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Background. Antiretroviral drugs with a lower potential to induce hepatic steatosis in human immunodeficiency virus (HIV)
infection need to be identified. We compared the effect of switching efavirenz (EFV) to raltegravir (RAL) on hepatic steatosis among
HIV-infected patients with nonalcoholic fatty liver disease (NAFLD) receiving EFV plus 2 nucleoside analogues.

Methods. HIV-infected patients on EFV plus tenofovir/emtricitabine or abacavir/lamivudine with NAFLD were randomized
1:1 to switch from EFV to RAL (400 mg twice daily), maintaining nucleoside analogues unchanged, or to continue with EFV plus 2
nucleoside analogues. At baseline, eligible patients should show controlled attenuation parameter (CAP) values 2238 dB/m. Changes

in hepatic steatosis at 48 weeks of follow-up over baseline levels were measured by CAP.

Results.

Overall, 39 patients were included, and 19 of them were randomized to switch to RAL. At week 48, median CAP for the

RAL group was 250 (Q1-Q3, 221-277) dB/m and 286 (Q1-Q3, 269-314) dB/m for the EFV group (P = .035). The median decrease
in CAP values was -20 (Q1-Q3, -67 to 15) dB/m for the RAL arm and 30 (Q1-Q3, -17 to 49) dB/m for the EFV group (P = .011).
CAP values <238 dB/m at week 48 were observed in 9 (47%) patients on RAL and 3 (15%) individuals on EFV (P =.029).

Conclusions.

After 48 weeks, HIV-infected individuals switching EFV to RAL showed decreases in the degree of hepatic ste-

atosis, as measured by CAP, compared with those continuing with EFV. In addition, the proportion of patients without significant
hepatic steatosis after 48 weeks was greater for those who switched to RAL.

Clinical Trials Registration. NCT01900015.

Keywords.

HIV; nonalcoholic fatty liver disease; efavirenz; raltegravir.

Nonalcoholic fatty liver disease (NAFLD) is frequently observed
in human immunodeficiency virus (HIV)-infected patients
[1-4]. NAFLD itself can promote fibrosis progression, evolving
to steatohepatitis, on which cirrhosis may develop and hepa-
tocellular carcinoma emerge [5-7]. Hepatic steatosis is linked
with metabolic disorders and exposure to certain antiretrovi-
ral drugs [1-4, 8-11]. The main potential mechanism involved
in antiretroviral drug-related hepatic steatosis seems to be
mitochondrial toxicity. Thus, the use of nucleoside analogues
associated with more severe mitochondrial toxicity, such as
dideoxynucleoside analogues, has been linked with hepatic ste-
atosis [1, 8-11]. Efavirenz (EFV) has been related with clinical
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manifestations of mitochondrial toxicity, such as lipoatrophy
[12]. Likewise, EFV enhances fatty accumulation in hepatocyte
cell lines in vitro [13]. Moreover, the cumulative use of EFV
seemed to be associated with an increased risk of hepatic ste-
atosis progression in HIV/hepatitis C virus (HCV)-coinfected
patients [8].

Given the potential of NAFLD for causing advanced liver
disease, the effects of antiretroviral drug regimens less likely
to induce increases in hepatic steatosis need to be investigated.
Drug combinations based on raltegravir (RAL) may fulfill that
requirement. Thus far, RAL does not induce mitochondrial tox-
icity [14] and has demonstrated a safe metabolic profile [14-20].
Cross-sectional and longitudinal observational data indicate
that metabolic factors are the strongest predictors of hepatic
steatosis in HIV infection [3, 4, 21]. In addition, use of RAL
was associated with a trend to lower frequency of hepatic stea-
tosis [3] and lesser likelihood of progression of hepatic steatosis
[21], but these associations did not stand up after controlling
for metabolic factors. Therefore, the role of RAL preventing the
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progression of hepatic steatosis, which could be driven by its
metabolic safety profile, needs to be clarified in controlled, pro-
spective studies. Because of these issues, in this trial we aimed
at comparing the impact of switching from EFV to RAL in
patients receiving EFV plus 2 nucleoside analogues vs contin-
uing with the same therapy on hepatic steatosis as measured by
controlled attenuation parameter (CAP) among HIV-infected
patients with NAFLD.

PATIENTS AND METHODS

Trial Design

This was a phase 4, multicenter, open-label, randomized
48-week study to evaluate changes in hepatic steatosis by
CAP measurements after switching to RAL or maintain-
ing the EFV-based regimen in HIV-infected patients with
NAFLD. Patients on EFV plus 2 nucleoside analogues, either
tenofovir/emtricitabine (TDF/FTC) or abacavir/lamivudine
(ABC/3TC), were randomized 1:1 to switch from EFV to RAL
400 mg twice daily, maintaining the nucleoside analogues
unchanged, or to continue the same combination of EFV plus
2 nucleoside analogues. The trial was initially designed to
recruit only patients with detectable plasma HCV RNA with-
out foreseeable anti-HCV treatment during the study period.
The availability of rapid interferon-free drug regimens in
Spain meant that most HIV/HCV-coinfected patients could
be considered candidates for anti-HCV therapy. Due to this
fact, and given that the prevalence of and associations with
hepatic steatosis for HIV-infected patients with and without
HCYV coinfection were similar [3], and that the rates of and
risk factors for progression of hepatic steatosis were compara-
ble between patients with and without HCV coinfection [21],
a major amendment was presented to and approved by the
regulatory authorities on March 2015 to allow the inclusion
of patients without active HCV coinfection.

