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Introduction

Real-world evidence indicates that Glecaprevir (GLE)/
pibrentasvir (PIB) 300 mg/120 mg once daily (Mavyret/
Maviret), Hepatitis C Virus Direct-Acting Antivirals is a 
well-tolerated and highly effective for a broad range of 
HCV-infected patients.
The combination of GLE and PIB, a pan-genotypic 
and ribavirin-free direct acting antiviral agent regimen, 
has shown significant efficacy and very few serious 
complications and was recently approved for chronic 
hepatitis C virus (HCV) infection
These drugs block two essential enzymes for the 
replication of HCV. GLE blocks the action of 
NS3/4A protease, while PIB blocks a NS5A, a key 
enzyme in HCV RNA polymerization  [1]. The most 
common side effects with GLE/PIB are headache and 
tiredness. According to EASL guidelines, no dose 
adjustment of Maviret is required in patients with 
mild hepatic impairment (ChildPugh A). GLE/PIB is 
not recommended in patients with moderate hepatic 
impairment (Child-Pugh B) and is contraindicated in 
patients with severe hepatic impairment (Child-Pugh 
C). Presence of cirrhosis, older age, and high body 
weight were identified as significantly associated with 
increased GLE/PIB exposure (high body weight is 

associated with increased exposure to PIB) [2].

Case report
We report the first case of serious indirect 
hyperbilirubinemia and jaundice observed in Italy in 
an HIV-infected patient treated with GLE/PIB and 
antiretroviral therapy (ART). A 55-year-old man with 
a history of HIV infection in ART (Elvitegravir 150 
mg/cobicistat 150  mg/emtricitabine 200  mg/tenofovir 
alafenamide 10  mg) and compensated liver disease 
(without cirrhosis), due to chronic hepatitis C virus 
(HCV) genotypes 4, was admitted to our hospital 
because of jaundice, tiredness, fatigue, and asthenia. It 
is well known that no dose adjustment of elvitegravir/ 
cobicistat/ emtricitabine/ tenofovir alafenamide is 
recommended in patients treated with GLE/PIB.
However, P-glycoprotein (P-gp), breast cancer resistance 
protein (BCRP), and organic anion transporting 
polypeptide (OATP) 1B1/3 inhibition by cobicistat, and 
OATP inhibition by elvitegravir may lead to an increase 
plasma concentration of glecaprevir and pibrentasvir 
that are P-gp, BCRP, and OATP inhibitors. At 10 weeks 
following treatment with GLE/PIB, our patient showed 
evidence of jaundice and severe hyperbilirubinemia 
(Total bilirubin 12.76  mg/dL, direct bilirubin 7.14 
mg/dL). The ALT and AST levels were within the 
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Summary

Glecaprevir (GLE)/pibrentasvir (PIB) is a pangenotypic direct-
acting antiviral regimen approved for treating chronic hepatitis C 
virus. Primary treatment and re-treatment with GLE/PIB are effec-
tive and safe for patients without decompensated liver cirrhosis 
and chronic hepatitis C in a real-world clinical setting. However, 
in the context of compensated cirrhosis and concomitant adminis-
tration of inhibitors of cytochromes, a careful monitoring of liver 
biomarkers, as well as therapeutic drug monitoring (TDM), may 
be advisable during GLE/PIB therapy. The GLE / PIB combina-

