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Switching Strategies to Improve Lipid Profile
and Morphologic Changes
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Abstract

Metabolic alterations and body fat changes are well-recognized limitations of protease inhibitor-based
regimens. Strategies of replacing protease inhibitors with nonnucleoside reverse transcriptase in-
hibitors or abacavir have been shown to improve metabolic abnormalities, particularly by decreasing
cholesterol and triglyceride levels, and reducing cardiovascular risk. The various therapeutic options
show differences in efficacy, tolerability, and metabolic outcomes. Abacavir seems to be better
tolerated, at least in the only randomized trial in which the three options were compared face-to-face,
but it is associated with higher virologic failure in patients with prior suboptimal nucleoside therapy.
Nonnucleoside reverse transcriptase inhibitors, particularly nevirapine, result in a better lipid profile
with a greater increase in HDL cholesterol and in the HDL/total cholesterol ratio, one of the most
important parameters associated with a reduction in cardiovascular risk. Efavirenz has been associ-
ated with increased triglyceride levels in some studies.

Although protease inhibitor compounds as a family have been linked to metabolic and body fat altera-
tions, new drugs such as atazanavir seem to be associated with a more favorable lipid profile.
Lipoatrophy is a stigmatizing complication in HIV-infected patients receiving HAART. There is strong
evidence suggesting a prominent role of thymidine analogs, mainly stavudine, in its development.
Substitution of stavudine or zidovudine for abacavir or tenofovir partially improves peripheral fat
loss. In addition, the lipid profile significantly improves.

Finally, although the extended use of non-thymidine nucleoside analogs and the development of new
families of antiretroviral drugs will probably result in a lower impact in lipids and morphologic
changes, many patients are currently under treatment with these compounds. In this setting, switching
strategies may be useful to minimize clinical and psychological consequences, improving the quality
of life of HIV-infected patients treated with HAART. (AIDS Reviews 2006;8:191-203)
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to find one of these entities alone. The mechanisms of interac-
tion between these complications are not well defined.

Several studies have suggested that the dyslipidemia as-
sociated with antiretroviral therapy may increase cardiovas-
cular risk. The DAD (Data collection on Adverse events of
anti-HIV Drugs)’ prospective observational study showed a
26% relative increase in the rate of myocardial infarction per
year of exposure to HAART during the first four to six years of
use. An incidence of 6% of new cases of diabetes per 1000
patients/year has also been reported in association with HAARTE,
Moreover, a comparison of different HAART regimes® has
shown that increased protease inhibitor (PI) exposure —but not
nonnucleoside reverse transcriptase inhibitor (NNRTI) expo-
sure- is associated with an elevated risk of myocardial infarc-
tion. The HIV Outpatient Study (HOPS) cohort'® also observed
an increase in myocardial infarction with Pl use, again in
comparison with NNRTI.

Although the etiology of metabolic disturbances is likely to be
multifactorial, growing evidence suggests a direct participation
of PI. Increases in triglycerides and VLDL cholesterol have been
documented after four weeks of lopinavir/r administration in
healthy individuals' and alterations in glucose metabolism have
been associated with other antiretrovirals in this family™.

It is important to point out that these lipid alterations and
morphologic abnormalities vary between the different PI*6, In-
dinavir has been more frequently associated with insulin resis-
tance and lopinavir/r with severe hypertriglyceridemia, whereas
the use of other agents, such as nelfinavir and particularly
atazanavir, results in a relatively favorable lipid profile™.

