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Abstract
Introduction: We present what we believe to be the first case in the literature of rhabdomyolysis-induced renal
failure caused by a probable drug interaction between elvitegravir/cobicistat/emtricitabine/tenofovir disoproxil
fumarate (EVG/COBI/FTC/TDF) and pravastatin/fenofibrate.
Case presentation: A 68-year old Caucasian man presented with progressive pain in both legs two weeks after
commencing treatment with EVG/COBI/FTC/TDF. He was found to have biochemical evidence of rhabdomyolysis
and acute renal failure.
Conclusion: We emphasize the need for post marketing surveillance of adverse effects of new products.
Pharmacokinetic studies are necessary to investigate the levels of pravastatin in patients taking COBI and fenofibrate
with and without other comorbidities. Meanwhile, we suggest that creatine kinase levels should be monitored and
patients advised to report myalgias when using concomitant EVG/COBI/FTC/TDF and pravastatin/fenofibrate. This
case serves as an important reminder to use estimated glomerular filtration rates rather than serum creatinine levels
when choosing new medications. If potentially nephrotoxic combinations are started in patients with borderline
estimated glomerular filtration rates, it may be prudent to check these filtration rates more frequently than usual. In
patients with reduced estimated glomerular filtration rates, potentially nephrotoxic combinations should be avoided
wherever possible.

Introduction
The novel single tablet regimen of elvitegravir (EVG), cobicistat (COBI), emtricitabine (FTC), and tenofovir disoproxil
fumarate (TDF) is used to treat human immunodeficiency
virus (HIV)-1 infection. Contemporary guidelines do not
advise caution, dose adjustments, or enhanced monitoring
of patients who are taking concomitant pravastatin and
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EVG/COBI/FTC/TDF [1]. We describe the case of a 68year-old patient who developed rhabdomyolysis and acute
kidney injury (AKI) following the commencement of EVG/
COBI/FTC/TDF. To the best of our knowledge, this is the
first such case reported in the literature.

Case presentation
Our patient, a 68-year old Caucasian man, was first
diagnosed with HIV-1 infection in 1993. After six years
on FTC, zidovudine, and ritonavir-boosted lopinavir he
was switched to EVG/COBI/FTC/TDF owing to the
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development of dyslipidemia and a desire for treatment
simplification. He also had hypertension, gout, and impaired renal function. His weight was 73kg with a body
mass index of 24.7kg/m2. At the time of the therapy
switch, his serum creatinine level was in the normal
range (1.16mg/dL) and results from a urine analysis
were normal, but his estimated glomerular filtration
rate (eGFR) via both the Modification of Diet in Renal
Disease (MDRD) and the Cockcroft–Gault formulas
was slightly reduced (66.6mL/min per 1.73m2 and
62.9mL/min per 1.73m2, respectively). Other medications he continued to take were acetyl salicylic acid
80mg, lisinopril 5mg, pravastatin 40mg, fenofibrate
267mg, and allopurinol 100mg (all once daily). Our patient’s age, comorbidities, polypharmacy, and slightly
impaired renal function were possible risk factors for
altered drug effects and interactions [2].
Two weeks after the switch, our patient developed
progressive pain in both calves and thighs. The following
week he experienced anorexia, nausea, and dark urine,
and presented to our hospital with clinical and biochemical evidence of established rhabdomyolysis and acute
tubular necrosis.
A laboratory investigation on admission revealed the
following: creatine kinase (CK) >20,000U/L, creatinine
11.9mg/dL, urea 248mg/dL, and eGFR 4mL/min per
1.73m2. His electrolytes and thyroid function tests were
normal. A urine analysis showed evidence of acute tubular necrosis. He tested negative for the rs4363657 singlenucleotide polymorphism located within SLCO1B1 gene.
This gene encodes the organic anion transporting polypeptide 1B1 (OATP1B1) that has been associated with
statin-induced myopathy defined as muscle pain or
weakness with elevated CK levels [3].
All medication was discontinued and intravenous fluid
replacement was initiated. Gradually, the myalgia resolved and his renal function recuperated without the
need for dialysis. Antiretroviral therapy was recommenced three weeks after admission, first with darunavir,
norvir, lamivudine, and abacavir, adjusted according to
his eGFR. After one week, the darunavir was changed to
lopinavir because of persisting gastrointestinal complaints. On discharge, four weeks after admission, his
serum creatinine was 4.8mg/dL and his eGFR was
12mL/min per 1.73m2. At last evaluation five months
post-discharge, he was asymptomatic and his kidney
function showed further improvement (serum creatinine
of 1.51mg/dL and eGFR of 47mL/min per 1.73m2). His
CD4 lymphocyte count was 810 cells/μL and he had an
undetectable viral load (<20 copies/mL).