tion is very effective and safe in achieving a sustained virological 
response, but it can be associated with the development of severe 
hepatic adverse events, which require virological and serum con-
centration monitoring of the two drugs to prevent a serious liver 
damage. The possible onset of hyperbilirubinemia must not neces-
sarily lead to the suspension of therapy, because the phenomenon 
may be transient. We report what is likely the first known case of 
severe jaundice after treatment with GLE/PIB in Italy in a patient 
with compensated chronic hepatitis in the context of HIV disease.
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normal range. At baseline: Cd4+ cells count 374, HIV-
RNA  <  20  copies/mL, HCV-RNA 1.490.000  UI/mL. 
Fibrosis stage: F3. Plasma concentrations of GLE/
PIB was performed using blood samples taken 1 hour 
before taking Maviret tablets and 6 and 12 hours after 
this dose. Plasma samples for determination of GLE and 
PIB concentrations were analyzed through a UltraHigh 
Performance Liquid Chromatography coupled with 
Tandem Mass Spectrometry (UHPLC-MS/MS) method 
at the Laboratory of Clinical Pharmacology and 
Pharmacogenetics, University of Turin. Plasma levels 
of GLE and PIB were as follows: GLE 2472  ng/mL, 
PIB 92 ng/mL (T0); 8758 ng/mL, PIB 187 ng/mL (T2); 
GLE8239 ng/mL, PIB 272 ng/mL (T4); GLE 7314, PIB 
256 ng/mL (T8), respectively (for GLE higher than the 
drug concentration in healthy adults). The mean value 
of glecaprevir maximum plasma concentration level was 
reported as 1,150 to 1,390 ng/mL in normal healthy adult 
subjects  [3]. Patient was treated with ursodeoxycholic 
acid, sibylline, vitamin E and he received adequate 
rehydration therapy. He completed GLE/PIB treatment, 
maintaining an excellent virological response during a 
close monitoring of liver function. Completed 12 weeks 
after the end of the treatment, total bilirubin has returned 
to normal values. Blood examinations were performed at 
end of treatment (EOT), and at 3, 6, and 12 months post-
treatment during the 12-month follow-up period.

Discussion

GLE/PIB are direct-acting antiviral agents with 
pangenotypic activity and a high barrier to resistance. 
GLE/PIB are primarily eliminated via biliary excretion; 
they are minimally metabolized with < 1% renal excretion 
and have high percentages of plasma protein binding 
(98% for glecaprevir and >  99% for pibrentasvir)  [4]. 
The safety of PIB and GLE was evaluated in phase 
II and III clinical trials. Some caution is needed 
administering for the co-administration of drugs that 
are substrates of CYP3A, since GLE is a weak CYP3A 
inhibitor [5]. In HIV-HCV coinfected patients, GLE/PIB 
is contraindicated with atazanavir-containing regimens 
and is not recommended with other HIV protease 
inhibitors. Similarly, the inducing non-nucleoside 
reverse transcriptase inhibitors efavirenz, etravirine and 
nevirapine are not recommended because of an expected 
reduction in plasma exposure of glecaprevir/pibrentasvir. 
All other antiretroviral drugs can be co-administered, 
including cobicistat when used with integrase inhibitor 
elvitegravir  [5]. However, co-administration of GLE/
PIB with medicinal products that inhibit P-gp and BCRP 
(e.g. ciclosporin, cobicistat, dronedarone, itraconazole, 
ketoconazole, ritonavir) may slow elimination of GLE/
PIB, increasing their plasma levels.
Since cobicistat is an inhibitor of OATP1B3, of P-gp and 
BCRP, it is expected to increase the systemic exposure 
to GLE [6].
In a study that evaluated the drug-drug interaction and 
safety of GLE/PIB coadministration in healthy volunteers, 