The role of Pl in fat changes remains uncertain. It seems
that they may contribute considerably to central-fat accumula-
tion (buffalo hump, “crixbelly”, etc.). Many studies have sug-
gested that thymidine nucleoside analogs, mainly stavudine
and to a lesser degree zidovudine, play a major role in fat
loss through a mechanism of mitochondrial toxicity'*"7. It is
likely that the interaction of both these antiretroviral families
increases the risk of body changes™". In addition, it has
been recently demonstrated that thymidine analogs are also
involved in some lipid disorders® ™,

Fortunately, the armamentagjum against HIV is quite. large
and several drugs with a bettejr\l&o ated @jbali ﬂ)gofip
are now available. Thus, switching to one or more of these
drugs may improve metabolic distlfb Eé}d@r@
cal trials have shown the benefit of this approach: in the

The aim of the present article is to review the studies pub-
lished in the English literature andfor presented at interna-
tional conferences investigating the strategy of switching
antiretrovirals to improve metabolic alterations and/or body fat
changes. Most of these studies show that the switching ap-
proach, which can also be called a “simplification strategy”
when the replaced drugs have more complex regimens in-
volving a larger number of pills than the new compounds,
maintains virologic suppression in most instances after the
switch. However, because of space constraints and in order
to focus the present review on metabolic alterations, the viro-
logic and immunologic outcomes generally will not be de-
scribed.

Switch from a Pl to a NNRTI or abacavir
Nevirapine-switch studies
Non-randomized studies

The first switch trial, reported by Carr, et al.?*, included
patients on Pl therapy (indinavir or saquinavir/ritonavir) with
lipodystrophy symptoms and metabolic abnormalities. The
patients were switched to nevirapine (n = 16) or nelfinavir
(n = 12). Within six months the results favored the nevirapine
group in terms of total cholesterol, triglycerides, and insulin
resistance. It was a small study, but it suggested that the
lipid profile might improve with a change in the PI.

Martinez, et al.®® reported an improvement in lipodystro-
phy and metabolic parameters, such as total cholesterol
(22%), triglycerides (57%), and glucose (15%), as well as
insulin resistance (45%) in 23 patients switched from a PI to
nevirapine.

Tebas, et al.%® provided a detailed report of the metabolic
alterations and morphologic changes on dual-energy X-ray
absorptiometry (DEXA) scanning in 40 patients with a viral
load of < 200 copies/ml who were switched from a Pl to ne-
virapine. Median follow-up was 24 weeks. This strategy was
effective in reducing lipid levels, but it was not successful in
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Randomized studies

Barreiro, et al.? included 138 patients with a viral load
< 50 copies/ml for more than six months while receiving a P!.
Of these patients, 104 were switched to nevirapine and 34
continued with the same regimen. There were no significant
changes in lipid parameters in either group after six months,
even though 77.5 and 57.5% of the patients, respectively, had
increased cholesterol and triglyceride levels at baseline. Body
shape abnormalities were found in 70% of patients at randomiza-
tion, but in only 50% of nevirapine patients after six months.

Another open-label, multicenter study®, which included
106 patients with lipodystrophy, reported improvements in
cholesterol and triglyceride levels in patients who were
switched from a Pl to nevirapine. At week 48 the nevirapine arm
showed a significant decrease in cholesterol (228 to 207 mg/dI;
p < 0.05) and triglyceride levels (270 to 217 mg/dl; p < 0.05),
whereas, no changes were found in the PI arm. Physicians
and patients noticed an improvement in lipodystrophy, al-
though this was not confirmed by DEXA.

Efavirenz-switch studies
Non-randomized studies

The results from efavirenz-switch studies are variable and con-
tradictory. In several studies a worsening of the lipid profile was
found®*', in some there were no changes in metabolic altera-
tions®% or body fat*#%3, and in others an improvement in the
metabolic parameters®38 and morphologic alterations* was de-
scribed. Martinez, et al.% reported the results from 20 patients
who had lipodystrophy with Pl regimens and were changed to
efavirenz. A clinical-anthropometric assessment, ultrasound
study, and metabolic evaluation were done at months 0 and 6.
At baseline, patients had substantial hypertriglyceridemia (85%),
hypercholesterolemia (70%) and hyperglycemia (40%). A trend
to an improvement in fat accumulation was observed, consist-
ing in a reduction in the waist/hip index and visceral fat, as well
as a significant reduction in triglyceride levels (31%) and in the

efavirenz arm achieved an improvement in central body fat
distribution, insulin resistance, and HDL cholesterol. Becker,
et al.*? presented 48-week data from the DMP 266-049 study,
in which Pl-treated patients were randomized to switch to
efavirenz or continue with the Pl regimen. No differences were
found in total cholesterol levels, but there was a trend to an
increase in HDL cholesterol in the efavirenz arm. In addition,
lipodystrophy was significantly more frequent in the Pl arm (3 vs.
0%; p = 0.03). In a smaller similar study“, there were, again,
no differences in total cholesterol, but an increase in HDL
cholesterol was evident.