The estimated simple size for this trial was 43 patients per arm.
This size would have been sufficient to achieve a statistical power
of 80% to detect a difference of 20 dB/m between arms, with a
bilateral 95% confidence interval (CI). However, because the
rate of recruitment was lower than expected, and an intermedi-
ate analysis, planned for when half of the patients were included,
proved differences in the primary variable, the inclusion of
patients was stopped before reaching the estimated sample size.

Patients

Between February 2014 and September 2015, HIV-infected
patients were enrolled at 8 clinical sites in Spain. Inclusion crite-
ria were (1) age >18 years; (2) receiving treatment with EFV plus
TDEF/FTC or ABC/3TC for the last 26 months; (3) plasma HIV
RNA <50 copies/mL for 224 weeks documented in at least 2
clinical visits; (4) a CAP measurement =238 dB/m, indicative of
the presence of hepatic steatosis involving >10% of hepatocytes;
and (5) self-reported average daily alcohol intake <50 g for men

and <40 g for women. Patients could be coinfected by HCV, as
documented by detectable plasma HCV RNA, or not. Exclusion
criteria were any of the following: (1) pregnancy; (2) history of
antiretroviral drug failure or documented HIV resistance; (3)
an AIDS-defining opportunistic disease in the 24 weeks before
recruitment; (4) history of malignant neoplasia; (5) active illicit
drug use or any other condition that might compromise the
study drug adherence in the opinion of the investigators.

Study Assessments

Clinical visits were scheduled at baseline, week 4, week 12,
and every 12 weeks thereafter until week 48. Body mass index
(BMI) and waist-to-hip ratio were calculated at baseline, week
24, and week 48. Laboratory tests for hematology, blood chem-
istry, CD4 cell counts, and plasma HIV RNA were drawn at
each visit. CAP and liver stiffness measurements were acquired
at baseline, week 24, and week 48. Safety was assessed through
the reporting of clinical adverse events and laboratory abnor-
malities. The severity of adverse events was evaluated according
to the Division of AIDS toxicity table [22].

CAP and liver stiffness were measured using a commercially
available elastography device with the standard M probe (FibroScan
502, Echosens, Paris, France). An experienced operator who was
blinded for the therapy regimen performed the elastographic
measurements. Elastography examinations were conducted fol-
lowing a standardized procedure [23]. Determinations were con-
sidered as valid if at least 10 successful measurements could be
achieved, with an interquartile range <30% of the median liver
stiffness value and a success rate >60%.

CAP is an estimate of the total ultrasonic attenuation and
it is expressed as decibels per meter (dB/m). A cutoff of 238
dB/m was selected to define the presence of significant hepatic
steatosis (steatosis involving 210% of hepatocytes). This figure
was considered the optimal cutoff to discriminate hepatic stea-
tosis affecting 210% hepatocytes by Sasso et al [23]. This cutoff
exhibits positive and negative predictive values of 0.871 and
0.867, respectively.

Study Oversight

The study was reviewed and approved by the Spanish Agency
of Medicines and was registered with the European Clinical
Trials Database (EudraCT 2013-002111-10). It was also regis-
tered at ClinicalTrials.gov (NCT01900015). The study was con-
ducted in compliance with the principles of the Declaration of
Helsinki and Good Clinical Practice guidelines, as defined by
the International Conference on Harmonisation and accord-
ing to the ethical principles of the European Union Directive
2001/20/EC and the United States Code of Federal Regulations,
Title 21, Part 50 (21CFR50). The study protocol was approved
by the institutional review board or independent ethics com-
mittee at each site. All patients provided their written informed
consent to participate.
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Analysis of Data
The primary study variable was the median value of CAP after
48 weeks of follow-up. The median value of CAP at 48 weeks was
compared between arms. The median decline in this parameter
observed during follow-up was also compared between groups.
A descriptive and exploratory analysis of data was carried
out. The ¥’ or Fisher exact test was used to compare proportions
between treatment groups. Mann-Whitney U test was applied
for comparisons of continuous variables between groups.
Comparisons were made with use of a 2-sided a level of .05.
Statistical analysis was performed using IBM SPSS version 23.0
software (IBM Corp, Somers, New York).

