
the product, i.e. potential survival and no other treatment alterna-
tives, weighed against potential risks of the product, i.e.
unexpected side effects. Before providing aztreonam powder for
nebulizer solution intravenously, we asked for consent from the
patient and the medical director of our hospital.

In conclusion, we report successful rescue treatment of a
patient with sepsis due to a pandrug-resistant, NDM-producing
K. pneumoniae using aztreonam powder for nebulizer solution as IV
therapy in combination with ceftazidime/avibactam and reducing
immunosuppressive therapy. As such strains have been reported
worldwide, we request the pharmaceutical industry to make aztreo-
nam for IV use and ceftazidime/avibactam readily available in all
countries. When aztreonam for IV use is not registered in a country,
our case demonstrates that rescue treatment with aztreonam
powder for nebulizer solution as IV therapy may be considered after
careful assessment of the potential benefits and harms. Future
studies are awaited to define the efficacy and safety of the promis-
ing treatment combination of aztreonam and avibactam in patients
with serious infections due to pandrug-resistant, NDM-producing
K. pneumoniae and other Enterobacterales.

Acknowledgements
We presented this study in March 2019 at the Scientific Spring Meeting
2019 from the Dutch Society of Medical Microbiology, Arnhem, the
Netherlands.

Funding
This study was carried out as part of our routine work.

Transparency declarations
None to declare.

References
1 de Man TJB, Lutgring JD, Lonsway DR et al. Genomic analysis of a pan-
resistant isolate of Klebsiella pneumoniae, United States 2016. MBio 2018; 9:
pii: e00440-18.

2 Rodriguez-Bano J, Gutierrez-Gutierrez B, Machuca I et al. Treatment of
infections caused by extended-spectrum-b-lactamase-, AmpC-, and
carbapenemase-producing Enterobacteriaceae. Clin Microbiol Rev 2018; 31:
pii: e00079-17.

3 Davido B, Fellous L, Lawrence C et al. Ceftazidime–avibactam and aztreo-
nam, an interesting strategy to overcome b-lactam resistance conferred by
metallo-b-lactamases in Enterobacteriaceae and Pseudomonas aeruginosa.
Antimicrob Agents Chemother 2017; 61: pii: e01008-17.

4 Hobson CA, Bonacorsi S, Fahd M et al. Successful treatment of bacteremia
due to NDM-1-producing Morganella morganii with aztreonam and
ceftazidime–avibactam combination in a pediatric patient with hematologic
malignancy. Antimicrob Agents Chemother 2019; 63: pii: e02463-18.

5 Jayol A, Nordmann P, Poirel L et al. Ceftazidime/avibactam alone or in
combination with aztreonam against colistin-resistant and carbapenemase-
producing Klebsiella pneumoniae. J Antimicrob Chemother 2018; 73: 542–4.

6 Marshall S, Hujer AM, Rojas LJ et al. Can ceftazidime–avibactam and az-
treonam overcome b-lactam resistance conferred by metallo-b-lactamases
in Enterobacteriaceae? Antimicrob Agents Chemother 2017; 61: pii:
e02243-16.

7 Shaw E, Rombauts A, Tubau F et al. Clinical outcomes after combination
treatment with ceftazidime/avibactam and aztreonam for NDM-1/OXA-48/
CTX-M-15-producing Klebsiella pneumoniae infection. J Antimicrob
Chemother 2018; 73: 1104–6.

J Antimicrob Chemother 2020; 75: 775–777
doi:10.1093/jac/dkz499
Advance Access publication 4 December 2019

Clinically significant drug interaction:
letermovir and voriconazole

Arianne Duong 1,2, Ania Sweet2,3, Rupali Jain1,3,4,
Joshua A. Hill2–5, Steven A. Pergam 2–5,
Michael Boeckh2–5 and Catherine Liu2–5*

1School of Pharmacy, University of Washington, Seattle, WA, USA;
2Seattle Cancer Care Alliance, Seattle, WA, USA; 3Vaccine and
Infectious Disease Division, Fred Hutchinson Cancer Research
Center, Seattle, WA, USA; 4Division of Allergy and Infectious
Diseases, University of Washington, Seattle, WA, USA; 5Clinical
and Research Division, Fred Hutchinson Cancer Research Center,
Seattle, WA, USA

*Corresponding author. E-mail: catherine.liu@fredhutch.org

Sir,
Human cytomegalovirus (CMV) remains a serious complication of
HSCT. In 2017, letermovir was approved for prophylaxis of CMV in-
fection for high-risk patients following allogeneic HSCT.1,2

Letermovir is an inhibitor of CYP3A4 and inducer of CYP2C19/2C9,
which are common enzymatic pathways for many medications
used in HSCT, including voriconazole.2–4 Voriconazole is metabo-
lized by CYP2C9 and CYP2C19, and co-administration with letermo-
vir may lead to reduced voriconazole exposure through induction
of these pathways.3,4 In a study of healthy subjects who received
letermovir 480 mg daily with voriconazole, voriconazole AUC and
maximum serum concentration were reduced by 44% and 39%,
respectively.4 In addition, interpatient variability can be significant,
with plasma concentrations of voriconazole varying up to 100-fold
between patients.5 Although letermovir is known to reduce vori-
conazole exposure, there are limited published data describing the
implications of this interaction in clinical practice. Here, we report
two cases of a clinically significant drug interaction between vori-
conazole and letermovir.

