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Abstract

Current product labels for maraviroc and raltegravir provide no dosing guidance for patients with
end-stage liver disease and worsening renal function. We describe a 41-year-old man with human
immunodeficiency virus (HIV) infection and rapidly progressive liver failure and vanishing bile
duct syndrome at presentation. Despite discontinuation of all potential offending drugs, the
patient’s liver function continued to deteriorate. To achieve and maintain HIV suppression while
awaiting liver transplantation, a regimen consisting of maraviroc, raltegravir, and enfuvirtide was
started. These agents were chosen because the patient was not exposed to them before the onset of
liver failure. While receiving product label-recommended twice-daily dosing of these drugs, he
achieved and maintained HIV suppression. During a complicated and prolonged hospitalization,
the patient also developed renal dysfunction. As hepatic metabolism is the primary route of
clearance of maraviroc and raltegravir, we predicted that using approved doses of these drugs
could result in significant drug accumulation. Since the safety profiles of supratherapeutic
concentrations of these agents are not well defined, we chose to use therapeutic drug monitoring to
guide further dosing. The reported concentrations showed severely impaired metabolic clearance
of both drugs, with markedly prolonged elimination half-lives of 189 hours for maraviroc and 61
hours for raltegravir. Previously reported half-lives for maraviroc and raltegravir in HIV-infected
patients with normal hepatic and renal function are 14-18 hours and 9-12 hours, respectively.
Based on these results, the dosing intervals were extended from twice/day to twice/week for
maraviroc and every 48 hours for raltegravir. Unfortunately, the patient’s clinical condition
continued to deteriorate, and he eventually died of complications related to end-stage liver disease.
This case illustrates the difficulties in managing antiretroviral therapy in an HIV-infected patient
with combined severe liver and renal failure. Prolonged excessively high exposure to maraviroc
and raltegravir is likely to result in some level of concentration-dependent toxicity. Until more
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data are available, therapeutic drug monitoring remains the only evidence-based approach to
optimize dosage selection of these drugs in this patient population.
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Hepatic metabolism is the primary route of systemic clearance for many antiretroviral drugs;
as such, severe liver dysfunction can impair drug clearance and may result in significant
drug accumulation and toxicities. Dosing recommendations for antiretroviral agents are
based on safety and pharmacokinetic data from subjects with normal hepatic and renal
function, with some guidance for dosage adjustment in patients with mild-to-moderately
compromised organ function. In patients with severe liver disease (Child-Pugh score > 9),
hepatically metabolized antiretroviral drugs are frequently contraindicated or not
recommended. Such patients represent a clinical conundrum for human immunodeficiency
virus (HIV) care practitioners attempting to select a safe and effective antiretroviral regimen.
We describe the utility and challenges of therapeutic drug monitoring to guide maraviroc
and raltegravir dosing in a patient with end-stage liver disease and compromised renal
function.

Case Report

A 41-year-old African-American man was referred to the National Institutes of Health
(NIH) Clinical Center for assessment of progressive liver failure. He had received a
diagnosis of HIV type 1 infection 20 years earlier and had a long history of antiretroviral
nonadherence until approximately 8 months before presentation, when he finally achieved
and maintained viral suppression while receiving a regimen of ritonavir-boosted atazanavir,
tenofovir, and didanosine. His CD4* count was 304 cells/mm3. He was well until 2 months
before coming to the NIH (early December 2009), when he presented with icteric sclera,
nausea, diarrhea, and dark urine. Laboratory findings were consistent with acute cholestatic
liver failure. All antiretroviral drugs were stopped while assessing the etiology of his liver
disease.

At presentation to the NIH, the patient had laboratory findings consistent with acute liver
failure: total bilirubin 24.9 mg/dl (normal range 0.1-1.0 mg/dl), alkaline phosphatase 1098
U/L, alanine aminotransferase 229 U/L, y-glutamyl transferase 511 U/L, and albumin 3.3
g/dl. His serum creatinine concentration was normal at this time (1.06 mg/dl). Extensive
laboratory and imaging studies did not reveal a cause of his liver failure. Hepatitis A, B, and
C serology and viral load assessment showed no evidence of active viral hepatitis. He denied
any recent travel history, alcohol or illicit drug use, or use of herbal products. A liver biopsy
specimen showed preserved hepatic architecture, but lacked identifiable bile duct in all
portal areas.

Despite discontinuation of all drug therapy, the patient’s liver function continued to decline.
At this point, the patient’s only management option for clinical recovery and survival was
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liver transplantation. In the interim, the primary therapeutic goal was to achieve and
maintain virologic suppression and optimize immunologic function before the transplant
procedure.

