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Abstract: Background: Invasive aspergillosis (IA) is a life-threatening fungal infection that primarily
affects immunocompromised individuals and has high morbidity and mortality rates, necessitating
timely diagnosis and treatment. This study aimed to evaluate the prognostic utility of serum and
bronchoalveolar lavage (BAL) fluid galactomannan levels, as well as galactomannan kinetics, in
patients with IA. Methods: We retrospectively reviewed the medical records of patients who were
diagnosed with proven or probable IA from March 2016 to April 2024 at a tertiary cancer center. The
collected data included patient characteristics, baseline and peak galactomannan levels from serum
and BAL fluid, galactomannan trends, and clinical outcomes. Subgroup analyses were performed to
assess the prognostic value of dual-source galactomannan positivity (positive serum and BAL
galactomannan levels). Results: Elevated baseline serum galactomannan levels independently
predicted treatment non-response (P = 0.039) and 12-week all-cause mortality (P <0.001). Peak serum
and BAL galactomannan levels were strongly associated with poor clinical outcomes (P < 0.01).
Compared to single-source galactomannan positivity, dual-source galactomannan positivity was
linked to reduced treatment response (22% vs. 42%, P = 0.009) and higher IA-attributable mortality
(52% vs. 28%, P = 0.002). Patients with neutropenia had poorer outcomes compared to patients
without neutropenia, but neutrophil recovery dramatically improved survival (25% vs. 69%
mortality, P < 0.0001). Early galactomannan kinetics and malignancy type had limited prognostic
value. Conclusion: Our findings highlight the potential role of galactomannan as a key biomarker
for early prognostication for IA. The strong association between galactomannan levels and clinical
outcomes suggests its utility in identifying high-risk patients who may benefit from more aggressive
management. Further studies are needed to introduce a nuanced and context-specific use of
galactomannan into clinical practice and assess its role as a prognostic biomarker.

Keywords: Galactomannan; invasive aspergillosis

Introduction

Invasive aspergillosis (IA) is a life-threatening fungal infection that predominantly affects
immunocompromised individuals, including patients undergoing chemotherapy, hematopoietic
stem cell transplant, or solid organ transplant(1, 2). The high morbidity and mortality rates associated
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with IA demand prompt and precise diagnostic measures to facilitate timely therapeutic
intervention(3).

Among the diagnostic tools available, galactomannan, a polysaccharide component of the
Aspergillus cell wall released during fungal growth, has emerged as a critical biomarker for both the
diagnosis and monitoring of IA. The galactomannan assay, particularly the enzyme immunoassay,
detects galactomannan in biological fluids, such as serum and bronchoalveolar lavage (BAL) fluid,
providing essential information on the presence IA (4). The test provides rapid results, often days
earlier than traditional culture methods, making it an indispensable tool in clinical settings where
timely diagnosis is paramount, such as intensive care units, and in immunocompromised
populations(5, 6).

While the galactomannan assay has proven indispensable, its utility is not without limitations.
For example, its sensitivity can vary significantly depending on the patient population, the type of
specimen tested, and anti-mold treatment, highlighting the need for a nuanced and context-specific
approach to the assay’s application(4, 7). The prognostic value of galactomannan levels is being
increasingly recognized, with studies indicating that elevated galactomannan concentrations are
correlated with worse clinical outcomes(8). Furthermore, the kinetics of galactomannan levels during
treatment provide valuable prognostic information. Rising galactomannan levels during therapy are
often associated with treatment failure and higher mortality rates, whereas a decrease in
galactomannan levels typically indicates a favorable response to therapy(9, 10). These fluctuations
can inform clinicians about disease progression and treatment efficacy, underscoring the importance
of regular monitoring of galactomannan levels when managing IA.

Despite significant advances in galactomannan testing, critical gaps persist in understanding the
comparative prognostic values of serum and BAL galactomannan levels. Clarifying the relationship
between galactomannan positivity in these sources, particularly the implications of dual-source
positivity (i.e., concurrent positive serum and BAL galactomannan levels) could potentially enhance
diagnostic accuracy and refine prognostic stratification. Additionally, the clinical utility of peak
versus baseline galactomannan values remains underexplored.

In the current study, we explored the prognostic utility of serum and BAL galactomannan levels
in a cohort of immunocompromised patients who were diagnosed with IA at a tertiary cancer center
over an 8-year period. To this end, we evaluated baseline and peak galactomannan values, as well as
galactomannan kinetics. Additionally, we examined how factors such as neutropenia,neutropenia
recovery, and underlying malignancy type influence prognosis.

