutropenia are described in Table 1.


https://redcap.fcm.unicamp.br/redcap_v10.9.0/
https://redcap.fcm.unicamp.br/redcap_v10.9.0/
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Table 1 - Clinical and epidemiological characteristics of patients.

Total Oncohematologic ward HSCT unit

Number (%) Number (%) Number (%)
Number of patients 496 (100) 413 (83.3) 83(16.7)
Men 291 (58.7) 239 (57.9) 52 (62.7)
Mean age (SD) 46.7 (15.8) 46.58 (16.2) 47.40 (13.8)
Median age (min-max) 48 (17-81) 48 (18-81) 48 (17-68)
Underlying diseases
Cardiovascular 136 (27.4) 110 (26.6) 26 (31.3)
Respiratory 29 (5.8) 25 (6.1) 4(4.8)
Endocrinological 110 (22.2) 98 (23.7) 12 (14.5)
Hematologic neoplasm
Acute myeloid leukemia 205 (41.3) 186 (45) 19 (22.9)
Chronic myeloid leukemia 14 (2.8) 11(2.7) 3(3.6)
Acute lymphoblastic leukemia 89 (17.6) 81 (19.6) 8(4.6)
Chronic lymphocytic leukemia 9(1.8) 6 (1.5) 3(3.6)
Hodgkin’s lymphoma 14 (2.8) 4(1.0) 3(3.6)
Non-Hodgkin’s lymphoma 77 (15.5) 63 (15.3) 14 (16.9)
Multiple myeloma 45(9.1) 28 (6.8) 17 (20.5)
Aplastic anemia 15 (3) 10 (2.4) 5 (6.0)
Myelodysplastic syndrome 18 (3.6) 10 (2.4) 8(9.6)
Primary myelofibrosis 5(1.0) 4(1.0) 1(1.2)
Others 20 (4.0) 17 (4.1) 3(3.0)
Allogeneic HSCT 58 (11.7) - 58 (69.9)
Identical Haploid HSCT 2(0.4) - 2(2.4)
Autologous HSCT 23 (4.6) - 23(27.7)
Febrile neutropenia 347 (70.0) 270 (65.4) 77 (92.8)
Mean of neutropenia days (SD) 12.85 (11.0) 12.78 (11.4) 13.1(10.3)
Length of hospital stay, mean (SD) 26.5 (18.5) 20.1(14.7) 34.8 (18.6)
In-hospital mortality 157 (31.6) 138 (33.4) 19 (22.9)

HSTC, Hematopoietic Stem Cell Transplantation; SD, Standard Deviation; min-max, minimal-maximal.

A total of 2104 GM tests were performed, mean of 4.1 (+£3.1)
per patient. The GM test was positive in 86 patients, repre-
senting 23.5 negative tests for one positive. GM was positive
in 17 (3.4 %) patients with other fungal infections. Table 2
shows the different combinations of positive GM test with
positive culture, HRCT abnormalities in HRCT, and sinus CT
among the patients included in the study.

IFI was diagnosed in 166 patients (33.5 %), and six patients
had more than one IFI. Lung abnormalities on HRCT were
identified in 76 (45.8 %), and Invasive Rhinosinusitis (RSI) in
35 (7.1 %) (Table 3). The main HRCT suggestive findings of IPA
(Invasive Pulmonary Aspergillosis) were the presence of nod-
ules in 32 patients (19.5 %) and surrounding areas of ground
glass in 30 (18.5 %) patients.

The IA hypothesis was done in 24.6 % (122/496) of patients
included in this study and 73.5 % (122/166) of patients with
IFIL. IA was classified as proven in 7.8 % (13/122), probable in
16.1 % (80/122), and possible in 17.5 % (29/122) patients with
IFI, and in 2.2 %, 16.1 % e 5.8 % among the 496 included
patients, respectively (Table 3).

Other fungal infections were diagnosed in 42.7 % (50/496)
patients and represented 30.1 % (50/166) of patients with IFI.
Fusariosis was diagnosed in 4.0 % (20/496) of the included
patients, representing 12.1 % (20/166) of the IFI. In addition,
three cases of trichosporonosis, three mucormycoses, two
curvaliosis, two pneumocystoses, one paracoccidioidomyco-
sis, one histoplasmosis, and one cryptococcosis were diag-
nosed (Table 3).

Table 2 - GM test results related to the presence of other findings.

