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Introduction: Diagnosis and treatment of invasive mold infections (IMI) can be challen-
ging and IMI is a significant source of morbidity and mortality. Invasive aspergillosis (IA)
and invasive mucormycosis (IM) are two of the most common mold infections. A better
understanding of patient comorbidities and risk factors that predispose IMI may help
clinicians to refine the difficult diagnostic and treatment process.

Methods: A systematic literature review (SLR) was conducted (January 2008-
October 2019) for studies reporting comorbidities/risk factors of patients with IA or IM
(Phase 1), followed by an analysis on the Optum® US EHR database of prominent risk factor
cohorts based on SLR findings and expert opinion (Phase II). From the four identified patient
cohorts: 1) patients undergoing solid organ transplant (SOT) and patients with 2) hematolo-
gic cancers, 3) diabetes, or 4) lung disease, rates of IA, IM, or concurrent IA and IM; patient
comorbidities; and Charlson Comorbidity Index (CCI) scores were reported.

Results: The SLR included 88 studies, and 46 were used to select comorbidities/risk factors
cohorts in IA and IM patients. The most important comorbidities/risk factors in IA and IM
patients were diabetes, lung disease, hematological malignances, and SOT. In the Optum
database (N=101,340,454 patients), IA rates were highest in lung transplant (10.81%)
patients and IM rates were highest in intestine transplant (0.83%) patients, lung transplant
(0.43%), and hematopoietic stem cell transplant (0.49%). CCI scores were elevated in all
mold infection groups compared to the total Optum cohort.

Conclusion: The current study describes patient comorbidity and risk factors associated
with IA and IM. These data can be used to refine clinical decision-making regarding when to
suspect mold infections. Future research should focus on identifying whether patients
respond differently to various antifungal treatments to determine if strategic recommenda-
tions should be made for certain patient groups.

Keywords: invasive mold infections, systematic literature review, retrospective claims data,
invasive aspergillosis, invasive mucormycosis

Introduction

Invasive mold infections are a growing problem worldwide with invasive aspergil-
losis (IA) and invasive mucormycosis (IM) as two of the most common mold
infections.' ™ Increasing incidence of A and IM is multifactorial. More widespread
adoption of aggressive therapy practices including chemotherapy, transplantation,
and intensive care use contributes to greater numbers of infections.’ Also, there are

emerging mold infection populations such as Influenza- and SARS-CoV-
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2-associated Aspergillosis,®” as well as mold infections in
patients with B cell cancers treated with ibrutinib.® Despite
advances in clinical understanding, invasive mold infec-
tions remain a significant source of morbidity and
mortality.” If untreated, mortality in patients diagnosed
with invasive aspergillosis up to nearly 85% depending

10,11

on the underlying condition, and mortality in untreated

patients with invasive mucormycosis is near 100%.'*"?

Epidemiology of invasive mold infections varies
between hospitals and regions of the world and is influ-
enced by population risk factors and antifungal use.” For
example, IM is rare, but increasingly prevalent globally in
patients with uncontrolled diabetes mellitus.'* A high pro-
portion of IM cases are diagnosed in the intensive care unit
(ICU)."* Risk factors for both IA and IM have been
extensively studied in patients with hematologic malig-
nancy and transplants, however, clinical and patient risk
factors are less well defined for non-traditional and emer-
ging at-risk patient groups.'> The advent of new technol-
ogy such as 18S ribosomal RNA PCR and genome
sequencing is leading to improved understanding of epi-
demiology of invasive mold infections.’

Diagnosis of invasive mold infections can be
a challenge and mold is oftentimes not suspected.'®
Detection of mold infections is difficult because 1) defini-
tive diagnosis frequently requires tissue sampling by inva-
sive procedure,'® 2) immune-compromised patients may
be unable to mount an effective immune response, which
affects antibody-based testing,'” and 3) many molds
including IA are rarely isolated from blood cultures.'®
The complexity of the diagnostic work-up, in which the
clinical, radiological, and microbiological findings must be
considered, contributes to a low detection rate for invasive
mold infections.'” ' Early diagnosis and timely therapeu-
tic intervention require a high level of awareness and
suspicion.