RESULTS

Characteristics of the Study Population

One hundred twenty-seven patients were evaluated for the
presence of hepatic steatosis; 47 (37%) of them showed CAP
>238 dB/m. The disposition of those patients is summarized
in Figure 1. Of 47 patients included in the study, 24 of them
were randomized to switch EFV by RAL and 23 of them were
randomized to continue with the prior EFV-based regimen.
Two (8.3%) patients in the RAL arm started anti-HCV therapy
before reaching week 48 and were excluded. Three (12.5%)
patients in the RAL arm and 3 (15%) patients in the EFV
group were lost to follow-up. Thus, 19 patients randomized
to switch to RAL and 20 patients randomized to continue on
EFV constituted the study population. The baseline character-
istics of the study population are summarized in Table 1. The
duration of antiretroviral therapy before baseline was 120 (88—
132) months for patients assigned to the RAL group and 122

(100-151) for those randomized to the EFV group (P = .351).
The time on EFV before baseline is shown in Table 1. Among
patients with active HCV infection, 12 (86%) individuals
were infected by genotype 1 or 4 and 2 (14%) by genotype 3
in the RAL group, compared with 11 (92%) patients infected
by genotype 1 or 4 and 1 (8%) by genotype 3 in the EFV
group (P = .347). Eight patients achieved sustained virologi-
cal response with anti-HCV treatment before randomization:
5 (26%) individuals in the RAL group and 3 (15%) in the EFV
group (P = .451). The median time since HCV clearance with
treatment until the baseline date was 76 (Q1-Q3, 54-104)
months and 122 (Q1-Q3, 90-123) months for the RAL and
EFV groups, respectively (P = .250).

The BMI was >18 kg/m2 and <25 kg/m2 in 7 (37%) patients in
the RAL group and 9 (45%) individuals in the EFV arm. A BMI
>30 kg/m’ was observed in 5 (26%) patients in the RAL group
and in no individual in the EFV arm (P = .020). Fasting plasma
glucose level >100 mg/dL was found in 8 (42%) patients in the
RAL group and 7 (35%) individuals in the EFV arm (P = .648).
Five (26%) patients switched to RAL vs 4 (20%) of those contin-
ued on EFV showed blood triglycerides 2150 mg/dL (P = .640).
Blood high-density lipoprotein (HDL) cholesterol levels
<40 mg/dL for women or <50 for men were observed in 9 (47%)
patients in the RAL group and 11 (55%) individuals in the EFV
arm (P = .634). At baseline, median CAP values of both groups
were not significantly different. Other metabolic characteristics
of the study population are summarized in Table 1.

Virological, Inmunological, and Safety Outcomes
Seven patients presented transient blips of viremia (61-1225
copies/mL) during follow-up, 2 (10.5%) in the RAL group

Patients with NAFLD
(n=47)

¥

Randomized to RAL
(n=24)

¥ ¥
Started treatment
against HCV
(n=2)

Lost to follow-up
(n=3)

Included
(n=19; 14 with
detectable HCV RNA)

Figure 1.

¥

Randomized to EFV
(n=23)

E—

Lost to follow-up
(n=3)

Included
(n=20; 12 with
detectable HCV RNA)

Disposition of the study patients. Abbreviations: EFV, efavirenz; HCV, hepatitis C virus; NAFLD, nonalcohalic fatty liver disease; RAL, raltegravir.
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Table 1. Baseline Characteristics

Characteristic Raltegravir Group (n = 19) Efavirenz Group (n = 20) PValue
Age’, y 2 (45-55) 48 (47-52) 168
Male sex, No. (%) 7 (90) 5 (80) 939
CD4 count?, cells/pL 556 (342-856) 582 (371-774) .954
CD8 count?, cells/pL 8 (531-916) 651 (463-952) .909
Plasma HIV RNA <50 copies/mL, No. (%) 9 (100) 8 (95) 515
Detectable HCV RNA, No. (%) 4 (74) 2 (68) 874
BMI?, kg/m? 7 (23.9-29.5) 25 (23.7-26.6) .603
Fasting plasma glucose®, mg/dL 6 (88-105) 94 (83-110) .603
HOMA? 4 (1.8-4) 2.2 (1.8-5.4) 759
Triglycerides®, mg/dL 102 (80-136) 117 (88-166) 977
Total cholesterol?, mg/dL 3 (133-185) 174 (159-202) .258
LDL-C? mg/dL 3 (63-110) 117 (86-131) .081
HDL-C? mg/dL 0 (42-64) 50 (40-62) .964
Total cholesterol/HDL ratio® 2(2.2-4.5) 3.5(3.2-4.6) .380
ALT?, IU/mL 2 (24-70) 4 (27-77) .283
AST?, 1U/mL 2 (25-53) 7 (25-65) .687
GGT?, IU/mL 3(67-112) 9 (41-203) .813
Total bilirubin?, mg/dL 4 (0.3-0.5) 0.41 (0.31-0.6) 194
Waist circumference?, cm 9 (84-98) 3 (89-97) .838
Hip circumference?, cm 8 (92-103) 5 (93-101) 708
Waist/hip ratio® 0.95 (0.90-1.0) 0.95 (0.91-1.0) .683
Systolic blood pressure?, mm Hg 6( 15-134) 9 (110-130) .633
Diastolic blood pressure?, mm Hg 0 (66-85) 0 (71-88) .346
CAP?, dB/m 273 (246-303) 263 (245-294) .607
Liver stiffness®, kPa 6 (5.3-10.9) 3(3.8-9.5) .235
Nucleoside backbone, No. (%) 407
Tenofovir/emtricitabine 15 (79) 18 (90)
Abacavir/lamivudine 4(21) 2 (10)
Time on efavirenz before randomization®, mo 93 (76-132) 113 (79-151) 771

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; CAP, controlled attenuation parameter; GGT, y-glutamyltranspeptidase; HCV, hepa-
titis C virus; HDL-C, high-density lipoprotein cholesterol; HIV, human immunodeficiency virus; HOMA, homeostatic model assessment of insulin resistance; LDL-C, low-density lipoprotein

cholesterol.
“Median (Q1-Q3).

and 5 (25%) in the EFV group. There were no persistent viral
rebounds. CD4 and CD8 cell counts did not change signifi-
cantly between baseline and week 48 within each group. At
week 48, CD4 cell counts were 628 (401-755) cells/pL in the
RAL group and 553 (317-766) cells/uL in the EFV group
(P =.422).