Abacavir-switch studies

In the European/Canadian CNA 30017 study*, patients with
a viral load < 50 copies/ml were randomized to continue with a
Pl regimen (n = 106) or to switch to abacavir (n = 105) (Fig. 1).
At week 48, total cholesterol levels fell significantly and tri-
glyceride levels were lower (NS) in the abacavir arm. In two
other randomized studies*®“¢, a significant decrease was also
observed in total cholesterol and triglycerides after switching
from a PI to abacavir or Trizivir, with no changes in HDL
cholesterol. Pulvirenti, et al.#” reported the findings from the
COL30305 study. A total of 87 patients were randomly as-
signed to maintain their Pl or switch to abacavir. Mean triglyc-
eride and total cholesterol levels improved from baseline to a
greater extent in patients who switched to abacavir. An open-
label, randomized pilot study*® compared changes in fasting
lipids and HIV-1 RNA in 104 patients with Pl-associated hy-
perlipidemia, randomized to switch to abacavir (n = 52) or
continue with a Pl (n = 52) for 28 weeks. The abacavir arm
showed a significantly greater reduction in total cholesterol,
LDL cholesterol and triglycerides, with no differences in HDL
cholesterol, glucose, insulin, or insulin resistance.

Switch from PI to atazanavir

Unboosted atazanavir

insulin resistance index (28%) CJilawever no signi f%rhmani)l_]b (ln a praspective, observaonal study® including 33 HIV-in-

es in total cholesterol or chole @fr&@F
The Swiss HIV cohort evaluated the strategy of switching a

t@@&l@tmmyre @Iipidemia under treatment with

a PI a significant improvement in the lipid profile was ob-

Pl to efavirenz¥%, There was no {\@@wﬁ@ n4jér @iff@l’ IS)B ®T_@@®V§9§ﬁlﬂ gwtchlng to atazanavir. The 48-week
Its of the U

ences between the Pl and NNRTI therapy with regard to body

fat distribution, but a more faydrabieipid D[WQW@S]’W

in the efavirenz group.

Randomized studies

resu udy of Women s Health Across the Nation
st International Aids Confer-

ence in Thvggo n th|s mu t|center open trial, stable patients

ized to continue with lopinavir/r or to switch to
Of th € p@@ﬂgﬁl&] he changes in total cholesterol, triglycerides and

non-HDL cholesterol favored atazanavir (Fig. 2).
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Figure 1. Greater decrease in total cholesterol levels in patients switching to abacavir compared with those who continued with protease

inhibitor-based regimens in study CNA300174.

study (a 48-week trial comparing atazanavir with nelfinavir).
In an extension of the study, patients were asked to switch
from nelfinavir to atazanavir or to continue with atazanavir. The
switch group showed a considerable decrease in lipid levels
after 12 weeks (total cholesterol 16%, LDL cholesterol 21%,
and fasting triglycerides 28%; p < 0.0001). Similar results

were obtained after 12 weeks in another randomized study in
which patients switched from a boosted or unboosted PI to
atazanavir®?. It should also be mentioned that some sporadic
cases of patients in whom fat accumulation (dorsocervical fat
deposits or abdominal obesity) decreased after switching
from a Pl to atazanavir have been recently reported®,

Results
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Figure 3. Changes in triglyceride and cholesterol levels in patients who continued with protease inhibitors (Pl) compared with patients switch-

ing to efavirenz (EFV) or nevirapine (NVP)?'.

