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This report presents two cases of invasive rhino-orbital mucormycosis who had life-threatening reactions
to amphotericin B. Both cases were treated with a combination of posaconazole–caspofungin favorably
with no evidence of recurrence upon long-term follow-up. To our knowledge, this is the first report of
successful treatment of invasive mucormycosis with azole–echinocandin combination. It may suggest
that caspofungin exerts additional or even synergistic antimucoral effects to posaconazole.
& 2015 The Authors. International Society for Human and Animal Mycology Published by Elsevier B.V.

This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Mucormycosis is an aggressive, angioinvasive fungal infection
caused by filamentous fungus Rhizopus, Mucor, and Lichtheimia
species of the order Mucorales in the subphylum Mucormycotina
[1]. This opportunistic fungal infection afflicts im-
munocompromised or severely hyperglycemic patients such as
those with un-controlled diabetes mellitus with or without me-
tabolic acidosis. Other known risk factors for invasive mucormy-
cosis include high-dose glucocorticoid therapy, long-term neu-
tropenia, intravenous drug use, malnutrition, stem cell or solid
organ transplantation, treatment with deferoxamine and severe
skin damages such as burns and surgical suture sites. Involvement
of paranasal sinuses with extension to orbital area and central
nervous system is a more common clinical feature of this poten-
tially life-threatening fungal infection which requires urgent di-
agnosis and treatment. Diagnosis is usually made by clinical sus-
picion and histopathological examination. Treatment options for
invasive mucormycosis are limited. Mucorales are inherently re-
sistant to many antifungal drugs used to treat systemic mycoses,
including ketoconazole, fluconazole, voriconazole, flucytosine and
the echinocandins. Lipid formulations of amphotericin B are the
drug of choice. Some patients can then be transitioned to oral
posaconazole if absorption is adequate [1]. However, the variable
results of treatment with different antifungal drugs, either alone
for Human and Animal Mycology
d/4.0/).
or in combination, indicate more studies are required to find the
regimens that suits special circumstances.
2. Case
Case 1.1. The first patient was a 64-year-old diabetic housewife,
who was admitted to the hospital with the complaint of right fa-
cial palsies, swelling and paresthesia in the right cheek, and uni-
lateral dark brown nasal discharge since few days ago. On ad-
mission, asymmetrical swelling of the right side of the face, right
facial paralysis, decreased sensation in the distribution of the in-
fraorbital nerve, and necrotic lesion of the nasal septum were
observed. CT scan of the paranasal sinuses revealed right sided
maxillary, ethmoid, and sphenoid sinusitis.

Histpathological examination of the endoscopic biopsy speci-
mens revealed invasive mucormycosis. Brain MRI showed no evi-
dence of spread of lesion to the brain. Diagnosis of rhino-orbital
mucoromycosis was made and Amphotericin B deoxycholate
(AmB) started at a dose of 1.5 mg/kg/day. During the first hour of
infusion, patient developed acute respiratory distress, hypoxemia,
tachycardia, bilateral wheezing, and chest pain. Because of serious
adverse reactions, treatment stopped immediately. Intravenous
hydrocortisone was administered and oxygenwas started via nasal
cannula. Her respiratory symptoms subsided within the next
several hours, but she developed edema in the face and ex-
tremities. Possibility of AmB desensitization was proposed. On the
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next day, very slowly administering AmB at an extremely low dose
started. A few seconds after starting AmB, patient developed si-
milar but more intense symptoms. AmB stopped immediately and
never restarted thereafter. Acute symptoms disappeared after a
few minutes of intravenous administration of epinephrine.
Therefore, a combination of Posaconazol 400 mg twice/day with a
high-fat meal and Caspofungin IV 70 mg load, then 50–70 mg/day
was started as salvage therapy. The patient also underwent deb-
ridement of necrotic and infected tissues several times, and her
blood sugar level kept under control. Combination medical ther-
apy continued for 4 weeks, until serial imaging showed no pro-
gression of the lesion and histopathological examination revealed
no evidence of fungal invasion of tissue. At the end of week 4 of
treatment, the patient was symptom-free except for mild facial
paralysis. Posaconazole was continued for a further 6 weeks. The
patient had no recurrence and remained healthy during the 12-
month follow-up.

