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Abstract

Oral cavity and maxillofacial aspergillosis can take one of four clinically different forms:
primary invasive aspergillosis of the oral cavity, invasive aspergillosis of the paranasal
sinuses with secondary involvement of the oral cavity, chronic granulomatous invasive
fungal rhinosinusitis, and non-invasive maxillary sinus fungus ball. The basis of this
narrative review was a structured search of PubMed, Scopus, Cochrane CENTRAL and
ClinicalTrials.gov databases. Each of the statements will be identified according to whether
it is supported by direct evidence on oral or maxillofacial conditions, or whether it is
an extrapolation from invasive fungal rhinosinusitis of mixed fungal aetiology or from
invasive aspergillosis occurring at other sites. Direct evidence on primary invasive oral
aspergillosis is restricted to small case series from a single centre involving 1216 patients and
individual case reports. Violaceous gingival margin and spontaneous pain progressing to a
necrotic ulcer should be suspicious in patients with leukaemia and neutropenia; diagnosis
relies on histopathology and culture. Local control in the case series was achieved mostly
via haematological remission. Pooled mortality rate of about 31% is derived from acute
invasive fungal rhinosinusitis of mixed aetiology and does not apply to the disease of
the mouth. Antifungal treatment strategy is based on guidelines and clinical trials of
invasive aspergillosis and mucormycosis. Liposomal amphotericin B is used until the
exclusion of Mucorales, and either voriconazole or isavuconazole after confirmation of
Aspergillus infection, in combination with debridement whenever possible. The fungus
ball is related to endodontic and other dental procedures in case—control studies and is
removed endoscopically without antifungals. There are no registered clinical trials for oral
or sinonasal aspergillosis.

Keywords: oral aspergillosis; invasive fungal rhinosinusitis; maxillary sinus fungus ball;
chronic granulomatous invasive fungal sinusitis; neutropenia; voriconazole; isavuconazole;
liposomal amphotericin B; endodontic treatment; narrative review
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1. Introduction

There are four types of the Aspergillus infection in the mouth and the maxillofacial
region, and their respective host, natural history, prognosis and management differ (Table 1).
Form 1 is the primary invasive oral aspergillosis that involves the invasion of blood vessels
of the gingiva, palate, tongue or jaw. Most descriptions of this condition have been found in
patients with haematological malignancy undergoing chemotherapy-induced neutrope-
nia [1,2]. Form 2 is the invasive sinonasal aspergillosis with secondary involvement of the
mouth by contiguous spread. The most common primary sites of orofacial involvement in
early series included the paranasal sinuses and the nasal cavity rather than the mouth [3].
Form 3 is the chronic granulomatous invasive fungal rhinosinusitis which occurs in im-
munocompetent, mostly middle-aged adults as a slowly growing orbital, cheek or palatal
mass. The disease is most commonly reported in Sudan, India and Saudi Arabia [4]. Form
4, maxillary sinus fungus ball, represents a non-invasive extramucosal accumulation of
fungal hyphae. It is usually seen in immunocompetent subjects who are associated with
dental procedures [5-7].

Invasive oral aspergillosis is uncommon. A 2003 review reported 23 cases of primary
invasive oral aspergillosis in the English-language literature [8]. An updated literature
review has been recently published [9]. The largest dedicated series included 12-16 cases
each [1,2,10,11]. These four series are all from a Japanese centre and may have overlapping
patients. Thus, the evidence base is limited to small case series and case-level reviews.
Prognosis and management statements in the field frequently depend on cohorts of acute
invasive fungal rhinosinusitis (AIFRS) of mixed fungal aetiology, where in many series
Mucorales dominates [12-15], and from clinical trials of invasive aspergillosis of all sites,
including lung disease [16-18]. These data are difficult to generalise to oral disease.

An oral practitioner has an interest in all four of these conditions. In patients with
leukaemia, the marginal gingiva is the primary site for invasive oral aspergillosis [1,2,10].
Children with invasive fungal sinusitis have fever and/or oral or nasal lesions more often
than adults [19]. The non-invasive form, fungus ball has been repeatedly associated with
root-canal treatment and other dental procedures [5,20-22]. This review aims to summarise
the features of diagnosis, prognosis and treatment of each type separately. A further aim
is to differentiate between the statements based on direct oral/maxillofacial evidence and
those based on indirect evidence.

Table 1. The four clinical forms of oral and maxillofacial aspergillosis. Entries give the design and
size of the source; figures from invasive fungal rhinosinusitis of mixed fungal aetiology are labelled
as indirect.

Form 1: Primary Invasive

Form 2: Invasive

Form 3: Chronic

Form 4: Maxillary Sinus

Feature Oral Aspergillosis Sinonasal Aspergillosis Granulomatous Invasive Fungus Ball
perg with Oral Extension Fungal Rhinosinusitis (Non-Invasive)
. Immunocompetent, . .
Acute leukaemia with mal?iizlatoé?aggiis or mostly middle-aged Mozltilgblértlerzuil;(;zogp(e)}ent,
Host chemotherapy-induced 5 4 adults; most reports from o

neutropenia [1,2]

other immunosuppression
(AIFRS cohorts) [14,19]

Sudan, India and Saudi
Arabia [4]

odontogenic fungus balls
in one cohort [6]

Onset and course

Acute; diagnosed a
median of 23 days after
hospital admission,
during neutropenia (one
series, n = 12) [2]

Acute, by definition
(AIFRS)

Months to years; one
reported course spanned
14 years [23]

Indolent; often incidental;
slow radiological
enlargement in some
[24,25]
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Table 1. Cont.

Feature

Form 1: Primary Invasive
Oral Aspergillosis

Form 2: Invasive
Sinonasal Aspergillosis
with Oral Extension

Form 3: Chronic
Granulomatous Invasive
Fungal Rhinosinusitis

Form 4: Maxillary Sinus
Fungus Ball
(Non-Invasive)

Presenting oral or facial
signs

Violaceous marginal
gingiva [10] with severe
spontaneous pain [1],
progressing to a solitary
ulcer with grey necrotic
pseudomembrane [2,10];
persistent fever, facial
swelling [2]

Palatal or alveolar necrosis
or eschar; facial pain; fever
[3,26]

Slowly progressive orbital,
cheek or palatal mass;
proptosis in 88.2%
(systematic review) [4]

Asymptomatic, or
unilateral chronic sinusitis
[24,25]

Local extension

Contiguous mucosa,
muscle and bone [1];
palatal perforation [27];
alveolar sequestration [28]

Orbit, cavernous sinus,
intracranial (indirect,
AIFRS) [13,14,29]

Intracranial extension in
35.1% (systematic review)

[4]

Extramucosal; no tissue
invasion [7]

Predominant species

A. flavus in 10/12 and
10/13 culture-positive
cases (two reports from
one centre, probably
overlapping) [2,11]

Aspergillus by definition;
Mucorales predominant in
mixed AIFRS cohorts
(56-72.6%) [13,15]