the combination of GLE/PIB at doses up to 400 mg was 
well tolerated by the healthy subjects in this study, while 
high GLE exposures at 700 and 1200 mg were associated 
with grade 2/3 elevations in alanine aminotransferase, 
aspartate aminotransferase, and/or bilirubin [7]. Elevations 
in total bilirubin of at least 2x ULN were observed in 1% 
of subjects related to glecaprevir-mediated inhibition 
of bilirubin transporters and metabolism. Bilirubin 
elevations were asymptomatic, transient, and typically 
occurred early during treatment. Bilirubin elevations 
were predominantly indirect, mostly in patients with pre-
existing elevated bilirubin levels (consistent with Gilbert’s 
Syndrome), and not associated with ALT elevations [8]. 
GLE/PIB was safe and efficacious in a dedicated Phase 
III trial [9] for patients with compensated liver cirrhosis 
(EXPEDITION-1) who had not elevations in ALT 
and no patients prematurely discontinued treatment 
because of adverse events. No cases consistent with a 
drug-induced liver injury were reported in an integrated 
analysis from 9 Phase II and III clinical trials, assessing 
the efficacy and safety of GLE/PIB treatment in patients 
with compensated liver disease  [10]. Grade 3 transient 
elevations in indirect bilirubin were observed in 1% in 
patients, particularly in patients who had already grade 1 
or 2 elevations before treatment. Most of these elevations 
were transient in nature and predominantly resulted 
from increased, indirect bilirubin fractions, which is 
consistent with the known capability of GLE to inhibit 
bilirubin transport and conjugation. Higher GLE and/or 
PIB exposures may be expected in HCV-infected patients 
with Child-Pugh-B and CP-C hepatic impairment than in 
HCV-infected subjects with compensated cirrhosis  [11]. 
Co-administration of GLE/PIB with medicinal products 
that inhibit P-gp and BCRP (e.g. ciclosporin, cobicistat, 
dronedarone, itraconazole, ketoconazole, ritonavir) may 
slow elimination of GLE/PIB, increasing their plasma 
levels. Furthermore, drugs that inhibit OATP1B1/3 (e.g. 
elvitegravir, ciclosporin, darunavir, lopinavir) increase 
systemic concentrations of glecaprevir [6]. GLE plasma 
levels were increased by ritonavir boosted protease 
inhibitors and cobicistat boosted elvitegravir  [12]. 
Zhang J et al. observed presented reported two patients 
with hyperbilirubinemia as a side effect and potential 
for cirrhotic decompensation with renal failure during 
treatment with GLE/PIB. After GLE/PIB was held 
bilirubin showed rapid improvement  [13]. Yoon JH et 
al. reported the first known case of severe jaundice after 
medication with GLE/PIB in a patient with compensated 
liver cirrhosis, with a plasma drug concentration level 
of GLE more than 15 times higher than the drug 
concentration level verified in normal adults  [14]. This 
phenomenon was related to a low activity of CYP3A. 
In a Taiwanese investigation on the profile of GLE/PIB, 
3 (2%) patients had Grade 3 elevation of total bilirubin 
level  [15]. One of them had active HCC and received 
sorafenib along with radiotherapy before the initiation of 
GLE/PIB. The patient temporarily discontinued GLE/PIB 
for 5 days and resumed the scheduled treatment after the 
recovery of hyperbilirubinemia. The other 2 patients had 
total bilirubin levels peaked at 4.05 mg/dL and 3.42 mg/
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dL, respectively; both completed the assigned treatment 
without interruption. In the CERTAIN-1 Study, a phase 
3, open-label, multicenter study assessing the safety 
and efficacy of GLE/PIB (300/120  mg) once daily in 
Japanese patients with chronic HCV GT1 infection, blood 
bilirubin increased in 3 (2%) patients of Arm A (Patients 
randomized to 8 weeks of treatment with GLE/PIB), 
in 3 (6%) patients in the Arm B (Patients randomized 
to 12 weeks of treatment with ombitasvir/paritaprevir/
ritonavir), and in 1 (3%) patient in the Arm C (Patients with 
compensated cirrhosis assigned to 12 weeks of GLE/PIB, 
300/120  mg)  [16]. In the CERTAIN‐2 Study, assessing 
the safety and efficacy of GLE/PIB in treatment‐naive 
patients without cirrhosis, blood bilirubin increased in 1 
(1%) patient in arm A (Patients administered GLE/PIB for 
8 weeks) and in 7 (15%) patients in the Arm B (Patients 
administered sofosbuvir + ribavirin for 12 weeks) [17].
For patients (with or without compensated cirrhosis) 
treated with G/P, no grade ≥  3 abnormalities occurred 
in hemoglobin, ALT, AST, or total bilirubin levels. 
Clinically significant laboratory abnormalities occurred 
in less than 1% of patients and four patients (1 patient 
was HIV+) had grade 3 elevations in total bilirubin levels. 
All patients with bilirubin elevations of grade 3 also had 
bilirubin elevations of grade 1 or 2 at baseline [18].
The Food and Drug Administration (FDA) has received 
reports that the use of GLE/PIB, elbasvir+grazoprevir 
(Zepatier), or sofosbuvir + velpatasvir + voxilaprevir 
(Vosevi ) to treat chronic hepatitis C in patients with 
moderate to severe liver impairment has resulted in 
rare cases of worsening liver function or liver failure 
identified in 63 cases (Mavyret, n  =  46, Zepatier, 
n = 14, and Vosevi, n = 3), reported in the FDA Adverse 
Event Reporting System (FAERS) database and in the 
medical literature through January 8, 2019  [19]. This 
occurred most commonly in the first 4 weeks of therapy, 
most of the patients had Child-Pugh B or C cirrhosis, 
and liver related events included hyperbilirubinemia 
(n = 42), jaundice (n = 32), ascites (n = 27), and hepatic 
encephalopathy (n  =  12). Ten cases reported isolated 
hyperbilirubinemia and jaundice without concomitant 
evidence of increased transaminase levels or other hepatic 
decompensation events, and eight cases reported deaths. 
The median time to onset of a liver-related event or liver 
decompensation after initiating treatment was 22 days, 
ranging from 2 days to 16 weeks. The most frequently 
reported liver related events were hyperbilirubinemia 
(n = 42), jaundice (n = 32), ascites (n = 27), and hepatic 
encephalopathy (n  =  12). Discontinuation of the drug 
resulted in resolution of symptoms or reduced liver 
biochemical values in 39 of the 63 cases, and there were 
two cases of recurrence of symptoms upon re-initiating 
treatment [19]. 
In conclusion, our described case suggests that the 
concomitant boosting effect of COBI and the reduced 
elimination of GLE related to cirrhosis can be capable 
of increase GLE exposure up to potentially toxic levels, 
causing bilirubin elevation and jaundice. Nevertheless, 
even in such a particular case, the elevations in bilirubin 
resulted not associated with liver injury and did not lead 