Case 1.2. A 43 year-old diabetic female patient presented with a
history of unilateral facial swelling and numbness, and diplopia
since 10 days ago. CT scan of the paranasal sinuses demonstrated
right sided pan-sinus opacification with associated bone destruc-
tion of the orbital floor and medial maxillary sinus wall (Fig. 1).

After a full work up, the diagnosis of rhino-orbital mucor-
omycosis with right CN 6th palsies was documented histopatho-
logically, and patient started AmB 1.5 mg/kg/day. A few minutes
after starting the first dose of AmB, she began to experience un-
controllable shaking chills that cause her teeth broke. Second dose
of AmB started twenty minutes after premedication with acet-
aminophen, antihistamines, and dexamethasone, but a few min-
utes after starting infusion, she developed severe respiratory dis-
tress and bilateral wheezing. AmB stopped but she then developed
severe toxic epidermal necrolysis (TEN)-like skin lesions. Two days
later, she developed severe generalized edema, increased alkaline
phosphatase (ALP), Gamma-glutamyl transpeptidase (GGT), and
lactate dehydrogenase (LDH), and progressive anemia. Despite
AmB being stopped, serum creatinine increased progressively up
to 3 mg/dL. However, she did not require renal replacement
therapy.

Patient received combination of Posaconazol 400 mg twice/day
Fig. 1. CT scan of the paranasal sinuses demonstrated right sided pan-sinus opacificatio
wall.
with a high-fat meal and Caspofungin IV 70 mg load, then 50–
70 mg/day as salvage therapy. Several courses of endoscopic and
surgical debridement of devitalized and necrotic tissues per-
formed. Combination therapy continued for 6 weeks during which
symptoms gradually resolved, until repeated CT scan of para-nasal
sinuses showed no progression of the lesions and histological
specimen from the debrided tissue showed no fungal invasion.
After discharge from hospital, patient received Posaconazol for a
further 6 weeks. At the end of treatment, patient fully recovered
with minimal right lateral rectus palsies. Long-term follow-up
showed no recurrence.
3. Discussion

Both reported cases had life-threatening adverse reactions to
Amphotericin B deoxycholate (AmB). After first thinking, posaco-
nazole monotherapy was considered as salvage therapy. However,
based on favorable preliminary results using combination lipid
polyene–echinocandin therapy including in vitro and animal
model studies and observational clinical data, in addition to the
safety profile of echinodandins, trial of combination azole–echi-
nocandin was proposed and started. Both patients had favorable
outcome with this combined regimen with no recurrence during
long-term follow-up. The efficacy of this combination of antifungal
drugs in patients with mucormycosis has not been evaluated be-
fore. Two hypotheses can be put forward to explain the favorable
outcome of patients: [1] posaconazole alone had favorable anti-
fungal effect, or [2] caspofungin exerts additional or even sy-
nergistic antifungal effects.

Reversal of underlying risk factors (e.g., diabetes control) is
important in the treatment of mucormycosis [2]. Surgical resection
is also a critical component of the management of mucormycosis.
Surgery was found to be an independent predictor for improved
outcome in a retrospective study of cases of mucormycosis [3].
However, the mortality of mucormycosis without antifungal drugs
is unacceptably high. Even with antifungal therapy, crude mor-
tality is 40% among patients with mucormycosis [3].

AmB remains the only licensed antifungal agent for the treat-
ment of mucormycosis [4]. Posaconazole is an option for second
n with associated bone destruction of the orbital floor and medial maxillary sinus
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line-treatment [2]. Numerous studies have tried to establish the
efficacy of combination therapy in mucormycosis hoping to in-
crease the response rate of available treatment in patients who
tolerate first line antifungal agents. Accordingly, three potential
strategies are proposed including combination lipid polyene–
echinocandin, combination lipid polyene–deferasirox, and combi-
nation lipid polyene–posaconazole (or isavuconazole). However,
until randomized clinical trials are conducted, no definitive con-
clusion about their efficacy is possible [3].