Currently, available antifungal treatments target most
mycoses encountered in clinical practice.”**> However,
significant differences exist between treatments regarding
efficacy, toxicity profile, pharmacokinetics, formulation,
with
Amphotericin B, released in the 1950s, remains one of
the widest

However, amphotericin B nephrotoxicity and requirement

and interactions concomitant medications.??

spectrum antifungal agents available.**
for intravenous administration are limiting. Voriconazole
and the echinocandins are active against IA, yet lack
meaningful or clinically proven activity against IM.*

Isavuconazole is an example of one of a few recently

approved triazoles with activity against both IA and
IM.?* In order to optimize antifungal treatments to unique
patients, clinicians should understand not only properties
of different antifungal agents but also patient comorbid-
ities and risk factors in invasive mold infections.

A better understanding of the population at risk for
invasive mold infections to inform suspicion of mold
infection may contribute to improved outcomes for this
potentially treatable disease. To this end, the objectives of
this study were twofold. First, a systematic literature
review (SLR) was conducted to determine risk factors
and their rates of occurrence reported in the literature
associated with IA, IM, or co-infection with both.
Second, a descriptive analysis of a US insurance claims
database was conducted to assess rates of IA and IM in
patients with comorbidities and risk factors identified in
the SLR.

Materials and Methods
Study Design

This study was conducted in two phases. In the first phase
(Phase 1), a Systematic Literature Review (SLR) was con-
ducted according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA).?
The SLR identified journal articles and conference
abstracts reporting comorbidity/risk factors in patients
with confirmed IA or IM. In the second phase (Phase II),
a retrospective cohort analysis was performed on the
Optum® US EHR database on patient cohorts selected
based on findings of the SLR and expert opinion. From
these risk factor cohorts, patients with 1A, IM, or concur-
rent IA and IM were identified. Rates of IA, IM or con-
current IA and IM; patient comorbidities; and Charlson
Comorbidity Index (CCI) scores were reported.

Phase I: Systematic Literature Review
Study Selection

Study inclusion and exclusion criteria are available in
Table 1. Medline and EMBASE were searched for journal
articles published in the time-period January 2008 to
December 2019 (Appendix A). Conference abstracts
from the European Hematology Association, American
Society of Hematology, European Congress of Clinical
Microbiology and Infectious Diseases, and Trends in
Medical Mycology were searched for the time-period
January 2015 to October 2019. All studies identified
were reviewed independently by two reviewers for
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Table | Study Inclusion/Exclusion Criteria

Inclusion Criteria

Exclusion Criteria

Population ® Adults (aged 218 years) with |IA or IM

® Superficial/cutaneous or otherwise localized fun-
gal infections
® Children (aged <17 years) with IMI

Interventions ® Any treatment used in mold infection therapy ® Prophylactic treatment with mold infection
treatment
Comparators | ® Any or none ® N/A

Outcomes ® Risk factors and/or comorbidities associated with IMI

® Non-included outcomes
Outcomes not stratified by mold vs yeast

infections

Study design ® Observational studies: Prospective or retrospective ® Observational Non-systematic reviews
® Database analyses/registries Case series/case reports
® Clinical trials Commentary/editorial letter
® Professional society guidelines
® Systematic literature reviews/meta-analyses (for study identification purposes
only)
Setting ® [npatient and outpatient ® N/A
Publication ® Manuscripts published in medical or economic journals indexed in MEDLINE/ | ® Non-included publication types
type Embase
® Conference abstracts from 4 conferences:
® Congress of the European Hematology Association (EHA)
® American Society of Hematology (ASH)
® Trends in Medical Mycology (TIMM)
® European Congress of Clinical Microbiology and Infectious Diseases (ECCMID)
Language ® English ®  Non-English
Publication ® Full-text articles: published January 1, 2008 to October 2019 ® Published prior to January |, 2008
date ® Conference abstracts: published January |, 2015 to October 2019
Other ® Human subjects ® Preclinical/animal subjects

Abbreviations: |A, Invasive Aspergillosis; IM, Invasive Mucormycosis; IMI, Invasive mold infection; N/A, Not applicable.

selection. In cases where study selection was discordant,
the researchers reviewed the article together to reach con-
sensus. All studies included were reviewed by the respon-
sible ethics committee during their original conduct, as
such, there was no IRB approval required for this second-
ary data analysis.