Total Oncohematology HSCT
ward Unit

Number of patients (%) 496 413 (83.3) 83 (16.7)
Total GM test 2104 1712 392
GM tests per patient, mean (SD) 4.2 (3.1) 4.1(3.1) 4.7 (3.0)
GM test, minimum and maximum 1-18 1-18 1-16
Number of positive GM in blood 83 (16.7) 68 (16.5) 15 (18.1)
Number of positive GM in BAL 8(1.6) 8(1.9)" 0(0 %)
GM positive test only 40 (8.1) 31(7.3) 9 (10.8)
Positive GM test and positive culture 7 (1.4) 7(1.7) 0(1.2)
Positive GM test and lung abnormalities on HRCT 40 (8.1) 35 (8.5) 5(6.0)
Positive GM test and sinus abnormalities on CT 20 (4.0) 19 (4.6) 1(0)
Positive GM test and another IFI 17 (3.4) 14 (3.4) 3(3.6)

HSTC, Hematopoietic Stem Cell Transplantation; SD, Standard Deviation; GM, Galactomannan; computed tomography; IFI, Invasive Fungal

Infection.
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Table 3 - Diagnosis of IFI and antifungal use.

Total Ward HSCT unit
496 413 83
Prophylactic antifungal 366 (73.8) 300 (72.6) 66 (79.5)
Voriconazole/Echinocandins 85(23.2) 72 (24.0) 13 (19.7)
fluconazole 281 (76.8) 228 (76.0) 53 (80.3)
Number of IFI (%)* 166 (33.5) 139 (33.7) 27(32.5)
Number of positive GM test 86 (17.3) 71(17.2) 15 (18.1)
Lung abnormalities on HRCT 76 (45.8) 62 (44.6) 14 (51.9)
IRS 35 (7.1) 32 (23.0) 3(11.1)
Invasive Aspergillosis 122 (24.6) 100 (24.2) 22 (26.5)
Proved IA 13 (2.6) 12 (2.9) 1(1.2)
Probable IA 80 (16.1 64 (15.5) 16 (19.3)
Possible IA 29 (5.8) 24 (17.3) 5 (18.5)
Other Fungal Infections 50 (10.1) 4310.4) 7 (8.4)
Invasive fusariosis 20 (4.0) 19 (4.6) 1(3.7)
Invasive Candidiasis 18 (3.6) 13(9.3) 5 (18.5)
Other Infections® 12 (2.4) 11(7.9) 1(1.2)
Therapeutic antifungal 156 (31.4) 132 (31.9) 24 (28.9)
Amphotericin B deoxycholate 54 (10.9) 51 (12.4) 3(3.6)
Amphotericin B lipid formulation 32 (6.4) 26 (6.3) 6(7.2)
Voriconazole 43(8.7) 34(9.2) 9 (10.8)
Fluconazole / echinocandins 30(5.8) 25 (5.6) 5 (6.0)
other antifungals 3(0.6) 2(0.5) 1(1.2)

*Three cases of trichosporonosis, three mucormycosis, two curvaliosis, two pneumocystoses, one paracoccidioidomycosis, one histoplasmosis.

**Three patients in palliative care did not receive antifungal therapy.

IFI, Invasive Fungal Infection; IA, Invasive Aspergillosis; HSTC, Hematopoietic Stem Cell Transplantation; IRS, Invasive Rhinosinusitis; HRCT,

High-Resolution Chest Tomography.

& Six patients had more than one IFL.

IFI was treated with amphotericin B in 51.8 % (86/166) of
patients, and 25.9 % (43/166) with voriconazole. Data on the
use and antifungals used are described in Table 3.

Patients admitted to the oncohematology ward and the
HSCT unit were similar in terms of clinical and epidemiologi-
cal characteristics and occurrence of IFI, and different in rela-
tion to the length of hospital stay and mortality. In this way,
they were grouped to analyze the factors associated with the
positive GM test, the prescription of antifungal therapy, and
in-hospital mortality.

Negative GM test was more frequent among patients who
did not receive adequate anti-mold prophylaxis, but it was
not statistically significant (17.9 % and 13.9 %; OR = 1.5, 95 %
CI 0.8—3.0) (Table 4).

Positive GM test was more frequent in patients with a
hypothesis of IFI (72.2 % and 25.1 %; OR = 8.1; 95 % CI 4.8

to 13.8); among patients with lung abnormalities on HRCT
(46.5 % and 8.8 %; OR = 9.0, 95 % CI 5.2-15.6); patients with
IRS (23.5 % and 3.6 %; OR = 7.9, 95 % CI 3.8-16.4), and
among those who died (56.9 % and 26.3 %; 3.7 95 % CI 2.3-
6.0) (Table 4).