No patients discontinued therapy because of adverse
events. Four patients showed clinical adverse events during
follow-up. Two patients on RAL plus ABC/3TC complained
of gastrointestinal symptoms, such as vomiting and diar-
rhea, self-limited and regarded as mild. One patient on EFV
plus ABC/3TC had insomnia and vivid dreams considered
as mild. Among laboratory adverse events, 2 patients in
the RAL group with elevated baseline alanine or aspartate
aminotransferase levels showed grade 2 aminotransferase
elevations between week 12 and week 24. These elevations
were not related with alcohol use. All women reported a
daily alcohol intake <40 g. One (5.3%) man in the RAL
group and 1 (5%) in the EFV group reported an alcohol
intake >50 g/day.

Changes in Controlled Attenuation Parameter Values

At baseline, the median CAP values were 273 (Q1-Q3, 246-
303) dB/m for the RAL group and 263 (Q1-Q3, 245-294) dB/m
for the EFV group (P = .607). At week 48, the median CAP for
patients switching to RAL was 250 (Q1-Q3, 221-277) dB/m
and 286 (Q1-Q3, 269-314) dB/m for those continuing on EFV
(P = .035; Figure 2A). The median difference in CAP meas-
urements between baseline and week 48 was -20 (Q1-Q3, -67
to 15) dB/m among individuals in the RAL arm and 30 (Q1-
Q3, -17 to 49) dB/m for patients in the EFV group (P = .011;
Figure 2B). CAP values <238 dB/m, indicative of absence of
significant hepatic steatosis, were observed in 9 (47%) patients
in the RAL group and 3 (15%) individuals in the EFV group at
week 48 (P =.029).

After excluding patients with ABC/3TC backbone, the
median CAP after 48 weeks of follow-up for patients starting
RAL was 237 (Q1-Q3, 221-274) dB/m and 286 (Q1-Q3, 267~
315) dB/m for those continuing on EFV (P = .025). The median
difference in CAP values between baseline and week 48 was -23
(Q1-Q3, -74 to 8) dB/m among individuals in the RAL arm
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Figure 2. A, Median (Q1-Q3) controlled attenuation parameter (CAP) values
by treatment group during follow-up (solid lines, raltegravir group; dashed lines,
efavirenz group). P values show comparisons between treatment groups. B,
Comparison of median changes in CAP values. Boxplots represent the median of
the difference in CAP value between baseline and week 48.

and 30 (Q1-Q3, -19 to 48) dB/m for patients in the EFV group
(P =.006).

Median liver stiffness at week 48 was 6.3 (Q1-Q3, 5.6-12)
kPa for the RAL group and 5.9 (Q1-Q3, 4.5-9.3) kPa for the
EFV group (P = .550). The median of the change in liver stiff-
ness between baseline and week 48 was -0.3 (Q1-Q3, -1.9 to
1.7) kPa for patients in the RAL arm and 0.05 (Q1-Q3, -0.78 to
2.1) kPa for individuals in the EFV arm (P = .351).

In an analysis restricted to the 26 patients with detecta-
ble HCV RNA, the baseline median CAP values were 277
(Q1-Q3, 242-305) dB/m for the RAL group and 262 (Q1-
Q3, 245-285) dB/m for the EFV group (P = .432). At week
48, the median CAP was 266 (Q1-Q3, 221-301) dB/m for
patients switching to RAL and 285 (Q1-Q3, 270-316) dB/m
for those continuing on EFV (P = .118). The median differ-
ence in CAP measurements between baseline and week 48
was -7 (Q1-Q3, -67 to 26) dB/m among individuals in the
RAL arm and 30 (Q1-Q3, -3.5 to 49) dB/m for patients in
the EFV group (P =.019). CAP values <238 dB/m, indicative
of absence of significant hepatic steatosis, were observed in 5
(36%) patients in the RAL group and 1 (8.3%) individuals in
the EFV group at week 48 (P =.099).

Metabolic Parameters and Controlled Attenuation Parameter Changes

At week 48, the median BMI for individuals switched to RAL
compared with those continuing on EFV was 27.6 (Q1-Q3,
24.3-31) kg/m” vs 25.5 (Q1-Q3, 23.8-29.9) kg/m* (P = .084).
Weight increase from baseline to week 48 was a median of 1.2
(Q1-Q3,-2.0t0 6.2) kg in patients on RAL and 0.5 (Q1-Q3,-1.5
to 2.5) kg in those on EFV (P = .284). The median waist-to-hip
ratio was 0.97 (Q1-Q3, 0.91-1.0) for patients in the RAL group
and 0.95 (Q1-Q3, 0.9-1) for those in the EFV group at week
48 (P = .682). Among individuals without lipid-lowering drugs,
total cholesterol and triglycerides showed greater decreases from
baseline among patients switched to RAL (Table 2).

