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Fig. 4. Von Kossa staining for visualization of calcifications in cyst walls. Calcifications (cal-

cium deposits) were visualized in black by von Kossa stain. (See Figures, Supplemental
Digital Content 1 through 3, http:/links.lww.com/PRS/A964, http://links.lww.com/PRS/
A965, and http://links.lww.com/PRS/A966, respectively.) (Above and center, right) Case 1:
calcifications were localized only on the inside of the internal fibrous layer. (Center, left) Case
2: microcalcifications were observed even at the center of the wall (black arrows). (Below)
Case 3: calcifications were stronger in the cyst wall than in the other cases.

become anti-inflammatory M2 macrophages
with greater capacity for the induction of other
mononuclear cells to produce angiogenic and
fibrogenic cytokines, notably interleukin-4,
interleukin-10, interleukin-13, and transforming
growth factor-$1.2 Thus, M2 macrophages are
associated indirectly with angiogenesis and fibro-
genesis. Our recent animal studies suggest that
M2 macrophages are key players, contributing
to fibrogenesis and calcification after fat grafting
(unpublished data).

Three cases in this study had oil cysts from dif-
ferent periods after fat grafting: 2, 4, and 6 years.
The oil cysts with a longer history appeared to
show more calcification in the innermost layer

and a larger fibrous area adjacent to the degener-
ated fat portion than those with a shorter history,
although our study included only a small number
of cases. Calcified deposits were observed also
in the intermediate fibrous area in the case with
the longest history. These histopathologic find-
ings and clinical computed tomographic images
revealed that oil cysts, which are formed by 6
months and are filled with necrotized materials,
are continuously inflammatory and calcifications
continue to develop—very slowly—over time for
several years; indeed, it seems that these progres-
sive changes never end.

We should never forget what has occurred as
a result of immature techniques in the past and
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Fig. 5. Sequential computed tomographic images of oil cysts
“taken from a patient (34-year-old woman) with multiple oil cysts
in both breasts who did not undergo any removal of the cysts. The
size of the oil cysts did not change between 3 and 8 years, but cal-
cification progressed during that period. (See also Figure, Sup-
plemental Digital Content 5, http:/links.lww.com/PRS/A968.)

never repeat the history of prior fat grafting to the
breast.?? Large fat necrosis-inducing oil cysts must
be avoided, although small fat necrosis resulting in
sand-like calcification may be within acceptable lim-
its. A bolus injection of fat always results in a large
central necrosis and oil cysts. As recent technical
advances have suggested,* we can prevent oil cysts
by meticulously distributing fat tissue evenly and
diffusely as tiny aliquots or noodles, paying great
attention, using specific devices and techniques.
We believe that sophisticated injection techniques
are crucial for avoiding oil cysts among many
surgeon-side factors affecting clinical outcomes.
Adipose tissue and its stem/progenitor cells can
volumize, vitalize, or harmonize pathologic tissues,
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Fig. 6. Sequential mammographic images of a patient
(30-year-old woman) who underwent fat grafting to the breast
with no postoperative lumps. Calcifications were not apparent
at 1 year (left), but sand-like macrocalcifications were clearly
detected at 4 years (center) and 7 years (right). (See Figure, Sup-
plemental Digital Content 5, http://links.lww.com/PRS/A968.)

but we should standardize and expand the use of
this powerful and promising injectable with much
greater care than was once used.
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APPENDIX

See Figure, Supplemental Digital Content 1,
which shows detailed data for the patient in case
1, a 24year-old woman who underwent fat graft-
ing for cosmetic breast augmentation 2 years ear-
lier, http://links.lww.com/PRS/A964. She recognized
hardness of the entirety of both breasts at 6 months
and gradually recognized tenderness and abnor-
mal sensations. She visited us for consultation. (A)
She had well-projected breasts with tight skin. The
contour of the upper pole appeared similar to a
breast with implant contracture. (B) Preoperative

computed tomographic scan showed that there was
a single large calcified oil cyst under each mam-
mary gland. It was suspected that 100 to 200 ml of
fat tissue had been introduced in a bolus injection
before. (C) Removed oil cysts were filled with muddy
content caused by fat necrosis. The oil cyst wall had
innermost and outermost fibrous layers. (D) Hema-
toxylin and eosin staining showed that surfaces on
both sides of the cyst wall were fibrosis layers. Scale
bar = 300 um. (E) Immunohistochemistry showed
that there were regular and degenerated fatty por-
tions between the inner and outer fibrous layers.
Scale bar =300 pm. (F) There were two types of fatty
portions: a regular fatty portion and a degenerated
fatty portion. The degenerated portion had many
dead (perilipin-weak or -negative) adipocytes and
fibrous areas. Scale bar = 100 pm. (G) The regular
fatty portion showed round perilipin-positive adi-
pocytes and lectin-positive vessels and capillaries.
Scale bar = 50 pm. (H) The regular fatty portions
had CD34+ adipose stem/progenitor cells around
vessels and capillaries. Scale bar = 50 pm. (I) Von
Kossa staining showed that calcifications were seen
in the innermost fibrous layer. Scale bars = 500 and
300 um.

See Figure, Supplemental Digital Content 2,
which shows detailed data for the patient in case 2,
a 30-year-old woman who underwent fat grafting for
cosmetic breastaugmentation 4 years earlier, hitp://
links.lww.com/PRS/A965. She recognized multiple
lumps in both breasts afterward. She wanted to
have the lumps removed because of tenderness and
contracture. (A) Her breasts had slightly projected
upper poles, and multiple solid lumps were palpa-
ble. (B) Preoperative three-dimensional computed
tomography clearly indicated two calcified large
lumps below the mammary gland on each side. (C)
The four removed lumps were of variable sizes. Cal-
cified scales were seen on the inner surface of the
cyst wall. (D) Immunohistology showed that large
oil droplets (arrows) were seen in the degenerated
fatty portion between the two surface fibrous layers.
A regular fatty layer was rarely seen. Scale bar = 300
pm. (E) Degenerated portions showed many small
and large oil droplets (perilipin-negative) in the
fibrous area. All oil droplets were surrounded by
MAC2+ macrophages. Scale bars = 300 and 100 um.
(F) Most of the macrophages were positive for both
MAC2 and CD206, indicating that they were anti-
inflammatory M2 macrophages. Scale bar = 30 pum.
(G) Von Kossa staining showed that calcifications
were seen not only in the innermost fibrous layer,
but also in the intermediate fibrous area. Scale
bars =500, 100, and 60 pm.
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See Figure, Supplemental Digital Content 3,
which shows detailed data for the patient in case
3, a 30-year-old woman who underwent fat graft-
ing for cosmetic breast augmentation 6 years
earlier, http://links.lww.com/PRS/A966. She recog-
nized multiple lumps in both breasts afterward.
She wanted to have the lumps removed because
of occasional pain. (A) Her left breast had an
abnormal shape because of an underlying large
lump. Other lumps were palpable, but their sizes
were smaller. (B) Preoperative magnetic resonance
imaging showed multiple oil cysts; the largest was
located below the left mammary gland. (C) A large
cyst had a very thick and calcified cyst wall and con-
tained muddy, necrotic material inside. A smaller
cyst had a thinner wall and scaly calcifications on
the inner surface of the wall. (D) Hematoxylin and
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eosin staining showed degenerated fatty regions
containing numerous oil droplets between the
two fibrous surface layers. These oil drops had not
been absorbed even after several years, suggesting
that chronic inflammation in the cyst wall may be
endless. No regular fatty portion was seen in this
case with the longest history. Scale bar= 300 pm. (£)
The fibrous area in the degenerated fatty portion
showed many infiltrated macrophages around the
oil droplets. Scale bars = 300 and 100 pm. (F) Von
Kossa staining showed that the cyst wall of case 3
presented not only macrocalcifications on the
inner surface, but also intense granular calcified
deposits in the intermediate fibrous area, suggest-
ing that long-term inflammation accompanied by
M2 macrophages may induce calcifications. Scale
bars = 300 pum, 1 mm, and 100 pm.