Taking care to avoid antiretroviral drugs that the patient was receiving during the onset of
liver dysfunction, we instituted a regimen consisting of raltegravir, etravirine, enfuvirtide,
and lamivudine 1 month after presentation. After 1 week of therapy, the patient was
transferred to a liver transplant center for evaluation, and his antiretroviral drugs were
discontinued by the center’s providers. The patient returned to the NIH for further follow-
up, and as his liver function remained relatively stable, raltegravir and enfuvirtide were
restarted. Maraviroc 300 mg twice/day was added 2 weeks later, after tropism assay
confirmed chemokine receptor 5 (CCR5)-tropic HIV. All antiretroviral drugs were
prescribed at the product-label-recommended dosages.12

The patient’s hospital course was further complicated by pneumococcal bacteremia,
intussusception requiring surgical intervention, worsening anemia, thrombocytopenia, and
coagulopathy. During this period, the patient’s liver function continued to worsen, and he
began to develop renal insufficiency, with his serum creatinine concentration peaking at 4.6
mg/dl. Table 1 shows the changes in laboratory parameters during his hospital course.

Given the patient’s worsening hepatic and renal function, and the potential for excessive
accumulation of raltegravir and maraviroc, serum samples were sent to assess the
concentration of each drug. After receiving raltegravir 400 mg twice/day for 24 days and
maraviroc 300 mg twice/day for 9 days, predose concentrations were reported as 1130 ng/ml
and 1590 ng/ml, respectively (both assays performed at the University of Florida Infectious
Diseases Pharmacokinetics Laboratory [IDPL] using high-performance liquid
chromatography assay). Considering that the reference serum concentration range for
raltegravir 400 mg twice/day in HIV-positive patients is 30-120 ng/ml (according to the
IDPL), and the mean minimum concentration for maraviroc given as 300 mg twice/day
ranged from 33.6-60 ng/ml, the concentrations we observed in our patient exceeded those
previously reported by 10-fold for raltegravir and 25-fold for maraviroc. Although
therapeutic and toxic threshold concentrations have not been established for these agents,
these predose concentrations were well above those reported in HIV-positive and HIV-
negative subjects with normal hepatic and renal function.3# The time from blood sampling
to reporting the results was more than 1 week.

Based on these results, maraviroc and raltegravir were withheld for 2 days and then restarted
on an every-48-hour schedule. Serial serum samples were obtained just before and at several
time points after the second dose after starting this new schedule. The predose maraviroc
and raltegravir concentrations were 670 ng/ml and 2250 ng/ml, respectively, indicating
significant drug accumulation despite withholding treatment for 2 days and restarting the
doses at 25% of the original doses. As noted in Figure 1, the postdose concentrations at 2,
24, 36, and 56 hours showed a rapid early-phase decline for both drugs, followed by a much
slower terminal elimination phase.
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With use of WinNonlin Professional computer program, version 5.0 (Pharsight Corp.,
Mountain View, CA), elimination rate constants (L) were determined for maraviroc and
raltegravir by calculating the absolute value of the slope of the log-linear regression using
multiple time points (24, 36, and 56 hrs) on the plasma concentration—-time plots. Half-life
was defined as In2/)z. The values for half-life were found to be 189 hours for maraviroc and
61 hours for raltegravir, both of which were markedly prolonged compared with those
reported in patients with normal renal and hepatic function (14-18 hrs for maraviroc and 9-
12 hrs for raltegravir).3-> Based on these therapeutic drug monitoring results, the dosing
interval for both drugs was further extended to twice/week, which, in retrospect, was too
infrequent for raltegravir, as a 96-hour postdose concentration was below the limit of
quantitation for the assay (< 40 ng/ml). Conversely, the maraviroc concentration at 96 hours
after dose was 1340 ng/ml, much higher than its previous postdose measurement, indicating
that while raltegravir concentrations eventually diminished over time, maraviroc continued
to accumulate.

Shortly thereafter, the patient was transferred to a liver transplant center. Unfortunately, his
condition continued to deteriorate and he was discharged to hospice care, where he died
several weeks later.

Discussion

This case illustrates several significant challenges involved in the management of
antiretroviral therapy in an HIV-infected patient with end-stage liver disease and
progressively worsening renal function. As current antiretroviral therapy improves patient
survival, liver-related morbidities and mortality are becoming more frequent,®7 and more
cases like our patient’s may not be an uncommon event in the future. Studies addressing
antiretroviral dosing in patients with severe liver and/or renal dysfunction are needed to
guide clinicians in clinical practice.