At week 48, the median CAP of patients with and without
increases in BMI >0.5 kg/m2 was 282 (Q1-Q3, 267-316) dB/m
and 237 (Q1-Q3, 213-292) dB/m, respectively (P = .013).
Individuals with BMI increase experienced a median CAP
raise of 27 (Q1-Q3, -8.5 to 44) dB/m compared with -33 (Q1-
Q3,-71to 21) dB/m for those without BMI increase (P =.014).
Among patients not exposed to lipid-lowering drugs, those
with any decrease in triglyceride levels between baseline and
week 48 showed a median change in CAP of -79 (Q1-Q3, -112
to 2.8) dB/m, whereas the median difference in CAP values
between baseline and week 48 was 26 (Q1-Q3, -18 to 33) dB/m
for those with increases in triglyceride levels (P = .005).

Table 2. Changes in Lipid Profile Among Patients Without Lipid-Lowering Drugs (n = 33)

Median (Q1-Q3) Concentration at Week 48

Median (Q1-Q3) Change in Concentration
Between Baseline and Week 48

Lipid Raltegravir Group Efavirenz Group Raltegravir Group Efavirenz Group PValue®
Triglycerides, mg/dL 107 (79-159) 125 (97-238) -9 (-33t0 19) 24 (-4.3 to 74) .010
TC, mg/dL 162 (115-182) 172 (162-192) -18 (25 t0 6.5) 0.5 (=17 to 10) .094
LDL-C, mg/dL 88 (61-110) 102 (82-127) -4 (-12t0 4.5) -1.0 (-8.8t0 12.5) .488
HDLC, mg/dL 42 (33-54) 50 (43-55) -8 (-13t0 -3) -4.5(-9t0-1.3) 191
TC/HDL ratio 3.2 (2.6-4.9) 3.8 (3.2-4.5) 0.3 (-0.04 t0 0.7) 0.2 (-0.1t0 0.6) .958

Abbreviations: HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol.

#P values for the difference in change from baseline to week 48 between treatment groups.
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DISCUSSION

After 48 weeks, HIV-infected individuals with NAFLD
switched from an EFV- to a RAL-based combination showed a
decrease in the degree of hepatic steatosis, as measured by CAP,
compared with those continuing with an EFV-based regimen.
In addition, the proportion of patients showing regression in
significant hepatic steatosis after 48 weeks was greater in those
who switched from EFV to RAL.

The difference in outcomes in this trial was due to both
increases in CAP levels in the EFV group and decreases in CAP
values in the RAL arm. In vitro data indicate that EFV can induce
hepatic steatosis [13]. In a prior study conducted in HIV/HCV-
coinfected patients, progression of hepatic steatosis was related
to cumulative exposure to EFV [8], so that the longer the time
on EFV, the higher the frequency of patients with fatty liver pro-
gression, a behavior similar to the effect of dideoxynucleosides
on hepatic steatosis [8]. However, in the above-mentioned study,
the effect of EFV on hepatic steatosis progression could have
been confounded by dideoxynucleoside concomitant use. Here
we found that EFV plus the nucleoside analogues currently used,
TDF/FTC or ABC/3TC, led to elevations in values of CAP with
time. Concerning RAL, conversely to EFV, it does not alter the
mitochondrial function of hepatic cells in vitro [14]. In addition,
RAL was associated with a trend to lower frequency of fatty liver
measured by CAP in a cross-sectional study, similar to other
metabolic-friendly drugs such as maraviroc or nevirapine [3].
In a longitudinal study, patients using RAL during a 12-month
period of observation showed a significant decrease in CAP
measurements [21]. However, these observational data were
subject to selection bias in patients with RAL, due to previous
metabolic toxicities or concomitant combination of RAL with
ritonavir-boosted protease inhibitors. In this controlled clinical
trial, where this bias is eliminated, we found that RAL can pre-
vent the progression of hepatic steatosis and even decrease the
frequency of fatty liver determined by CAP.

The reduction in CAP values and hence the lower rate of
significant hepatic steatosis in patients switched from EFV to
RAL may be explained by different mechanisms. First, the more
friendly metabolic profile of RAL might have contributed to
reversal of fatty liver. In this regard, patients starting TDF/FTC
plus RAL show fewer increases in the blood levels of low-density
lipoprotein cholesterol, total cholesterol-to-HDL ratio, and tri-
glycerides than individuals starting TDF/FTC plus EFV [16, 17].
Similarly, switching from a boosted-ritonavir protease inhibitor—
based regimen to RAL-containing combinations is associated
with improvements in the lipid profile [18, 19, 24]. Substitution
of EFV by RAL had also a significant and favorable impact on
lipid levels in a prior trial [20]. Similar changes in the lipid profile
were found in the present study, with a greater effect on triglyc-
erides. In addition, triglyceride level decreases between baseline
and week 48 were associated with reductions in CAP values in
the herein-reported trial. Second, the discontinuation of EFV

itself may also have contributed to the decrease in CAP values.
EFV could induce hepatic steatosis through mitochondrial tox-
icity [25]. In cell cultures of human adipocytes, EFV impairs the
morphological adipogenic differentiation and adipogenic gene
expression in a dose-dependent fashion [26]. This in vitro effect
could account for the increased risk of lipodystrophy associated
with EFV, and it may also be involved in hepatic steatosis. In this
regard, EFV enhances fatty accumulation in hepatocyte cell lines
in vitro [13, 14]. In the herein-reported trial, patients continuing
on EFV showed increasing CAP measurements. In this way, lack
of mitochondrial damage induced by RAL could have allowed
the reductions in CAP values after stopping the mitochondrial
toxicity of EFV.