to treatment discontinuation or failure due to toxicity. 
Therefore, we suggest that, in the context of compensated 
cirrhosis and concomitant administration of inhibitors of 
cytochromes, a careful monitoring of liver biomarkers, 
as well as therapeutic drug monitoring (TDM), may be 
advisable during GLE / PIB therapy. The possible onset 
of hyperbilirubinemia must not necessarily lead to the 
suspension of therapy, because the phenomenon may be 
transient. In cases of elevation of grade 2-3 of bilirubin, 
hospitalization for direct, more regular and prudent 
observation, may be advisable; the administration of 
liver protective agents and adequate rehydration can 
favor and improve the adverse event.

Acknowledgements

None.

Conflict of interest

The authors declare no conflict of interest.

Authors’ contributions

All the authors contributed to the study of the 
clinical case and to the drafting of the manu-
script.

References

[1]	 European Medicine Agency. An overview of Maviret and why it 
is authorised in the EU. Available at: https://www.ema.europa.
eu/en/documents/overview/maviret-epar-medicine-overview_
en.pdf

[2]	 Suleiman AA, Lin CW, Liu W, Eckert D, Mensing S, Burroughs 
M, Kato K, Chayama K, Kumada H, Oberoi RK. Population 
Pharmacokinetics of Glecaprevir/Pibrentasvir in HCV-infected 
Japanese Subjects in Phase 3 CERTAIN-1 and CERTAIN-2 Tri-
als. J Clin Pharmacol 2020;60:331-9. https://doi.org/10.1002/
jcph.1524

[3]	 Lin CW, Dutta S, Ding B, Wang T, Zadeikis N, Asatryan A, 
Kort J, Campbell A, Podsadecki T, Liu W. Pharmacokinetics, 
safety, and tolerability of glecaprevir and pibrentasvir in healthy 
white, chinese, and japanese adult subjects. J Clin Pharmacol 
2017;57:1616-24. https://doi.org/10.1002/jcph.959