The product labels for maraviroc and raltegravir provide no dosage guidance for such
patients, making accurate dosage selection a challenge for clinicians. Several clinical trials
are under way to evaluate the pharmacokinetics of raltegravir in HIV-infected patients with
end-stage liver disease, in liver transplant recipients, or in hepatitis C (HCV)-coinfected
patients with serious liver dysfunction (ClinicalTrials.gov identifier numbers NCT01022476
and NCT 01289951).89 Results from these studies will provide further guidance for the
management of patients with liver diseases.

Maraviroc is primarily metabolized by cytochrome P450 (CYP) 3A4. In patients with
normal organ function, renal clearance accounts for approximately 23% of total drug
clearance in HIV-negative volunteers.10 This is consistent with a recent labeling change that
suggests maraviroc concentrations may be increased in patients with renal impairment,
which may increase the risk of postural hypotension—a dose-dependent adverse effect noted
in a pre-marketing dose-ranging study.1! In our patient, the half-life of maraviroc when
given at 400 mg every 48 hours was found to be 189 hours, much longer than the 14-18
hours reported in subjects with normal liver and renal function.
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Raltegravir was studied at doses higher than the approved dose of 400 mg twice/day. It was
well tolerated at 800 mg twice/day for 10 days'2 and 600 mg twice/day for 24 weeks.13
Unlike maraviroc, raltegravir primarily undergoes glucuronidation in the liver by using the
uridine diphosphate glucuronosyltransferase (UGT) 1Al enzyme, with UGT1A3 and
UGT1A9 playing lesser roles.2 No significant changes in raltegravir pharmacokinetics were
observed after a single 400-mg dose was given to subjects with moderate hepatic
insufficiency or severe renal impairment.1# In a report of five HIV-HCV-coinfected patients
receiving a raltegravir-containing regimen, all patients had higher trough concentrations than
those of 24 HIV-monoinfected patients (637 vs 221 ng/ml); the concentrations were also
higher in the two HIVV-HCV-coinfected patients with cirrhosis compared with the three
without cirrhosis (665 vs 581 ng/ml).1® Raltegravir has not been associated with
hepatotoxicity, although in one report, liver enzyme level elevations were more frequent in
HIV-HCV—coinfected patients compared with HIVV-monoinfected patients.1® There is no
significant pharmacokinetic interaction between raltegravir and maraviroc in either HIV-
positivel” or HIV-negative!® subjects with normal hepatic and renal function.

When dosed every 48 hours in our patient, maraviroc had a much more prolonged half-life
than raltegravir. The reasons for this are likely multifactorial and relate to one or more of the
following: maraviroc’s elimination is affected by both hepatic and renal dysfunction, and the
renal function of our patient had progressively worsened over time; the involvement of
multiple metabolic pathways for raltegravir (UGT1Al, UGT1A3, and UGT1A9) may allow
for greater conservation of metabolic function compared with maraviroc, which is
metabolized by a single CYP isoform (CYP3A4); and although it cannot be substantiated, it
is possible that hepatic failure in this patient resulted in a greater reduction in CYP3A
activity (phase 1 metabolism) versus glucuronidation (a phase 2 metabolic reaction).

In HIV-infected patients with advanced liver disease, the benefits of virologic control and
resultant immune reconstitution must be balanced against the risk of untoward toxicities due
to supratherapeutic antiretroviral drug exposure. As there were limited dosing
recommendations to guide therapy, we used therapeutic drug monitoring with the goal of
achieving plasma concentrations similar to those reported in subjects with normal organ
function receiving approved raltegravir and maraviroc dosages. With the multiple
comorbidities in this patient, it was not possible to determine whether high drug
concentrations contributed to the progressive worsening of liver and renal function, or other
clinical events such as grade 4 thrombocytopenia (nadir platelet count 14.0 x 103/mm?3);
however, the possibility exists.

In the United States, therapeutic drug monitoring of antiretroviral drugs is not performed
routinely in clinical practice; thus, most serum samples are sent to outside reference
laboratories. It is typically reserved for select populations at risk for altered drug absorption,
metabolism, or distribution secondary to an altered physiologic state (e.g., organ
dysfunction, pregnancy, advanced age). Therapeutic drug monitoring may also be used to
manage complex drug interactions involving multiple drugs. One key to the successful
implementation of therapeutic drug monitoring is to have rapid turnaround time to allow
clinicians to make timely dosage adjustments, thereby avoiding the continued administration
of an inappropriate dose while awaiting drug concentration data. In our case, however, it
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took more than 7 days for us to receive the final reports, which hampered our ability to act
expeditiously and resulted in greater drug exposure. To this end, laboratories that perform
commercial antiretroviral assays should continue to strive for quicker turnaround time while
maintaining a high level of accuracy and precision.