A. flavus in 64% of
reported isolates [4];
88.9% in an 18-patient
cohort [30]

Aspergillus spp. in 72.8%
of mycologically identified
cases (n =1717) [31]

Associated factors

Depth and duration of
neutropenia; outcome
follows neutrophil
recovery [1,2]

Dental event within 2
weeks in 11/95 (11.6%)
AIFRS cases, 10 of them
Mucorales (indirect) [12]

Not established

Endodontic treatment:
crude OR 14.13 [21],
adjusted OR 2.15 [22]
(case—control); protruding
root-canal material in 4.4%
of 203 cases [6]

Not systematically
reported in oral series;

CT; MRI to define
orbital-apex and

Sinus mass with bone

Dense intrasinus
concretions (mean 2567 +

Imaging chest CT reasonable once cerebral-artery . . )
confirmed (expert involvement (indirect, destruction [23] 714 Péi)’jgiigce%;]e » not
opinion) [3] AIFRS) [13] & :
Biopsy with Biopsy; frozen section
. . histopathology and sensitivity 0.83, specificity Hlstopathglogy showing Histology of the removed
Diagnosis culture; serum non-caseating granulomas

galactomannan positive in
2/6 oral-only cases [33,34]

0.99 (meta-analysis,
AIFRS) [35]

[36]

material [37]

Treatment (see Section 6)

Empirical liposomal
amphotericin B while
Mucorales not excluded;
voriconazole or
isavuconazole once
Aspergillus confirmed
(extrapolated from
guidelines); debridement
where feasible [38—-40]

As Form 1, with
endoscopic debridement;
surgery plus voriconazole

or lipid amphotericin B
(IDSA, strong
recommendation,
moderate-quality
evidence) [40]

Excision or debulking plus
prolonged azole therapy

7

Endoscopic removal with
middle-meatal
antrostomy; no antifungal
drugs; watchful waiting
may be considered if
asymptomatic [7,40,41]

Reported outcome
(population)

10/12 survived (one
series) [2]; local control in
15/16 with haematological

improvement [1]; no

pooled estimate exists

Pooled mortality 31.2% in
AIFRS of mixed aetiology
among
immunocompromised
patients [42]; 6-month
survival 39% in one US
centre [43]

Resolution or
improvement in 91.3%;
mortality 5.9-22.2% across
series [4]

Pooled success 98.4% after
endoscopic surgery (14
studies) [44]

Evidence basis

Direct (D-O); single-centre
case series and case
reports; OCEBM level 4

Indirect (I-S); systematic
reviews of observational
studies and cohorts of
mixed aetiology; level 3—4

Direct (D-S); systematic
reviews of case series and
case reports; level 4

Direct (D-S); case—control
studies, cohorts,
systematic review of case
series; level 3—4

AIFRS, acute invasive fungal rhinosinusitis; CT, computed tomography; HU, Hounsfield units; IDSA,
Infectious Diseases Society of America; MRI, magnetic resonance imaging; OCEBM, Oxford Centre for
Evidence-Based Medicine 2011 levels; OR, odds ratio. D-O, direct evidence from oral or maxillofacial
aspergillosis; D-S, direct evidence from fungus ball or chronic granulomatous disease; I-S, indirect
evidence from invasive fungal rhinosinusitis of mixed fungal aetiology.
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2. Methods
2.1. Design

This is a narrative review based on structured, reproducible literature search. The
manuscript was prepared with reference to the Scale for the Assessment of Narrative Review
Articles (SANRA) [45].

2.2. Information Sources and Search

PubMed/MEDLINE and ClinicalTrials.gov were searched until July 30 2026, and
Scopus and the Cochrane Central Register of Controlled Trials (CENTRAL) were searched
until the same date, from inception. The PubMed search strategy consisted of three blocks.
Block A combined Aspergillus, aspergillosis or fungus ball terms with oral, maxillofacial,
dental and maxillary-sinus terms (direct evidence). Block B combined invasive fungal
rhinosinusitis terms with prognosis and diagnosis terms. Block C combined invasive
aspergillosis, invasive mould disease or mucormycosis with trial and guideline terms. The
Scopus and CENTRAL strategies were translations of these blocks, and the full strings
are shown in Supplementary Table S1. ClinicalTrials.gov was searched for registrations
on oral, sinonasal or maxillary-sinus aspergillosis and for phase 2-3 treatment trials for
invasive aspergillosis or mould disease. Searches were limited to English language articles.
Additional sources identified by the authors by hand-searching references from the original
submission are also included in Figure 1.

Identification

Screening

Included

Records from databases
PubMed n = 2333
Scopus n = 3595

CENTRAL n = 1182
Total n = 7110

Registrations from ClinicalTrials.gov
n =175 (12 sinonasal/oral;
163 phase 2-3 invasive mould)
No interventional trial in oral
or sinonasal aspergillosis

Unique records n = 5217

Removed before screening
Duplicates n = 1893
Rule-based filter n = 1881
(concept terms absent n = 1603;
ineligible publication type n = 278)

Records screened (title/abstract)
n = 3336

l

Records eligible on title/abstract n = 1352
Oral/maxillofacial n = 286
Fungus ball/granulomatous n = 281
Fungal rhinosinusitis cohorts/SR n = 349
Treatment/prophylaxis trials n = 325
Guidelines n = 52; laboratory n = 59

Records excluded n = 1978
Not Aspergillus/mould n = 266
Wrong site or condition n = 1020
Animal/basic science n = 112
Ineligible type n = 374
PK/biomarker outside oral or
sinonasal setting n = 206
Also not selected: unresolved n = 6

l

Sources cited in the synthesis n = 90
From database searches n = 87
(82 eligible at screening + 5 reinstated
on full-record reassessment)
Other sources n = 3
Purposive selection by directness
and evidence level

Other sources
(authors’ reference checking
and methods reference) n = 3

Figure 1. Flow of records through the structured literature search (searches run on July 30, 2026).
Screening was assisted by a large-language-model classifier; sources were selected purposively from
the eligible records for the narrative synthesis.

2.3. Eligibility Criteria
The sources of direct evidence were human reports of each of the four forms. Preferred

sources of direct evidence were systematic reviews, cohorts and case series of at least three
patients, but individual case reports were used to illustrate characteristics not mentioned
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in series. The sources of indirect evidence were cohorts of at least 10 patients or system-
atic reviews of invasive fungal rhinosinusitis that reported mortality, prognostic factors or
diagnostic accuracy; randomised or phase 2-3 treatment trials for invasive aspergillosis, in-
vasive mould disease or mucormycosis; and current international guidelines and consensus
definitions. Laboratory studies were considered eligible if they addressed issues relevant to
the oral or sinus disease (oral isolates, dental materials). We did not consider non-English
reports, conference abstracts, letters and editorials with no original data, exclusively animal
studies, allergic fungal rhinosinusitis, works on mixed Aspergillus-Mucorales infections and
non-Aspergillus infections.