Data Extraction

Information collected from each individual study included
study design; data source; region of conduct (Africa and
Middle East [AfME], The United States [US], Asia Pacific
[APAC], Europe, Oceania, Canada, and Global [if span-
ning multiple regions]); inclusion and exclusion criteria;
rates of comorbidities/risk factors present in IA and IM
patients; and treatment details. Patient comorbidity/risk
factors were grouped accordingly: Healthy, Diabetes,

Lung Disease, Liver Disease, Solid Organ Transplant,
Hematology Transplant, Solid Malignancy, Hematology
Malignancy  or Renal

Disease, Heart Disease,

Impairment, Immunocompromised, and Others.

Data Synthesis

Data from studies that reported the comorbidities/risk fac-
tors for each mold cohort separately in the SLR were used
to determine risk profiles of the different mold infection
groups. The proportion of studies that mention each
comorbidity/risk factor in IA or IM patients was assessed
to determine which are most prevalent in the literature.
Weighted average estimates of frequency of comorbidities/
risk factors in IA and IM patients were calculated by
combining the frequency of comorbidities/risk factors in
IA or IM patients reported in each individual study in
the SLR.

ClinicoEconomics and Outcomes Research 2021:13

595

Dove!


https://www.dovepress.com
https://www.dovepress.com

Sung et al

Dove

Phase II: Database Analysis

Data Source

Optum’s deidentified Integrated Claims-Clinical data set
combines adjudicated claims data with electronic health
record (EHR) data. The Optum® US EHR is derived from
more than 50 healthcare provider organizations in the
United States including more than 700 hospitals and
7000 clinics. All payment types are represented (commer-
cial, Medicare, Medicaid, cash, and manufacturer’s cou-
pons). EHR information collected in the dataset includes
medications prescribed and administered, laboratory
results, vital signs, body measurements, diagnoses, and
procedures. Optum® US EHR data were de-identified in
compliance with the US Health Insurance Portability and
Accountability Act (HIPAA). As such, there was no

requirement for institutional review board/ethics approval.

Inclusion Criteria

A retrospective review was conducted of the Optum
Integrated Claims-Clinical database from January 2007 to
June 2019. Subjects were identified as having IA or IM using
the following ICD-9 and ICD-10 codes: IA (ICD-9: 117.3,
117.9, 484.6, 518.6 or ICD-10: B44.0, B44.1, B44.2, B44.7,
B44.81, B44.89, B44.9, B48.3, B48.4, B48.8, B49), IM
(ICD-9: 117.7 or ICD-10: B46.x), or co-infection of both
IA and IM. All ICD-9 and ICD-10 codes used in this study
are available in the supplementary material Appendix C.

IM and IA Comorbidity and Risk Factors

ICD-9 and ICD-10 codes were used to identify presence of
patient comorbidities/risk factors. The most prevalent risk
factors from the literature were extracted and grouped
using expert opinion. The most frequent patient comorbid-
ities and the comorbidities that were cited the most in the
literature were considered to select the following cohorts
for the Optum® US EHR database analysis:

o diabetes,

e lung disease (including cystic fibrosis, tuberculosis,
and chronic obstructive pulmonary disorder [COPD]
diagnoses),

e hematology and oncology diagnoses (HEM/ONC;
including acute myeloid leukemia [AML], lym-
phoma, leukemia, other, stem cell, and neutropenia
diagnoses), and

e solid organ transplants (including kidney, heart, lung,
liver, pancreas, heart and lung, pancreas and kidney,
intestine, and other transplants).