Ritonavir-boosted atazanavir

Martinez, et al.>* described the effects of switching from a
boosted Pl (mainly lopinavir/r) to atazanavir/r. After six
months an improvement in metabolic parameters was ob-
served (-18% in triglycerides; p < 0.0001; -12% in total cho-
lesterol; p < 0.0001; -10% in LDL cholesterol; p < 0.0001;
and -3% in HDL cholesterol; p > 0.05).

Multidrug-switch studies

One prospective, non-randomized study® included 100 pa-
tients under treatment with a PI. The PI regimen was changed
because of toxicity or intolerance, to any of the NNRTI (efavirenz
or nevirapine). After one year a reduction in total cholesterol
(241 to 206 mg/dl; p < 0.001) and triglycerides (286 to
194 mg/dl; p < 0.001) was observed, but there were no favor-
able changes in the morphologic alterations.

Negredo, el al.®' conducted a randomized, prospective, open
study comparing continuation of Pl treatment (n = 26) with a
switch from the Pl to nevirapine (n = 26) or efavirenz (n = 25).
The patients’ viral load was < 80, copies/ml and CD4+ gell.count
was > 300 cells/ul. At baseline, 7%‘1 ;Q@w@w@l p
as assessed by DEXA scan. Metabolic abnormalities were not
severe (nevirapine: 203 and 223 mg/d| E@@uﬁ
terol, respectively; efavirenz: 178 and 227 mg/dl; PI: 231 and

topty U
©r po

The NEFA study%® was the first randomized study compar-
ing the three possible options to simplify a PI regimen: nevi-
rapine, efavirenz, and abacavir. A total of 460 patients with a
viral load < 200 copies/ml for at least six months were in-
cluded, and the 48-week data were published. A substudy
(LipNEFA) with 90 patients, consisting in a more detailed
evaluation of the metabolic and body fat changes after two
years of follow-up, was conducted by our medical unit in col-
laboration with Hospital Vall d’Hebron%®. Metabolic parameters
were evaluated at baseline and every three months, while
body fat distribution changes were assessed clinically by
DEXA and by anthropometric measurements. Overall, the
simplification strategy was associated with a notable improve-
ment in the lipid profile, with several important differences
between the arms, particularly regarding the NNRTI and aba-
cavir. Whereas abacavir reduced total cholesterol and LDL
cholesterol to a greater extent than the NNRTI, both NNRTI
increased HDL cholesterol levels (Fig. 4). During the first year,
triglycerides significantly decreased in the three arms, but in
the second year they rose again up to baseline values. A
non-significant trend to an improvement in insulin resistance

s,evaluated by the homegstasis model assessment (HOMA)
5(]&£@E|@Qrvm@t¥o E—Z%, efavirenz -20%, nevirap-
ine -5%). Overall, a trend to a decrease in lipo-accumulation
@‘t@fy“ﬁ heral fat loss was found, the latter
probably related to the high proportion of patients continuing

207 mg/dl) (Fig. 3). A signifiw‘i WGWTM@t W@F Wmeﬁ@gmﬁ é;fp HAART regimen.

terol, LDL cholesterol, and triglycerides was observed starting

Ina study, Maggiolo, et al.®° evalu-

from month three in the nevirapine group, but no Ciﬁfafiﬂré[)b Jﬁjgﬁgﬁ assigned to continue with their Pl or to replace
cholesterol were reported, in contrast to many studies®®>. Intheg- “it tl vir or efavirenz. In the PI group, there was a

efavirenz group, there was no improvement in lipid parameters

and an incre, ri ! abqv S after,
nine months. dy fat ges war bmv S st dy.u

jreater increase in triglycerides and cholesterol levels and
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Statistical significance of change within each arm: *p < 0.01, fp < 0.001.

Figure 4. Lipid changes observed in LipNEFA study®® 24 months after the substitution of protease inhibitors by abacavir, efavirenz or nevirapine.

in the efavirenz group. In the abacavir group, total choles-
terol was significantly lower as compared with the other two
groups, but no changes in triglycerides were found.

