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CASE REPORT

Isavuconazole Breakthrough Disseminated Fusarium fujikuroi Infection in a
Patient with Allogeneic Hematopoietic Stem Cell Transplant: Diagnostic and
Therapeutic Challenges — A Case Report

Davide Bosetti'", Chiara Bernardi?, Geoffrey Merle?, Laetitia Claudia Dubouchet?, Stavroula Masouridi-Levrat?, Yves Chalandon?, Dionysios Neofytos!

ABSTRACT

Introduction: This case report illustrates the diagnostic challenges and complexities in the treatment of disseminated fusariosis.

Case: An 18-year-old patient reccived a second allogencic hematopoietic stem cell transplant (HSCT) 5 months after the first
HSCT. Two days post-transplant, the patient presented neutropenic fever with diffuse multiple cutaneous papular lesions under
isavuconazole prophylaxis. A diagnosis of disseminated fusariosis due to Fusarium fijikoroi was established. Antifungal therapy
had to be adapted multiple times for efficacy and safety issues. Long-term combination therapy with posaconazole and terbinafine
efficiently controlled the infection and was well tolerated.

Discussion: This case report illustrates three major teaching points: (i) high clinical suspicion based on typical clinical and
microbiologic findings is a key factor for the diagnosis of fusariosis; (ii) treatment is challenging due to variable antifungal agent
minimal inhibitory concentrations (MICs); and (iii) long-term administration of voriconazole can be associated with multiple,
less frequently seen adverse events.

Conclusion: Typical skin lesions and positive blood cultures for molds should promptly rise suspicion of fusariosis. Amphoter-
icin-B and voriconazole are the first-line agents for the treatment of fusariosis. Second-line agents such as posaconazole and ter-

binafine can be used.
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INTRODUCTION

Fusariosis is the second most common invasive fungal infection (IFI) after aspergillosis,
targeting mostly highly immunocompromised patients, such as allogeneic hematopoietic
stem cell transplantation (HSCT) recipients, and is associated with a mortality rate of
50-80%.'~* Hence, rapid recognition of its clinical manifestations and immediate introduc-
tion of effective treatment are essential? Treatment is particularly difficult because of an
extended 77 vitro resistance against multiple antifungal agents. Although regimens based on
liposomal amphotericin-B or voriconazole are suggested as first-line therapies, the optimal
treatment strategy remains controversial.” This case report illustrates the diagnostic and man-
agement challenges in the treatment of disseminated fusariosis.

CASE REPORT

An 18-year-old patient with a history of allogeneic HSCT from a related haploidentical
donor for acute myeloid leukemia (AML) received a second allogeneic HSCT from an unre-
lated HLA-mismatched (8/10) donor following sequential reduced-intensity conditioning due
to relapse of AML, 5 months after the first HSCT. The prophylaxis regimen consisted of acy-
clovir 500 mg/8h intravenously (IV), atovaquone 1,500 mg/24h orally (PO) and letermovir
480 mg/24h/PO. The patient was previously receiving isavuconazole 200 mg/24h/PO for
more than 9 months (serum plasmatic level on post-transplant day [PTD]-1 was 2.9 mg/1),
due to a pulmonary Rhizomucor spp. infection diagnosed 12 monthsbefore thesecond HSCT,
forwhich the patient underwent surgical resection. Graft versus host discase (GYHD) prophy-
laxis consisted of cyclophosphamide, tacrolimus and mycophenolate mofetil (MMF). The
patient had already presented long-term neutropenia for 2 months prior to the second HSCT
as a result of salvage chemotherapy with venetoclax and 5-azacitidine.
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On PTD-2, the patient presented neutropenic fever associated