Discussion
The nature and timing of our patient’s presentation with
rhabdomyolysis-induced AKI two weeks after switching to
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EVG/COBI/FTC/TDF suggests a drug-induced etiology.
His Naranjo Adverse Drug Reaction Probability Score was
6 (indicating a probable adverse drug event) [4]. It is possible that a number of factors combined to cause the
rhabdomyolysis (Fig. 1). His age and reduced eGFR at
baseline would have predisposed him to nephrotoxicity
from TDF and fenofibrate [5–7]. Besides his chronic HIV
infection and hypertension, it is possible that his chronic
aspirin treatment, albeit in low doses, may have reduced
his baseline renal function [8]. This reduced GFR could
have increased his serum levels of fenofibrate, TDF, and,
to a lesser extent, pravastatin [2, 6].
COBI is a novel potent CYP3A4 inhibitor, used to boost
the levels of EVG in the co-formulation EVG/COBI/FTC/
TDF [9]. It also inhibits the secretion of creatinine by the
proximal tubule, leading to a slight (<10%) increase in
serum creatinine and a decrease of eGFR. There is no
evidence of a decline in actual GFR and the decline in
eGFR is fully and promptly reversible upon discontinuation [9, 10]. COBI has not been studied in patients with
an eGFR under 70mL/min per 1.73m2. COBI has a
number of other off-target effects. It inhibits CYP2A6, pglycoprotein (P-gp), and OATP1B1 [11]. Although both
pravastatin and rosuvastatin undergo minimal CYP450
metabolism, a pharmacokinetic study showed that COBI
increased the maximum serum concentration of rosuvastatin by 89%. This was thought to be due to COBI-induced
inhibition of intestinal efflux by breast cancer resistance
protein (BCRP) or hepatic uptake by OATPs [12].
Although no pharmacokinetic studies have been performed on the interaction between COBI and pravastatin, COBI would be expected to increase the serum
levels of pravastatin by a number of mechanisms: inhibition of BCRP intestinal and biliary efflux pumps; inhibition of the P-gp intestinal, biliary, and renal efflux
pumps; and inhibition of OATP1B1-mediated entry into
hepatocytes [9, 13]. Pravastatin levels inside skeletal
muscle cells may also be increased by COBI-induced inhibition of P-gp efflux from these cells [14]. Statininduced rhabdomyolysis is thought to result from a
number of factors. Drug interactions, particularly those
leading to increased levels of statins, have been found to
play a prominent role in a number of studies [15–17]. The
predicted increase in pravastatin levels in serum and
muscle cells in our patient may thus have been sufficient
to trigger rhabdomyolysis, which would have caused a
further decline in eGFR leading to self-reinforcing increases in TDF and pravastatin/fenofibrate. The observed
enhanced risk of rhabdomyolysis when pravastatin is used
simultaneously with a high dose fenofibrate may also be
mediated by fibrate inhibition of statin excretion and
hence higher serum statin levels [18]. It is also possible
that EVG played a role. There have been six case reports
of raltegravir (another integrase inhibitor) linked to
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Fig. 1 Possible pathophysiological mechanisms leading to rhabdomyolysis and acute kidney injury in this case. 1B1 and 1B3 organic anion
transporters 1B1 and 1B3, 3A4 cytochrome P450 3A4, BCRP breast cancer resistance protein, GIT gastrointestinal tract, PGP P-glycoprotein,
PTC proximal tubular cell, X inhibited by cobicistat

rhabdomyolysis. Pravastatin was used concomitantly in one
of these cases [19]. Of potential relevance to our case, this
association has only been detected during post marketing
surveillance. As a result of these cases, the US Food and
Drug Administration now recommends caution in using
raltegravir in patients with increased risk for muscle damage [20]. Finally, there have been reports of acute tubular
necrosis after adding TDF to lisinopril therapy [21].