Nucleoside reverse transcriptase inhibitor-
switch studies

Many data suggest that the thymidine-analog stavudine,
and to a lesser degree zidovudine, are associated with the
development of lipoatrophy through a mechanism of mito-
chondrial toxicity. The strategy of switching from stavudine to
a non-thymidine nucleoside analog such as tenofovir or aba-
cavir has been examined in seyeral studies in r% r to im-
prove metabolic disturbancesM@fap@{ O-F) éh

Abacavir-switch studies

IS pu
reproduced or pesioatm e

sented a significant reduction in lactate concentrations (from 2.9
to 1.3 mmol/l). There were no changes in the remaining meta-
bolic parameters such as total cholesterol, HDL cholesterol and
LDL cholesteral, triglycerides, insulin, glucose, or peptide C.

In another similar trial®? in which stavudine was replaced by
abacavir or zidovudineg, 16 patients with lipoatrophy showed
peripheral fat increase (arms 21%, legs 11%) at week 48. There
was a decrease in lactate concentrations and in adipocyte apop-
tosis, but again no changes in lipid parameters were reported.

A third study®® involving this same substitution showed in-
creased apoptosis in patients receiving stavudine and an
improvement after 48 weeks of switching. In this case there
Ev) S no metabolic evaluation.

1&@“ %hmw bﬁ%nts with lipoatrophy continued
with stavudine (n = 63) or were switched to abacavir (n = 49).
gaters improved in the abacavir arm and

there was a reduction in lactate levels after six and 12 months

Nonjra ndomized studiegyjthout the prior wtiteerrhermission

In the TARHEEL study®', an increment in peripg Im(ﬁg ized studies
T .nj)LfBHds“H'E?

+18%, arms +35%) was observed after 48 week:
from stavudine to abacavir or zidovudine. Computed tomogra-

The Australian Mitochondrial Toxicity (MITOX) study® in-

phy demons a inc in sub a Qudgd 1 tignis it tectabl 0dds and moder-
4% decreas ce IéFEma m%zaél mia ore @ eray alr i1y takifg Stavuding of zidovudine.
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Figure 5. Limb fat increase observed in MITOX study® after the substitution of stavudine or zidovudine by abacavir (ABC), compared with

continuing with thymidine analogs (ZDV/d4T).

At week 24, patients who switched to abacavir showed a
slight improvement in lipoatrophy. There were no differences
between the groups in visceral fat or metabolic parameters
(lactate, glucose, total and fractionated cholesterol, peptide C,
triglycerides, and insulin). In the 104-week extension of this
study®8, the lipoatrophy improvement persisted (Fig. 5).

Two randomized studies have investigated the benefit of
double switching of nucleoside reverse transcriptase in-
hibitor (NRTI) and Pl-containing regimens®”%, In one of
them, patients were taking stavudine with lamivudine and a
PI67. Some of the participants (n = 15) continued this therapy,
whereas others (n = 22) were switched from stavudine to zi-
dovudine and from the PI to abacavir. At week 48 there was
an average fat-mass gain in the arms and legs of switch
patients versus a loss in the controls as evaluated by DEXA
(p = 0.04, on-treatment analysis). No significant effects on
intraabdominal fat were detech by com
Lastly, total and fractionated @es@@
lactate did not change significantly in the swﬂch group.

In the other study®, 27 HIV-1-infet§@p:f
load < 50 copies/ml on treatment with stavudine and either a Pl

or NNRTI, and with high totalvkﬂeﬁﬁ:@ lj\telTh éQ rrﬂ%iar

> 180 mg/dl) and/or lipoatrophy were randomized | o three

sgeehiar p
Wien

LDL cholesterol levels fell significantly in the second and third
groups. Triglycerides also improved significantly in the sec-
ond group. In contrast, arm and leg fat mass on DEXA in-
creased significantly in the first group. No changes in intraab-
dominal fat were observed by computed tomography.