Plastic Surgery Level of Evidence Rating
Scale—Therapeutic Studies

THERAPEUTIC

“first principles”

Level of Evidence Qualifying Studies

I Highest-quality, multicentered or single-centered, randomized
controlled trial with adequate power; or systematic review of these
studies

II High-quality, randomized controlled trial; prospective cohort or
comparative study; or systematic review of these studies

1II Retrospective cohort or comparative study; case-control study; or
systematic review of these studies

v Case series with pre/post test; or only post test

v Expert opinion developed via consensus process; case report or

clinical example; or evidence based on physiology, bench research, or

Find out more from the “Evidence-Based Medicine: How-to Articles”
Collection at www.PRSJournal.com
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ORIGINAL ARTICLE

Application of Normobaric Hyperoxygenation to
an Ischemic Flap and a Composite Skin Graft
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ihe concept of oxygen as a therapeutic agent
was first introduced in the 1920s by Barach.!
Since then, the effects of hypoxemia and its
reversal with oxygen supplementation have been
well-explored, leading to increased use of oxygen-
ation for treating respiratory and/or cardiovascular
insufficiency and postsurgery/postanesthesia condi-
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tions.”* An extreme therapeutic example is hyper-
baric oxygenation (HBO), which typically uses 100%
oxygen at 3 atmospheres and has been applied for
various purposes, including promoting wound heal-
ing for grafting or supporting flap survival.>¢ HBO,
however, can be used clinically only for 60-90 min-
utes per day due to its pulmonary toxicity.” The
systemic influences of the strong toxicity and the re-
peated rebounding effects remain to be determined,
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and the therapeutic benefits of HBO remain contro-
versial, limiting expanded use. The biological roles
of oxygen in the skin and wound healing have been
examined at the molecular level and its clinical us-
age were reviewed recently.®®

In this study, we sought to develop a saferand more
reliable hyperoxygenation method to improve tissue
wound healing using normobaric hyperoxygenation
(NBO). We first researched the effects of NBO with
various fraction of inspiratory oxygen (FiO,) on the
tissue partial pressure of oxygen (PtO,) in various
tissues and organs. After establishing an optimized
NBO protocol and confirming a beneficial effect on
cell survival in skin organ culture, we examined the
therapeutic value of postoperative NBO for improv-
ing clinical outcomes of an ischemic flap and a com-
posite skin graft.

MATERIALS AND METHODS

Oxygen Pressure Measurement

All animal care was in accordance with institu-
tional guidelines. Fifty-five Jcl:ICR mice (males,
7-10 weeks old) were purchased from the Nippon
Bio-Supply Center (Tokyo, Japan). PtO, in mice (n=
3) was measured as described previously.'® Briefly, it
was measured with a modified Clark-type electrode
(200 pm in diameter) and an oxygen monitor (Eiko
Kagaku, Tokyo, Japan) under minimal anesthesia
to prevent substantial cardiovascular or respiratory
depression. The oxygen electrode was inserted di-
rectly into the abdominal subcutaneous tissue, the
inguinal fat pad, the femoral muscles, the liver, and
the kidney under oxygen at 20% (room air), 60%,
or 100%. The sensor was placed in the tissue for at
least 10 minutes until the measured value reaches a
plateau. The partial pressures of oxygen in arterial
blood (PaO,) and venous blood (PvO,) under oxy-
gen at 20% (room air), 60%, or 100% were also mea-
sured with a blood gas analysis apparatus (ABL800
Flex, Radiometer, Tokyo, Japan).

Mice Models of a Skin Flap and a
Composite Skin Graft

After a mouse was anesthetized, with an intraperi-
toneal injection of pentobarbital, 2 kinds of trans-
plantation models were prepared.

A rectangular skin flap was used as a vascularized
but partly ischemic tissue transplantation model, as
described previously.!! In this model, a cranial-based
rectangular skin flap (1x4cm; »n = 10), including
the subcutaneous tissue, was elevated on the back.
After placing a thin synthetic film (Asahikasei, To-
kyo, Japan) to prevent revascularization from the
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underlying wound bed, the skin flap was sutured or-
thotopically using 6-0 nylon.

A composite skin graft was used as a nonvascular-
ized tissue transplantation model. In this model, a
square-shaped composite skin (2x2cm, n = 10) in-
cluding the subcutaneous tissue was excised from
the back and was immediately sutured orthotopically
with 6-0 nylon, followed by a gauze dressing.

The animals of both models were divided into 2
groups, control and NBO. The control animals were
housed under room air (20% oxygen), whereas NBO
group animals were kept under NBO (normobaric
60% oxygen and 40% air) for the first 3 days after
surgery and under room air for the remaining pe-
riod. The animals were given free access to food and
water. Experimental procedures are summarized in
Figure 1 and Supplemental Figure S1. [See Supple-
mental Digital Content 1, which demonstrates ani-
mal models of a skin flap and a composite skin graft.
(A) A quadrant skin flap was elevated on the back
of mice and sutured to the original position. (B) A
composite skin was excised on the back of mice and
sutured to the original position. The tie-over dress-
ing was performed and removed at 1 week, http://
links.luw.com/PRSGO/A31.]

Measurement of Tissue Viability

Surgical sites were photographed at 1, 2, and 4
weeks after surgery. Areas of survival, contraction,
and necrosis (or eschar formation) were measured.
Each area was color-coded manually in yellow, white,
and black (or gray) with graphics software (Photo-
shop CS6, Adobe Systems, San Jose, Calif.), followed
by measuring the pixel number of each area.