with multiple cutaneous papular non-tender, non-pruritic
lesions on the feet, soles, legs, palms, fingers and face, with sig-
nificant inflammation and rapid dissemination by PTD-9
(Figures 1A and 1B). Empirical antibiotic treatment with
liposomal amphotericin B (L-AmB) 5 mg/kg/24h/IV was
started on PTD-2, considering the high clinical suspicion for
fusariosis. Serum beta-D-glucan (Fungitell; <7 pg/ml) and
galactomannan enzyme immunoassay (GM-EIA, Platelia
Aspergillus Bio-Rad; <0.5) on PTD-1 were negative. Blood
cultures taken on PTD-2 became positive on PTD-4, with the
identification of Fusarium fujikoroi on PTD-5 and remained
positive until PTD-14. A cutancous biopsy of a skin lesion
obtained on PTD-2 showed filamentous fungal-like structures
on periodic acid-Schiff (PAS) and Grocott stains associated
with vascular thrombosis (Figure 2). After the microorganism
identification, voriconazole 4 mg/kg/12h/IV was added to
L-AmB on PTD-5, after two doses of loading dose with
6 mg/kg/12h/IV. Antibiogram results became available on
PTD-14 and showed the following minimal inhibitory
concentrations (MICs): posaconazole: 0.5 mg/1, voriconazole:
2 mg/l, isavuconazole: 4 mg/l, itraconazole: 16 mg/l,
fluconazole: 256 mg/l, Amp-B: 2 mg/l and anidulafungin-

Figures 1A and 1B. Diffuse non-tender cutaneous
papular, non-pruritic inflamed lesions on the lower and
upper extremities on the post-transplant day 9.

caspofungin: 8 mg/l. The additional diagnostic evaluation
included: (i) chest (PTD-2) and sinus computed tomography
(CT) (PTD-6) without signs of a fungal infection, (ii) trans-
thoracic echocardiogram on PTD-8 and PTD-11 without any
signs of cardiac valve vegetations and (iii) repeat beta-D-glucan
and serum GM-EIA. On PTD-12, the serum beta-D-glucan
resulted positive (9.1 pg/ml) and continued to increase until
PTD-25 (108 pg/ml), while serum GM-EIA remained nega-
tive. On PTD-16, L-AmB was discontinued due to acute renal
injury and voriconazole was changed to posaconazole at
300 mg/12h/IV on PTD-19, due to the relatively high
voriconazole MIC and the steady-state voriconazole trough
level of 3.20 mg/l on PTD-18. The patient engrafted on
PTD-20. Posaconazole trough level on PTD-29 was undetect-
able, prompting replacement by voriconazole on PTD-31 at
7 mg/kg/12h/PO, with a trough voriconazole level at 2.67 and
4.01 mg/lon PTD-43 and PTD-53, respectively. To complete the
diagnostic work-up, a whole-body positron emission tomogra-
phy (PET)-CT was performed on PTD-33, showing multiple
cutaneous, subcutaneous, muscular, lung, thyroid and bone
hypermetabolic foci (Figure 3A). The patient was eventually
discharged home on PTD-36 on voriconazole monotherapy

(7 mg/kg/12h/PO).
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On PTD-74, the patient was re-hospitalized due to a new
cutaneous inflamed lesion on the right foot, raising suspicion
for the progression of the fusariosis and leading to the addition
of L-Amp-B 5 mg/kg/24h/IV to voriconazole on PTD-79.
The known lesions on the lower and upper extremities were
stable and the serum beta-D-glucan was 16.3 pg/ml, with a
voriconazole trough level of 4.13 mg/l upon readmission.
A PET-CT scan on PTD-79 showed more sub-cutaneous and
muscular nodules in the upper and lower extremities and
contrast bilateral uptake of the knees and a minimal right pleural
effusion (Figure 3B). A biopsy of the new right foot lesion
(PTD-80) revealed a granulomatous suppurative reaction
(dense mixed infiltrate of numerous neutrophils and foci of
granulomatous reaction associated with multinucleated giant
cells and foci of necrosis) with rare filamentous elements on
the hematoxylin—eosin stain; PAS and Grocott stains were
negative. A diagnostic arthrocentesis of both knees was
performed on PTD-81 (left knee: leucocytes 9,126 M/,
74% neutrophils; right knee: leucocytes 11,750 M/1, 81%
neutrophils), with negative fungal culture and a panfungal
polymerase chain reaction (PCR) 18S-rDNA confirming the
presence of a Fusarium spp. on the left knee but not on the
right one. A broncho-alveolar-lavage (BAL) was performed on
PTD-85 and the BAL cultures remained negative, while a
panfungal PCR 18S-rDNA was positive for Fusarium spp. A
diagnosis of disseminated fusariosis with proven skin, joint,
probable lung and possible bone involvement was established.