2.4. Selection Process

Following the de-duplication stage, an eligibility filter based on a set of predetermined
rules excluded any publications that did not meet the inclusion criteria concerning publi-
cation type, and any records with a title and abstract that did not contain at least one of
the concept terms. Titles and abstracts were reviewed by a single reviewer assisted by a
large-language-model classifier. A second classification phase was conducted on uncertain
records on a quality assurance sample of 600 records; an agreement rate of 59.5% (Cohen’s
k = 0.50) was achieved regarding the exact codes and 70.0% (x = 0.43) on include/exclude
decisions, with disagreements being settled through re-adjudication. Sources were pur-
posefully selected from the eligible records for the synthesis with regard to directness and
evidence level. The record selection process is presented in Figure 1.

2.5. Appraisal and Labelling of Evidence

There was no use of risk-of-bias criteria since the direct evidence comes mostly from
case series and case reports. Rather, the sources mentioned in the narrative have been
classified according to the level of evidence hierarchy as per the Oxford Centre for Evidence-
Based Medicine 2011 (OCEBM). Levels are denoted using letters where D-O is for direct
evidence from oral or maxillofacial aspergillosis, D-S is for direct evidence from maxillary
sinus fungus ball/chronic granulomatous disease, I-S is for indirect evidence from invasive
fungal rhinosinusitis of mixed fungal aetiology, I-IA is for indirect evidence from invasive
aspergillosis or mould disease elsewhere, principally in the lung. G is for guidelines and
consensus and L is for laboratory studies. The design, sample size and population for each
numerical estimate are provided in the text and tables. Supplementary Table S2 displays
the design, population, directness category, evidence level and verification source of each
cited reference.

3. Clinical Forms and Their Recognition
3.1. Primary Invasive Oral Aspergillosis (Form 1)

The most informative descriptions of primary invasive oral aspergillosis are those from
the series of patients with acute leukaemia from a single centre, and thus they refer to a single
highly selected population (direct evidence, OCEBM level 4). The earliest sign is a purple
discolouration of the marginal gingiva, accompanied by intense spontaneous pain [1,10]. It
progresses to a solitary ulcer covered by a grey necrotic pseudomembrane [2,10], which
involves the contiguous mucosa, muscle and bone [1]. Myoken et al. proposed three
clinical-pathological stages in 12 patients: an early stage (n = 3) of purple marginal gingiva
with superficial fungal invasion; an advanced stage (n = 4) of grey necrotic ulcer with
pseudomembrane and vascular invasion at its base; and a late stage (n = 5) with destruction
of the alveolar bone and adjacent facial tissues [10]. A 12-patient series showed that in
neutropenic patients, the suspicion of infection was raised by persistent fever without a
source, gingival pain, facial swelling and solitary grey necrotic ulcer [2]. The diagnosis of
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Aspergillus stomatitis was made a median of 23 days after the admission to the hospital,
while the patient was neutropenic [2].

Other locations are known only from single-case reports. In the 1985 series of 13 patients
with leukaemia, black, ulcerative, escharotic lesions were due to direct tissue destruction by
the fungus and vascular thrombosis [3]. Hard-palate necrosis may perforate the palate and
produce an oronasal fistula. In one patient with acute lymphoblastic leukaemia, the fistula
lasted for six months after the control of the infection and required surgical closure [27].
The tongue involvement has been described as an ulcerated grey lesion [8]. It has also
been described as a hard and elevated lesion which enlarged to 2 x 4 cm in two days and
became grey-black [46]. Alveolar involvement results in sequestration of the premolar and
molar alveolar processes [28]. In two publications from the same Japanese centre, A. flavus
accounted for 10 out of 12 and 10 out of 13 culture-positive Aspergillus infections [2,11].
These populations overlap, and oral infection with A. fumigatus and A. niger has also
been described [47,48]. Therefore, empirical reasoning should not necessarily include A.
fumigatus because of A. flavus predominance which relies on data from a single centre.

3.2. Sinonasal Aspergillosis with Oral Extension (Form 2) and Its Differential Diagnosis

Sinonasal infection that develops into invasive disease and proceeds to the mouth
may appear as palatal or alveolar necrosis. Three overlapping conditions alter the manage-
ment. First, mucormycosis presents as a black necrotic palatal or maxillary lesion which
cannot be differentiated from aspergillosis based on its clinical features. Misdiagnosis of
Mucorales as Aspergillus is the most frequent mistake in morphological identification of
fungi [38]. Voriconazole has no therapeutic effect on Mucorales, so histopathological exami-
nation and culturing, not the clinical picture, determine the management [40]. Co-infection
with Aspergillus and Mucorales has been described in leukaemia [47], glioma treatment,
maxillofacial trauma, and post-COVID-19 with diabetes [47,49-51].

Second, oral aspergillosis may occur with pulmonary infection. Concomitant pul-
monary aspergillosis was present in seven out of 13 patients in the 1985 orofacial series [3].
In one mechanically ventilated patient with COVID-19, A. niger from a gingival pocket
swab preceded a positive bronchoalveolar lavage culture and computed tomography (CT)
scan evidence of invasive pulmonary aspergillosis by day 14; strain identity was not con-
firmed [48]. Based on the case-series data, it is reasonable to consider a chest CT after
confirmation of invasive oral aspergillosis in an immunocompromised patient. It is an
expert opinion, not an evidence-based recommendation.

Third, dental infection and procedures may precede invasive sinonasal infection. In 95
consecutive biopsy-proven AIFRS cases from a single US centre, 11 (11.6%) had a dental
infection within the preceding two weeks [12]. These patients were more frequently diabetic
and more frequently had orbital and nasal floor invasion, but their mortality rate was not
different [12]. Ten out of 11 dental infection cases were Mucorales, and only one was
Aspergillus, and this observation indirectly suggests a relation with aspergillosis.

3.3. Chronic Granulomatous Invasive Fungal Rhinosinusitis (Form 3)

In a systematic review of chronic granulomatous invasive fungal sinusitis in immuno-
competent patients, 88.2% had proptosis, 35.1% had intracranial involvement, and A. flavus
accounted for 64% of described isolates (direct evidence, case-level review, OCEBM level
4) [4]. In an Indian cohort of 18 patients, A. flavus was isolated in 88.9% [30]. A Chinese
cohort compared 11 granulomatous and 44 non-granulomatous cases of chronic invasive
infection (Aspergillus in 92.7% of the total); there were no differences in treatment and
prognosis [52].
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3.4. Maxillary Sinus Fungus Ball (Form 4)

The fungus ball is usually asymptomatic or manifests itself as unilateral chronic si-
nusitis, and is incidentally discovered in imaging investigations [24,25]. In a series of
1717 paranasal sinus fungus balls, 76.6% were maxillary and 94.7% were unilateral; As-
pergillus spp. accounted for 72.8% of identified cases [31]. The association with dental
treatment is based on old series and case—control studies; causality cannot be established
in these designs. In a 1989 French series of 85 patients, a radiopaque intrasinus foreign
body was present in 94%. In 85% of them, the authors regarded the foreign body as root
canal material of maxillary premolars or molars [5]. In a second series of 34 otherwise
healthy patients, 33 had undergone endodontic treatment, and the authors considered the
radiologic appearance to be pathognomonic in 26 (76%) [20].