Cell Viability in Skin Organ Culture

Small round skin fragments (6mm in diam-
eter) were harvested from the back of mice with a
disposable punch biopsy (Kai Industries, Gifu, Ja-
pan). Skin samples were incubated in Dulbecco’s
modified Eagle medium containing 4% hyaluronate
and 5% fetal bovine serum for 6 hours under 1%
(hypoxia), 6% (normoxia), or 20% (hyperoxia)
oxygen (n = 3 for each group). After washing with
phosphate-buffered saline, they were incubated
with Hoechst33342 (Dojindo, Kumamoto, Japan)
and propidium iodide (PI; Sigma-Aldrich, St. Louis,
Mo.) at 37°C for 30 minutes. The stained samples
were evaluated under a TCS SP2 confocal micro-
scope system (Leica, Heerbrugg, Switzerland). Ten
serial images of the dermis were obtained at 3-pm
intervals and were processed to produce a surface-
rendered, 30-pm-thick, three-dimensional image.
Numbers of all nuclei (Hoechst-positive) and dead
nuclei (Hoechst- and Pl-positive) were counted.
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Fig. 1. Normoxic control and NBO application in mouse model of a rectangular skin flap and a
composite skin graft. Using 20 ICR mice, a skin flap model (n = 10) and a composite skin graft
model (a skin graft containing subcutaneous tissue; n = 10) were prepared (above) and di-
vided into 2 groups: the normoxic control and NBO therapy groups (below). In the NBO group,
normobaric hyperoxygenation with 60% O, was applied for the first 3 days after surgery.

Statistical Analysis

Results are described as means + standard de-
viations. Comparisons between the 2 groups were
performed using the unpaired Student’s f test.
Comparisons of more than 2 groups were made by
analysis of variance with the Bonferroni correction.
Statistical significance was defined as P< 0.05.

RESULTS

Oxygen Tension of Blood and Tissues
Influenced by NBO

PaO, and PvO, measured in this study were
115+27mm Hg and 47+10mm Hg, suggesting that
oxygen tension is very similar between mice and hu-
mans. It was also found that PtO, varied consider-
ably among organs: PtO, (mm Hg) was 50+9.3 in
inguinal fat pad, 28 +14 in femoral muscle, 28 +16 in
liver, 26+16 in kidney, and 43+9.5 in subcutaneous
tissue (Fig. 2).

PaO, was increased to 217% and 250% by applica-
tion of 60% (8 times that of room air) and 100% (5
times) oxygen, respectively, while PvO, was 134% (60%
0,) or 171% (100% O,). NBO using high FiO, (60%

or 100% oxygen) increased PtO, in all organs/ tissues
tested, although the increase in PtO, was not propor-
tional to the increase of FiO,, as seen in PaO, and PvO,.
The increased percentage of PtO, under 60%,/100%
oxygen was 201%/475% in inguinal fat, 195%,/484%
in femoral muscle, 141%,/259% in liver, 126%,/136%
in kidney, and 178%/290% in subcutaneous tissue,
respectively (Fig. 2). These results supported previous
studies showing PtO, of the skin and soft tissues.'*"*

Treatment with normobaric 100% oxygen killed
all mice in 2 days, although 100% oxygen at 2-3
atmospheres absolute is generally used in clinical
HBO. We also found that long-term (several weeks)
continuous application of normobaric 60% oxygen
was not toxic and could be used as a continuous
NBO therapy.

NBO Therapy for the Rectangular Skin Flap

The skin flap was evaluated at 1 week after sur-
gery when the necrotic demarcation was definite. In
the normoxic control group (FiO, = 20% for 7 days),
skin flap areas of contraction, engraftment, and ne-
crosis were 30% + 4.3%, 18% + 4.9%, and 51% +
6.5% of the original flap size, respectively. On the
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Fig. 2. Oxygen pressure of blood and organs under 3 differ-
ent inspired oxygen concentrations. NBO (normobaric 60%
or 100% oxygen) was applied to mice and compared with
room air. PaO,, PvO,, and PtO, of all tested organs changed
depending on the inspired oxygen concentrations, although
the increase in PtO, was not always proportional to that of
the inspired oxygen concentration.

Fat Muscle Liver

other hand, in the NBO group (FiO, = 60% for the
first 3 days and 20% for the next 4 days), flap areas
of contraction, engraftment, and necrosis were 26%
+6.6%, 20% + 4.9%, and 54% + 2.4% of the original
flap size, respectively (Fig. 3). Normobaric 60% oxy-
genation therapy did not significantly improve the
survival of the rectangle skin flap.

NBO Therapy for the Composite Skin Graft

The composite skin graft was evaluated at 2 and 4
weeks after surgery, but the eschar remained on the
graft and disturbed precise evaluation of contrac-
tion, engraftment, and necrosis (Fig. 4A). Thus, we
evaluated the composite skin graft only at 4 weeks
by which time all eschars had disappeared and
wound contraction was complete. In the control
group (FiO, = 20% for 7 days), the areas of contrac-
tion, engraftment, and necrosis were 42% + 8.0%,
52% + 10%, and 6.1% + 4.3% of the original graft
size, respectively. In the NBO group (FiO, = 60%
for the first 3 days and 20% for the next 25 days),
the areas of contraction, engraftment, and necrosis
were 27% + 5:7%, 68% + 5.2%, and 4.7% + 3.1% of
the original graft size, respectively (Fig. 4B). The
3-day NBO therapy significantly increased the en-
graftment area (P= 0.023) and decreased the con-
traction area (P=0.014).

Organ-cultured Skin Viability under Hypoxia,
Normoxia, and Hyperoxia

Skin samples were cultured in medium under 1%
(8 mm Hg; hypoxia), 6% (46mm Hg; normoxia),
and 20% (152mm Hg; hyperoxia) oxygen. As the
PtO, of skin that we measured in mice was around
40-50mm Hg, culture under 6% O, corresponded
approximately with normoxic condition for the
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skin sample in organ culture. Nuclei of dead cells
were stained with PI, whereas all nuclei (both viable
and dead cells) were stained with Hoechst33342
[Supplemental Fig. S2A, see Supplemental Digital
Content 2, which demonstrates cell death assay for
organ-cultured skin samples. (A) Skin samples were
organ-cultured under various oxygen tensions: 1%
(8mm Hg; hypoxia), 6% (46mm Hg; normoxia),
and 20% (152mm Hg; hyperoxia). All nuclei were
stained with Hoechst33342 (blue), whereas nuclei
of dead cells were stained also with PI (red). The
control is a noncultured skin sample, hitp://links.
lww.com/PRSGO/A31]. The number of dead cells
in skin samples increased after organ culture. The
proportion of dead cells was significantly higher
under hypoxia than under normoxia or hyper-
oxia [Supplemental Fig. S2B, see Supplemental
Digital Content 2, which demonstrates cell death
assay for organ-cultured skin samples. (B) Dead
cells increased significantly when cultured under
hypoxic conditions, suggesting that PtO, of the sur-
rounding recipient tissue may substantially affect
the acute damage of the grafted tissue, hitp://links.
lww.com/PRSGO/A31]. These results supported the
in vivo results showing that nonvascularized tissue
damage was affected by the oxygen tension of the
microenvironment.

DISCUSSION

This study revealed that systemic NBO elevated
PtO, in all tissues/organs and that 3-day postop-
erative NBO therapy using 60% oxygen improved
engraftment significantly of a nonvascularized com-
posite skin graft, but not of a vascularized skin flap.
Tissues/organs with vascularization, such as a skin
flap, a microsurgical free flap, and a transplanted
kidney, are maintained by blood flow from the nu-
trient pedicles. On the other hand, tissues/organs
without vascularization, such as a skin graft or fat
graft, are maintained only by plasmatic diffusion

from the surrounding vascularized tissue until revas-

cularization occurs.