In a recent survey evaluating the prevalence of significant
hepatic steatosis using CAP among HIV-infected patients,
metabolic factors were the strongest predictors of fatty liver
[3]. Hepatic steatosis was less likely among those exposed to
RAL, maraviroc, or nevirapine [3]. However, BMI was the only
independent predictor of significant hepatic steatosis in the
multivariate analysis. In a Canadian cross-sectional study, BMI
was also the strongest predictor of significant hepatic steato-
sis as measured by CAP [4]. Similar findings were observed
in a longitudinal study on short-term changes in hepatic stea-
tosis measured by CAP [21]. Thus, increases in BMI were the
only independent factor related with rise in CAP values. In the
present trial, BMI and CAP measurements paralleled; that is,
increases in BMI during the follow-up were related with higher
CAP values at week 48. Patients who switched to RAL showed
greater BMI, close to statistical significance, than those contin-
uing with EFV at week 48. In spite of this and the correlation
between BMI and CAP, individuals randomized to replace EFV
by RAL presented lower CAP values at week 48. This finding
suggests that the effects of EFV substitution by RAL on fatty
liver could be independent of BMI, and related with both the
interruption of a drug with mitochondrial toxicity and the
favorable metabolic profile of RAL. It is not known whether the
effect on hepatic steatosis of switching EFV by RAL might also
be observed with other HIV integrase inhibitors. If improve-
ments in fatty liver after discontinuing EFV were related with
stopping EFV toxicity, then switching to another HIV integrase
inhibitor could lead to reductions in hepatic steatosis similar to
those obtained in the present trial, provided that switching to
other HIV integrase inhibitors was followed by similar effects
of the lipid profile as those seen after switching to RAL.

This clinical trial was initially designed to evaluate changes
in CAP values among patients with active HCV infection.
The availability of highly efficacious all-oral treatment against
HCV meant that most HIV/HCV-coinfected patients were eli-
gible for anti-HCV therapy and, thus, not candidates for the
trial. As a consequence, a major amendment was introduced
to allow the inclusion of patients without active HCV coinfec-
tion. In spite of this, individuals with detectable plasma HCV
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RNA represented more than two-thirds of the study popula-
tion. Because factors associated with hepatic steatosis among
HIV-infected patients with and without HCV coinfection were
similar [3, 21], we expected comparable fatty liver changes
after switching EFV by RAL in HIV-infected patients with and
without active HCV infection. In the present study, an analysis
of CAP changes restricted to patients with detectable plasma
HCV RNA yielded similar results to the overall population
analysis. Thus, it is highly likely that the results reported herein
can be generalized to HIV-infected patients without HCV
coinfection.

This study may have some limitations. First, the trial was
interrupted before reaching the planned sample size. However,
in an intermediate analysis the difference in CAP values at
week 48 between groups was larger than the initial estimation.
This allowed us to detect a statistically significant difference in
CAP values between groups at week 48 with a smaller sam-
ple size. Nevertheless, these trial results should be regarded
as exploratory and preliminary. Second, we used CAP instead
liver biopsy, which can be considered the gold standard for the
diagnosis of NAFLD. However, the use of CAP to grade hepatic
steatosis has been validated in different populations using liver
biopsy as reference [23, 27-31]. The CAP cutoff value of 238
dB/m exhibits high positive and negative predictive values
for significant hepatic steatosis [23], and this cutoff has been
validated in a prospective study [27]. In addition, studies
evaluating switching antiretroviral drugs with repeated deter-
minations of hepatic steatosis among HIV-infected patients
might not be feasible using an invasive technique such as liver
biopsy. Third, CAP allowed us to evaluate changes in fatty liver,
but steatohepatitis cannot be ascertained using CAP. Given
that progression of fibrosis and the emergence of cirrhosis
seem tightly linked with steatohepatitis, further studies evalu-
ating the influence of antiretroviral drugs on steatohepatitis as
end-point are needed.

In conclusion, replacement of EFV by RAL among individuals
with significant hepatic steatosis led to reductions in the grade of
hepatic steatosis, even reversal of fatty liver in some cases, after
48 weeks. This effect may be related to the discontinuation of
EFV and its potential mitochondrial toxicity, plus the metabol-
ic-friendly properties of RAL. These results need confirmation
in a larger study, also including drugs commonly used currently
(eg, dolutegravir, elvitegravir, and protease inhibitors). Finally,
studies using noninvasive diagnostic tools that enable the accu-
rate identification of steatohepatitis are also desirable.