Materials and Methods

Study Design and Patient Population

We retrospectively reviewed the medical records of patients diagnosed with proven or probable
IA based on the European Organization for Research and Treatment of Cancer and Mycoses Study
Group (EORTC/MSQG) criteria (11) at The University of Texas MD Anderson Cancer Center between
March 2016 and April 2024. Data extracted from the electronic medical records included patient
demographics, and serum and BAL galactomannan levels from baseline to 12 weeks after diagnosis.
Clinical outcomes, including response to therapy, all-cause mortality, and IA-attributable mortality
within 12 weeks of diagnosis, were evaluated by a team of clinicians using objective criteria (e.g.,
clinical, radiological, and microbiological assessments) to ensure accuracy and consistency. To
maintain population homogeneity, patients diagnosed solely based on positive culture results
without a corresponding positive baseline galactomannan value were excluded.

To assess the prognostic value of serum galactomannan kinetics, we analyzed changes in
galactomannan levels from baseline to the next available value, which was usually obtained within 3
to 14 days after diagnosis. Additionally, we conducted a subgroup analysis of patients who had both
serum and BAL galactomannan levels assessed within 1 week of diagnosis. This subgroup was
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stratified based on galactomannan positivity in serum alone, BAL alone, or both (ie, dual-source
positivity) to compare therapeutic responses and clinical outcomes.

Patient data were securely stored in password-protected electronic case report forms using
REDCap, and all data were de-identified to ensure confidentiality. The study was approved by the
institutional review board at MD Anderson, and informed consent was waived due to the
retrospective nature of the research.

Statistical Analysis

The Wilcoxon rank-sum test was used to compare continuous variables due to the data not
following a normal distribution. Chi-square or Fisher’s exact test was used to compare categorical
variables, as appropriate. All tests were two-sided, with a significance level set at 0.05. Statistical
analyses were performed using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).

Results

The study cohort consisted of 457 immunocompromised patients diagnosed with IA with a
median age at diagnosis of 59 years (IQR, 44-69) and a slight male predominance (59%). Most patients
had hematologic malignancies, most commonly acute myeloid leukemia (45%), and 94% had active
cancer at the time of IA diagnosis. Almost half of the patients (46%) required intensive care unit
admission, 30% needed mechanical ventilation, and 52% died within 12 weeks of IA diagnosis from
any cause, with 34% of deaths directly attributable to IA. Baseline galactomannan levels were
significantly elevated, with median BAL and serum values of 2.08 (IQR, 1.23-5.37) and 1.84 (IQR, 0.98-
4.16), respectively.

Patients who did not respond to antifungal therapy at EOT had significantly higher median
galactomannan peak values in BAL and in serum than those who responded (BAL, P = 0.003; serum,
P=0.006) (Table 1). Similar results were observed in patients with 6- and 12-week all-cause mortality
who had higher median GM values compared to those who survived (BAL, P = 0.007; serum, P =
0.003) (Table 1). Baseline serum, but not BAL, galactomannan levels independently predicted non-
response to therapy (P = 0.039) and 12-week all-cause (P < 0.001) and IA-attributable (P = 0.005)
mortality rates (Table 2).

Table 1. Peak GM values in patients with different outcomes and GM sources.

BAL Source Serum Source
Highest GM Highest GM
Value, Median P Value, Median P
Outcome N (IQR) Value N (IQR) Value
No ICU admission 97 2.64 (1.34-6.26) 111 3.60 (1.46-7.18)
0.85 0.74
ICU admission 67 2.17 (1.36-7.01) 111 3.71 (1.63-7.20)
No mechanical ventilation 117 2.52 (1.36-6.26) 153 3.69 (1.60-7.22)
0.81 0.47
Mechanical ventilation 47 2.56 (1.35-7.02) 69 3.16 (1.56-7.01)
No response at EOT 88 3.33 (1.58-7.29) 137 491 (1.69-7.27)
0.003 0.006
Response at EOT 58 1.72(1.18-3.87) 68 2.48 (1.24-5.81)
No death of any cause at 6 weeks 108 1.87 (1.23-4.84) 130 2.87 (1.28-6.69)
0.005 0.009
Death of any cause at 6 weeks 54 4.58 (1.80-7.24) 90 5.34 (1.98-7.29)
No IA-attributable death at 6 weeks 122 1.97 (1.24-5.37) 152 2.87 (1.45-6.98)
0.019 0.006
IFI-attributable death at 6 weeks 35 5.01 (1.71-7.33) 59 5.48 (2.50-7.72)
No death of any cause at 12 weeks 89 1.83 (1.22-4.37) 95 2.66 (1.27-6.25)
0.007 0.003

