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Abstract
Purpose: To provide real-life data on azole treatment outcomes and the role of surgery in the current management of invasive
fungal rhinosinusitis complicated by orbitocranial fungal infection (OCFI).

Methods: Data was collected retrospectively from a chart review from four participating centers and a systematic literature
review. The study group included patients with OCFI treated with azole antifungals. The control cases were treated with other anti-
fungal agents. The cranial and orbital involvement degree was staged based on the imaging. The extent of the surgical resection
was also classified to allow for inter-group comparison.

Results: There were 125 patients in the azole-treated group and 153 in the control group. Among the patients with OCFI cranial
extension, 23% were operated on in the azole-treated group and 18% in the control group. However, meninges and brain resec-
tion were performed only in the controls (11% of patients) and never in the azole antifungals group. Orbital involvement required
surgery in 26% of azole-treated cases and 39% of controls. Despite a more aggressive cranial involvement, azole-treated patients'
mortality was significantly lower than in controls, with an OCFI-specific mortality rate of 21% vs. 52%. A similar, though not statisti-
cally significant, trend was found for the extent of the orbital disease and surgery.

Conclusion: Despite less aggressive surgical intervention for cranial involvement, OCFI patients treated with azoles had a higher
survival rate. This finding suggests we may improve morbidity with a more conservative surgical approach in conjunction with
azole treatment. The same trend is emerging for orbital involvement.
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Introduction ated with a high mortality rate 2. Increasing causes for immune

Orbitocranial fungal infection (OCFI) is an uncommon yet rapidly ~ suppression, such as chemotherapy-induced neutropenia, ac-
progressive complication of invasive fungal rhinosinusitis associ-  quired immunodeficiency syndrome and diabetes mellitus, have
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led to a rising incidence of invasive fungal infections -9\, Inte-
restingly, a high rate of OCFl was also recently reported among
COVID-19 patients, with an alarming mortality of 33% ©. This
association was explained by the impairment of innate defense
mechanisms and the utilization of high-dose corticosteroids ..
Fungus-derived angioinvasion had justified radical surgery

as an integral part of OCFI treatment, despite its significant
morbidity and long-term effect on survivors' quality of life ©.
The goals of surgical intervention are debridement of necrotic
tissue unreachable for antifungal agents, preventing a rapid
spread of infection to critical structures, and gaining time until
the reconstitution of the immune state ©. There is no consensus
or guidelines regarding the extent of the surgical procedures for
OCFI. Some recommend radical surgery, usually complex at the
setup of acute inflammation, that may include brain resection
and orbit exenteration ©'%, Others report performing a more
conservative debulking of involved tissues ",

Over the past two decades, azole antifungal (AAF) agents

have been introduced as a therapeutic option for systemic
fungal infections ©2-19, The azole family agents active against
molds include posaconazole, isavuconazole, itraconazole, and
voriconazole. All these drugs work by inhibiting the sterol
14a-demethylation enzyme essential to the fungus survival,
resulting in faulty cell membrane synthesis . The AAF have
shown high efficacy and safety profile, emerging as a first-line
treatment for invasive fungal disease #'2'”), However, whether
incorporating AAF agents improves survival rates is currently
unclear "9, In addition, there is no data regarding the contribu-
tion of surgery to azole-treated patients' survival and whether
aggressive surgery is still justified. Therefore, in this work, we ai-
med to provide real-life data on the outcomes of AAF treatment
and the role of surgery for OCFI.

Materials and methods

Study design

We performed a large-scale retrospective study. In order to ob-
tain a sufficient cohort of this rare entity, we analyzed cases both
from participating tertiary medical centers and those identified
by a systematic literature review.

The AAF-treated group comprised invasive fungal rhinosinusitis
cases with orbitocranial extension treated at one of four parti-
cipating centers (Sheba Medical Center, Rabin Medical Center,
Soroka Medical Center, Israel, and Westmead Hospital, Sydney,
Australia) between January 1, 2009, and January 1, 2020. Additi-
onal invasive fungal rhinosinusitis cases with OCFI treated with
AAF from the literature were included in this group.

A control group collected from the literature comprised invasive
fungal rhinosinusitis patients with OCFI who were treated with
antifungal therapy other than AAF for the entire length of
treatment.