Within these four patient risk cohorts, rates of IM, IA, or
co-infection with both IA and IM were analyzed. In addi-
tion, frequencies of top ICD-9/ICD-10 codes within each
risk cohort were used to assess additional comorbidities
between the four main patient cohorts that may overlap in
risk.

Comorbidity Burden in Invasive Mold Infection
Patients

Charlson Comorbidity Index (CCI) scores were calculated
for each patient.’’*® Pairwise comparisons of CCI score
were conducted between each mold infection group (1A,
IM, or co-infection with both) using a Student’s #-test and
a 0.05 level of statistical significance in each of the
cohorts. CCI scores were interpreted as Mild (1-2),
Moderate (3-5), and Severe (>5).>”*° Microsoft Excel
(Microsoft Corp., Redmond, WA) and SAS version 9.4
(SAS Institute, Cary, North Carolina) was used to perform
descriptive and comparative statistics.

Results
Phase | Systematic Literature Review

Summary
2009 citations were screened. After full text review, 88
studies met inclusion criteria. Included studies reported on
IA (n=52), IM (n=17), and co-infection with IA and IM
(n=18). Of these, 46 studies that reported only on risk
factors associated with IA (n=35) or IM (n=11) were
included in the final data synthesis, including 39 full-text
articles and 7 conference abstracts (Appendix B). Studies
were from AfME (n=5), US (n=8), APAC (n=8), Europe
(n=15), Oceania (n=1), Canada (n=2), Global (n=6), and
not-specified (n=1). Study designs were retrospective
(n=34), prospective (n=9), SLR (n=4) studies, but some
incorporated multiple study design components. The
PRISMA flow chart is presented in Figure 1.

The proportion of IA and IM comorbidities/risk factors
in the studies from the literature is reported in Table 2.
Among the 35 IA studies identified in the SLR, the most
prevalent comorbidities/risk factors were diabetes (n=17),
hematological malignancy (n=17), SOT (n=11), and lung
disease (n=10). Among the 11 IM studies identified in the
SLR, the most prevalent comorbidities/risk factors were
diabetes (n=8), hematological malignancy (n=7), and SOT
(n=4), along with immunocompromised status (n=4).

The simple weighted average of prevalence of IA and IM
patient comorbidities/risk factors from the literature is reported
in Table 3. The most frequently occurring comorbidities/risk
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ProQuest (Medline/Embase)
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N —

Exclusions (n=418)
»  Wrong population (n=18)

Records Available for Review

l +  Deprioritized (n=27)

(n=550) Other (n=14)

Wrong intervention (n=26)
Wrong outcome (n=13)

Saved for possible use (n=153)

Wrong study design (n=23)
Wrong topic (n=31)
Other (n=60)

Eligibilty

Strategy use (n=72)

Deprioritized (n=165) |

Full-text Articles Available for
Data Extraction (n=132)

Exclusions (n=42)
Wrong outcome (n=31)
Wrong topic (n=11)

Exclusions (n=42)

| Factor Review (n=88)

Included in IMI Risk I

Mixed mold population:
(n=41)

3
2

Wrong study design (n=1) |

Studies Included in Data
Synthesis (n=46)

Figure | PRISMA Flow Diagram.

factors occurring in IA patients were: SOT (56.0%), Heart
Disease (51.0%), Hematology Malignancy or Disease
(46.0%), and Liver Disease (38.0%). The most frequently
occurring comorbidities/risk factors occurring in IM patients
in the literature SOT (71.0%),
Immunocompromised (58.0%), Hematology Malignancy or
Disease (41.0%), Diabetes (37.0%),
Transplant (35.0%).

were as follows:

and Hematologic

Phase Il Database Analysis Summary

Of 101,340,454 patients in the Optum database, there were
5,730,144 (5.65%) with diabetes; 9,095,448 (8.98%) with
lung disease; 125,381 (0.12%) with SOT; and 962,428
(0.95%) with HEM/ONC diagnoses (see Table 4). Within

Table 2 Comorbidities Proportions Across IMI Studies in the
SLR

the diabetes cohort, 23,578 (0.41%) were diagnosed with
IA; 2,257 (0.04%) with IM; and 117 (0.003%) with both.
Within the lung disease cohort, 42,939 (0.71%) were diag-
nosed with TA; 3,264 (0.04%) with IM; and 204 (0.002%)
with both. Within the HEM/ONC cohort, 10,638 (1.11%)
were diagnosed with 1A; 1,133 (0.12%) with IM; and 161
(0.02%) with both. Within the SOT cohort, 2,536 (2.02%)
were diagnosed with IA; 144 (0.11%) with IM; and 41
(0.03%) with both.