Death of any cause at 12 weeks 73 3.45 (1.61-7.18) 125 5.14 (1.86-7.50)
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No IFI-attributable death at 12 weeks 108 1.90 (1.26-5.35) 127 2.66 (1.40-6.35)
.021 0.001
TA-attributable death at 12 weeks 41 3.97 (1.71-7.25) 79 5.48 (2.10-7.61)
Table 2. Baseline GM values in patients with different outcomes and GM sources.
BAL Source Serum Source
Highest GM Highest GM
Value, Median P Value, Median P
Outcome N (IQR) Value N (IQR) Value
No ICU admission 123 2.63 (1.36-6.26) 121 1.54 (0.94-3.45)
0.051 0.13
ICU admission 84  1.73(1.14-4.41) 123 2.07 (1.06-4.87)
No mechanical ventilation 147  2.52 (1.36-6.26) 168 1.68 (0.98-3.62)
0.17 0.36
Mechanical ventilation 60  1.85(1.14-4.41) 76 2.09 (1.03-5.13)
No response at EOT 107 2.53 (1.35-6.45) 150 1.95 (1.03-4.61)
0.20 0.039
Response at EOT 77  1.87 (1.20-3.88) 73 1.48 (0.79-3.04)
No death of any cause at 6 weeks 137  1.83 (1.20-4.37) 141 1.46 (0.90-2.97)
0.062 <0.001
Death of any cause at 6 weeks 67 2.63 (1.55-6.45) 101 2.50 (1.13-5.64)
No IA attributable death at 6
154 1.89 (1.20-5.14) 164 1.56 (0.93-3.06)
weeks 0.24 0.003
[A-attributable death at 6 weeks 42 2.60 (1.36-6.88) 69 3.18 (1.16-6.24)
No death of any cause at 12
112 1.85(1.19-4.84) 102 1.45 (0.89-2.59)
weeks 0.29 <0.001
Death of any cause at 12 weeks 92 2.53 (1.36-6.10) 140 2.26 (1.10- 5.44)
No IFl-attributable death at 12
135 136 1.54 (0.91-2.69)
weeks 1.90 (1.23-6.02) 0.53 0.005
IFI-attributable death at 12 weeks 50  2.60 (1.35-6.30) 91 2.63 (1.10-5.64)

Compared to patients without neutropenia, patients with neutropenia had reduced treatment
response (29% vs. 48%, P < 0.001) and higher 12-week IA-attributable mortality (40% vs. 27%, P=
0.004) as well as 12-week all-cause mortality (p=0.01) (Table 3). Recovery from neutropenia, however,
dramatically altered outcomes: patients who had neutrophil recovery had a significantly reduced 6-
week and 12-week all-cause as well as IA-attributable mortality rates (P < 0.0001) and were
significantly more likely to have a treatment response (60% vs. 18%, P < 0.0001) (Table 3). Outcomes
did not differ by malignancy type, with patients with hematologic malignancies and solid tumors
showing similar mortality rates and treatment responses (Table 4).

Changes in serum galactomannan levels from baseline to follow-up (3 to 14 days after IA
diagnosis) were not associated with treatment response or mortality (Table 5). Although patients who
died by 12 weeks of IA diagnosis, either from any cause or from IA-attributable causes, had a smaller
decrease in galactomannan levels compared to patients who did not die, the trends were not
statistically significant (P = 0.09 for all-cause mortality; P = 0.13 for IFI-attributable mortality).