Patients who received no medical treatment were omitted.
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Figure 1. Flowchart for identification, screening, eligibility, and inclusion
for the systematic review according to the Preferred Reporting Items for

Systematic Reviews and Meta-Analyses (PRISMA).

The systematic literature review was performed according to
the preferred reporting items for systematic review and meta-
analysis (PRISMA) guidelines . Using prespecified search terms
and phrases, we searched two online databases, PubMed and
SCOPUS, between 1990 and 2021. The search algorithm for the
AAF-treated cases was: (invasive fungal sinusitis) AND (posa-
conazole OR isavuconazole OR itraconazole OR voriconazole).
The search algorithm for the control group was: (invasive fungal
sinusitis) NOT (posaconazole OR isavuconazole OR itraconazole
OR voriconazole). Literature cases were eligible for inclusion if
they were available as full-text original articles, written in English
and published in peer-reviewed journals. Crosschecking of
references, citations in review papers, and communication with
scientists in this field have been done to provide a comprehen-
sive search. The relevant articles were selected and reviewed by
three authors (IT, RS, and AY) in a standardized manner (Figure
1.

All cases were diagnosed according to the criteria for proven
invasive fungal sinonasal infection defined by the European or-
ganization for research and treatment of cancer/invasive fungal
infections cooperative group and the national institute of allergy
and infectious diseases mycoses study group (EORTC/MSG) (20).
Only those with radiologically verified orbital and cranial invol-

vement were analyzed.

Data collection and extraction

Data extracted from both sources (intuitional cases and lite-
rature reports) included demographics, background disease,
immune status, fungal pathogen according to culture growth,
the extent of orbital and/or cranial involvement, antifungal
treatment, surgery extent, length of follow-up, and outcome
(OCFl-specific mortality and other-causes mortality). Mortality
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Figure 2. Staging of orbitocranial fungal infection used in the study and T1 contrast-enhanced magnetic resonance images illustrating each stage.

A-D: Orbital extent: orA - periorbit, lacrimal apparatus; orB - orbital fat; orC - oculomotor muscles; orD - optic nerve, eyeball. E-H: Cranial extent: crA -

pterygopalatine fossa, nasopharynx; crB — temporal/infratemporal fossa; crC — cavernous sinus, dura; crD - brain, spinal cord.

outcomes were measured in up-to three years follow-up period
as the OCFl-related effect is not likely to extend beyond this
period.

OCFI was graded according to its maximal extent throughout
the disease course, as demonstrated by computed tomography
and/or magnetic resonance imaging. The orbital extent was
graded as A - periorbit, lacrimal apparatus; B - orbital fat; C - ocu-
lomotor muscles; D - optic nerve, eyeball. The cranial extent was
graded as A - pterygopalatine fossa, nasopharynx; B — temporal/
infratemporal fossa; C — cavernous sinus, dura; D - brain, spinal
cord. Examples of each grade are presented in Figure 2. The OCFI
surgical treatment was also graded according to its maximal
extent in each case. This grading is based on the surgery com-
plexity and its potential sequellae and is displayed in Table 2.

Statistical analysis

Variables distributions are presented as mean and SD for
continuous variables and as frequencies for categorical ones.
The comparison between groups was performed using a t-test
with Welch-Satterthwaite correction for unequal variances and
Fisher's exact test for cross-tabulation, correspondingly. The mo-
notone relationships between ordered variables were assessed
using Kendall tau-B and Kendall rank correlation. We used the
propensity score (PS) approach to adjust for the study's obser-
vational nature. The PS was defined by logistic regression, in-
cluding the patient's demographic, immune suppression cause,
pathogen, OCFl extent in the orbit and cranium, and the extent
of surgery. The PS was used in survival analysis (Cox regression),
either including the PS as a covariate (regression adjustment) or
through weighted analysis with an inverse probability weight.

Only the pathogen was not balanced after PS weighting.
Therefore, we performed stratification by the pathogen in the
PS analysis when the interaction between the effects of PS and
the pathogen was significant. The primary outcome variable was
time to death from OCFI in three years. We performed a survival
analysis for death from any cause, death from OCFI, and death
from other causes. We calculated the cause-specific hazard for
OCFI death and death of other causes using Cox regression and
the sub-distribution hazard using the Fine-Gray approach. Ap-
plying various models is a form of sensitivity analysis, permitting
evaluation of the model's influence on the final estimate. All
p-values are two-sided. The analysis was done using STATA 16 SE
software.