[4]	 Lin CW, Dutta S, Asatryan A, Wang H, Clifton J 2nd, Campbell 
A, Liu W. Pharmacokinetics, safety, and tolerability following 
single and multiple doses of pibrentasvir in a first-in-human 
study. Clin Pharmacol Drug Dev 2018;7:44-52. https://doi.
org/10.1002/cpdd.350

[5]	 European Association for the Study of the Liver. EASL Rec-
ommendations on Treatment of Hepatitis C 2018. J Hepatol 
2018;69:461-511. https://doi.org/10.1016/j.jhep.2018.03.026

[6]	 Annex I summary of product characteristics. Available at: 
https://ec.europa.eu/health/documents/communityregis-
ter/2017/20170726138539/anx_138539_en.pdf

https://www.ema.europa.eu/en/documents/overview/maviret-epar-medicine-overview_en.pdf
https://www.ema.europa.eu/en/documents/overview/maviret-epar-medicine-overview_en.pdf
https://www.ema.europa.eu/en/documents/overview/maviret-epar-medicine-overview_en.pdf
https://doi.org/10.1002/jcph.1524
https://doi.org/10.1002/jcph.1524
https://doi.org/10.1002/jcph.959
https://doi.org/10.1002/cpdd.350
https://doi.org/10.1002/cpdd.350
https://doi.org/10.1016/j.jhep.2018.03.026
https://ec.europa.eu/health/documents/communityregister/2017/20170726138539/anx_138539_en.pdf
https://ec.europa.eu/health/documents/communityregister/2017/20170726138539/anx_138539_en.pdf


HYPERBILIRUBINEMIA AND GLECAPREVIR/PIBRENTASVIR

E423

[7]	 Lin CW, Dutta S, Zhao W, Asatryan A, Campbell A, Liu W. 
Pharmacokinetic interactions and safety of coadministration of 
glecaprevir and pibrentasvir in healthy volunteers. Eur J Drug 
Metab Pharmacokinet 2018;43:81-90. https://doi.org/10.1007/
s13318-017-0428-8

[8]	 Pr MAVIRET™ glecaprevir/pibrentasvir tablets (100/40 mg) 
PRODUCT MONOGRAPH INCLUDING PATIENT MEDI-
CATION INFORMATION. MAVIRET Product Monograph 
Page 1 of 61, Control No. 212162 https://pdf.hres.ca/dpd_
pm/00048793.PDF.

[9]	 Forns X, Lee SS, Valdes J, Lens S, Ghalib R, Aguilar H, Fe-
lizarta F, Hassanein T, Hinrichsen H, Rincon D, Morillas R, 
Zeuzem S, Horsmans Y, Nelson DR, Yu Y, Krishnan P, Lin CW, 
Kort JJ, Mensa FJ. Glecaprevir plus pibrentasvir for chronic 
hepatitis C virus genotype 1, 2, 4, 5, or 6 infection in adults with 
compensated cirrhosis (EXPEDITION-1): a single-arm, open-
label, multicentre phase 3 trial. Lancet Infect Dis 2017;17:1062-
8. https://doi.org/10.1016/S1473-3099(17)30496-6

[10]	 Gane E, Poordad F, Zadeikis N, Valdes J, Lin CW, Liu W, 
Asatryan A, Wang S, Stedman C, Greenbloom S, Nguyen T, 
Wlkhashab M, Wörns MA, Tran A, Mulkay JP, Setze C, Yu Y, 
Pilot-Matias T, Porcalla A, Mensa FJ. Safety and pharmacoki-
netics of glecaprevir/pibrentasvir in adults with chronic geno-
type 1-6 hepatitis C virus infections and compensated liver dis-
ease. Clin Infect Dis 2019;69:1657-64. https://doi.org/10.1093/
cid/ciz022

[11]	 Kosloski MP, Wang H, Pugatch D, Mensa FJ, Gane E, Lawitz E, 
Marbury TC, Preston RA, Kort J, Liu W. Pharmacokinetics and 
safety of glecaprevir and pibrentasvir in HCV-negative subjects 
with hepatic impairment. Eur J Clin Pharmacol 2019;75:217-
226. doi: 10.1007/s00228-018-2576-4. Epub 2018 Oct 19. 
PMID: 30341499.