In an Italian case—control study, endodontic treatment of maxillary teeth was observed
in 91 out of 102 patients with a fungus ball, and in 113 out of 306 controls (crude odds
ratio 14.13, 95% confidence interval [CI] 7.25-27.54); controls were drawn from a dental
practice, which may have biassed the estimate [21]. A Korean case—control study with
chronic rhinosinusitis controls reported a lower odds ratio of 2.15 (95% CI 1.26-3.67) [22].
In a 13-centre Korean cohort of 203 fungus balls, root canal material extending into the sinus
was present in only 4.4% and dental implants in 3.9% [6]. The same study compared 141
odontogenic fungus balls with odontogenic sinusitis: purulence was less common (52.5%
vs. 100%, because purulence was part of the definition of odontogenic sinusitis), and so
was apical periodontitis (19.9% vs. 44.2%) [6]. Dental implants were more common in
maxillary teeth of patients with fungus balls than in age-matched bacterial sinusitis controls
(9/120 vs. 2/120 teeth, p = 0.031). The proportion of patients with implants did not differ
significantly (5/30 vs. 1/30, p = 0.085) [53]. Case reports described fungus balls after the
extrusion of amalgam [54], and in conjunction with zygomatic [55] and conventional [56]
implants. In a case—control study of 13 fungus balls after sinus grafting, all had received
deproteinized bovine bone (p = 0.0001) [57]. In vitro, A. fumigatus forms biofilm on all
five tested sinus augmentation bone substitutes [58].

Two laboratory observations suggest, but do not prove, a mechanism. Soluble zinc
oxide, a component of many root canal sealers, promotes in vitro growth of all six tested
Aspergillus species, stimulating A. niger to a minor extent; root canal sealers were not
tested [59]. CT densitometry classifies sinus concretions as inorganic (>1500 Hounsfield
units [HU], attributed to dental materials) or organic (<1500 HU). The density of con-
cretions in aspergillosis was 2567 + 714 HU, versus 1160 £+ 1008 HU in sinuses without
aspergillosis [32]. In a second series, the density of concretions was 2868 HU, similar to
root filling material [60]. Thus, dense intrasinus opacity suggests but does not confirm a
fungus ball of dental origin; histology of the removed material confirms the diagnosis.

4. Diagnosis

The gold standard remains tissue biopsy with histopathology and culture. In
EORTC/MSGERC definitions, proven mould infection implies the presence of hyphae
causing pathological changes in the biopsy or needle aspiration, and this category is valid
for any patient irrespective of immunostatus [34]. Culture from the cavity of a paranasal
sinus cannot be counted as sterile site culture [34]. In the lesions of the oral cavity, hyphae of
Aspergillus with transverse septa and dichotomous branching in association with thrombotic
vascular infarction are described [1]. These characteristics are specific but not diagnostic
because, in oral tissues, the hyphae were indistinguishable from those of other hyaline
moulds [11]. Hyphae of Mucorales measure 6-16 ym and have a ribbon-like form and a
paucity of septa with irregular branching; thus, their width and form provide more reliable
means than septation and branching angles [38]. The cultivation of oral tissue samples
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usually fails [11]. The in situ hybridization with the DNA probe of Aspergillus demonstrated
a strong reaction in all 13 cases of culture-confirmed aspergillosis in the oral tissue samples
of 16 patients [11]. The ESCMID-ECMM-ERS guideline recommends identification up
to the species-complex level [39]. The IDSA guideline suggests antifungal susceptibility
testing in the cases of suspected resistance and/or treatment failure [40].

The serum galactomannan is not the substitute for biopsy. Prospective study con-
ducted at the single centre included 17 neutropenic onco-haematological patients receiving
prophylaxis of voriconazole with the suspicion of invasive aspergillosis without pulmonary
involvement. The sensitivity was 0.69 (9/13) and specificity 1.0 (4/4) [33]. The galac-
tomannan was positive in only two of the six cases of proven disease confined to the mouth
(the sensitivity was stated in the text as 0.50) and in seven of the seven cases with the
involvement of the nose or sinuses [33]. The meta-analysis of acute invasive Aspergillus
sinusitis (five studies, 118 patients, 62 with the disease) demonstrated the pooled sensitivity
of 0.63 (95% CI 0.50-0.74) and specificity of 0.65 (95% CI 0.51-0.76) [61]. Neither a positive
nor a negative result must hinder biopsy. Surveillance swabs are also not informative: of
657 oral and nasal swabs from 102 allogeneic transplant recipients, seven nasal swabs and
one oral swab yielded Aspergillus [62].

Indirect evidence for suspected sinonasal disease comes from AIFRS of mixed aetiology.
In the one US centre, 40 patients were biopsied on suspicion of AIFRS, 26 of whom had
the biopsy-confirmed disease. Facial pain, the platelet count of less than 50,000 cells/mm?
and an abnormal CT (mostly bilateral sinus opacification) were associated with a positive
biopsy on bivariate analysis [26]. In the meta-analysis of nine studies, the intraoperative
frozen section had a pooled sensitivity of 0.83 (95% CI 0.80-0.87) and specificity of 0.99 (95%
CI0.93-1.00) for AIFRS [35]. In the multidisciplinary consensus statement evidence was
graded across 12 topics. The recommendation is to diagnose AIFRS through a combination
of history and examination, laboratory and histopathological methods, and endoscopy [63].
The MRI identifies the involvement of orbital apex and cerebral arteries which predicts
visual loss in AIFRS (56% Mucorales) [13].

5. Outcomes and Prognosis by Clinical Form

Outcome data differ in population, study design and selection of patients in the four
forms, and they are presented separately below. There is no pooled estimate of mortality
for the primary invasive oral aspergillosis.

5.1. Localised Within Mouth (Form 1)

Among 12 neutropenic patients with acute leukaemia and Aspergillus stomatitis, 10
survived following treatment with amphotericin B and surgery with neutrophil recovery [2].
In an earlier series of 16 patients with leukaemia, oral infections were controlled in 15 of
those, who experience improvement in haematological status [1]. In the 1985 orofacial series,
infections were not controlled in the absence of leukaemia remission with amphotericin
B and were controlled in the two patients who achieved remission [3]. These optimistic
figures are derived from overlapping single-centre series where treatment response and bone
marrow recovery are not separately assessable and are subject to selection and publication
bias (direct evidence, OCEBM level 4).