Results

Study cohorts

Overall, our study included 278 OCFI cases. The AAF-treated
group comprised 125 patients. Forty-six of them were from the
participating centers. The rest of the AAF cases were identified
through the systematic literature review. Patients infected with
Aspergillus species were treated with voriconazole. Most patients
with Mucorales infection received posaconazole, while few

more recent cases received isavuconazole. The control group
comprised 153 patients from the literature review. They were all
treated with amphotericin B, combined with anidulafungin in
three and caspofungin in one case.

A comparison of the study groups' characteristics is presented in
Table 1. The AAF and the control group's mean age was 49+21
and 44119, respectively (mean+SD, p-value=0.13), with male
predominance in both groups (60.8% and 58.2%, respectively,
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Table 1. Univariate analysis of the study groups' main characteristics.

Azole antifungal treated

Control group (n=153)

group (n=125)

Demographics Age 49+21.9 44.4+19.8 0.13
Males 76 (60.8) 89 (58.2) 0.37
Medical background Diabetes mellitus 39 (31.2) 64 (41.8) 0.04
AIDS ® 4(3.2) 17 (11.1) 0.01
Hematologic disease ° 31(24.8) 30(19.6) 0.18
Chronic renal failure 7 (5.6) 11(7.2) 0.53
Pathogen Mucorales 35(28) 102 (66.7)
Aspergillus 90 (72) 51(33.3) <0001
Number of surgeries, mean 1.57+1.63 1.65+1.63 0.68

*Categorical variables are presented in n (%); **Continuous variables are represented as mean (+SD); 2Acquired immunodeficiency syndrome;

®Hematologic disease leading to immune compromised status; *Including 6 patients with both Mucorales and Aspergillus.

Table 2. Surgery for rhino-orbital-cerebral mycosis patients.

Orbital surgery

Surgery extent Azole antifungal Control group p-

treated group (n=88) value
(n=54)

No orbital surgery 40 (74.1%) 54 (61.4%)

in the presence of

orbital involvement

Periorbit removal 1(1.8%) 1(1.1%)

Partial resection of 3(5.7%) 14 (15.9%)

the orbital content =

Enucleation 1(1.8%) 1(1.1%)

Orbital exenteration 9(16.7) 18 (20.5%)

Cranial surgery

Control
group (n=76)

Surgery extent Azole antifungal

treated group
(GEYA))]

No cranial surgery 55 (77.4%) 62 (81.6%)

in the presence of

cranial involvement

Extracranial debride- 8(11.3%) 3 (3.9%)

ment

Skull base resection 8(11.3%) 3(3.9%) <0.01
Meninges resection 0 (0.0%) 3 (3.9%)

Brain resection 0 (0.0%) 6 (7.9%)

p-value=0.37). Diabetes was a significantly more frequent cause
of immune deficiency in the control group, and hematological
background was more common among the AAF-treated group.
Throughout the study period, AAF-treated cases were reported
more frequently.

The two main pathogen groups were the Mucorales, identified
in 28% and 67% of the AAF cases and the controls, respectively,

and Aspergillus species in 72% and 33%, respectively (p-va-
lue<0.001). Six patients with mucormycosis (three in the AAF
group and three control cases) also had evidence of Aspergil-
lus. Mean follow-up time was similar in both groups (12.9+20.9
months in the AAF group and 12.7+13.7 months in the controls
(mean+SD, p-value=0.927). Mucormycosis and Aspergillosis
cases were evenly reported throughout the study period.

OCFI extent

The orbital involvement was similar between the groups (p-
value=0.09), while the cranial involvement was more aggressive
in the AAF group (p-value<0.001, Figure 3).

Surgical intervention

Approximately 1.6 surgeries were performed per case, without
significant differences between the study groups (Table 1).

The types of surgical procedures performed in each group are
presented in Table 2. Among the patients with OCFI cranial ex-
tension, 22.5% were operated on in the AAF-treated group and
18.4% in the control group. However, meninges and brain resec-
tion were performed only in the controls (10.5% of patients) and
never in the AAF group (p-value=0.045). Orbital involvement
required surgery in 26% of AAF-treated cases and 39% of control
ones (p-value=0.12).