Combination antifungal therapy with L-AmB at 5 mg/kg/24h/

| Figure 2. Histological sample of a

| papular lesion on the right leg
performed on post-transplant day 2.
The periodic acid-Schiff (PAS) stain
shows the presence of fungal
elements within the thrombosed
vessels and in the surrounding
tissue with images of septate narrow
well-formed hyphae, consistent with
septic emboli in the context of a
fungal infection.

IV and voriconazole at 8 mg/kg/12h/PO was maintained. The
trough voriconazole plasmatic level on PTD-83 was 5.66 mg/l
and both antifungal agents were well tolerated. GYHD pro-
phylaxis with tacrolimus was discontinued on PTD-80 and the
patient was eventually discharged home on PTD-107 under
voriconazole (8 mg/kg/12h/PO) and L-AmB (7.5 mg/kg/
3 times a week/IV).

Several weeks after discharge, the patient developed acute,
intense bilateral hip pain, more pronounced on the left than
the right side, which could not be controlled with morphine.
Due to the intense pain, the patient was not able to get out of
bed and had to be transferred to the hospital on a stretcher. A
new whole-body PET-CT performed on PTD-121 showed
new contrast uptake on the left hip, with a discordant evolution
of the extremity lesions (reduction of some cutaneous, sub-
cutancous and muscular lesions and progression of some others)
(Figure 3C). A diagnosis of left hip periostitis was made, con-
sidered to be associated with the administration of high-dose
voriconazole. Voriconazole and L-AmB were discontinued on
PTD-130 and replaced by posaconazole at 200 mg/8h/PO, a
dose selected based on the undetectable posaconazole plasma
level on a 300 mg/12h/IV dose during the previous hospital-
ization, with an increase to 300 mg/8h/PO on PTD-142 due
to a plasma level of 1.8 mg/1. Terbinafine 250 mg/12h/PO was
added to posaconazole on PTD-130 based on the extent of
this infection, with literature data showing good efficacy
against molds, including Fusarium spp., and its good bone
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Figure 3. Temporal evolution on body positron emission tomography (PET)-computed tomography (CT) of the disseminated fusariosis. A) post-transplant
day (PTD)-33: multiple cutaneous, subcutaneous, muscular, lung, thyroid and bone hypermetabolic foci; B) PTD-79: increase of the subcutaneous and muscular
nodules in the upper and lower extremities and contrast uptake on the knees bilaterally and a minimal right pleural effusion; C) PTD-121: new contrast uptake
at the level of the left hip with a discordant evolution of the extremity lesions; D) PTD-321: overall reduction of the diffuse lesions; E) PTD-445: the dissemi-

nated lesions resolved almost completely.

penetration (Figure 4). On PTD-136, the patient was dis-
charged on the above-mentioned orally administered antifun-
gal therapy, which was well tolerated. Within days after
voriconazole discontinuation, the patient’s pain gradually
improved and several weeks later the patient was pain-free and
fully mobile. Posaconazole trough levels on PTD-145 and
PTD-203 were 3.0 mg/l and 3.9 mg/l, respectively.