Echinocandins do not have in vitro activity against the Mu-
corales in standard susceptibility tests [3]. No clinical data are
available with echinocandin monotherapy in mucormycosis and
occurrence of mucormycosis has been documented in patients
with hematologic malignancies who currently receiving or re-
cently exposed to caspofungin [2]. In the study of Spellberg et al.
combination polyene–echinocandins therapy improved survival of
diabetic ketoacidotic mice with disseminated zygomycosis com-
pared to that of mice given monotherapy and that of untreated
controls [5]. Comparable results were observed in the studies in
which combination of polyene plus other echinocandins were
used in murine models [6]. There are also several case reports of
favorable outcome in patients with mucormycosis who treated
with combination polyene–echinocandins in the literature [7,8]. In
a small, retrospective study, combination LFAB–caspofungin ther-
apy was associated with significantly improved outcomes for rhi-
no-orbital-cerebral mucormycosis among patients with diabetes,
compared with polyene monotherapy [9].

There has been little research on the appropriate treatment for
patients who does not tolerate AmB. Severe allergic reactions
(including anaphylaxis) to AmB are extremely rare but have been
reported and considered a contraindication to further AmB [10,11].
Available clinical data from open-label salvage studies suggest that
posaconazole is a reasonable option for patients with mucormy-
cosis who are refractory to or intolerant of polyenes [4]. As a sal-
vage regimen, posaconazole was associated with response rates of
60–80% or greater [12–14]. No clinical studies have evaluated
combination posaconazole–polyene therapy for mucormycosis [4].

To our knowledge, this is the first report of using combination
posaconazole–caspofungin as salvage therapy in mucormycosis. If
the hypothesis of additional or synergistic effect of caspofungin is
well-documented, the combination of posaconazole–echinocandin
therapy can be proposed as more effective treatment for use in
patients who do not tolerate polyenes. By validating this hypoth-
esis, possible triple therapy with polyene plus echinocandin plus
azole might also be proposed as a regimen with more effective
response rate in patient with mucormycosis who can tolerate
polyene antifungal drugs. Spellberg et al. noted the possible triple
combination therapy with a polyene plus echinocandin plus de-
ferasirox, which would represent maximal aggressiveness of
treatment [15].

As stated by Spellberg et al., if combination therapy is superior
but is not used, it may lead to undertreatment. On the other hand,
if it is not superior but is used, it causes unacceptable toxicity and
cost [15]. Therefore, it seems necessary to search for the effective
treatment options for affected patients hoping to improve their
survival and quality of life.
Conflict of interest

None.
References

[1] D.P. Kontoyiannis, R.E. Lewis, Agents of mucormycosis and en-
tomophthoramycosis, in: G.L. Mandell, J.E. Bennett, R. Dolin (Eds.), Mandell,
Douglas, and Bennett’s Principles and Practice of Infectious Diseases, 8th ed.,
Churchill Livingstone Elsevier, Philadelphia; Pennsylvania, 2014,
pp. 2910–2919.

[2] A. Skiada, F. Lanternier, A.H. Groll, L. Pagano, S. Zimmerli, R. Herbrecht,
O. Lortholary, G.L. Petrikkos, European Conference on Infections in Leukemia.
Diagnosis and treatment of mucormycosis in patients with hematological
malignancies: guidelines from the 3rd European Conference on Infections in
Leukemia (ECIL 3), Haematologica 98 (4) (2013) 492–504, Apr.

[3] T.J. Walsh, D.P. Kontoyiannis, Editorial commentary: what is the role of com-
bination therapy in management of zygomycosis? Clin. Infect. Dis. 47 (3)
(2008) 372–374, Aug 1.

[4] B. Spellberg, T.J. Walsh, D.P. Kontoyiannis, J. Edwards Jr, A.S. Ibrahim, Clin.
Infect. Dis. 48 (12) (2009) 1743–1751, Jun 15.

[5] B. Spellberg, Y. Fu, J.E. Edwards Jr., A.S. Ibrahim, Combination therapy with
amphotericin B lipid complex and caspofungin acetate of disseminated
zygomycosis in diabetic ketoacidotic mice, Antimicrob. Agents Chemother. 49
(2005) 830–832.

[6] A.S. Ibrahim, T. Gebremariam, Y. Fu, J.E. Edwards Jr., B. Spellberg, Combination
echinocandin-polyene treatment of murine mucormycosis, Antimicrob.
Agents Chemother. 52 (2008) 1556–1558.