5.2. Invasive Sinonasal Disease, Including Oral Extension (Form 2; Indirect Evidence)

Most outcome data are derived from AIFRS of mixed fungal aetiology. A system-
atic review and meta-analysis encompassed 205 studies and 48,437 immunocompromised
patients of which 10,311 (21.3%) had AIFRS. The pooled mortality was 31.2% (95% CI
28.3-34.3%) [42]. The mortality was 41.9% for studies published before 2013 and 28.2%
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thereafter. The pooled prevalence of AIFRS among immunocompromised patients was
11.8% (95% CI17.9-17.2%) overall and 16.6% (95% CI 8.7-29.2%) in studies published from
2013 to 2025. The pooled morbidity was 37.0% overall (39.3% before and 36.4% after 2013)
and consisted primarily of vision loss, proptosis and orbital exenteration [42]. In an earlier
systematic review of 52 studies and 807 patients (all OCEBM level 4), overall survival was
49.7%. Advanced age and intracranial involvement predicted mortality on multivariable
analysis, while diabetes, surgery and liposomal amphotericin B were predictive of survival
on univariable analysis [64].

Worse outcomes have been noted in single-centre series. In 71 patients with pathology-
confirmed acute invasive fungal sinusitis in one US centre during 1992 to 2022, the six-month
survival was 39%. A symptom-based staging system, taking into account comorbidity
burden and the duration of severe neutropenia predicted six-month survival of 75%, 41%
and 18% in stages A, B and C, respectively, with a C statistic of 0.63. The system has not
been externally validated [43]. In 26 biopsy-confirmed cases in another US centre, 30-day
all-cause mortality was 50% (13/26), and overall mortality was 88.5% (23/26) [26]. Ina
cohort of 109 patients with acute invasive fungal sinusitis, 72.6% of the infections were
due to zygomycetes. Palatal involvement was not an adverse prognostic feature while
intracranial involvement was an independent predictor of mortality [15]. None of these
estimates is relevant for primary oral aspergillosis.

5.3. Orbital and Intracranial Extension (Indirect Evidence)

Orbital and intracranial extension is the most consistently reported adverse feature. In
an MRI study of 78 patients with AIFRS (93 affected orbits; 56% Mucorales), orbital apex
involvement (relative risk [RR] 2.0) and cerebral artery involvement (RR 1.8) predicted
poor visual outcome [13]. Facial soft tissue (hazard ratio [HR] 4.9), nasolacrimal (HR 5.0)
and intracranial involvement (HR 3.5) predicted increased mortality, while orbital soft
tissue involvement predicted lower mortality (HR 0.3) [13]. In 258 pooled patients with
diabetes with invasive fungal rhinosinusitis (62.9% mucormycosis, 24.2% aspergillosis),
cavernous sinus extension independently predicted mortality (HR 2.6, 95% CI 1.2-5.4) with
twelve-month survival being 43.9% vs. 73.9% [14]. In a separate cohort of 65 patients with
diabetes from four hospitals in Thailand, Malaysia and Myanmar, both cavernous sinus
extension (HR 5.1, 95% CI 1.4-18.2) and intracranial extension (HR 3.4, 95% CI 1.0-11.3)
independently predicted mortality. Six-month survival was 51.4% with and 83.6% without
cavernous involvement. Current use of diabetic medications also predicted lower mortality
(HR 0.2, 95% CI10.1-0.9) [29].

5.4. Chronic Granulomatous Invasive Disease (Form 3)

In a systematic review of immunocompetent patients, complete resolution or im-
provement was observed in 91.3%, with mortality varying from 5.9% to 22.2% in different
series [4]. A second systematic review of granulomatous invasive fungal sinusitis (41 stud-
ies, 89 patients, 92.1% immunocompetent) found that 51 (57.3%) were cured, 24 (27.0%)
had residual disease and 14 (15.7%) died [65]. In that review, 74.2% of the cases received
combined medical and surgical treatment, of whom 60.6% recovered. Skull base or in-
tracranial extension predicted mortality (26.5% vs. 2.5%; odds ratio [OR] 14.1, 95% CI
1.8-113.2) [65]. Recurrence after a short initial antifungal course and poor adherence has
been reported in a fourteen-year course that resulted in death following surgery [23].

5.5. Maxillary Sinus Fungus Ball (Form 4)

In a systematic review and meta-analysis of 14 studies, eleven of them retrospective
case series, a pooled success rate of 98.4% (95% CI 97.4-99.3%) following endoscopic sinus
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surgery has been reported [44]. In a series of 13 immunocompetent patients followed for six
months to four years (mean 31 months), the antrostomy remained patent and no recurrence
was found [37]. Untreated fungus balls tend to increase slowly in size. In a screening series,
14 out of 29 low-grade sinuses progressed by two or more grades during a mean period of
eight years and no invasive growth was seen [24]. In 83 incidental cases (mean age 78 years;
median follow-up 59 months), 4.8% became symptomatic and 6.0% required surgery; of the
49 patients with repeat imaging, 34 (69.4%) did not show any radiological progression [25].

5.6. Host and Treatment Factors

The recurrent finding across the four forms of invasion is the dependency of outcome
on the reversal of the immune defect, especially neutrophil recovery [1-3]. Timing of
surgery has been evaluated only in the context of the sinonasal disease. In the 26-patient
series, the longer interval between biopsy and surgery predicted 30-day mortality [26]. In
60 patients with post-COVID-19 acute invasive fungal sinusitis, early and aggressive surgical
debridement was associated with better prognosis, while renal impairment, previous inten-
sive care unit admission, skin involvement and intracranial spread were associated with
worse outcomes [66]. In the same 26-patient series, early initiation of antifungal therapy
prior to surgery was associated with 30-day mortality [26]. That might represent confound-
ing by indication, whereby sicker patients were empirically treated earlier, and a series of
that size cannot distinguish the two effects. In a series of 47 patients with post-COVID-19
aspergillosis osteomyelitis of the jaw, all of them received corticosteroids and 44.7% were
diabetic; there were no deaths, but the patients with rhino-orbito-cerebral extension were
excluded [67].

6. Management

There are no randomised trials that have been performed to evaluate aspergillosis of
the mouth and/or sinuses. Thus, the following antifungal treatment protocols are suggested
based on studies done in cases of invasive aspergillosis and mucormycosis. This disease
is managed in two stages. In the first stage, empirical therapy is administered, and in the
second, the organism is identified (Table 2).

Table 2. Evidence from randomised trials, a network meta-analysis, a post hoc analysis and an in vitro
study on antifungal agents for invasive aspergillosis and other invasive mould infections. Except for
the last two rows, none of the populations had oral or sinonasal disease.