Conclusion

This case illustrates the difficulties in managing antiretroviral therapy in a patient with
combined severe liver and renal failure. Even though maraviroc and raltegravir are not
typically associated with severe adverse effects, prolonged excessively high exposure to
these agents is likely to result in some level of toxicity. In fact, it is plausible that
persistently elevated concentrations of maraviroc and raltegravir are associated with
clinically relevant toxicities heretofore unreported. Until more data are available, therapeutic
drug monitoring remains the only evidence-based approach to optimize dosage selection of
maraviroc and raltegravir in patients with severe hepatic and/or renal dysfunction. Use of
this approach may prevent drug-related toxicity associated with prolonged overexposure to
these drugs.
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Figure 1.
(A) Steady-state maraviroc log concentration—time curve after a 300-mg dose (given at time

0) in the case patient (solid squares) compared with previously reported steady-state
maraviroc log concentration-time curves after repeated maraviroc doses of 300 mg every 12
hours in subjects with normal renal and hepatic function (open diamonds).3 (B) Steady-state
raltegravir log concentration—time curve after a 400-mg dose (given at time 0) in the case
patient (solid squares) compared with previously reported steady-state raltegravir log
concentration—time curves after repeated raltegravir doses of 400 mg every 12 hours in
subjects with normal renal and hepatic function (open diamonds).>

Pharmacotherapy. Author manuscript; available in PMC 2015 July 29.



Page 9

Pau et al.

'PaMEIS Q0JINBIB
"paLels SPIMIANJUS + __>Em3_mmn
"panUNUODSIP SBNIP [RJIACIIBIIIUE |[B ‘UONOUNISAp JaAI| JO UONEN[BAd S

‘gluW/SII80 9GST-VEE

Wnod L A0 ‘Ip/Bw 9T°T-95°0 43S !1p/B L p—L'€ uiwngpe ¥NI /N ¥€-6 LSV /N Ty—9 LIV 1/N 9TT—LE d1V ‘Ip/BW 2'0—0°0 Ulgnaiig 3041 {p/Bwl 0°T—T°0 UIGnII|Ig [e30) :SMOJ|0} st aie sabiues [ewIoN

"3|qe|1ene

10U = N ‘SNJIA AousIolyapounwiwl UBWINY = AH ‘8UIUIeaI0 wnias = 4G ‘oljel pazijewiou [euoieuIRul YN| ‘aselajsuesioulle ajenedse | Sy ‘aseasurijoulwe auluefe | 7y ‘esereydsoyd auljexie d1v

05 > VN A Lz 62T €£2 90T 8eTT SOV/L 'Sy Taung
05 > 9ee 097 4 19T 8he vt 109 z1eTTe 8T Ae
WN VN 192 52 YN ¥IE 0z 180T 8'TE/S 0V g Re
05> 9zt 612 z1 v 8€S 65T 8v6T 6'LT/0°€Z 9T udy
25 10T r4°ka VT vST  T0C 0zt 062T TT2/E'ST 96 Iudv
£58€S Z61 €T 81 12T 80¢ 691 1512 Ser/zLr gbe BN
WN VN 60°€ A vET 8T 98 26 6TT/VYT Gz Alenigad
Sv6eS 9T 90T 61 VT o 112 20T 66T/SvZ 82 Aenuer
£8205 191 vN TE ST €62 822 [oRg» 9'ST/L'9T g Arenuer
0102
N WN zeT v'e VN €82 zZ1e 60T VN/EYT  TT Joqwasaq
W¥N VN T N VT 8ev 6EY 50T N/ el 18ausosa
5> v0e T zv YN T2 12 10 UNTT ¥ Jequaidss
6002
(Jwsa1dod) YNY AIH - ((WWwsS|pd) WnoD ,.vAd  (ppw) %5 (IpPB)ulwngly  UNI (/N) 1SV (U)LY (/N)d1v  (IpBw) uignaijig 10841q/uignaijig elo L arq
sBuipuiq Aioreloge Jusuiiad
Tolqel

Author Manuscript

Author Manuscript

Author Manuscript Author Manuscript

Pharmacotherapy. Author manuscript; available in PMC 2015 July 29.