In our previous studies,’>"” we found that the
first 3 ischemic days are the critical period for de-
termining whether the tissue will survive or die.
Under severe ischemic or hypoxic (or even other
stress) conditions, almost all differentiated func-
tioning cells will die, but tissue-resident stem/pro-
genitor cells can stay alive up to 3 days even without
oxygen.!” The resident stem/progenitor cells are
even temporarily activated by tissue damage. If re-
vascularization is achieved within the 3 days, the
tissue may be partially repaired by activated and
recruited stem/progenitor cells, but the tissue will
finally necrotize in cases when the microenviron-
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ment does not improve within 3 days. This is the
reason why we used NBO therapy only for the first
3 days in this study.

There are many reports on oxygen delivery to
tissues/organs.'®*2 The oxygen content in a fluid
(blood) of one deciliter [C(O,)] is expressed by the
following equation'*%:

C(0,)[ (0, )mL / (fluid)dL |
=P(0,)x 0.0225 + Hb xS§(0,)x 1.306,

where P(O,) is the mean oxygen partial pressure
(15.4 kPa in arterial blood under 20% FiO,), Hb is
the hemoglobin concentration (g/dL), and $(0O,) is
the oxygen saturation (generally close to 1).

As indicated in this equation, hemoglobin in red
blood cells usually contains most (~99%) of the ox-

Fig. 3. NBO therapy for skin flap engraftment. A, NBO therapy using normobaric 60% oxygen
was applied for the first 3 days after elevation of a skin flap and compared with the control
at 1 week. The flap areas of contraction, engraftment, and necrosis were measured and are
colored in white, yellow, and black, respectively. B, The areas of contraction, engraftment,
and necrosis were not significantly different between the control and NBO groups.

ygen in blood, while the rest (the plasma portion)
contains only about 1%. Under conditions where
$(0,) is already about 1, applying hyperoxygenation
with 60% O, will increase P(O,) (up to 3 times) alone
and the increase in C(O,) is only up to 3%. Thus,
this would suggest that the NBO does not provide
much benefit to a vascularized flap. On the other
hand, a nonvascularized skin fragment has no cir-
culating blood and is maintained only by plasmatic
diffusion from surrounding vascularized tissue. The
oxygen content of the diffusing plasma, which does
not contain hemoglobin, is proportional to P(O,), as
indicated by the equation. Thus, it seems to be theo-
retically reasonable that increased P(O,) as a result
of NBO will have a significant influence on the non-
vascularized composite skin graft survival, but not on
the elevated skin flap.
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Fig. 4. NBO therapy for composite skin graft engraftment. A, NBO therapy using normobaric
60% oxygen was applied for the first 3 days after grafting of a composite skin and compared
with the controls at 2 and 4 weeks. B, The areas of contraction, engraftment, and necrosis at
4 weeks were measured. The contraction area decreased significantly and the engraftment

area increased significantly by NBO therapy.

Oxygen delivery to the tissues and wound was
extensively studied by Hunt and Hopt and their
colleagues. Their works cover a variety of physical
factors and therapeutic modalities to influence with
perfusion and tissue oxygen tension in relation to
wound healing and postoperative infection in surgi-
cal patients.'*!*?12 Although there are a number of
adjunct therapies for increasing the survival of vas-
cularized flaps, including vasodilators, antioxidant

6
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drugs,” precursor mobilization,** hematopoiesis,?**
and cooling,” we have no reliable supportive treat-
ments for nonvascularized tissue grafts. As shown
in this study, systemic NBO therapy with 60% O, is
a safe therapy and may bring significant benefits
to graft survival through improving PtO, surround-
ing the recipient tissue. In clinical settings, systemic
NBO therapy can be used readily with a simple oxy-
gen mask or tent and may be a practical therapy to
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boost engraftment of many kinds of nonvascularized
tissue grafting. In addition, local NBO therapies
may also be beneficial for closed wounds on which
negative pressure wound therapy has no effect.”
Although oxygen needs attention in terms of han-
dling,”* it may be useful in diverse ways in the field
of plastic surgery.
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Tenofovir alafenamide versus tenofovir disoproxil fumarate,
coformulated with elvitegravir, cobicistat, and emtricitabine,
for initial treatment of HIV-1 infection: two randomised,
double-blind, phase 3, non-inferiority trials

Paul E Sax, David Wohl, Michael T Yin, Frank Post, Edwin DeJesus, Michael Saag, Anton Pozniak, Melanie Thompson, Daniel Podzamczer,
Jean Michel Molina, Shinichi Oka, Ellen Koenig, Benoit Trottier, Jaime Andrade-Villanueva, Gordon Crofoot, Joseph M Custodio,

Andrew Plummer, Lijie Zhong, Huyen Cao, Hal Martin, Christian Callebaut, Andrew K Cheng, Marshall W Fordyce, Scott McCallister, for the
GS-US-292-0104/0111 Study Team™

Summary

Background Tenofovir disoproxil fumarate can cause renal and bone toxic effects related to high plasma tenofovir
concentrations. Tenofovir alafenamide is a novel tenofovir prodrug with a 90% reduction in plasma tenofovir
concentrations, Tenofovir alafenamide-containing regimens can have improved renal and bone safety compared with
tenofovir disoproxil fumarate-containing regimens.

Methods In these two controlled, double-blind phase 3 studies, we recruited treatment-naive HIV-infected patients
with an estimated creatinine clearance of 50 mL per min or higher from 178 outpatient centres in 16 countries.
Patients were randomly assigned (1:1) to receive once-daily oral tablets containing 150 mg elvitegravir, 150 mg
cobicistat, 200 mg emtricitabine, and 10 mg tenofovir alafenamide (E/C/F/tenofovir alafenamide) or 300 mg tenofovir
disoproxil fumarate (E/C/F/tenofovir disoproxil fumarate) with matching placebo. Randomisation was done by a
computer-generated allocation sequence (block size 4) and was stratified by HIV-1 RNA, CD4 count, and region (USA
or ex-USA). Investigators, patients, study staff, and those assessing outcomes were masked to treatment group. All
participants who received one dose of study drug were included in the primary intention-to-treat efficacy and safety
analyses. The main outcomes were the proportion of patients with plasma HIV-1 RNA less than 50 copies per mL at
week 48 as defined by the the US Food and Drug Adminstration (FDA) snapshot algorithm (pre-specified non-
inferiority margin of 12%) and pre-specified renal and bone endpoints at 48 weeks. These studies are registered with
ClinicalTrials.gov, numbers NCT01780506 and NCT01797445.

Findings We recruited patients from Jan 22, 2013, to Nov 4, 2013 (2175 screened and 1744 randomly assigned), and
gave treatment to 1733 patients (866 given E/C/F/tenofovir alafenamide and 867 given E/C/F/tenofovir disoproxil
fumarate). E/C/F/tenofovir alafenamide was non-inferior to E/C/F/tenofovir disoproxil fumarate, with 800 (92%) of
866 patients in the tenofovir alafenamide group and 784 (90%) of 867 patients in the tenofovir disoproxil fumarate
group having plasma HIV-1 RNA less than 50 copies per mL (adjusted difference 2-0%, 95% CI-0-7 to 4.7). Patients
given E/C/F/tenofovir alafenamide had significantly smaller mean serum creatinine increases than those given
E/C/F/tenofovir disoproxil fumarate (0-08 vs 0-12 mg/dL; p<0-0001), significantly less proteinuria (median % change
-3 vs 20; p<0-0001), and a significantly smaller decrease in bone mineral density at spine (mean % change —1-30 vs
—2.-86; p<0-0001) and hip (-0-66 vs—2-95; p<0-0001) at 43 weeks.