Table 5 provides the mean post-index CCI scores for
each risk cohort, overall and by mold infection group IA,
IM, and co-infected cohorts. CCI scores were elevated in
all mold infection groups compared to the overall cohort
score (all p<0.0001). CCI scores were greatest in SOT

Table 3 Weighted Average Prevalence of Comorbidities Across
IMI Patients in the SLR

Comorbidity/Risk Factor IA (n=35) IM (n=11)

(46 Studies) Comorbidity/Risk Factor (46 Studies) 1A IM
Healthy 2 2 Healthy 15.0% 11.0%
Diabetes 17 8 Diabetes 19.0% 37.0%
Lung Disease 10 2 Lung Disease 46.0% 12.0%
Hematology Malignancy or Disease 17 7 Hematology Malignancy or Disease 48.0% 41.0%
Solid Organ Transplant I 4 Solid Organ Transplant 56.0% 71.0%
Heart Disease 9 0 Heart Disease 51.0% NR
Liver Disease 7 2 Liver Disease 38.0% 3.0%
Renal Impairment 7 3 Renal Impairment 23.0% 18.0%
Immuno-compromised 8 4 Immuno-compromised 7.0% 58.0%
Hematologic transplant 6 | Hematologic transplant 4.0% 35.0%
Solid Malignancy 7 3 Solid Malignancy 10.0% 2.0%

Abbreviations: |A, Invasive Aspergillosis; IM, Invasive Mucormycosis; IMI, Invasive
mold infection; SLR, Systematic literature review.

Abbreviations: |A, Invasive Aspergillosis; IM, Invasive Mucormycosis; IMI, Invasive
mold infection; NR, Not reported; SLR, Systematic literature review.
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Table 4 Rates of Invasive Mold Infections in Comorbidity and Risk Factor Groups

Evaluation Group N Invasive Aspergillosis n (%)* | Invasive Mucormycosis n (%)* | Co-Infected n (%)*
Diabetes 5,730,144 23,578 (0.41%) 2257 (0.04%) 117 (0.003%)
Lung Disease 9,095,448 42,939 (0.47%) 3264 (0.04%) 204 (0.002%)
Cystic fibrosis 19,030 1000 (5.25%) 12 (0.06%) 3 (0.02%)
Tuberculosis 40,788 599 (1.47%) 30 (0.07%) 4 (0.01%)
COPD 9,063,186 42,719 (0.47%) 3255 (0.04%) 0 (0.00%)
HEM/ONC 962,428 10,638 (1.11%) 1133 (0.12%) 161 (0.02%)
AML 34,367 1562 (4.55%) 145 (0.42%) 66 (0.19%)
Lymphoma 209,953 2242 (1.07%) 165 (0.08%) 40 (0.02%)
Leukemia 126,982 2354 (1.85%) 208 (0.16%) 81 (0.06%)
Other 148,458 1133 (0.76%) 102 (0.07%) 25 (0.02%)
Stem Cell 21,463 1065 (4.96%) 106 (0.49%) 42 (0.20%)
Neutropenia 278,390 4299 (1.54%) 332 (0.12%) 113 (0.04%)
SOT 125,381 2536 (2.02%) 144 (0.11%) 41 (0.03%)
Kidney transplant 77,315 1097 (1.42%) 61 (0.08%) 14 (0.02%)
Heart transplant 14,294 423 (2.96%) 33 (0.23%) 9 (0.06%)
Lung transplant 9171 991 (10.81%) 39 (0.43%) 18 (0.20%)
Liver transplant 32,456 760 (2.34%) 38 (0.12%) 7 (0.02%)
Pancreas transplant 6268 155 (2.47%) 10 (0.16%) 3 (0.05%)
Heart and Lung transplant 33 6 (18.18%) 0 (0.00%) 0 (0.00%)
Pancreas and Kidney transplant 53 0 (0.00%) 0 (0.00%) 0 (0.00%)
Intestine transplant 959 86 (8.97%) 8 (0.83%) 2 (0.21%)
Other transplant 5606 132 (2.35%) 8 (0.14%) 3 (0.05%)

Note: *Percent of evaluation cohort.