Conclusion
Two large trials reporting the efficacy of EVG/COBI/FTC/
TDF were industry sponsored [22, 23]. A Cochrane review
found that industry-sponsored clinical trials are significantly more likely than non-commercially funded studies
to report favorable efficacy and safety results. Plausible
mechanisms for the minimization of side effects include
excluding up to 30% due to comorbidities [24].

These considerations justify the need for post marketing surveillance of adverse effects of new products. We
believe that pharmacokinetic studies are necessary to
investigate the levels of pravastatin in patients on COBI
and fenofibrate with and without other comorbidities.
Meanwhile, we encourage caution in the concomitant
use of EVG/COBI/FTC/TDF and pravastatin/fenofibrate. The case serves as an important reminder to use
eGFR rather than serum creatinine when choosing new
medications. If potentially nephrotoxic combinations
are started in patients with borderline eGFRs, it may be
prudent to check the eGFR more frequently than usual.
In patients with reduced eGFRs, potentially nephrotoxic combinations should be avoided wherever possible. If there are no alternatives then patients should
be closely monitored and advised to report myalgia as
promptly as possible.
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for publication of this case report. A copy of the written
consent is available for review by the Editor-in-Chief of
this journal.
Abbreviations
AKI: Acute kidney injury; BRCP: Breast cancer resistance protein; CK: Creatine
kinase; CYP: Cytochrome P450; eGFR: estimated glomerular filtration rate;
EVG/COBI/FTC/TDF: Elvitegravir, cobicistat, emtricitabine, tenofovir disoproxil
fumarate; MDRD: Modification of Diet in Renal Disease; OATP: Organic anion
transporting polypeptide; P-gp: P-glycoprotein.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
VS, CK, EV, and JV analyzed and interpreted the patient’s data during his
hospitalization period for acute kidney failure and rhabdomyolysis. VS, CK,
and JL performed the review of the literature and summary of possible
interaction mechanisms. CK developed Fig. 1. EF and MV took part in the
clinical discussions and followed the patient in ambulatory care. All authors
read and approved the final manuscript.
Acknowledgements
The authors declare no sources of funding for this case report.
Author details
1
Tropical Disease Unit, Antwerp University Hospital, Wilrijkstraat 10, Edegem,
Belgium. 2Department of Clinical Sciences, Institute of Tropical Medicine,
Kronenburgstraat 43/3, 2000 Antwerp, Belgium. 3Department of Pharmacy,
Antwerp University Hospital, Wilrijkstraat 10, Edegem, Belgium.
Received: 15 December 2014 Accepted: 11 August 2015

References
1. Stribild [package insert]. Carrigtohill, Ireland: Gilead Sciences Ltd; 2013.
2. Szadkowska I, Stanczyk A, Aronow WS, Kowalski J, Pawlicki L, Ahmed A,
et al. Statin therapy in the elderly: a review. Arch Gerontol Geriatr.
2010;50(1):114–8.
3. Link E, Parish S, Armitage J, Bowman L, Heath S, Matsuda F, et al. SLCO1B1
variants and statin-induced myopathy—a genomewide study. N Engl J
Med. 2008;359(8):789–99.
4. Naranjo CA, Busto U, Sellers EM, Sandor P, Ruiz I, Roberts EA, et al. A
method for estimating the probability of adverse drug reactions. Clin
Pharmacol Ther. 1981;30(2):239–45.
5. Gallant JE, Parish MA, Keruly JC, Moore RD. Changes in renal function
associated with tenofovir disoproxil fumarate treatment, compared with
nucleoside reverse-transcriptase inhibitor treatment. Clin Infect Dis.
2005;40(8):1194–8.
6. Attridge RL, Frei CR, Ryan L, Koeller J, Linn WD. Fenofibrate-associated
nephrotoxicity: a review of current evidence. Am J Health Syst Pharm.
2013;70(14):1219–25.
7. Danjuma MI, Mohamad-Fadzillah NH, Khoo S. An investigation of the
pattern of kidney injury in HIV-positive persons exposed to tenofovir
disoproxil fumarate: an examination of a large population database
(MHRA database). Int J STD AIDS. 2014;25(4):273–9.
8. Segal R, Lubart E, Leibovitz A, Iaina A, Caspi D. Renal effects of low dose
aspirin in elderly patients. Isr Med Assoc J. 2006;8(10):679–82.
9. Temesgen Z. Cobicistat, a pharmacoenhancer for HIV treatments. Drugs
Today (Barc). 2013;49(4):233–7.
10. Meyer zu Schwabedissen HE, Verstuyft C, Kroemer HK, Becquemont L, Kim RB.
Human multidrug and toxin extrusion 1 (MATE1/SLC47A1) transporter:
functional characterization, interaction with OCT2 (SLC22A2), and single
nucleotide polymorphisms. Am J Physiol Renal Physiol. 2010;298(4):F997–1005.
11. Cobicistat [package insert]. Gilead Sciences, Inc. Foster City, CA 94404.
Issued: 09/2014. Available from: http://www.gilead.com/~/media/files/pdfs/
medicines/hiv/tybost/tybost_pi.pdf?la=en.