Dual-source galactomannan positivity (ie, concurrent positive BAL and serum galactomannan
levels) emerged as a particularly potent prognostic indicator. Patients with dual-source positivity had
nearly half the treatment response rate (22% vs. 42%, P = 0.009) and a nearly two-fold increase in the
12-week IA-attributable mortality rate (52% vs. 28%, P = 0.002) compared to patients with single-
source positivity, despite similar rates of intensive care unit admission and mechanical ventilation
(Table 6).
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Table 3. Outcomes of patients with and without neutropenia and the effect of neutrophil recovery.
Non- No neutrophil Neutrophil
neutropenia  Neutropenia recovery recovery
Outcome (N=196) (N=258) P value (n=186) (N=72) P value
ICU admission 81/195 (42) 126/257 (49) 0.11 98/185 (53) 28 (39) 0.043
Mechanical ventilation 65 (33) 71/256 (28) 021 58/184 (32) 13 (18) 0.031
Response at EOT 83/174 (48) 68/234 (29)  <0.001 30/171 (18) 38/63 (60) <0.0001
6-week all-cause mortality 71/192 (37) 97/256 (38) 0.84 92/185 (50) 5/71 (7) <0.0001
6-week IA-attributable ~ 44/187 (24) 68/244 (28) 65/173 (38) 3/71 (4)
mortality 0.31 <0.0001
12-week all-cause mortality 86/192 (45) 146/256 (57) 0.01 128/185 (69) 18/71 (25) <0.0001
12-week IA-attributable  48/180 (27) 94/234 (40) 85/166 (51) 9/68 (13)
mortality 0.004 <0.0001
Table 4. Outcomes of patients according to malignancy type.
Hematologic Solid Tumor
Outcome Malignancy (N=418) (N=33) P Value
ICU admission 195/417 (47) 11 (33) 0.14
Mechanical ventilation 126/417 (30) 9 (27) 0.72
Response at EOT 136/375 (36) 12/30 (40) 0.68
6-Week all-cause mortality 158/412 (38) 12 (36) 0.82
6-Week [A-attributable mortality 107/396 (27) 6/32 (19) 0.31
12-Week all-cause mortality 216/412 (52) 17 (52) 0.92
12-Week IA-attributable mortality 137/382 (36) 6/29 (21) 0.10

Table 5. Changes in serum GM values from baseline to follow-up (3 to 14 days after diagnosis) for different

outcomes.
Change in GM Value,

Outcome N Median (IQR) P Value
No ICU admission 58 -0.36 (-1.48-0.25) 047
ICU admission 52 -0.13 (-1.30-0.41)

No mechanical ventilation 80 -0.28 (-1.48-0.31)

Mechanical ventilation 29 -0.03 (-1.08-0.39) 0.44
No response at EOT 64 -0.13 (-1.06-0.43) 0.29
Response at EOT 36 -0.18 (-1.96-0.27)

No death of any cause at 6 weeks 65 -0.56 (-1.48-0.17) 015
Death of any cause at 6 weeks 45 -0.10 (-1.02-0.45)

No TA-attributable death at 6 weeks 75 -0.56 (-1.68-0.36) 0.3
[A-attributable death at 6 weeks 27 -0.03 (-1.08-0.37)

No death of any cause at 12 weeks 49 -0.71 (-1.68-0.11) 0.09
Death of any cause at 12 weeks 61 -0.10 (-1.08-0.45)

No [A-attributable death at 12 weeks 63 -0.59 (-1.93-0.17) 0.13
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[FI-attributable death at 12 weeks 34 -0.03 (-1.08-0.43)

Note: A negative GM value means a decrease in GM value from baseline to the earliest follow-up test between

day 3 and day 14 after baseline, and a positive value means an increase in GM value from baseline to the earliest

follow-up test 3 to 14 days after baseline.

Table 6. Single-source (serum or BAL) and dual-source (serum and BAL) galactomannan positivity and patient

outcomes.
Dual-source Single-source
positivity (N=67) positivity
Outcome * (N=105) P value
ICU admission during infection 32 (48) 45 (43) 0.53
Mechanical ventilation during infection 21/66 (32) 30 (29) 0.65
Response to therapy at EOT 14/63 (22) 41/97 (42) 0.009
6-week all-cause mortality 34 (51) 31/104 (30) 0.006
6-week [A-attributable mortality 23/63 (37) 19/99 (19) 0.014
12-week all-cause mortality 45 (67) 49/104 (47) 0.01
12-week IA-attributable mortality 32/61 (52) 26/93 (28) 0.002

*A positive serum galactomannan means either a single test with a value > 1.0 or at least two tests with a value

>0.5. A positive BAL galactomannan means a test with a value of > 1.0 *.