Numerous PET-CT scans (on PTD-180, PTD-237, PTD-321
[Figure 3D] and PTD-445) were performed in order to assess
the evolution of the multiple lesions. As seen in Figure 3E, the
disseminated lesions resolved almost completely on the last
PET-CT on PTD-445, with the persistence of the known
osteolytic lesion, but with a reduction of the metabolic hyper-
captation (talus and tibia left). On PTD-501, considering the
complete clinical and partial radiological response, complete
immune reconstitution and lack of immunosuppression, the
antifungal treatment was discontinued.

DISCUSSION

This case illustrates three major points in the management of
fusariosis in allogencic HSCT recipients: (i) high clinical sus-
picion based on typical clinical and microbiologic findings, (ii)
challenging treatment options, with variable MIC:s to different
antifungal agents, (iii) multiple adverse events associated with
long-term administration of voriconazole.

Our patient presented the typical diffuse purple cutaneous
papular lesions with central necrosis in all four extremities, seen
in about 85% of fusariosis cases; these findings should promptly
raise suspicion for this entity in the relevant clinical context.®”
Clinical suspicion requires microbiological confirmation, either
via tissue biopsy or culture and other surrogate diagnostic bio-
markers. Skin biopsies with the histopathological examination
are accessible and simple to perform, even in patients with
thrombocytopenia, and provide definitive evidence of invasive
disease. As the morphology of hyphae is similar to Aspergillus
spp. and Scedosporium spp. (septate, narrow and acute angle
branching), the diagnosis has to be confirmed by culture or
PCR.! Disseminated fusariosis is one of the few mold infections
associated with fungemia, as Fusarium spp. can sporulate iz vivo
and blood cultures may become positive in >50% of immuno-
suppressed patients after a median of three days of incubation."®
Indirect biomarkers, such as beta-D-glucan and GM-EIA may
become positive in cases of fusariosis. The specificity and
sensitivity after two consecutive tests of beta-D-glucan are
69% and 85%, respectively, with a high negative predictive
value of 99% reported.” The GM-EIA has been reported to
have a sensitivity of 83% and specificity of 67%.* Notably, the
GM-EIA was negative in our patient and it remains unknown
whether this is related to the specific Fusarium spp. isolated or
other reasons. In this case, the prompt diagnosis and targeted
treatment initiation were based on the identification of those
classical findings, which is pertinent considering the high mor-
tality associated with this infection.?
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Figure 4. Visual representation of the different antifungal regimens used between post-transplant day (PTD)-0 and PTD-150. The black spot represents the

serum beta-D-glucan and its evolution under the different treatments.

The combination of immunosuppression reduction and
prompt initiation of an effective antifungal regimen is the cor-
nerstone of the therapy of fusariosis.” Considering that this
pathogen is often resistant to the most commonly used
antifungal agents, treatment selection can be challenging."
Fusarium solani spp. complex (FSSC) is the most common
pathogenic species and presents the highest MICs against dif-
ferent agents (e.g. L-AmB: 0.5—16 pg/ml, voriconazole: 0.12 to
>16 ug/ml, posaconazole: 2 to >16 pg/ml).* Infections by
Fusarium fujikuroi spp. complex (FFSC) represents one-third of
all disseminated fusariosis and show a similar resistance profile
to FSSC."! Moreover, data on the correlation between MICs
to Fusarium spp., or other molds, and the response to
treatment are very scarce.'” Empirical antifungal treatment
recommendations include either voriconazole or L-AmB, as
suggested by the European Society of Clinical Microbiology
and Infectious Diseases (ESCMID).> To date, no clinical
breakpoints exist for Fusarium species, but the Clinical and
Laboratory Standards Institute (CLSI) has proposed epidemi-
ological cut-off values (ECVs; e.g. F. verticillioides [FFSC] AmB:
4 pg/ml, posaconazole: 2 pg/ml, voriconazole: 4 pg/ml)."