Page 4 of 4

12. Custodio JM, Wang H, Hao J, Lepist EI, Ray AS, Andrews J, et al.
Pharmacokinetics of cobicistat boosted-elvitegravir administered in
combination with rosuvastatin. J Clin Pharmacol. 2014;54(6):649–56.
13. Ito MK, Maki KC, Brinton EA, Cohen JD, Jacobson TA. Muscle symptoms in
statin users, associations with cytochrome P450, and membrane transporter
inhibitor use: a subanalysis of the USAGE study. J Clin Lipidol. 2014;8(1):69–76.
14. Ghirlanda G, Oradei A, Manto A, Lippa S, Uccioli L, Caputo S, et al. Evidence
of plasma CoQ10-lowering effect by HMG-CoA reductase inhibitors: a
double-blind, placebo-controlled study. J Clin Pharmacol. 1993;33(3):226–9.
15. Patel AM, Shariff S, Bailey DG, Juurlink DN, Gandhi S, Mamdani M, et al.
Statin toxicity from macrolide antibiotic coprescription: a population-based
cohort study. Ann Intern Med. 2013;158(12):869–76.
16. Kashani A, Phillips CO, Foody JM, Wang Y, Mangalmurti S, Ko DT, et al. Risks
associated with statin therapy: a systematic overview of randomized clinical
trials. Circulation. 2006;114(25):2788–97.
17. Melli G, Chaudhry V, Cornblath DR. Rhabdomyolysis: an evaluation of 475
hospitalized patients. Medicine (Baltimore). 2005;84(6):377–85.
18. Graham DJ, Staffa JA, Shatin D, Andrade SE, Schech SD, La Grenade L, et al.
Incidence of hospitalized rhabdomyolysis in patients treated with lipid-lowering
drugs. JAMA. 2004;292(21):2585–90.
19. Croce F, Vitello P, Dalla Pria A, Riva A, Galli M, Antinori S. Severe
raltegravir-associated rhabdomyolysis: a case report and review of the
literature. Int J STD AIDS. 2010;21(11):783–5.
20. ISENTRESS [package insert]. Whitehouse Station, NJ: Merck Sharp & Dohme
Corp.; 2009. Available from http://www.merck.com/product/usa/pi_circulars/
isentress/isentress_pi.pdf.
21. James CW, Steinhaus MC, Szabo S, Dressier RM. Tenofovir-related
nephrotoxicity: case report and review of the literature. Pharmacotherapy.
2004;24(3):415–8.
22. Sax PE, DeJesus E, Mills A, Zolopa A, Cohen C, Wohl D, et al. Co-formulated
elvitegravir, cobicistat, emtricitabine, and tenofovir versus co-formulated
efavirenz, emtricitabine, and tenofovir for initial treatment of HIV-1 infection:
a randomised, double-blind, phase 3 trial, analysis of results after 48 weeks.
Lancet. 2012;379(9835):2439–48.
23. DeJesus E, Rockstroh JK, Henry K, Molina JM, Gathe J, Ramanathan S, et al.
Co-formulated elvitegravir, cobicistat, emtricitabine, and tenofovir disoproxil
fumarate versus ritonavir-boosted atazanavir plus co-formulated
emtricitabine and tenofovir disoproxil fumarate for initial treatment of HIV-1
infection: a randomised, double-blind, phase 3, non-inferiority trial. Lancet.
2012;379(9835):2429–38.
24. Lundh A, Sismondo S, Lexchin J, Busuioc OA, Bero L. Industry sponsorship
and research outcome. Cochrane Database Syst Rev. 2012;12:MR000033.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