Outcome

A strong interaction was found between the pathogen (Muco-
rales and Aspergillus species) and the treatment type for overall
3-years survival (p-value=0.017). Hence, we analyzed the sur-
vival stratified to the pathogen. We found that azole treatment
improved survival in the Aspergillus cases: hazard ratio (HR)=0.23
(0.08-0.61), p-value=0.004. No significant difference was found
between AAF-treated patients and the controls in the mucormy-
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Figure 4. Kaplan-Meier curve on the orbitocranial fungal infection-spe-

cific survival during up to 3 years of follow-up.

cosis cases: HR=0.94 (0.46-1.89), p-value=0.86.

When OCFl-specific survival was analyzed with death from other
causes as a competing effect, there was no significant interacti-
on between the pathogen and the treatment type (p-value=0.3).
Taking this into account, we found that the AAF-treated group
had a significantly lower 3-year OCFI-specific mortality compa-
red to controls (21% vs. 52%, respectively) with a subdistribution
HR of 0.27 (0.12-0.60, p< 0.001, Figure 4).

Surgical treatment impact

The extent of the surgical intervention for OCFI cranial and
orbital involvement did not correlate with the survival rate of the
AAF-treated patients (Kendall's tau-b of 0.14 and 0.08, respecti-
vely). Due to the small cohort size, this correlation could not be
corrected according to the pathogen type.

Discussion

Antifungal therapy, surgical debridement and reversal of im-
mune suppression are the main tools in the treatment arma-
mentarium for potentially lethal invasive fungal rhinosinusitis

(1821 Qver the last two decades, AAF agents were incorporated
to treat invasive fungal sinusitis, initially as step-down therapy
following amphotericin B and salvage therapy 5?2, demonstra-
ting promising results in clinical studies ¥. Due to their efficacy
and high safety profile 29, they are now being used early in the
course of treatment, with initial reports suggesting isavuconazo-
le to be a valuable option for central nervous system fungal in-
fection ©°. They are well-tolerated with minor side effects, which
is an appealing advantage when considering an alternative to
amphotericin B formulations. The study aimed to evaluate the
role of surgery in managing OCFI treated with AAF agents.

We demonstrated the AAF's powerful protective effect on OCFI-
specific mortality, which decreased from 52% to 21%. This effect
was robust and remained strongly significant after applying the
PS model to control for potential confounding variables. The sig-
nificantly improved survival rates raise a question regarding the
current role of radical surgery. Aggressive intervention, some-
times leading to substantial visual impairment, facial disfigu-
ration, and other mutilation was previously justified to achieve
local control and save the patient's life 262, Prior studies have
demonstrated that surgical intervention was associated with
lower mortality rates. However, most of them did not address
the extent of surgery (®; those that referred to the extent of the
surgery were not performed on azole-treated cohorts (8,28).

To date, there are no clear guidelines or recommended approa-
ches regarding OCFI surgical treatment. It may be due to the low
incidence of this disease ¢ as well as the high variability of the
presentation. Our results demonstrate that a more conservative
surgical intervention (Table 2) along with AAF therapy resulted
in a higher survival rate, even though the cranial involvement
was more extensive (Figure 3). The same trend, though not sta-
tistically significant, emerges for the orbital involvement. These
data highlight the possibility of shifting trends in the aim of the
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surgery for OCFI, from complete local control to debulking with
organ preservation. Recent advances in endoscopic approach
may facilitate a relatively large resection, yet with reduced mor-
bidity ®'". The mean number of surgical procedures was similar
in the study groups. Due to the study's retrospective nature, it
was impossible to analyze in every case whether the surgery
was withheld either because of clinical and/or radiological
improvement or because of local or general disease progression
making the surgery irrelevant. We presume that better survival
in the azole-treated group combined with worse cranial and
similar orbital disease extension in this group shows that the
former option is the predominant one in the AAF-treated cases.
As established in previous reports, the two most common
pathogens in our cohort were the Mucorales (predominant in
the control group) and Aspergillus species (more frequent in the
azole-treated cases) (Table 1) '#39, The reasonable explanation
for this uneven distribution is that amphotericin B remains the
drug of choice for mucormycosis according to most guidelines,
including EORTC/MSG ones ©". Nevertheless, AAF use increased
chronologically both in aspergillosis and mucormycosis (Suppl.
1and 2).

We have demonstrated better survival in AAF-treated asper-
gillosis. In cases of mucormycosis, disease-specific survival in
AAF-treated and control groups was similar, even though all
control group patients received amphotericin B. This finding is
important in light of the better safety profile of azole therapy
compared to amphotericin B.