The variables associated with the use of therapeutic
antifungal were mean days of neutropenia (17.5 + 12.2 and
10.6 + 9.2; p = 0.002), positive GM test (52.9 % and 20.5 %;
OR = 4.3, 95 % CI 2.0-9.4) and presence of lung abnormali-
ties in HRCT (45.3% vs. 21.5 %; OR = 3.0, 95 % CI 1.4-6.5).

In-hospital mortality occurred in 31.6 % (157/496) of
patients. In the multivariate analysis by logistic regression, the
risk factors identified for mortality were having IFI HD
(OR = 6.35, 95 % CI 3.63-11.12), positive GM test (OR = 2.7, 95 %
CI 1.6-4.5), and lung abnormalities in HRTC (OR = 2.6, 95 % CI
1.5-4.4).

Table 4 - Factors associated with positive GM test.

Positive GM test Negative GM test OR (95 % CI)

Number of patients (%) 86 (17.4) 410 (82.6)

Appropriate prophylaxis for AI* 12 (13.9) 73 (17.8) 1.5 (0.8-3.0)
Invasive fungal infection hypothesis 63(72.2) 103 (25.1) 8.1(4.8-13.8)
lung abnormalities on HRCT 40 (46.5) 36 (8.8) 9,0 (5.2-15.6)
invasive rhinosinusitis 20 (23.5) 15(3.6) 7.9 (3.8-16.4)
Other fungal infection 17 (19.7) 31(7.6) 3.0 (1.6-5.7)
Antifungal treatment 57 (66.3) 96 (23.4) 6.8 (4.1-11.4)
Death 49 (56.9) 108 (26.3) 3.7 (2.3-6.0)

GM, Galactomannan; OR, Odds Ratio; CI, Confidence Interval; IA, Invasive Aspergillosis; HRCT, High-Resolution Chest tomography.
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Discussion

All patients in this cohort had a GM test during hospitaliza-
tion and were diagnosed with hematologic neoplasia or
underwent HSCT. They presented the epidemiological and
clinical characteristics considered at high risk for IFI,
highlighting the large number of patients with acute myeloid
leukemia (41.3%) and patients with prolonged neutropenia
associated with fever (70%).">°

The GM test positive helped in the diagnosis of IA, being
nine times more frequent among patients with altered HRCT
findings (OR = 9.0; 95% CI 5.2 to 15.5) and about eight times
more among those with IRS (OR = 7.9; 95% CI 3.8 to 16.4). As
described in other studies, these data suggest a relationship
between GM test positivity, degree of angioinvasion, or more
advanced fungal disease.'®"’

HRCT findings were mainly the presence of nodules and
ground-glass infiltrate, confirming the importance of chest
tomography in diagnosing IA.'® These findings, although not
specific, are more frequent than classic findings such as the
halo sign and the air crescent sign. They also present a good
correlation with fungal infection and are included in the crite-
ria of probable IA by EORTC.'®*¢

Jin] (2019) performed a post-hoc analysis of the HRCT find-
ings of 395 patients with hematologic malignancy or alloge-
neic HSCT with suspected invasive aspergillosis and observed
that ground-glass attenuation and pulmonary nodules were
the changes most associated with subsequent confirmation
of IA.Y

The incidence of IFI in our study was higher when com-
pared to other national and international studies.’®?*> Asper-
gillosis occurred in 24.6% of the patients and 73.5% of those
with a hypothesis of IFI. Kontoyiannis (2010), in his prospec-
tive study, identified 983 IFI among 875 patients undergoing
HSCT, and Invasive aspergillosis (43%), invasive candidiasis
(28%), and zygomycoses (8%) were the most common IFIs.”?

Proven or probable IA was diagnosed in 31% of cases of fila-
mentous fungal infections in the study conducted in Brazil by
Garnica et al.*?

In the present study, the frequency of IA was high. It may
be related to the fact that most patients (76.8%) received pro-
phylaxis with fluconazole because voriconazole was only
available at the hospital in the final period of the study.