Interpretation Through 48 weeks, more than 90% of patients given E/C/F/tenofovir alafenamide or E/C/F/tenofovir
disoproxil fumarate had virological success. Renal and bone effects were significantly reduced in patients given
E/C/F/tenofovir alafenamide. Although these studies do not have the power to assess clinical safety events such as
renal failure and fractures, our data suggest that E/C/F/tenofovir alafenamide will have a favourable long-term renal
and bone safety profile.

Funding Gilead Sciences.

tenofovir disoproxil fumarate can cause clinically significant
renal toxic effects,? espedially in patients with risk factors
for kidney disease or who are receiving concomitant
ritonavir-boosted  protease inhibitors.** Additionally,
tenofovir disoproxil fumarate has been associated with
greater reductions in bone mineral density than other
antiretroviral drugs® In one observational study,

Introduction

Guidelines for initial treatment of HIV-1 infection
recommend the use of two nucleoside reverse transcriptase
inhibitors plus a third active drug from a different class.' Of
nucleoside reverse transcriptase inhibitors, tenofovir
disoproxil fumarate is included in most recommended
regimens. Although potent and generally well tolerated,
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investigators noted that tenofovir disoproxil fumarate
exposure was associated with an increased rate of fractures.

As a prodrug, tenofovir disoproxil fumarate is initially
metabolised to tenofovir, which is subsequently
metabolised in cells to tenofovir-diphosphate. Although
intracellular tenofovir-diphosphate is responsible for the
drug’s antiviral activity, higher circulating plasma levels
of tenofovir have been associated with an increased risk
of both renal and bone toxicity” A mnovel tenofovir
prodrug tenofovir alafenamide results in roughly four
times higher intracellular concentrations of the active
metabolite  tenofovir-diphosphate  compared  with
tenofovir disoproxil fumarate, allowing for much lower
doses of tenofovir alafenamide versus tenofovir disoproxil
fumarate." Because of tenofovir alafenamide’s reduced
dose and the improved stability, plasma exposure of
tenofovir is 90% lower with tenofovir alafenamide than
with tenofovir disoproxil fumarate, which is believed to
reduce the risk of renal and bone toxicity.

Findings of a phase 2 comparative trial? of tenofovir
alafenamide versus tenofovir disoproxil fumarate
(both coformulated with elvitegravir, cobicistat, and
emtricitabine) showed similar antiviral activity of tenofovir
alafenamide and tenofovir disoproxil fumarate, with a
significantly reduced effect of tenofovir alafenamide
compared to tenofovir disoproxil fumarate on estimated
glomerular filtration rate, tubular proteinuria, and bone
mineral density. To confirm these findings, we did
two phase 3, double-blind dlinical trials comparing
elvitegravir, - cobicistat, emiricitabine, and tenofovir

alafenamide alafenamide)  with
elvitegravir, cobicistat, emitricitabine, and tenofovir
disoproxil fumarate (E/C/F/tenofovir disoproxil fumarate),
with a protocol-specified focus on renal and bone safety.

(E/C/F/tenofovir

Methods

Study design and patients

GS-US-292-0104 and GS-US-292-0111 are randomised,
double-blind, multicentre, active-controlled phase 3 trials
done at 134 sites in North America, Europe, Australia,
Japan, and Thailand (GS-US-292-0104), and 128 sites
in North America, Europe, and ILatin America
(GS-US-292-0111). Studies were undertaken in accordance
with the Declaration of Helsinki and were approved by
central or site-specific review boards or ethics committees.
All patients gave written informed consent. Adults (aged
=18 years) were enrolled if they had HIV-1 and no previous
antiretroviral treatment, had HIV-1 RNA concentration of
at least 1000 copies per mL, and an estimated glomerular
filtration (creatinine clearance, Cockcroft-Gault) rate of at
least 50 mL per min. Eligible patients had a screening
HIV-1 genotype showing sensitivity to elvitegravir,
emtricitabine, and tenofovir. No CD4 entry criteria were
used. We excluded patients with positive hepatitis B
surface antigen or hepatiis C antibody or a new
AIDS-defining illness within 30 days of screening.

Randomisation and masking
Eligible patients were randomly assigned (1:1) to receive
either coformulated 150 mg elvitegravir, 150 mg cobicistat,
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200 mg emitricitabine, and 10 mg tenofovir alafenamide
once a day, or coformulated 150 mg elvitegravir, 150 mg
cobicistat, 200 mg emtricitabine, and 300 mg tenofovir
disoproxil fumarate once a day. Both regimens were given
with food. Patients also received placebo tablets matching
the alternative treatment; thus, investigators, patients,
and study staff giving treatment, assessing outcomes, and
collecting data were masked to treatment group. A
computer-generated allocation sequence (block size 4)
was created by Bracket (San Francisco, CA, USA), and
randomisation was stratified by HIV-1 RNA (<100000
copies per mL, >100000 to <400000 copies per mlL, or
>400000 copies per mL), CD4 count (<50 cells per uL,
50-199 cells per plL, or =200 cells per pL), and region
(USA or ex-USA) at screening. Study investigators
determined eligibility, obtained a participant number, and
received automated treatment assignment based on a
randomisation sequence.

Procedures

Post-baseline study visits occurred at weeks 2, 4, 8, 12,
16, 24, 36, and 48, after which patients continued
masked treatment with visits every 12 weeks until week
96. After the primary endpoint had been reached,
masked treatment with study drug was extended to
week 144. Laboratory tests included haematological
analysis, serum chemistry tests, fasting lipid parameters,
CD4 counts, measures of renal function (estimated
glomerular filtration rate, urine protein to creatinine
ratio, urine albumin to creatinine ratio, retinol binding
protein to creatinine ratio, [B2-microglobulin to
creatinine ratio, fractional excretion of uric acid, and
fractional excretion of phosphate; Covance Laboratories,
Indianapolis, IN, USA), and measurement of HIV RNA
concentration (Roche TagMan 2.0; Roche Diagnostics,
Rotkreuz, Switzerland).

We used definitions of suboptimum virological
response (<1 log,, reduction from baseline HIV-1 RNA
and =50 copies per mL at the week 8 visit, confirmed at
a subsequent visit) and virological rebound (plasma
HIV-1 RNA <50 copies per mL, then having HIV-1
RNA =50 copies per mL, confirmed at a subsequent
visit) to assess virological response. We defined
virological failure as plasma HIV-1 RNA greater than
or equal to 50 copies per mL and less than 1 log,
reduction from baseline at week 8, or 50 copies per mL
or more HIV-1 RNA after previous suppression to less
than 50 copies per mL or more than a 1 log,, increase
in HIV-1 RNA from nadir. Any participant meeting
these criteria had a second, confirmatory sample
drawn within 3-6 weeks. Confirmatory samples with
400 copies per mL or more HIV-1 RNA were sent
for HIV-1 genotype and phenotype analysis
{PhenoSenseGT for Protease and Reverse Transcriptase
genes, GenSeq Integrase and Phenosense Integrase
for the Integrase gene; Monogram Biosciences, South
San Francisco, CA, USA).