[7] L. Vazquez, J.J. Mateos, C. Sanz-Rodriguez, E. Perez, D. Caballero,
J.F. San Miguel, Successful treatment of rhinocerebral zygomycosis with a
combination of caspofungin and liposomal amphotericin B, Haematologica
(2005), Dec;90(12 Suppl):ECR39.

[8] M. Ojeda-Uribe, R. Herbrecht, M.H. Kiefer, P. Schultz, J. Chain, M.P. Chenard,
J.M. Servant, C. Debry, Lessons from a case of oromandibular mucormycosis
treated with surgery and a combination of amphotericin B lipid formulation
plus caspofungin, Acta Haematol. 124 (2) (2010) 98–102.

[9] C. Reed, R. Bryant, A.S. Ibrahim, J. Edwards Jr, S.G. Filler, R. Goldberg,
B. Spellberg, Combination polyene-caspofungin treatment of rhino-orbital-
cerebral mucormycosis, Clin. Infect. Dis. 47 (3) (2008) 364–371, Aug 1.

[10] R.H. Drew, C.A. Kauffman, A.R. Thorner, Pharmacology of amphotericin B. In:
UpToDate, Post TW (Ed.), UpToDate, M.A. Waltham, (accessed on Oct 2013.).

[11] J.H. Rex, D.A. Stevens, Drugs active against fungi, pneumocystis, and micro-
sporidia, in: G.L. Mandell, J.E. Bennett, R. Dolin (Eds.), Mandell, Douglas, and
Bennett’s Principles and Practice of Infectious Diseases, eighth ed.,
Churchill Livingstone Elsevier, Philadelphia; Pennsylvania, 2014, pp. 480–493.

[12] J.J. Vehreschild, A. Birtel, M.J. Vehreschild, B. Liss, F. Farowski, M. Kochanek,
M. Sieniawski, A. Steinbach, K. Wahlers, G. Fätkenheuer, O.A. Cornely,
Mucormycosis treated with posaconazole: review of 96 case reports, Crit. Rev.
Microbiol. 39 (3) (2013) 310–324, Aug.

[13] J.A. van Burik, R.S. Hare, H.F. Solomon, M.L. Corrado, D.P. Kontoyiannis,
Posaconazole is effective as salvage therapy in zygomycosis: a retrospective
summary of 91 cases, Clin. Infect. Dis. 42 (7) (2006) e61–e65, Apr 1.

[14] R.N. Greenberg, K. Mullane, J.A. van Burik, I. Raad, M.J. Abzug, G. Anstead,
R. Herbrecht, A. Langston, K.A. Marr, G. Schiller, M. Schuster, J.R. Wingard,
C.E. Gonzalez, S.G. Revankar, G. Corcoran, R.J. Kryscio, R. Hare, Posaconazole as
salvage therapy for zygomycosis, Antimicrob. Agents Chemother. 50 (1) (2006)
126–133, Jan.

[15] B. Spellberg, A. Ibrahim, E. Roilides, R.E. Lewis, O. Lortholary, G. Petrikkos,
D.P. Kontoyiannis, T.J. Walsh, Combination therapy for mucormycosis: why,
what, and how? Clin. Infect. Dis. 54 (Suppl 1) (2012) S73–S78, Feb.

http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref1
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref1
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref1
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref1
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref1
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref1
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref2
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref2
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref2
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref2
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref2
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref2
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref3
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref3
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref3
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref3
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref4
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref4
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref4
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref5
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref5
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref5
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref5
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref5
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref6
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref6
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref6
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref6
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref7
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref7
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref7
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref7
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref8
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref8
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref8
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref8
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref8
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref9
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref9
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref9
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref9
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref10
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref10
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref10
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref10
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref10
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref11
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref11
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref11
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref11
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref11
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref12
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref12
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref12
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref12
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref13
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref13
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref13
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref13
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref13
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref13
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref14
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref14
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref14
http://refhub.elsevier.com/S2211-7539(15)00013-5/sbref14

	How should we manage a patient with invasive mucoromycosis who develops life-threatening reaction to amphotericin B?...
	Introduction
	Case
	Discussion
	Conflict of interest
	References