Abbreviations: AML, Acute Myeloid Leukemia; COPD, chronic obstructive pulmonary disorder; HEM/ONC, hematology and oncology; N, number of patients; SOT, Solid

Organ Transplant.

Table 5 Mean Post-Index CCl Score in Diabetes, Lung Disease, SOT, and HEM/ONC Diagnosed Patients by IMI-Status

Cohort Entire Cohort Invasive Aspergillosis Invasive Mucormycosis Co-infected
Mean = SD Mean = SD Mean = SD
Diff (95% CI)f Diff (95% CI)t Diff (95% Cl)t
p-value p-value p-value

Diabetes 2.28 + |.86* 3.16 £ 244 2.55 £2.05 3.68 £ 2.57
0.88 (0.86, 0.9) 0.27 (0.19, 0.35) 1.40 (1.13, 1.67)
<0.0001 <0.0001 <0.0001

Lung Disease 1.90 + 1.75% 2.68 + 232 298 +2.18 3.85 + 2.6l
0.78 (0.76, 0.80) 1.08 (1.02, 1.14) 1.95 (1.71, 2.19)
<0.0001 <0.0001 <0.0001

HEM/ONC 299 + 261* 3.70 + 2.55 352+ 211 4.14 £ 249
0.71 (0.66, 0.76) 0.53 (0.38, 0.68) 1.15 (0.75, 1.55)
<0.0001 <0.0001 <0.0001

SOT 3.26 £ 2.28*% 4.00 + 2.83 4.70 £ 2.67 4.88 £ 2.79
0.74 (0.65, 0.83) 1.44 (1.07, 1.81) 1.62 (0.92, 2.32)
<0.0001 <0.0001 <0.0001

Notes: *Represents Mean CCl score for Total cohort, including IMI patients. {Difference relative to mean CCl score of Total cohort.

Abbreviations: CCl, Charlson Comorbidity Index; Diff, Difference; HEM/ONC, hematology and oncology; IMI, Invasive mold infection; SD, Standard deviation; SOT, Solid

Organ Transplant.
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patients (entire cohort: 3.26 + 2.28; IA: 4.00 + 2.83; IM:
4.70 £+ 2.67; co-infected: 4.88 + 2.79), and in those with
co-infection across the cohorts (diabetes: 3.68 = 2.57; lung
disease 3.85 + 2.61; HEM/ONC 4.14 £ 2.49; SOT 4.88
+ 2.79).

In addition to the comorbidities used to calculate CCI
scores, we found similarities in comorbid chronic condi-
tions using top ICD-9/ICD-10 codes across cohorts.
Diabetes, hypertension, hyperlipidemia, renal disease,
chronic pulmonary disease (CPD), malignancy, and con-
gestive heart failure (CHF) were found to be common and
shared as comorbidities or risk factors between some or all
of the four main cohorts, regardless of type of mold
infection. The occurrence of classic metabolic comorbid-
ities (diabetes, hypertension, hyperlipidemia) was higher
in IM patients compared to IA patients (Table 6).