Consistent with multiple recent reports, our patient developed
an isavuconazole breakthrough IFI, further adding to the
complexity of treatment of a disseminated IFI in highly
immunocompromised hosts.'*!> Since the most studied
antifungal combination of voriconazole is with L-AmB, the
latter was initiated despite the lack of robust relevant clinical
data.®'® Data on the use of posaconazole and terbinafine are
scarce and based mostly on case reports.”” ESCMID guidelines
recommend posaconazole only as salvage therapy.” The choice
of the salvage concomitant administration of posaconazole with
terbinafine was based on different in vitro studies that showed a
potential synergy between voriconazole and terbinafine,
relatively low MIC for terbinafine associated with good bone
penetration and the possible oral administration of this
agent."” Our experience supports the limited body of evidence
suggesting that the combination of those two agents can be
effective and well tolerated, particularly in cases where other
treatment options, at least based on the currently available
antifungal therapies, may be extremely limited.
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Triazoles and polyenes are often associated with multiple side
effects leading to treatment changes and interruptions.'
Although less frequently described, long-term administration
of voriconazole has been particularly associated with adverse
events, such as skin lesions and cancers, neurological disorders,
arrhythmias and periostitis.'” Our patient developed hip
periostitis, a rare side effect unique to voriconazole which is present
in <10% of patients on long-term voriconazole therapy, probably
due to its high fluoride content (15 times higher than the
normal daily intake). High doses of voriconazole are associated
with a higher risk but patients on prophylaxis can also develop
this side effect® The ulna and ribs are the most common
locations. Plasma fluoride level >8 pmol/L (not investigated in
our case), high level of alkaline phosphatase and bilirubin
associated with bone pain and radiological signs can further
support this diagnosis. In the case of periostitis, the immediate
transition to another active agent is necessary and it is
normally associated with a complete and rapid resolution of

CONCLUSIONS

Typical skin lesions and positive blood cultures for molds should
promptly raise suspicion for fusariosis. Amphotericin-B and
voriconazole are the first-line agents for the treatment of
fusariosis. Second-line agents such as posaconazole and
terbinafine can occasionally be used.

Conflict of interest
The authors declare no conflicts of interest relevant to this
manuscript.

symptoms.

REFERENCES

1. Nucci M, Anaissie E. Fusarium Infections in Immunocom-
promised Patients. Clin Microbiol Rev. 2007;20(4):695-704.
doi:10.1128/CMR.00014-07

2.Muhammed M, Coleman JJ, Carneiro HA, Mylonakis E.
The chaﬂenge of managing fusariosis. Virulence. 2011;2(2):91-
96.doi:10.4161/viru.2.2.15015

3. Horn DL, Freifeld AG, Schuster MG, Azie NE, Franks B,
Kauffman CA. Treatment and outcomes of invasive fusariosis:
review of 65 cases from the PATH Alliance” registry. Mycoses.
2014;57(11):652-658. doi:10.1111/myc.12212

4. Taj-Aldeen SJ. Reduced Multidrug Susceprtibility Profile Is a
Common Feature of Opportunistic Fusarium Species: Fusarium
Multi-Drug Resistant Pattern. J Fungi (Basel). 2017;3(2):18.
doi:10.3390/j0f3020018

5. Tortorano AM, Richardson M, Roilides E, et al. ESCMID
and ECMM joint guidelines on diagnosis and management of
hya.lohyphomyccsis: Fusarium spp., Scedosporium spp. and
others.  Clin Microbiol Infect. 2014;20(suppl_3):27-46.
doi:10.1111/1469-0691.12465

6.]Jossi M, Ambrosioni J, Macedo-Vinas M, Garbino J. Inva-
sive fusariosis with prolonged fungemia in a patient with acute
lymphoblastic leukemia: case report and review of the litera-
ture. Int ] Infect Dis. 2010;14(4):¢354-€356. doi:10.1016/j.
ijid. 2009.05.004

7.Bodey GP, Boktour M, Mays S, et al. Skin lesions associated
with Fusarium infection. J Am Acad Dermatol. 2002;47(5):
659-666. doi:10.1067/mjd.2002.123489