Agent or . . L .
Regimen Design (n) Population Comparator Principal Result Directness Ref.
Randomised Successful response at
, .. P . 0,
Voriconazole unblinded (277 ‘Deﬁr.ute or prol?ablfe Amphotericin B V\(/)e.ek 12: 52.8% vs. LIA [17]
treated) invasive aspergillosis deoxycholate 31.6%; 12-week survival
70.8% vs. 57.9%
Day-42 all-cause
3 0, 0,
Phase 3, double-blind, . . mf)rtahty 19% vos -20 ZO
. . Suspected invasive . (difference —1.0%, 95%
Isavuconazole non-inferiority (527 . Voriconazole I-IA [16]
. mould disease CI-7.8t05.7);
randomised)
drug-related adverse
events 42% vs. 60%
Day-42 all-cause
Phase 3, double-blind, mortality 15% vs. 21%;
Posaconazole non-inferiority (575 Invasive aspergillosis Voriconazole treatment-related I-IA [18]

ITT)

adverse events 30% vs.
40%
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Table 2. Cont.
II: eg;r:\:; Design (n) Population Comparator Principal Result Directness Ref.
No significant mortality
Network difference for
Primary regimens meta-analysis (5 Proven or probable . isavuconazole,
; . : 1 Voriconazole posaconazole or I-IA [68]
compared RCTs, 1293 patients, invasive aspergillosis voriconazole +
mortality analysis) . :
anidulafungin;
moderate certainty
Favourable response
Liposomal Randomised, Proven or probable i(é /;Z(S)t(igéz mao;g
amphotericin B, double-blind (201 invasive mould 3 me ke /d h p Kalaemi y 10 LIA [69]
10vs. 3 with confirmed infection (97% §/xe/day Ypo /E a/ed é 4 "
mg/kg/day infection) aspergillosis) me/ke/cay; no
applicable to
mucormycosis
Randomised, Six- k mortalit
Voriconazole + double-blind (454 Proven or probable Voriconazole week morlaty
. ! . . . : s 19.3% vs. 27.5% (p = I-IA [70]
anidulafungin randomised; 277 in invasive aspergillosis monotherapy 0.087)
primary analysis) ’
. Invasive fungal . O
Isavuconazole Post hoc a nalysis of sinusitis (Mucorales or None Survival 082 o at day 42 I-S [71]
two trials (50) I o and 70% at day 84
Aspergillus in 88%)
MIC: fluconazole > 64
s ug/mL (low activity);
Fluconazole, ) Asp erglllus %solated amphotericin B 0.861
- In vitro (9 oral from invasive oral . L (oral
amphotericin B, X . . — ug/mL; itraconazole . [72]
. isolates) infection in ) isolates)
itraconazole 0.194 ug/mL;

neutropenic patients .
P p voriconazole and

isavuconazole not tested

CI, confidence interval; ITT, intention-to-treat; MIC, minimum inhibitory concentration; RCT, ran-
domised controlled trial. I-IA, indirect evidence from invasive aspergillosis or mould disease at other
(mainly pulmonary) sites; I-S, indirect evidence from invasive fungal sinusitis of mixed aetiology; L,
laboratory evidence.

6.1. Empirical Phase: Organism Not Yet Identified

A necrotic palatal or maxillary lesion in an immunocompromised patient may be due
to Aspergillus, Mucorales or both, which cannot be differentiated clinically. The global mu-
cormycosis guideline strongly recommends immediate initiation of treatment for suspected
mucormycosis in immunocompromised patients. Its first-line recommendation is liposomal
amphotericin B 5-10 mg/kg/day, given from the start of treatment at full dose (strong recom-
mendation). Isavuconazole and posaconazole (extended-release tablet or intravenous) are
first-line alternatives of moderate strength [38]. IDSA recommends liposomal amphotericin
B as an alternative primary treatment when Mucorales infection is a possibility in addition
to Aspergillus resistance to voriconazole [40]. There are no guidelines on the management
of an oral lesion in which Mucorales has not been excluded. The initiation of treatment with
liposomal amphotericin B is an extrapolation based on these recommendations. Treatment
should be reviewed as soon as histology, cultures or molecular diagnosis is obtained.

6.2. Targeted Phase: Invasive Aspergillosis Confirmed and Mucorales Excluded

Once Aspergillus infection is confirmed and Mucorales infection is excluded, azoles
should be chosen. The ESCMID-ECMM-ERS guideline considers isavuconazole and
voriconazole as the preferred first-line treatment for invasive pulmonary aspergillosis.
It supports liposomal amphotericin B moderately and does not recommend the use of
combined therapy as primary treatment [39]. IDSA recommends voriconazole as a primary
treatment (strong recommendation, high-quality evidence) and liposomal amphotericin
B or isavuconazole as alternatives (strong, moderate). The addition of voriconazole with
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an echinocandin may be considered in selected patients (weak, moderate) [40]. An Aus-
tralasian guideline recommends voriconazole as the preferred first-line treatment, including
for extrapulmonary disease [73].

The evidence from the randomised clinical trials is summarised in Table 2. Voricona-
zole was superior to amphotericin B deoxycholate in 277 patients with invasive aspergillosis.
Response at 12 weeks was 52.8% and 31.6%, and 12-week survival was 70.8% and 57.9%,
respectively [17]. In 527 patients with suspected invasive mould infection, isavuconazole
was non-inferior to voriconazole in terms of all-cause mortality at day 42 (19% vs. 20%;
adjusted difference —1.0%, 95% CI —7.8 to 5.7) and had lower frequency of drug-related
adverse events (42% vs. 60%) [16]. Posaconazole was non-inferior to voriconazole in 575 pa-
tients with invasive aspergillosis (day-42 mortality 15% vs. 21%). It had lower frequency of
treatment-related adverse events (30% vs. 40%) [18]. In a 2026 meta-analysis, there was no
significant mortality difference between voriconazole and isavuconazole, posaconazole or
voriconazole plus anidulafungin. Five randomised clinical trials and 1293 patients were
analysed in this meta-analysis; the quality of evidence was moderate [68]. Voriconazole plus
anidulafungin resulted in a 6-week mortality of 19.3% vs. 27.5% with voriconazole alone,
the difference was not statistically significant (p = 0.087) [70]. Monitoring of therapeutic
drug levels is strongly recommended by ESCMID-ECMM-ERS for voriconazole regardless
of its formulation and posaconazole suspension [39]. IDSA recommends the monitoring of
triazole concentrations at steady state (strong, moderate) [40].

The high-dose liposomal amphotericin B clinical trial should be interpreted in its own
population. Among 201 patients with proven or probable invasive mould infection, for 97%
of them with aspergillosis, the 10 mg/kg/day dose did not provide increased favourable
response compared with 3 mg/kg/day (46% vs. 50%) and was more toxic, causing more
nephrotoxicity and hypokalaemia [69]. This evidence relates to invasive aspergillosis. It
cannot be extrapolated to the mucormycosis, for which the guideline recommendation is
5-10 mg/kg/day [38].

Three caveats relate to oral infection. Firstly, none of the randomised clinical trials have
provided outcomes in patients with oral or sinus fungal infection or A. flavus specifically.
The results from randomised clinical trials should be considered as indirect evidence and
cannot be interpreted as comparative efficacy of the agents in the management of oral
aspergillosis. Secondly, the only site-specific evidence comes from a post hoc analysis of
50 patients with invasive fungal sinusitis treated with isavuconazole in two randomised
clinical trials. Day-42 and day-84 survival was 82% and 70%, respectively. Mucorales or
Aspergillus caused 88% of the infections in this group, and there were no results stratified
by genus [71]. Thirdly, the only information regarding susceptibility of oral isolates is
from nine isolates. In those, amphotericin B (minimum inhibitory concentration [MIC]
0.861 pg/mL) and itraconazole (MIC 0.194 pg/mL) were the most effective agents, and
fluconazole was ineffective (MIC > 64 pg/mL) [72]. Voriconazole and isavuconazole were
not tested. Fluconazole has no role, and species-level identification is recommended so that
atypical or resistant isolates are identified [39,40].