[12]	 Kosloski MP, Oberoi R, Wang S, Viani RM, Asatryan A, Hu 
B, Ding B, Qi X, Kim EJ, Mensa F, Kort J, Liu W. Drug-Drug 
interactions of glecaprevir and pibrentasvir coadministered with 
human immunodeficiency virus antiretrovirals. J Infect Dis 
2020;221:223-31. https://doi.org/10.1093/infdis/jiz439. PMID: 
31504702

[13]	 Jinyu Zhang, MD, Randeep Kaur, MD, Mahmoud Isseh, MD, 
Mouhanna K. Abu Ghanimeh, MD, Syed-Mohammed Jafri, 
MD. Potential complications of hyperbilirubinemia on therapy 
with glecaprevir and pibrentasvir for therapy of hepatitis C in 
complex real worlds patients. Program No. P0642. ACG 2018 

Annual Scientific Meeting Abstracts. Philadelphia, Pennsylva-
nia: American College of Gastroenterology.

[14]	 Yoon JH, Kim SM, Kang G, Kim HJ, Jun CH, Choi SK. A 
case report of glecaprevir/pibrentasvir-induced severe hyper-
bilirubinemia in a patient with compensated liver cirrhosis. 
Medicine (Baltimore) 2019;98:e17343. https://doi.org/10.1097/
MD.0000000000017343

[15]	 Hsu SJ, Chiu MC, Fang YJ, Yang TH, Yu JJ, Chen CC, Kuo CC, 
Lee JY, Chen CH, Chen DS, Kao JH. Real-world effectiveness 
and safety of glecaprevir/pibrentasvir in Asian patients with 
chronic hepatitis C. J Formos Med Assoc 2019;118:1187-92. 
https://doi.org/10.1016/j.jfma.2019.06.014

[16]	 Chayama, K., Suzuki, F., Karino, Y, Eguchi Y, Yoshiji H, Seike 
M, Takei Y, Kato K, Alves K, Burroughs M, Redman R, Pugatch 
DL, Pilot-Matias TJ, Krishnan P, Oberoi RK, Xie W, Kumada 
H. Efficacy and safety of glecaprevir/pibrentasvir in Japanese 
patients with chronic genotype 1 hepatitis C virus infection with 
and without cirrhosis. J Gastroenterol 2018;53:557-65. https://
doi.org/10.1007/s00535-017-1391-5

[17]	 Toyoda H, Chayama K, Suzuki F, Sato K, Atarashi T, Watanabe 
T, Atsukawa M, Naganuma A, Notsumata K, Osaki Y, Naka-
muta M, Takaguchi K, Saito S, Kato K, Pugatch D, Burroughs 
M, Redman R, Alves K, Pilot-Matias TJ, Oberoi RK, Fu B, 
Kumada H. Efficacy and safety of glecaprevir/pibrentasvir in 
Japanese patients with chronic genotype 2 hepatitis C virus in-
fection. Hepatology 2018;67:505-13. https://doi.org/10.1002/
hep.29510 

[18]	 Zeuzem S, Foster GR, Wang S, Asatryan A, Gane E, Feld JJ, As-
selah T, Bourlière M, Ruane PJ, Wedemeyer H, Pol S, Flisiak R, 
Poordad F, Chuang WL, Stedman CA, Flamm S, Kwo P, Dore 
GJ, Sepulveda-Arzola G, Roberts SK, Soto-Malave R, Kaita 
K, Puoti M, Vierling J, Tam E, Vargas HE, Bruck R, Fuster F, 
Paik SW, Felizarta F, Kort J, Fu B, Liu R, Ng TI, Pilot-Matias 
T, Lin CW, Trinh R, Mensa FJ. Glecaprevir-Pibrentasvir for 8 
or 12 weeks in HCV genotype 1 or 3 infection. N Engl J Med 
2018;378:354-69. https://doi.org/10.1056/NEJMoa1702417