8. Nucci M, Carlesse F, Cappellano P, et al. Earlier Diagnosis of

healthbook Times Oncology Hematology

Invasive Fusariosis with Aspergillus Serum Galactomannan
Testing. PLoS One. 2014;9(1):¢87784. doi:10.1371/journal.
pone.0087784

9. Nucci M, Barreiros G, Reis H, Paixio M, Akiti T, Nouér SA.
Performance of 1,3-beta-D-glucan in the diagnosis and moni-
toring of invasive fusariosis. Mycoses. 2019;62(7):570-575.
doi:10.1111/myc.12918

10. Guarro J. Fusariosis, a complex infection caused by a high
diversity of fungal species refractory to treatment. Eur J Clin
Microbiol Infect Dis. 2013;32(12):1491-1500. doi:10.1007/
510096-013-1924-7

11. Al-Hatmi AM, van Diepeningen AD, Curfs-Breuker I, de
Hoog GS, Meis JE. Specific antifungal susceptibility profiles of
opportunists in the Fusarium fujikuroi complex. J Antimicrob
Chemother.2015;70(4):1068-1071. doi:10.1093/jac/dku505
12. Lionakis MS, Lewis RE, Kontoyiannis DP. Breakthrough
Invasive Mold Infections in the Hematology Patient: Current
Concepts and Future Directions. Clin Infect Dis. 2018;67(10):
1621-1630. doi:10.1093/cid/ciy473

13. Espinel-Ingroff A, Colombo AL, Cordoba S, et al. Interna-
tional Evaluation of MIC Distributions and Epidemiological
Cutoff Value (ECV) Definitions for Fusarium Species Identi-
fied by Molecular Methods for the CLSI Broth Microdilution
Method. Antimicrob Agents Chemother.  2015;60(2):1079-
1084. doi:10.1128/AAC.02456-15

14.Roth RS, Masouridi-Levrat S, Chalandon Y, et al. Invasive
Mold Infections in Allogeneic Hematopoietic Cell Transplant
Recipients in 2020: Have We Made Enough Progress?. Open

Forum Infect Dis. 2021;9(1):0fab596. doi:10.1093/0fid/
ofab596

15.Jenks JD, Reed SL, Seidel D, et al. Rare Mold Infections
Caused by Mucorales, Lomentospora Prolificans and Fusarium,
San Diego: The Role of Antifungal Combination Therapy.
Int ] Antimicrob Agents. 2018;52(5):706-712. doi:10.1016/
j-jantimicag.2018.08.005

16. Taj-Aldeen SJ, Salah H, Al-Hatmi AM, et al. In vitro resis-
tance of clinical Fusarium species to amphotericin B and
voriconazole using the EUCAST antifungal susceptibility
method. Diagn Microbiol Infect Dis. 2016;85(4):438-443.
doi:10.1016/j.diagmicrobio.2016.05.006

17.Inano S, Kimura M, Iida J, Arima N. Combination therapy
of voriconazole and terbinafine for disseminated fusariosis:
case report and literature review. [ Infect Chemother.
2013;19(6):1173-1180. doi:10.1007/s10156-013-0594-9
18.Roth RS, Masouridi-Levrat S, Giannotti F, et al. Frequency
and causes of antifungal treatment changes in allogencic hae-
matopoictic cell transplant recipients with invasive mould
infections.  Mpycoses.  2022;65(2):199-210.  doi:10.1111/
myc.13416

19.Levine MT, Chandrasekar PH. Adverse effects of
voriconazole: Over a decade of use. Clin Transplant.
2016;30(11):1377-1386. doi:10.1111/ctr.12834

20. Guarascio AJ, Bhanot N, Min Z.Voriconazole-associated
periostitis: Pathophysiology, risk factors, clinical manifesta-
tions, diagnosis, and g World ] Transplant. 2021;
11(9):356-371. doi:10.5500/wjtv11.i9.356

healthbook.ch March, 2023

healthbook TIMES Oncology Hematology

35