6.3. Surgery and Reconstruction in Invasive Aspergillosis

For invasive Aspergillus sinusitis, IDSA recommends a combination of surgical treat-
ment and systemic voriconazole or a lipid formulation of amphotericin B (strong rec-
ommendation, moderate-quality evidence). In the narrative, it is added that extensive
debridement is preferable to perform once thrombocytopenia is corrected [40]. The mu-
cormycosis guideline supports early complete surgical debridement whenever possible
(strong recommendation) [38]. The AIFRS consensus supports resection whenever possible
in combination with antifungal therapy and reversal of immunosuppression [63]. Evidence
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on the impact of surgical treatment on survival is based on retrospective and confounding
data. Surgery was positively associated with survival on univariate analysis in the system-
atic review of 807 patients [64]. Early debridement was positively associated with prognosis
in 60 post-COVID-19 patients [66]. In oral aspergillosis, the evidence is based on case series
and individual cases. In the leukaemia series, antifungal treatment was combined with
surgery or debridement, and the outcome depended on haematological recovery [1,2].
Case reports describe early surgical intervention with antifungals and G-CSF [74], alve-
olar sequestrectomy [28], and surgical removal of A. flavus infection in the palate with
high doses of antifungals [75]. Thus, debridement of the devitalised palatal, alveolar and
sinonasal tissue is recommended if it is possible, in coordination with haematology, but not
studied prospectively.

More radical surgery is not always necessary. In the orbital cranium Aspergillus in-
fection, 125 azole-treated patients were compared to 153 controls. No patient in the azole
group had undergone meningeal or brain resection (11% in the control group), but disease-
specific mortality was lower (21% vs. 52%) [76]. This is a retrospective comparison of
mixed fungal aetiology. Hyperbaric oxygen as a supplement to surgical debridement and
amphotericin B has been reported in a single case of temporal-mandibular joint aspergillo-
sis [77]. Once the infection is controlled, the palatal fistula can be closed surgically [27].
Bilateral maxillectomy can be prosthetically reconstructed [78], and extensive buccal/mid-
facial defect after stem-cell transplantation can be reconstructed using delayed free flap [79]
(individual cases).

6.4. Chronic Granulomatous Invasive Aspergillosis

The management of published case series includes surgical excision or debulking with
long-term azole treatment, with tendency for less radical surgery with introduction of
azoles [4]. Among 18 patients with invasive aspergillosis, excision with itraconazole or
voriconazole therapy was more favourable than first-line amphotericin B, which had caused
residual disease [30]. In the systematic review of 89 patients, the apparent advantage of en-
doscopic debulking and voriconazole therapy (recovery 76.9% vs. 56%) was not statistically
significant (p = 0.548) [65]. The optimal duration of treatment remains unknown.

6.5. Maxillary Sinus Fungus Ball

In cases of non-invasive fungus balls, IDSA recommends surgical removal with sinus
ostium enlargement when necessary. Surgical removal of an uncomplicated fungus ball by
endoscopic method is usually curative, and local or systemic antifungals are not indicated
for the maxillary sinus fungus ball. Systemic antifungals may be advisable for sphenoid
sinusitis or suspected mucosal invasion [40]. A review of two decades of surgical experience
has shown preference of endoscopic sinus surgery with middle-meatal antrostomy; it does
not support antifungal drugs and advises against the Caldwell-Luc approach because of
its effect on the sinus physiology [7]. An endoscopic canine-fossa approach, alone or in
combination with middle-meatal antrostomy, resulted in the complete removal of fungus
balls with no recurrence in 31 patients. Such an approach facilitates removal of foreign
material from the sinus [80]. In 1717 cases, all of them treated by endoscopic surgery,
antimycotics were not recommended either before or after the surgery [31]. Where implant
rehabilitation is planned, staged clearance followed by delayed sinus-floor elevation has
been reported in 11 patients with 3-10 years follow-up [81].

Asymptomatic incidentally detected fungus balls do not necessarily require operation.
An international consensus statement (19 specialists, modified Delphi) concludes that
watchful waiting may be considered for asymptomatic patients with proper advice and
assessment. It recommends treatment for symptomatic patient or if they become or are
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already immunosuppressed, and before sinus augmentation [41]. Low risk of symptomatic
progression in elderly patients with incidental lesions supports this strategy [25]. Ra-
diopaque intra-antral foreign body should, thus, prompt dental and otorhinolaryngological
consultation, but not automatic removal. Removal is necessary if the patient is symptomatic,
there is a fungus ball, the patient needs immunosuppression or sinus surgery, or the foreign
material is accessible. Authors of case reports suggest removal of extruded root canal filling
material from the sinus [82] (case reports and consensus, OCEBM level 4-5).

6.6. Prevention in the Dental Setting

For the iatrogenic form, the preventive measures include avoiding extrusion of the
root canal filling material beyond the apical foramen [82,83] and careful work with implant
placement and sinus augmentation in the proximity of the sinus floor [41,53] (case reports,
case—control and expert opinion). For invasive forms, the prevention is mainly dependent
on the haematology department. In a single-centre retrospective study of 536 neutropenic
patients with acute leukaemia, invasive gingival aspergillosis developed in 15 out of 192
high-risk patients (7.8%) in 39 months without prophylaxis. The disease developed in 3
out of the 198 (1.5%) patients after the introduction of itraconazole at 100 mg/day, and in
none of the 146 patients at 200 mg/day [84]. The European Conference on Infections in
Leukaemia suggests posaconazole as the drug of choice when the incidence of invasive
mould infection exceeds 8% [85]. The assessment and elimination of odontogenic infection
before myelosuppression are recommended widely. However, the evidence is limited to
expert opinion and case reports, one of which describes a non-healing socket and oroantral
fistula after extraction during chemotherapy [86].

7. Practical Considerations for the Oral Clinician

A table listing practical considerations arising from the above evidence is provided in
Table 3. The source of evidence supporting each consideration is indicated for each, and
the indirect ones are labelled accordingly.

Table 3. Practical considerations for the oral clinician and their evidence basis.

Consideration Evidence Basis OCEBM Level Directness
In a neutropenic patient, violaceous marginal
gingiva with severe spontaneous pain or a Clinical features from
solitary grey necrotic ulcer is a diagnostic single-centre case series [1,2,10]; 45 D-O
emergency; biopsy urgently, on the same day the timing of biopsy is expert
where feasible, rather than starting empirical opinion
antibacterial therapy or observing.
Do not wait for, or rely on, serum galactomannan; Small diagnostic study in oral
a negative result does not exclude disease, and a disease [33]; meta-analysis in 34 D-O; I-S
positive result does not replace biopsy. sinus disease [61]

Send tissue for histopathology and culture and
request species-level identification.