[19]	 US Food and Drug Administration. FDA warns about rare oc-
currence of serious liver injury with use of hepatitis C medi-
cines Mavyret, Zepatier, and Vosevi in some patients with ad-
vanced liver disease. Available at: https://www.fda.gov/drugs/
drug-safety-and-availability/fda-warns-about-rare-occurrence-
serious-liver-injury-use-hepatitis-c-medicines-mavyret-zepat-
ier-and Published August 28, 2019. (Accessed on: September 
9, 2019).

Received on May 03, 2021. Accepted on October 04, 2022.

Correspondence: Antonio Mastroianni, UOC Malattie Infettive & Tropicali, Presidio Ospedaliero “Annunziata”, Azienda Ospe-
daliera di Cosenza, Viale della Repubblica s.n.c. 87100, Cosenza, Italy. - Tel.: +39 0984 68.18.33 - Mobile: +39 349 54.44.330 - 
Fax: +39 0984 68.15.58 - E-mail: antoniomastroianni@yahoo.it

How to cite this article: Mastroianni A, Vangeli V, Greco S, Chidichimo L, Urso F, Mauro MV, Bonora S, De Nicolò A, D'Avolio A. Indi-
rect hyperbilirubinemia and jaundice during chronic hepatitis C in an HIV-infected patient treated with glecaprevir/pibrentasvir (GLE/PIB) 
and antiretroviral therapy (ART). The first reported case in Italy. J Prev Med Hyg 2022;63:E420-E423. https://doi.org/10.15167/2421-4248/
jpmh2022.63.3.2137

© Copyright by Pacini Editore Srl, Pisa, Italy

This is an open access article distributed in accordance with the CC-BY-NC-ND (Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International) license. 
The article can be used by giving appropriate credit and mentioning the license, but only for non-commercial purposes and only in the original version. For further infor-
mation: https://creativecommons.org/licenses/by-nc-nd/4.0/deed.en

https://doi.org/10.1007/s13318-017-0428-8
https://doi.org/10.1007/s13318-017-0428-8
https://pdf.hres.ca/dpd_pm/00048793.PDF
https://pdf.hres.ca/dpd_pm/00048793.PDF
https://doi.org/10.1016/S1473-3099(17)30496-6
https://doi.org/10.1093/cid/ciz022
https://doi.org/10.1093/cid/ciz022
https://doi.org/10.1093/infdis/jiz439
https://doi.org/10.1097/MD.0000000000017343
https://doi.org/10.1097/MD.0000000000017343
https://doi.org/10.1016/j.jfma.2019.06.014
https://doi.org/10.1007/s00535-017-1391-5
https://doi.org/10.1007/s00535-017-1391-5
https://doi.org/10.1002/hep.29510
https://doi.org/10.1002/hep.29510
https://doi.org/10.1056/NEJMoa1702417
https://www.fda.gov/drugs/drug-safety-and-availability/fda-warns-about-rare-occurrence-serious-liver-injury-use-hepatitis-c-medicines-mavyret-zepatier-and
https://www.fda.gov/drugs/drug-safety-and-availability/fda-warns-about-rare-occurrence-serious-liver-injury-use-hepatitis-c-medicines-mavyret-zepatier-and
https://www.fda.gov/drugs/drug-safety-and-availability/fda-warns-about-rare-occurrence-serious-liver-injury-use-hepatitis-c-medicines-mavyret-zepatier-and
https://www.fda.gov/drugs/drug-safety-and-availability/fda-warns-about-rare-occurrence-serious-liver-injury-use-hepatitis-c-medicines-mavyret-zepatier-and
mailto:antoniomastroianni@yahoo.it
https://doi.org/10.15167/2421-4248/jpmh2022.63.2.2478
https://doi.org/10.15167/2421-4248/jpmh2022.63.2.2478
https://creativecommons.org/licenses/by-nc-nd/4.0/deed.en