In all patients, dual energy x-ray absorptiometry scans
of the lumbar spine and hip were done at baseline,
week 24, and week 48 to measure percent changes in
bone mineral density. The scans were processed by
BioClinica (Newton, PA, USA). The preliminary resulis
were reviewed twice by an independent data monitoring
committee when half of patients had completed week 12
and when all patients had completed week 24 of follow-up,
respectively. The primary endpoint analysis was done
after all enrolled patients had completed their week 48
study visit or had prematurely discontinued study drug.

The primary endpoint was the proportion of patients who
had plasma HIV-1 RNA Jess than 50 copies per mL at
week 48 as defined by the the US Food and Drug
Adminstration (FDA) snapshot algorithm.* Four key safety
endpoints were pre-specified with multiplicity adjustments:
hip bone mineral density, spine bone mineral density,
serum creatinine, and treatment-emergent proteinuria.
Additional secondary endpoints included ftreatment
responses by subgroups, proportion of patients with
plasma HIV-1 RNA less than 50 copies per mL when
classifying missing as failure and missing as excluded,
patients with HIV-1 RNA less than 20 copies per mL by
snapshot, and change in CD4 count from baseline.

Statistical analysis

These two phase 3 studies were combined for a pre-
specified pooled efficacy and safety analysis. Within
each phase 3 study, for each of two interim analyses
done for the independent data monitoring committee
meeting, an a of 0-00001 was spent. Therefore, the
significance level for the 1-sided non-inferiority test in
the primary analysis at week 48 was 002499, equivalent
to a two-sided 95-002% CI. The percentage differences
and the associated 95-002% Cls were computed with
the baseline HIV-1 RNA concentration and region
stratum adjusted Mantel-Haenszel proportions.* To
control for the overall type I error in the assessment of
the primary efficacy endpoint and the four key safety
endpoints, hypothesis testing was done in sequential
order. The primary hypothesis of non-inferiority of
E/C/F/tenofovir alafenamide relative to E/C/F/tenofovir
disoproxil fumarate, with respect to the proportion of
patients with less than 50 copies per mL of HIV-1 RNA
at week 48 (as defined by the FDA snapshot algorithm)
was tested first. The non-inferiority test was done at a
one-sided, 0-02499 o level. If noninferiority was
established, multiplicity adjustments were undertaken
for the following safety endpoints with a fallback
procedure® in the sequential order given below with
prespecified two-sided o levels: hip bone mineral
density (a=0-02), spine bone mineral density (a=0-01),
serum creatinine (a=0-01998), and treatment-emergent
proteinuria (a=0-00). The adjusted a levels were
dependent on the results from preceding tests. For all
the four safety endpoints, two-sided superiority tests
were done. :
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2175 patients screened
1105 in study 104
1070 in study 111

v v

866 randomly assigned to receive E/C/F/TAF
435 in study 104
431in study 111

432 in study 104
435 in study 111

867 randomly assigned to receive E/C/F/TDF

45 discontinued
8 adverse event
1died
2 lack of efficacy
12 withdrew consent

71discontinued
13 adverse event
2died
7 investigator discretion
3 lack of efficacy

> 15 lost to follow-up > 16 withdrew consent
2 non-compliance 18 lost to follow-up
5 protocol violation S pregnancy
1 non-compliance
6 protocol violation
821 continued through at least week 48 ] ‘ 796 continued through at least week 48

Figure 1: Trial profile

E/C/F/TAF=elvitegravir, cobicistat, emtricitabine, tenofovir alafenamide. E/C/F/TDF=elvitegravir, cobicistat,

emtricitabine, tenofovir disoproxil fumarate.

- HV disease status

780 (30%)
53 (6%)
AIDS ] 30 (4%)

Asymptomatic

Symptomatic

4-58 (4-04-4-95)

404 (283-550)

802 (93%)
35 (4%)
26 (3%)

458 (415-4-96)

406 (291-542)

For pooled data, assessment of non-inferiority of
E/C/F/tenofovir alafenamide compared with E/C/F/
tenofovir disoproxil fumarate was done with a two-sided
95% CI (a level not adjusted), with a prespecified non-
inferiority margin of 12%. In the snapshot analysis
using full analysis set that included all participants
randomly assigned and receiving at least one dose of
study drug, participants with less than 50 copies per mL
of HIV-1 RNA between days 294 and 377 (week 48
window) were classified as successes. Participants with
missing HIV-1 RNA data for the week 48 analysis
window, who discontinued study drug, or who changed
treatment before week 48 were classified as failures. A
sample size of 840 patients in each study provided at
least 95% power to establish non-inferiority between the
two treatment groups with an overall response rate of
85% for viral suppression at week 48. Sample sizes were
calculated with nQuery Advisor (version 6.0).

We did a prespecified, per-protocol snapshot analysis,
which included all participants who enrolled, received at
least one dose of study drug, and did not meet any of the
following prespecified criteria: discontinuation of study
drug before week 48 or HIV RNA data missing in week 48
analysis window, and adherence in the bottom 2-5th
percentile.

Change from baseline in CD4 cell count at week 48 was
summarised by treatment group with descriptive
statistics based on recorded, on-treatment data in the full
analysis set. The differences in changes from baseline in
CD4 cell count between treatment groups and the 95% CI
were constructed with analysis of variance model,
incduding baseline HIV-1 RNA and region as fixed
covariates in the model.

The safety population included all randomly assigned
patients who received at least one dose of study drug. All
safety data are described in summary form on all data
collected after the date study drug was first given and up
to 30 days after the last dose of study drug, if the
participant discontinued treatment. Adherence to the
investigational antiretroviral regimens was computed as
number of pills taken divided by number of pills
prescribed. Adverse events were coded with the Medical
Dictionary for Regulatory Activities (version 170). We
used Fisher’s exact test to compare treatment differences
for adverse events and Wilcoxon rank sum test to
compare treatment differences for continuous laboratory
test results (SAS; version 9.2).

These studies were done according to protocol without
significant deviations and are registered with ClinicalTrials.
gov, numbers NCT01780506 and NCT01797445.