Tenofovir-switch studies

Non-randomized studies

The Spanish LIPOTEST study enrolled 53 patients with un-
detectable viral load and moderate to severe lipoatrophy®
while receiving stavudine. This drug was switched to tenofovir
and patients were prospectively followed. After 48 weeks, pa-
tients gained fat mass and subcutaneous malar fat thickness,
as determined by bioelectrical impedance analysis and sonog-

ted f ﬂgg g b hy, respectively. There was also a decrease in total choles-
er rbu |GarblLidotate im | as an increase in mitochon-

drial DNA in peripheral blood mononuclear cells (Fig. 6).

h}@?{(@ @@Wbﬁ@strated that the combination of teno-

fovir/lamivudine/efavirenz was highly effective and comparable

p@ mef/§$ in naive patients. It was also
atients al cat

to the stavudine arm had a

groups: 1) stavudine was switched to abacavir; qumé busb Lgﬁlmgreater increase in cholesterol and triglyceride
NNRTI was switched to abacavir; and 3) staqu h e tenofovir patients. After 144 weeks of follow-up,

PI/NNRTI were changed to zidovudine and abacavir. Patients

85 patients recewmg stavudine were rolled-over into a 96-week
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Figure 6. Increase in PBMC mitochondrial DNA concentrations observed in LIPOTEST study®® after the substitution of stavudine by tenofovir.

es in total cholesterol (38 mg/dl), LDL cholesterol (16 mg/dl)
and triglycerides (72 mg/dl) (p < 0.001) were documented, as
well as an important improvement in lipoatrophy (limb fat in-
creased 0.42 kg; p < 0.001). A slight decrease in HDL cho-
lesterol levels also occurred (1 mg/dl; p = 0.048).

The RECOVER study from Spain was a prospective, multi-
center study in which tenofovir substituted stavudine’. At week
12, the lipid parameters showed a substantial improvement,
while at week 487 fasting cholesterol and triglycerides continued
decreasing. Moreover, in a sub-study (LIPO-REC)™ a statisti-
cally significant decrease was found in the overall 48-week
cardiovascular risk estimated with the Framingham equation.

Randomized studies
The British RAVE study™ is the only trial (although small) in
which zidovudine or stavudine substitp@p‘qﬁ@@@([r D)

or tenofovir (n = 52) was investigated. At week 48, there was a

compared with reducing the stavudine dose to 30 mg twice
daily (n = 18) or switching from stavudine to tenofovir (n = 18).
Fasting plasma glucose, triglycerides, lactate, and total HDL
and LDL cholesterol were assessed at baseline and at one,
three, and six months. Mitochondrial oxidative activity (polar-
ography) and body fat (DEXA) were evaluated at baseline and
at six months. Reducing the stavudine dose and switching to
tenofovir were both effective in improving total cholesterol and
triglyceride status. Both approaches were also associated with
increases in body fat, but the effect of switching to tenofovir
was greater than that of reducing stavudine.

Switching to nucleoside analog-sparing

No part of this puf)eﬁié"aef’fon may be

Several trials (ACTG5125s™, ACTG511078) have recently
@@@@thrg a thymidine analog to a nucleoside

analog-sparing regimen including a boosted Pl plus a NNRTI
Although the gain in periph-

significant increase in limb W Wn esi Ve tially “{ﬂ
[ ; oowrFE cheé‘ Fl@f)ﬂ eralytlggg\ﬁsl jembu statistically significant- at least it

groups (abacavir 0.5 kg; ten hanges i

|p|d pa-

rameters significantly favored tenofovir (total choles a_lg usbqrﬁt gﬂéf changing therapy may halt fat loss.
0.31 mmol/l; p = 0.01; LDL cholesterol -0.25 vs.0.10 |/Ip A pilot study™, a switch to a regimen of lopina-

p = 0.05; and triglycerides -0.49 vs. 0.46; p = 0.01).

vir/r plus newrapme was associated with a reduction in m|to-
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