VC The Author(s) 2019. Published by Oxford University Press on behalf of the British Society for Antimicrobial Chemotherapy. All rights reserved.
For permissions, please email: journals.permissions@oup.com.
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Case 1

A 58-year-old woman received a reduced-intensity allogeneic
HSCT for acute myeloid leukaemia conditioned with cyclophospha-
mide, fludarabine, thiotepa and total body irradiation. Ten days af-
ter transplant, she was started on voriconazole 300 mg twice daily,
after an initial loading dose, for invasive pulmonary aspergillosis di-
agnosed based on a pulmonary nodule seen on chest CT scan and
positive galactomannan of 1.088 from bronchoalveolar lavage
(BAL) (Figure 1a). Two days earlier, she began letermovir 480 mg
daily for CMV prophylaxis. The voriconazole trough
concentration obtained 5 days after voriconazole initiation was
1.1 mg/L. Neutrophil engraftment occurred on day !13. On day
!35 post-HSCT, a chest CT scan demonstrated interval enlarge-
ment of the pulmonary nodule (Figure 1b). The voriconazole
trough measurement on day !44 showed a subtherapeutic con-
centration of 0.6 mg/L. The patient reported full adherence to her
regimen. Her voriconazole dose was increased to 350 mg twice
daily. The trough obtained on day !83 was subtherapeutic at
0.5 mg/L, and her voriconazole dose was increased to 400 mg
twice daily with a measured concentration of 0.8 mg/L on day
!95. Because follow-up imaging demonstrated a slow but interval

decrease in nodule size and discontinuation of letermovir was
planned for the next day per protocol, no further changes were
made. The voriconazole trough measurement obtained 1 week af-
ter discontinuation of letermovir was 1.4 mg/L. The patient had
some nausea due to mild gastrointestinal graft-versus-host dis-
ease (GVHD), which did not require systemic steroids and was
managed with oral beclomethasone, which was unlikely to influ-
ence absorption of oral voriconazole. No other interacting medica-
tions were identified, and liver function tests remained within
normal limits throughout treatment.

Case 2

A 54-year-old woman received a matched unrelated allogeneic
HSCT for myelodysplastic syndrome conditioned with busulfan
and cyclophosphamide. Eleven days following transplant, the pa-
tient was diagnosed with invasive pulmonary aspergillosis based
on a chest CT with new pulmonary nodules (Figure 1c) and serum
and BAL galactomannan of 0.788 and 5.029, respectively. She was
started on voriconazole 200 mg twice daily after a loading dose
with a 2 week course of micafungin 100 mg daily. Neutrophil en-
graftment occurred on day !12. On day !19, she began

Figure 1. (a) CT scan of Patient 1 obtained on day !10 after transplant immediately prior to initiation of voriconazole, demonstrating left upper lobe
pulmonary nodule. (b) CT scan of Patient 1, obtained on day !35 after transplant, demonstrating interval enlargement and increase in density of the
left upper lobe nodule. (c) CT scan of Patient 2, obtained on day !11 after transplant, immediately prior to initiation of voriconazole. (d) CT scan of
Patient 2, obtained on day !27, demonstrating worsening right upper lobe consolidation.
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letermovir 480 mg daily for CMV prophylaxis. The following day,
her voriconazole trough was 1.5 mg/L. On day !20, 4 days after
initiation of letermovir, voriconazole trough concentration was
subtherapeutic at 0.6 mg/L. Voriconazole was increased to 300 mg
twice daily. On day !27, imaging demonstrated worsening right
upper lobe (RUL) consolidation (Figure 1d). The voriconazole trough
drawn at this time was 1.1 mg/L and on day !33 voriconazole was
increased to 350 mg twice daily. The voriconazole trough on day
!41 was 0.9 mg/L. Voriconazole was increased to 400 mg twice
daily and a trough level on day !62 was 1.1 mg/L. The patient
reported full adherence, had no reported symptoms of GVHD, and
no other interacting medications were identified. Repeat chest CT
scan on day !69 demonstrated some improvement in her RUL
pulmonary consolidation. Eventually, voriconazole was switched
to isavuconazole due to fluoride level elevation associated with
bone pain.

These cases highlight the need for awareness of the interaction
between letermovir and voriconazole. As institutions increasingly
adopt letermovir for CMV prophylaxis, the potential for clinically
meaningful drug interactions as evidenced by these two cases will
also rise. Notably, no significant effects of letermovir on posacon-
azole pharmacokinetics have been observed as posaconazole is not
metabolized by the cytochrome P450 pathway.4 No drug interac-
tion is expected with fluconazole; as isavuconazole is metabolized
by CYP3A4, letermovir may increase isavuconazole exposure.3 If
patients must receive voriconazole and letermovir concomitantly,
voriconazole levels should be monitored with increased frequency.
We suggest that the voriconazole level should be checked at least
1 week after letermovir discontinuation to guide voriconazole dose
reduction as the cytochrome P450 induction effect wanes; this
should be done in conjunction with close monitoring for signs and
symptoms of voriconazole neurotoxicity.6,7
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