Outcomes

The main outcomes were the proportion of patients with
plasma HIV-1 RNA less than 50 copies per mL (non-
inferiority margin of 129%) and pre-specified renal and
bone endpoints at 48 weeks (centrally assessed).
Secondary outcomes were percentage change from
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baseline in hip bone mineral density at week 48,
percentage change from baseline in spine bone mineral
density at week 48, change from baseline in serum
creatinine at week 48, treatment-emergent proteinuria
through week 48, proportion of participants with HIV-1
RNA lower than 20 per mL at week 48, change from
baseline in CD4 cell count at week 48, percentage change
from baseline in urine retinol binding protein to
creatinine ratio at week 48, percentage change from
Dbaseline in urine B2-microglobulin to creatinine ratio at
week 48, percentage change from baseline in urine

protein to creatinine ratio at week 48, and percentage
change from baseline in urine albumin to creatinine
ratio. Safety was assessed by physical examinations,
laboratory tests, 12-lead electrocardiogram, and recording
of adverse events. The pharmacokinetics of tenofovir
alafenamide and its metabolite, tenofovir was assessed
through an intensive pharmacokinetic substudy done on
anon-randomised subset of patients at week 4 or 8, which
included plasma sampling for tenofovir alafenamide
and tenofovir and peripheral blood mononuclear
cell sampling for intracellular tenofovir-diphosphate

A
Virological outcome
100~ 92 90 E/C/F[TAF (n=866) Treatment difference (95% Cl)
, E/C/F/TDF (n=867) ; :
g 804 : :
2 s :
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s 7 : 07% ——l—— 47% :
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v H ‘
< 40 : ;
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Z 204 ‘ 5
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0 - R L | 2 < »
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Figure 2: (A) Primary endpoint: HIV-1 RNA <50 copies/mL at week 48, (B) efficacy in baseline HIV-RNA and CD4 subgroups, and (C) efficacy in selected

subgroups

E/C/F/TAF=elvitegravir, cobicistat, emtricitabine, tenofovir alafenamide. E/C/F/TDF=elvitegravir, cobicistat, emtricitabine, tenofovir disoproxil fumarate.
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See Online for appendix

concentrations.  Bioanalytical  analyses of drug
concentrations of tenofovir alafenamide and tenofovir in
plasma and tenofovir-diphosphate in peripheral blood
mononuclear cells were done by QPS (Newark, DE, USA).

Role of the funding source

The funder designed the study, collected and analysed
data, interpreted the results, and helped write the report.
PES and DW are investigators who had access to the
analyzed data, independently interpreted the results, and
helped write the report. All authors had access to the
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Figure 3: Changes in quantitative proteinuria at week 48
UPCR=urine protein to creatinine ratio. UACR=urine albumin to creatinine ratio. E/C/F/TAF=elvitegravir, cobicistat,
emtricitabine, tenofovir alafenamide. E/C/F/TDF=elvitegravir, cobicistat, emtricitabine, tenofovir disoproxil fumarate.

analysed data and could assess the results and
conclusions. Additional information or analyses were
available to any author upon request. PES, DW, SM,
MWE, and AKC made the decision to submit the report.

Results

2175 patients were screened for both studies, of whom
1744 were randomly assigned to receive treatment.
1733 received at least one dose of study drug; 866 received
E/C/F/tenofovir alafenamide and 867 received E/C/F/
tenofovir disoproxil fumarate (figure 1). Table 1 shows
baseline characteristics of participants. E/C/F/tenofovir
alafenamide was non-inferior to E/C/F/tenofovir
disoproxil fumarate for the combined primary outcome
(800 patients [92%)] vs 784 patients [90%], adjusted
difference 2-09%, 95% CI —0-7% to 4-7%) and for each
study (figure 2). With a cutoff of fewer than 20 copies per
mlL, virological outcome at week 48 by FDA snapshot
algorithm was 84.-4% for the E/C/F/tenofovir
alafenamide group and 84-0% for the E/C/F/tenofovir
disoproxil fumarate group (difference in percentages
0-4%, 95% CI -3-0% to 3-8%, p=0-83). Viral
suppression was high in both treatment groups for
per-protocol analysis (781 [98%] of 801 for E/C/F/
tenofovir alafenamide group and 763 [97%] of
789 patients for E/C/F/tenofovir disoproxil fumarate
group, adjusted difference 0-8%, 95% CI -1-0% to
2-5%) and the other the secondary efficacy endpoints
(appendix) and for various subgroups (figure 2). We
noted significant differences in efficacy for those with
fewer than 100000 copies per mL baseline HIV-1 RNA
(94% for E/C/Fftenofovir alafenamide vs 91% for
tenofovir disoproxil fumarate, difference in percentage
3.1%, 95% CI 0-2-6-0) and for women (95% for
tenofovir alafenamide and 87% for tenofovir disoproxil
fumarate, difference in percentage 7-9%, 95% CI
0-2-15.6). The mean increases from baseline in CD4
cell counts were higher for the E/C/F/tenofovir
alafenamide group through week 48 (observed data), as
follows: E/C/F/tenofovir alafenamide 230 (SD 177-3)
cells per ml; E/C/F/tenofovir disoproxil fumarate
211 (170-7) cells per mlL; difference in LSM 19 cells
per mL, 95% CI: 3 to 36 cells per mL; p=0-024.

We noted virological failure with resistance in seven
(0-8%) of 866 patients in the E/C/F/tenofovir alafenamide
group versus five (0-6%) of 867 patients in the E/C/F/
tenofovir  disoproxil fumarate group (appendix).
Resistance mutation development was similar between
treatment groups (appendix). All patients with emergent
resistance developed the reverse transcriptase mutation,
Met184Val/Ile. One patient in the E/C/F/tenofovir
alafenamide group and in two patients in E/C/F/tenofovir
disoproxil fumarate developed the Lys65Arg reverse
transcriptase mutation. Eight of 12 patients (five in the
E/C/F/tenofovir alafenamide group and three in the
E/C/F/tenofovir disoproxil fumarate group) developed
primary INSTI-R, all of which were genotypically
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Figure 4: Changes in spine and hip bone mineral density through week 48

E/C/F/TAF=elvitegravir, cobicistat, emtricitabine, tenofovir alafenamide. E/C/F/TDF=elvitegravir, cobicistat, emtricitabine, tenofovir disoproxil fumarate.

susceptible to dolutegravir. We did not record any novel
tenofovir resistance mutations in any of the patients
given E/C/F/tenofovir alafenamide.

36 participants in the tenofovir alafenamide group and
29 in the E/C/F/tenofovir disoproxil fumarate group
participated in the intensive pharmacokinetic substudy;
five of those enrolled were women. Of those, 21 patients
who received E/C/F/tenofovir alafenamide and 14 who
received E/C/F/tenofovir disoproxil fumarate participated
in the PBMC substudy. Plasma tenofovir exposure
(AUC,) after administration of E/C/F/tenofovir
alafenamide was 91% lower than tenofovir exposure
achieved with administration of E/C/F/tenofovir
disoproxil fumarate (appendix). The PBMC tenofovir-
diphosphate AUC,, was 4-1 times higher in participants
receiving E/C/F/tenofovir alafenamide than in those
receiving E/C/F/tenofovir disoproxil fumarate.

Both treatments were well tolerated, with most adverse
events reported as mild or moderate in severity
(appendix). Adverse events leading to study drug
discontinuation were uncommon: E/C/F/tenofovir
alafenamide 8 (0-9%) and E/C/F/tenofovir disoproxil
fumarate 13 (1-5%); adverse events leading to study drug
discontinuation deemed related to study drugs were
similar: E/C/F/tenofovir -alafenamide 7 (0-8%) and
E/C/F/tenofovir disoproxil fumarate 11 (1-3%). Table 2
shows adverse events reported by 5% or more of patients
in either treatment group. Roughly 20% of patients in
either group had a grade 3 or 4 laboratory abnormality
(appendix). Five patients died (E/C/F/tenofovir
alafenamide two patients, embolic stroke, and alcohol
poisoning;  E/C/Fftenofovir  disoproxil fumarate
three patients, cardiac arrest, multiple drug overdose,
and myocardial infarction). None of the serious adverse
events that resulted in the deaths were deemed related to
study drugs by the investigator.