Consensus definitions and
guidelines [34,39]; oral tissue 5 (guideline); 4 G; D-O
series [11]

While Mucorales cannot be excluded, start
liposomal amphotericin B; once Aspergillus is

Guidelines for mucormycosis and . . 1
1-2 for invasive aspergillosis;

confirmed, switch to voriconazole or asp erglllosm [38._401; trials in extrapolated to oral disease G; 1A
. invasive aspergillosis [16,17]
isavuconazole.
Consider chest CT once invasive oral (;oncom#ant pulmonary disease
e s . in 7/13 in one series [3]; expert 4-5 D-O
aspergillosis is confirmed. L
opinion
Debride devitalised palatal, alveolar and Gulgiillllr;eazec;mi?s;;ia[l;lg]r} for
sinonasal tissue where feasible, in coordination Pers ! 3-4 G; I-S; D-O

with haematology.

retrospective sinonasal series
[26,66]; oral case series [1,2]
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Table 3. Cont.
Consideration Evidence Basis OCEBM Level Directness
Assess and treat dental infection before Case reports and expert opinion
. . 5 D-O
myelosuppression where possible. (86
Avoid extrusion of root canal filling material into
the maxillary sinus, and take care near the sinus Case—control studies [21,22]; 3.4 DS
floor during implant placement and sinus cohort [6,53]; case reports [82,83]
augmentation.
Refer an intra-antral foreign body or suspected
fungus ball for otorhinolaryngological
assessment. Remove it if symptomatic, if Consensus statement [41];
immunosuppression or sinus augmentation is natural-history cohorts [24,25]; 4-5 D-S
planned, or if a fungus ball is present; watchful case reports [82]
waiting may be considered for asymptomatic
incidental lesions.
Treat the maxillary fungus ball by endoscopic AN, . .
removal; antifungal drugs are not indicated Guideline [40]; systematic review 4 (guideline consensus) G;D-S

unless invasion is suspected.

of case series [44]; review [7]

CT, computed tomography; OCEBM, Oxford Centre for Evidence-Based Medicine 2011 levels (1,
systematic review of randomised trials; 2, randomised trial; 3, non-randomised cohort or case—control
study; 4, case series; 5, mechanism-based reasoning or expert opinion). D-O, direct evidence from
oral or maxillofacial aspergillosis; D-S, direct evidence from fungus ball or chronic granulomatous
disease; I-S, indirect evidence from invasive fungal rhinosinusitis of mixed aetiology; I-IA, indirect
evidence from invasive aspergillosis at other sites; G, guideline or consensus statement.

8. Gaps in the Evidence

First, there is no outcome-validated staging system for oral or orofacial invasive as-
pergillosis. The three-stage oral-histological scheme is descriptive [10]. The only clinical
severity staging was developed in 71 patients with sinonasal disease at one centre and has
not been externally validated [43]. Second, debridement extent and timing have never
been compared prospectively. The rationale for early debridement is based on retrospective
sinonasal data [26,66] and on oral case series, in which surgery has been confounded with
haematological recovery [1,3]. Third, the optimal duration of antifungal therapy is un-
known for each form. An inadequate initial treatment duration in one fatal case of chronic
granulomatous disease may have contributed to recurrence [23]. Discontinuation guided
by positron emission tomography—computed tomography (PET-CT) has been reported
only in case studies, e.g., Aspergillus necrotising otitis externa with temporomandibular
involvement [87]. Fourth, morbidity is under-reported. Pooled morbidity in AIFRS stayed
at around 37% when mortality decreased; palatal fistula, maxillectomy defects, and speech
and swallowing complications are only found in case reports [42].

Fifth, the trials supporting antifungal choice do not provide sub-group analysis by
mouth, nasal cavities or A. flavus. A search on ClinicalTrials.gov dated 30 July 2026 re-
vealed no interventional studies in oral, maxillofacial or invasive sinonasal aspergillosis.
Two new antifungals are currently at phase 3 stage of development for invasive mould
disease. Olorofim, an orotomide, achieved day-42 global response rate of 28.7% and day-42
all-cause mortality of 11.9% in a monotherapy phase 2b study involving 202 patients with
limited treatment options, 101 of whom had Aspergillus infection, including 22 with azole-
resistant strains [88]. A comparison with liposomal amphotericin B is already complete
(NCT05101187). Fosmanogepix, a Gwt1 inhibitor administered parenterally and orally, pro-
vided 40% global response rate and day-42 mortality of 25% in a phase 2 study involving 20
patients [89]. Phase 3 trial of invasive mould disease is underway (NCT06925321). Olorofim
has no activity against Mucorales [90], thus limiting its utility in cases of mixed infection.
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9. Limitations of This Review

This is a narrative review, and the selection of literature for analysis was not compre-
hensive. The screening has been done by one reviewer with machine help, and classification
agreement was moderate. Embase and Web of Science have not been searched, and English
reports only were included, so relevant articles might have been overlooked. The direct
evidence regarding invasive oral aspergillosis includes small single-centre series, most likely
overlapping, and case reports. This type of evidence is subject to selection and publication
bias, favouring successful and unusual cases. Prognostic and therapeutic conclusions rely
on indirect evidence from invasive fungal rhinosinusitis of mixed aetiology and invasive
aspergillosis in other anatomical sites. Risk-of-bias assessment has not been performed
formally. The moderate agreement (x = 0.43) mainly reflects disagreement on how eligible
records were classified, not on whether they were relevant. All discordant and uncertain
records were re-assessed independently by the reviewers. Screening also captured 92%
(71/77) of a reference set of known relevant articles. Because this narrative review selects
the most direct and highest-level sources for each clinical form, missing occasional low-level
reports is unlikely to change its conclusions.

10. Conclusions

Oral and maxillofacial forms of aspergillosis differ in their hosts, clinical features, and
prognoses, and results from one form should not be extrapolated to another. In a neutropenic
patient, violaceous gingival margin with severe spontaneous pain or necrotic oral ulcer
of grey colour should alert one to an invasive fungal infection. It calls for immediate
biopsy with histology and culture, and a serum galactomannan test is not a substitute.
Direct evidence comes from small case series. In those series, the outcome has been mostly
dependent on haematological recovery. There is no mortality estimate specific to primary
oral aspergillosis, and pooled mortality of about 31% of AIFRS concerns a different, mixed-
pathogen population. Treatment recommendations are made based on guidelines and
trials in invasive aspergillosis and mucormycosis. Liposomal amphotericin B is the drug
of choice until a Mucorales infection is excluded. It should be followed by voriconazole
or isavuconazole once Aspergillus infection has been confirmed, and the debridement of
devitalized tissue if possible. In an immunocompetent patient, a fungus ball in the maxilla
could potentially occur after dental interventions and may be removed with an endoscopic
procedure without the administration of antifungal drugs. Watchful waiting might be
considered in asymptomatic incidental lesions. Prevention of extrusion of root canal filling
material into the sinus cavity looks reasonable, despite lack of validation of its effectiveness.
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