Our study has the inherent limitation of retrospectively analyzed
data. Over the years, the use of azoles for OCFI has increased,
and early diagnosis crucial for an optimal outcome has been
improved. It creates a potential bias. Nevertheless, even in the
presence of such development in OCFI treatment, the clinical
implications suggested by our findings are still valid in the
current approach to OCFI. Other causes of death, including the
baseline immune suppressive disease, did not differ between
groups, implying that there is no significant difference due to
the patients' medical background. Our study design did not in-
clude a comprehensive assessment of individual complications
but rather addressed the significance of the disease extent. The
data sources, including the literature, varied in their reporting
of complications, leading to inconsistencies and potential bias
for complication analysis. An additional limitation of our study
is the potential bias introduced by the study timeframe. The
AAF cases are likely to be the newer cases bringing a potential
bias due to other advances, such as the intensive care units'
capabilities. It should also be mentioned that we did not analyze
the cases treated with liposomal and non-liposomal ampho-
tericin B separately. Though these agents are deemed to have
the same antifungal activity, their safety profile differs ©2. As
mortality related to amphotericin toxicity was classified as the

death of other causes, we believe this difference did not bias the
disease-specific mortality primary end-point analysis. Another
limitation is the combination of the original case series and a
systematic literature review. In addition, by using published
data, the survival rates may be affected by publication bias, i.e.,
authors may tend to publish more successful cases. However,
such a bias would affect both study groups similarly, suggesting
the improvement is valid. We believe the statistical power of
providing a large-scale cohort for this rare condition surpasses
the potential biases.

Conclusion

Despite less radical surgical intervention in OCFI with cranial
involvement and more aggressive disease, patients treated with
azoles had significantly better survival. The same trend emerged
for orbital involvement. These findings suggest that a more con-
servative surgical approach in conjunction with azole treatment
may improve morbidity without compromising survival. Further
studies are required to decide whether this treatment paradigm
can also be modified for orbital surgeries.
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SUPPLEMENTARY MATERIAL

Supplementary Table 1. Cases distribution along the study period. Supplementary Table 2. Cases distribution according to pathogen.
Year Control cases AAF treated case Year Mucor Aspergillus
1991 2(1.3) 0 1991 0 2
1992 1(0.6) 0 1992 0 1
1994 5(3.3) 1(0.8) 1994 3 3
1995 3(2) 0 1995 0 3
1996 3(2) 6(4.8) 1996 0 9
1997 32(20.9) 1(0.8) 1997 28 5
1998 1(0.6) 1(0.8) 1998 0 2
1999 3(2.0) 2(1.6) 1999 0 5
2001 5(3.3) 0 2001 5 0
2002 8(5.2) 1(0.8) 2002 8 1
2003 1(0.6) 0 2003 0 1
2004 1(0.6) 22(17.6) 2004 1 22
2005 1(0.6) 0 2005 0 1
2006 11(7.2) 4(3.2) 2006 11 4
2007 2(1.3) 4(3.2) 2007 1 5
2008 2(1.3) 3(2.4) 2008 3 2
2009 6(3.9) 3(2.4) 2009 6 3
2010 1(0.6) 5 (4.0) 2010 4 2
2011 10 (6.5) 9(7.2) 2011 1 18
2012 3(2.0) 4(4.3) 2012 4 3
2013 4(2.6) 3(24) 2013 6 1
2014 1(0.6) 3(2.4) 2014 2 2
2015 7 (4.6) 9(7.2) 2015 8 8
2016 12(7.8) 13(10.4) 2016 15 11
2017 10 (6.5) 9(7.2) 2017 6 13
2018 5(3.3) 5 (4.0) 2018 5 5
2019 11(7.2) 6 (4.8) 2019 13 4
2020 1(0.6) 3(2.4) 2020 2 2
2021 1(0.6) 8(6.4) 2021 5 4

Data is presented in n (%). Spearman correlation, P<0.01. Spearman correlation coefficient is 0.3592713 with a p-value of 0.1447.

Cuzick test: p-value = 0.61.
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Supplementary Figure 1. Graphical presentation of the study cohort distribution over time: azole-treated group and controls.
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Supplementary Figure 2. Graphical presentation of the study cohort distribution according to pathogen over time.
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