Another fact to be highlighted was the high frequency of
invasive fusariosis, the second most diagnosed IFI, occurring
in 4.0% of the patients, representing 12.1% of the IFI. A high
incidence of invasive fusariosis has been reported in Brazilian
studies.’””" With the use of prophylactic voriconazole, the
incidence of fusariosis has represented 10% to 25% of IFI
among patients with hematological malignancies or submit-
ted to HSCT.”>**

It is important to report that the rooms of the HSCT unit of
this institution have air control through HEPA filters (High-
Efficiency Particulate Arrestance) and positive pressure air
flow, but this does not occur in the oncohematology ward,
where the majority of patients (83.3 %) have cared. These
environmental conditions may have increased the possibility
of exposure to fungal conidia and higher rates of infections.
Proven IA and invasive fusariosis were often among patients

admitted to the oncohematology ward. The absence of HEPA
in the rooms of patients at risk of IFI probably represents the
reality of most Brazilian SUS hospitals that care for patients
with hematological malignancies.

Invasive Pulmonary Aspergillosis (IPA) and IRS are fre-
quent presentations of IA; this is expected if we consider the
form of acquisition of the fungus, which lodges in the airways
after inhaling."'® In the present study, 45.8% of patients with
the IFI hypothesis had suggested findings of IA on HRCT.

The GM test was positive in 52.6% of patients with HRCT
findings, rates similar to those described by other authors.**
Jung et al. (2018), evaluating the tomographic findings of adult
patients with proven or probable infection, concluded that
angioinvasion is more frequent in patients with positive
GM.'°

All individuals underwent GM tests, but only those with
clinical IFI hypotheses had HRCT and sinus CT performed.
These data are greater than other institutions with the same
approach investigating IFI/IA, perhaps due to the lack of ade-
quate infrastructure, such as HEPA filters, and the lack of
access to the first-choice antifungals in the first period of
study.?”

Depending on the patient’s clinical data or the findings on
imaging exams, the patients received antifungal treatment
before or after the result of the GM test; because it is per-
formed on Tuesdays and Thursdays, the result may be avail-
able on the same day or within one to four days after
collection.

Currently, at our institution, prophylactic VCZ is included
in the protocol for assisting patients at high risk of IA. In this
context, we believe the GM test should be performed after
suspicion of IFI and no longer as a surveillance test among
high-risk patients. With the prophylactic use of VCZ, the pre-
test probability of IA will decrease, and false positive results
will increase, making the interpretation more difficult for the
decision to prescribe antifungals.”*%?°

One hundred and fifty-six patients (31.4%) received anti-
fungal treatment; Amphotericin B (AB) was the most fre-
quently prescribed, mainly the AB deoxycholate. Here we also
emphasize that, in the early years of the study, AB was often
the only therapeutic option available at the hospital. Patients
with a longer mean period of neutropenia, with a positive GM
test, and with pulmonary involvement were more likely to
receive antifungal treatment. Certainly, these data, inter-
preted together or sequentially, greatly increase the likeli-
hood of IFI/IA and confidence in the introduction of
antifungal treatment.?”">°

The in-hospital mortality of patients with IFI/IA is
high,??%*! and similar to what was observed in this study
(31.7 %). It was higher among patients with the IFI hypothesis.
A prospective Brazilian study that included eight centers and
192 patients found that 30-day survival was significantly
lower in patients who developed IFI compared to patients
without IFI (60.0% vs. 91.6 %, respectively, p < 0.001)."?

In the present study, the hypothesis of IFI, the positive GM
test, and altered lung alterations in HRCT, were indepen-
dently associated with mortality in the multivariate analysis.
These findings are described by other authors.'*?*?” One can
understand that these patients may have a large fungal bur-
den, with greater angioinvasion, resulting in greater lung
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involvement and greater severity of cases. In addition, pulmo-
nary involvement may be associated with more systemic
severe repercussions and clinical instabilities.”

Our study has some limitations related to its retrospective
design, it included only patients from a single institution, and
it did not analyze some variables, such as disease recurrence
and transplant incompatibility, which are known to have an
impact on prognosis. However, it has the advantage of includ-
ing a large sample of patients, who probably have similar
characteristics to those cared for in other Brazilian institu-
tions, who do not have HEPA and positive pressure in their
wards, nor the first-choice antifungals are available.

Conclusion

Positive GM testing was associated with lung abnormalities
on HRCT and with the introduction of therapeutic antifun-
gals. If adequate anti-mold prophylaxis is available, the GM
test should not be used as screening, but in the context of
clinical suspicion of IFI in high-risk patients. The diagnosis of
IFI, positive GM test, and lung abnormalities on HRCT are
independent predictors of hospital mortality in patients with
hematological malignancies or undergoing HSCT
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