Discussion

Our study provides critical insight into prognostic factors for IA in immunocompromised
patients, highlighting the roles of both serum and BAL galactomannan levels, the significance of dual-
source galactomannan positivity, and the impact of neutropenia and malignancy type. We found that
elevated galactomannan levels, whether in serum or BAL, were strongly associated with treatment
failure and increased mortality, aligning with prior research (12, 13). Consistent with our findings,
Dabas et al. demonstrated that a serum galactomannan level >1.24 is the best predictor of mortality
for patients in the intensive care unit (14), and BAL galactomannan levels >2.0 have been shown to
have significant prognostic value (13). Notably, our analysis differentiated between peak and
baseline galactomannan values, revealing that peak serum and BAL galactomannan levels were
predictive of outcomes, whereas only baseline serum, not BAL, elevated galactomannan levels
independently predicted treatment non-response and mortality. This divergence highlights the
complementary roles of these biomarkers: BAL galactomannan is highly sensitive for diagnosing
localized disease, often outperforming serum galactomannan in this regard (15), and serum
galactomannan may better reflect systemic disease burden. Together, these findings suggest that
integrating both serum and BAL galactomannan testing into IA disease management could improve
risk stratification and therapeutic strategies for IA.

Neutropenia and its recovery were key determinants of outcomes in our cohort and had a
significant impact on IA progression. Patients with neutropenia had significantly lower treatment
response rates and higher IA-attributable mortality rates, which is consistent with previous studies
that highlight neutropenia as a major risk factor for IA progression (16). Importantly, recovery from
neutropenia dramatically improved outcomes, with a significant reduction in 12-week mortality and
a threefold increase in treatment response. These findings align with research showing that
neutrophil recovery is associated with better outcomes for patients with IA (17, 18), suggesting that
interventions aimed at promoting hematopoietic reconstitution could have a noteworthy impact on
survival.

Interestingly, outcomes did not differ by malignancy type, with patients with hematologic
malignancies and solid tumors having similar mortality and treatment response rates. This finding
contrasts with those of some studies that suggest that patients with solid tumors may have better
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outcomes due to less profound immunosuppression (19, 20). Our findings suggest that IA severity in
immunocompromised patients may be driven more by fungal burden and immune status than by
the specific underlying malignancy. This finding has important implications for risk stratification, as
it highlights the need to focus on biomarkers of fungal burden and immune recovery rather than
cancer type alone.

The dynamics of galactomannan levels during early treatment demonstrated limited prognostic
utility in our analysis. Although patients who died by 12 weeks after IA diagnosis had smaller
declines in galactomannan levels compared to such declines for patients who did not die, this trend
was weak and lacked statistical significance. This observation contrasts with the findings of prior
studies that identified galactomannan clearance during treatment as a predictor of survival (21, 22).
The limited predictive value of early galactomannan changes may reflect the complex interactions
among host factors, antifungal therapy, and fungal burden.

In our study, dual-source galactomannan positivity (i.e., elevated galactomannan levels in both
BAL and serum) emerged as a robust prognostic indicator, with patients who had elevated
galactomannan levels in both samples experiencing significantly worse outcomes. This dual-source
positivity likely indicates a more disseminated or refractory disease state, suggesting that dual-source
positivity could help identify high-risk patients. While previous studies have primarily examined the
prognostic value of serum or BAL galactomannan separately, our findings highlight the potential of
dual-source galactomannan positivity to guide therapeutic escalation and improve outcomes for
critically ill patients with IA.

While our study provides valuable insights, it has several limitations. First, its retrospective
design limits our ability to establish causal relationships. The cohort primarily consisted of patients
with hematologic malignancies, which may affect the generalizability of the findings to other
immunocompromised populations. Additionally, the timing of serial galactomannan measurements
was inconsistent, potentially influencing the interpretation of galactomannan dynamics. Lastly,
variations in antifungal treatment regimens were not accounted for, which could impact outcomes.
Future prospective studies with standardized protocols are needed to validate these findings and
refine prognostic models.

Conclusions

Our study underscores the critical roles of serum and BAL galactomannan levels, dual-source
galactomannan positivity, and neutropenia in predicting outcomes of IA in immunocompromised
patients. Peak galactomannan levels, serum baseline galactomannan levels, and dual-source
galactomannan positivity were strongly associated with poor outcomes, and neutrophil recovery
significantly improved survival. These findings highlight the importance of integrating a refined
galactomannan testing protocol into risk stratification and therapeutic decision-making for high-risk
patients.
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GM, galactomannan; IQR, interquartile range; BAL, bronchoalveolar lavage; ICU, intensive care
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