Notes

Acknowledgments. In addition to the named authors, members of
the STERAL study and the RIS-HEP09 study groups include Luis M. Real,
Fernando Saussol (Hospital Universitario de Valme); Josefa Romero, Ignacio
Sudrez, Francisco J. Martinez, José M. Fajardo, Francisco J. Rodriguez-
Gomez (Complejo Hospitalario de Huelva); Sandra Lorenzo-Moncada, José
Carlos Roldéan Morales, Estefania Santolo, Ménica Castro-Garcia (Hospital

La Linea); Juan Gonzalez (Hospital Universitario La Paz); Maria Lagarde,
Mariano Matarranz, Otilia Bisbal, Rafael Rubio (Hospital Universitario
Doce de Octubre); and Angela Camacho, Isabel Machuca, Antonio Rivero
(Hospital Universitario Reina Sofia). We also thank Pedro Ferrer (Medical
Department, MSD Spain) for his support.

Financial support. 'This study has been partially funded by the Merck
Sharp & Dohme Investigator Studies Program (code MISP#50410), and by
the RD12/0017/0012 project as part of the Plan Nacional R+D+I and cofi-
nanced by ISCIII-Subdireccién General de Evaluacion, the Fondo Europeo
de Desarrollo Regional (FEDER). J. M. is the recipient of a grant from the
Servicio Andaluz de Salud de la Junta de Andalucia (grant number B-0037).
J. A. P. is recipient of an intensification grant from the Instituto de Salud
Carlos III (grant number Programa-I3SNS). Raltegravir was provided by
Merck Sharp & Dohme de Espana (Madrid, Spain).

Potential conflicts of interest. All authors: No reported conflicts of
interest. All authors have submitted the ICMJE Form for Disclosure of
Potential Conflicts of Interest. Conflicts that the editors consider relevant to
the content of the manuscript have been disclosed.

References

1. Guaraldi G, Squillace N, Stentarelli C, et al. Nonalcoholic fatty liver disease in
HIV-infected patients referred to a metabolic clinic: prevalence, characteristics,
and predictors. Clin Infect Dis 2008; 47:250-7.

2. Machado MYV, Oliveira AG, Cortez-Pinto H. Hepatic steatosis in patients coin-
fected with human immunodeficiency virus/hepatitis C virus: a meta-analysis of
the risk factors. Hepatology 2010; 52:71-8.

3. Macias ], Gonzalez J, Tural C, et al. Prevalence and factors associated with liver
steatosis as measured by transient elastography with controlled attenuation
parameter in HIV-infected patients. AIDS 2014; 28:1279-87.

4. Vuille-Lessard E, Lebouché B, Lennox L, et al. Nonalcoholic fatty liver disease
diagnosed by transient elastography with controlled attenuation parameter in
unselected HIV monoinfected patients. AIDS 2016; 30:2635-43.

5. Chalasani N, Younossi Z, Lavine JE, et al. The diagnosis and man-
agement of non-alcoholic fatty liver disease: practice guideline by the
American Association for the Study of Liver Diseases, American College
of Gastroenterology, and the American Gastroenterological Association.
Hepatology 2012; 55:2005-23.

6. Demir M, Lang S, Steffen HM. Nonalcoholic fatty liver disease—current status
and future directions. ] Dig Dis 2015; 16:541-57.

7. Vernon G, Baranova A, Younossi ZM. Systematic review: the epidemiology and
natural history of non-alcoholic fatty liver disease and non-alcoholic steatohepa-
titis in adults. Aliment Pharmacol Ther 2011; 34:274-85.

8. Macias J, Berenguer J, Japén MA, et al. Hepatic steatosis and steatohepati-
tis in human immunodeficiency virus/hepatitis C virus-coinfected patients.
Hepatology 2012; 56:1261-70.

9. McGovern BH, Ditelberg JS, Taylor LE, et al. Hepatic steatosis is associated with
fibrosis, nucleoside analogue use, and hepatitis C virus genotype 3 infection in
HIV-seropositive patients. Clin Infect Dis 2006; 43:365-72.

10. PriceJC, Seaberg EC, Latanich R, et al. Risk factors for fatty liver in the Multicenter
AIDS Cohort Study. Am J Gastroenterol 2014; 109:695-704.

11. Sulkowski MS, Mehta SH, Torbenson M, et al. Hepatic steatosis and antiretroviral
drug use among adults coinfected with HIV and hepatitis C virus. AIDS 2005;
19:585-92.

12. Haubrich RH, Riddler SA, DiRienzo AG, et al; AIDS Clinical Trials Group
(ACTG) A5142 Study Team. Metabolic outcomes in a randomized trial of nucleo-
side, nonnucleoside and protease inhibitor-sparing regimens for initial HIV treat-
ment. AIDS 2009; 23:1109-18.

13. Blas-Garcia A, Apostolova N, Ballesteros D, et al. Inhibition of mitochondrial
function by efavirenz increases lipid content in hepatic cells. Hepatology 2010;
52:115-25.