Demographic data are available in Appendix D for 1A
and IM infected patients in the diabetes, lung, HEM/ONC,
and SOT comorbidity cohorts. Median ages of IA and IM
patients in the comorbidity cohorts were diabetes (IA: 61
years; IM: 58 years), Lung (IA: 57 years; IM: 59 years),
HEM/ONC (IA: 58 years; IM: 58 years), and SOT (IA: 56
years; IM: 54 years). Frequency of female sex in each
group was diabetes (IA: 54.59%; IM: 47.85%), Lung
(IA: 60.37%; IM: 56.22%), HEM/ONC (IA: 54.31%; IM:
56.84%), and SOT (IA: 41.05%; IM: 42.36%). Frequency
of Caucasian race in each group was diabetes (IA: 77.97%;
IM: 81.61%), Lung (IA: 83.07%; IM: 85.97%), HEM/
ONC (IA: 84.81%; IM: 85.44%), and SOT (IA: 78.94%;

IM: 73.61%). Frequency of Hispanic ethnicity in each
group was diabetes (IA: 6.59%; IM: 4.83%), Lung (IA:
3.61%; IM: 2.60%), HEM/ONC (IA: 4.10%; IM: 4.59%),
and SOT (IA: 7.97%; IM: 12.50%).

Discussion

The current study used mixed methods, combining both an
SLR and a database analysis to describe patient comorbid-
ity and risk factors associated with IA or IM, or other mold
infections. The systematic literature review confirms and
highlights current understanding of mold infection risk
factors. The results of the database analysis further our
understanding of IA, IM, and co-infection in patients diag-
nosed with diabetes, lung disease, hematologic malignancy
or disease, and solid organ transplants while revealing
additional considerations.

A number of shared chronic disease comorbidities
were observed across some or all of the cohorts using
the Optum dataset cohort. Essential (primary) hyperten-
sion was almost twice as frequent in IM patients compared
to TA patients. However, literature on heart disease risk
factors in IM were lacking (n=0) and therefore not con-
sidered for our cohorts although some studies were found
for IA (n=9). Hyperlipidemia, long-term (current) use of
other medications, and diabetes were additional notable
comorbidities shared within our four cohorts, regardless
of the type of mold infection. Larger percentages of IM
patients had metabolic comorbidities (hypertension, hyper-
thus

lipidemia, diabetes) compared to IA patients,

Table 6 Frequencies of Common Metabolic Comorbidities by Cohort and Type of Infection

Cohort Total (%)* Invasive Aspergillosis (%)* Invasive Mucormycosis (%)*
Diabetes
Essential hypertension 28-45 38-55 56-72
Hyperlipidemia 18-36 25 4?2
Lung Disease
Essential hypertension 12-25 27-36 50-62
Hyperlipidemia I 18 32-36
HEM/ONC
Essential hypertension 25 28-34 41-50
Hyperlipidemia 15-18 16 28-29
SOT
Diabetes 12 NR 28-33
Essential hypertension 28 38 48
Hyperlipidemia 15-22 22 30
Notes: *Represents frequencies of top ICD-9/ICD-10 codes reported for patient cohort >20%; ranges reflect differences in codes.
Abbreviations: HEM/ONC, hematology and oncology; SOT, Solid Organ Transplant; NR, Not reported.
ClinicoEconomics and Outcomes Research 2021:13 https: 599
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suggesting their importance for consideration when sus-
pecting mold, specifically Mucormycosis. HIV/AIDS and
dementia, diagnoses included within the CCI, were con-
sistently the least occurring comorbidities across the
cohorts. Although HIV/AIDS have been documented as
a significant comorbidity in immunocompromised patients

and liver failure patients,>*>!