14. Blas-Garcia A, Polo M, Alegre E, et al. Lack of mitochondrial toxicity of darun-
avir, raltegravir and rilpivirine in neurons and hepatocytes: a comparison with
efavirenz. ] Antimicrob Chemother 2014; 69:2995-3000.

15. Rockstroh J, Teppler H, Zhao J, et al. Safety and efficacy of raltegravir in patients
with HIV-1 and hepatitis B and/or C virus coinfection. HIV Med 2012; 13:127-31.

16. Rockstroh JK, Lennox JL, Dejesus E, et al; STARTMRK Investigators. Long-term
treatment with raltegravir or efavirenz combined with tenofovir/emtricitabine for
treatment-naive human immunodeficiency virus-1-infected patients: 156-week
results from STARTMRK. Clin Infect Dis 2011; 53:807-16.

17. Lennox JL, DeJesus E, Lazzarin A, et al; STARTMRK investigators. Safety and
efficacy of raltegravir-based versus efavirenz-based combination therapy in

Fatty Liver Disease and Raltegravir « CID 2017:XX (XX XXXX) « 7



18.

19.

20.

21.

22.

23.

treatment-naive patients with HIV-1 infection: a multicentre, double-blind ran-
domised controlled trial. Lancet 2009; 374:796-806.

Curran A, Martinez E, Saumoy M, et al. Body composition changes after switch-
ing from protease inhibitors to raltegravir: SPIRAL-LIP substudy. AIDS 2012;
26:475-81.

Martinez E, Larrousse M, Llibre JM, et al; SPIRAL Study Group. Substitution of
raltegravir for ritonavir-boosted protease inhibitors in HIV-infected patients: the
SPIRAL study. AIDS 2010; 24:1697-707.

Nguyen A, Calmy A, Delhumeau C, et al. A randomized cross-over study to com-
pare raltegravir and efavirenz (SWITCH-ER study). AIDS 2011; 25:1481-7.
Macias J, Real LM, Rivero-Judrez A, et al. Changes in liver steatosis evaluated by
transient elastography with the controlled attenuation parameter in HIV-infected
patients. HIV Med 2016; 17:766-73.

US Department of Health and Human Services, National Institutes of Health,
National Institute of Allergy and Infectious Diseases, Division of AIDS. Division
of AIDS (DAIDS) table for grading the severity of adult and pediatric adverse
events, version 2.0. 2014. Available at: http://rsc.tech-res.com/docs/default-
source/safety/daids_ae_grading_table_v2_nov2014.pdf. Accessed 9 February
2017.

Sasso M, Beaugrand M, de Ledinghen V, et al. Controlled attenuation parame-
ter (CAP): a novel VCTE™ guided ultrasonic attenuation measurement for the
evaluation of hepatic steatosis: preliminary study and validation in a cohort of
patients with chronic liver disease from various causes. Ultrasound Med Biol
2010; 36:1825-35.

24.

25.

26.

27.

28.

29.

30.

31.

Eron JJ, Young B, Cooper DA, et al; SWITCHMRK 1 and 2 Investigators.
Switch to a raltegravir-based regimen versus continuation of a lopinavir-ritona-
vir-based regimen in stable HIV-infected patients with suppressed viraemia
(SWITCHMRK 1 and 2): two multicentre, double-blind, randomised controlled
trials. Lancet 2010; 375:396-407.

Apostolova N, Blas-Garcia A, Esplugues JV. Mitochondrial interference by anti-HIV
drugs: mechanisms beyond Pol-y inhibition. Trends Pharmacol Sci 2011; 32:715-25.
Diaz-Delfin J, del Mar Gutiérrez M, Gallego-Escuredo JM, et al. Effects of nev-
irapine and efavirenz on human adipocyte differentiation, gene expression, and
release of adipokines and cytokines. Antiviral Res 2011; 91:112-9.

de Lédinghen V;, Vergniol ], Foucher J, Merrouche W, le Bail B. Non-invasive diag-
nosis of liver steatosis using controlled attenuation parameter (CAP) and tran-
sient elastography. Liver Int 2012; 32:911-8.

Friedrich-Rust M, Romen D, Vermehren J, et al. Acoustic radiation force
impulse-imaging and transient elastography for non-invasive assessment of liver
fibrosis and steatosis in NAFLD. Eur ] Radiol 2012; 81:e325-31.

Machado MV, Cortez-Pinto H. Non-invasive diagnosis of non-alcoholic fatty
liver disease. A critical appraisal. ] Hepatol 2013; 58:1007-19.

Myers RP, Pollett A, Kirsch R, et al. Controlled attenuation parameter (CAP): a
noninvasive method for the detection of hepatic steatosis based on transient elas-
tography. Liver Int 2012; 32:902-10.

Sasso M, Tengher-Barna I, Ziol M, et al. Novel controlled attenuation parame-
ter for noninvasive assessment of steatosis using Fibroscan: validation in chronic
hepatitis C. J Viral Hepat 2012; 19:244-53.

8 « CID 2017:XX (XX XXXX) o Macias et al


http://rsc.tech-res.com/docs/default-source/safety/daids_ae_grading_table_v2_nov2014.pdf
http://rsc.tech-res.com/docs/default-source/safety/daids_ae_grading_table_v2_nov2014.pdf