they may be underrepre-
sented in the Optum commercial dataset. Finally, CCI
cohort demonstrated higher comorbidity burdens for
patients developing invasive mold infections, indicating
higher mortality and/or higher resource use at the outset.
Overall, the findings from the database were consistent
with the literature, but allowed further insight into the
comorbidities, particularly the added burden of more fre-
quent chronic metabolic conditions in patients with
Mucormycosis. The chronic disease metabolic comorbid-
ities noted in our database analysis for IA and IM are also
similar risk factors in patients admitted to intensive care
(ICU) in the era of COVID-19.” It is expected that some
patients with COVID-19 will require treatment for inva-
sive fungal infections related to prolonged ICU stays and
treatments, even without the presence of classic host cri-
teria. Expanded knowledge of common comorbidities
occurring with invasive mold infections may be useful in
earlier suspicion, diagnosis, and treatment, especially in
non-traditional hosts and those with emerging risk factors.
Increasing awareness, given the challenging diagnostic
work-up, is important to appropriately address possible
mold infections early in order for clinicians to maintain
focus on treating patients’ underlying illnesses.
Furthermore, knowledge of which risk factors and
comorbidities are more likely to be seen with either 1A
or IM can help healthcare providers best plan antifungal
treatment strategies that are optimal to unique patient
characteristics. For example, type 2 diabetes patients are
at higher risk of IA and IM, and are more likely to be
comorbid with hyperlipidemia, hypertension, and obesity,
making dosing with some antifungals difficult. For obese
critically ill patients, weight-based dosing is challenging as
antifungal pharmacokinetics vary, specifically the volume
of distribution. This could impact the efficacy and toxicity
of treatment>” like voriconazole and L-AMB, which both

involve weight-based dosing®*-*

or posaconazole, which
may have lower plasma drug concentrations in patients
>120kg.*® In these patients, treatment options without
weight-based dosing requirements and without trough
level concentration difference between obese and non-
well as

obese patients as minimizing drug—drug

interactions would be preferable and make suboptimal
dosing less likely.>¢*

In terms of guidelines, the Infectious Diseases Society of
America recommends voriconazole with amphotericin
B formulations as first-line therapy for IA and isavuconazole
as primary alternative with echinocandins in intolerant or
refractory cases.>® For IM, the European Society for Clinical
Microbiology and Infectious Diseases and European
Confederation of Medical Mycology recommend amphoter-
icin B, isavuconazole or posaconazole with adjunctive sur-
gical intervention when possible.*” A few studies reported
the wuse of antifungal agents for proven/possible
mucormycosis.*'** One study was an SLR, and the other
two were retrospective studies. In the multicenter retrospec-
tive study of 74 cases from Australia, an amphotericin
B formulation (predominantly liposomal amphotericin B)
was the mainstay of antifungal therapy (62/64 cases), with
amphotericin B-based combination therapy administered in
11 cases (17.7%), including caspofungin (n=5), posacona-
zole (n=5) and terbinafine (n=1). Posaconazole solution was
used as step-down therapy in all cases where the patient was
alive following initial “induction antifungal therapy”.*' In
a Spanish retrospective study, 17 mucormycosis cases from
a large hospital where all patients received antifungal treat-
ment with 1 or more antifungal agents, mainly liposomal
amphotericin B (18/19) with one patient receiving caspofun-
gin and voriconazole.*> However, both studies were con-
ducted prior to isavuconazole gaining market access.

There are some limitations to this mixed-methods study.
We used an SLR to focus on patient risk factors alone, while
future reviews could include clinical and economic out-
comes of treatments. Generalizability to diverse patients
may be limited as the majority of the mold infection data
in the SLR came from studies in North America and Europe
and the patient demographics from the US database analysis
(median age range 54-61, high-frequency Caucasian, low
frequency Hispanic ethnicity) were representative of the
Optum database population but generally uniform. Another
key limitation is that a claims database was used that did not
have full clinical details around antifungals and other inter-
ventions/procedures (timing, dosing). As such, analyses
were not performed to compare treatment patterns between
different patient cohorts.

Conclusions
Our findings from the SLR and database analysis confirms
and expands the current evidence base regarding risk fac-

tors and comorbidities for invasive mold infections.
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Knowledge of comorbidities and risk factors may improve
suspicion of mold, diagnosis, and early treatment. Given
the various patient profiles that may be at risk for IMI,
understanding which antifungal treatments are best suited
to treat mold infections in traditional high-risk (SOT,
hematologic malignancy) and non-traditional hosts (dia-
betes, lung disease, heart disease, etc.) is important. Such
research would inform best practices for treatment as well
as identify current gaps in treatment options for various
patient risk groups. Additional research is needed in
Africa-Middle East and Asia-Pacific regions to determine
if the same risk factors and comorbidities drive invasive
mold infections outside of Europe and North America.
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