There were no discontinuations due to renal adverse
events in the E/C/F/tenofovir alafenamide group.

Four patients in the E/C/F/tenofovir disoproxil
fumarate group discontinued study drug because of
renal adverse events. Three patients had decreased
glomerular filtration rate and another patient developed
nephropathy, all believed to be related to study drug.
We noted no cases of proximal renal tubulopathy
(including Fanconi syndrome) in either treatment
group. We recorded decreases from baseline in mean
estimated glomerular filtration rate by week 2 with no
further change thereafter. We noted significantly
smaller decreases in estimated glomerular filiration
rate in the E/C/F/tenofovir alafenamide group than in
the E/C/F/tenofovir disoproxil fumarate group
(appendix). At 48 weeks, quantitative proteinuria (total
urinary protein, albumin, retinol binding protein and
B2-microglobulin to urine creatinine ratios) increased
from baseline in the E/C/F/tenofovir disoproxil
fumarate group; reductions or significantly smaller
increases in these urinary proteins were noted in the
E/C/F/tenofovir alafenamide group (figure 3). Other
measures of proximal renal tubular function (fractional
excretion of phosphate and wuric acid) showed
significantly less change in patients receiving E/C/F/
tenofovir alafenamide compared with the E/C/F/
tenofovir disoproxil fumarate group (data not shown).
Fractures were uncommon in both treatment groups
(one in the E/C/F/tenofovir alafenamide group and seven
in the E/C/F/tenofovir disoproxil fumarate group), and
deemed by the investigator to be the result of trauma and
unrelated to the study drugs; none resulted in permanent
discontinuation of study drugs. Patients in the E/C/F/
tenofovir alafenamide group had significantly less
reduction in bone mineral density than those in the
E/C/Fftenofovir disoproxil fumarate group through
48 weeks (figure 4). Decrease in bone mineral density was
significantly lower in the E/C/F/tenofovir alafenamide
group for both lumbar spine (mean —1-30% [SD 3.08]
vs —2-86 [3-25]; p<0-0001) and total hip (-0-66 [3-26] vs

www.thelancet.com Published online April 16, 2015 http://dx.doi.org/10.1016/50140-6736(15)60616-X

154



Articles

—2-95 [3-41], p<0-0001; figure 3). Roughly one-third as
many patients in the E/C/F/tenofovir alafenamide had
more than 3% bone loss at the hip (E/C/F/tenofovir
alafenamide 131/780 [16-8%)]; E/C/F/tenofovir disoproxil
fumarate 384/767 [50-1%]), and about half as mmany
patients in the E/C/F/tenofovir alafenamide group had
more than 3% bone loss at the spine (E/C/F/tenofovir
alafenamide 208/784 [26-5%]; E/C/F/tenofovir disoproxil
fumarate 354/773 [45-8%); appendix).

We recorded greater increases in the fasting lipid
parameters total cholesterol, direct low-density lipo-
protein, high-density lipoprotein, and triglycerides, but
identical changes in total cholesterol to high-density
lipoprotein ratio, in patients given E/C/F/tenofovir
alafenamide compared with those given E/C/F/tenofovir
disoproxil fumarate at week 48 (appendix). 31 (3-6%) of
866 of patients given E/C/F/tenofovir alafenamide and
25 (2-9%) of 867 of participants given E/C/F/tenofovir
disoproxil fumarate started lipid-lowering drugs (p=0-42).

Discussion

In these two randomised phase 3 dlinical trials, we show
that the novel tenofovir prodrug, tenofovir alafenamide
achieved a high rate of virological suppression when
given as part of a coformulated tablet that included
emtricitabine, elvitegravir, and cobicistat. The response
was non-inferior to the control group, which consisted
of the approved single tablet regimen of elvitegravir,
cobicistat, emiricitabine, and tenofovir disoproxil
fumarate. The results were mostly non-inferior between
the two groups irrespective of baseline demographic
or dlinical characteristics, although outcome was
significantly better for tenofovir alafenamide in women
and in those who had baseline viral loads lower than
100000 copies per mL. CD4 cell count increases at
week 48 were significantly greater in the tenofovir
alafenamide group than in the tenofovir disoproxil
fumarate group. Both coformulations were well tolerated
and discontinuations for drug-related adverse events
were rare in both study groups.

The high rates of successful treatment (92% in the
E/C/F/tenofovir alafenamide group and and 90% in
the E/C/F/tenofovir disoproxil fumarate group) marks the
first time that both treatment groups in a fully powered
comparative clinical trial exceeded the 90% threshold for
virological suppression (plasma HIV-1 RNA <50 copies
per mlL) using the snapshot analysis at 48 weeks.
Virological failure was infrequent in both groups, arising
in 3-6% of paitents given E/C/F/tenofovir alafenamide
and 4-0% of patients given E/C/F/tenofovir disoproxil
fumarate. Although resistance to study treatment was not
recorded in the E/C/F/tenofovir alafenamide group of the
phase 2 trial, in these two larger studies a small percentage
of patients (<1% in both groups) did develop drug
resistance to some of the treatments, most commonly the
nucleoside reverse transcriptase inhibitor mutation
Met184Val selected by emtricitabine.

The high virological suppression recorded in these
studies reinforces the extraordinary effectiveness of
contemporary HIV treatment. With prolonged virological
suppression, improved clinical outcomes, and longer
survival,® patients will potentially be exposed to
antiretroviral agents for decades. As a result, maximising
the safety of drugs used for HIV remains a high priority,
and long-term renal and bone safety are important
considerations. Although generally well tolerated as
initial treatment, findings of several studies have shown
an association between tenofovir disoproxil fumarate and
kidney disease. A meta-analysis” of prospective studies of
HIV treatments showed a significantly greater loss of
kidney function in patients receiving tenofovir disoproxil
fumarate-based  treatments versus non-tenofovir
disoproxil fumarate regimens; a higher risk of acute
renal failure was also noted. In a large cohort analysis
from the Veterans Health Administration, tenofovir
exposure was independently associated with proteinuria,
rapid estimated glomerular filtration rate decrease, and
the development estimated glomerular filtration rate less
than 60 mL per min."® Commonly cited risk factors for
tenofovir disoproxil fumarate-related nephrotoxicity
include older age, co-administration with ritonavir
boosted protease inhibitors (which further increase
tenofovir plasma levels), and other comorbidities
associated with renal disease.*

There is an increased prevalence of osteopenia and
osteoporosis in patients with HIV infection.” The cause is
multifactorial, with both HIV disease-specific and
treatment-specific effects observed. Generally, initiation of
antiretroviral therapy leads to a reduction in bone mineral
density,® possibly related to immune reconstitution.” This
effect is larger in patients receiving tenofovir disoproxil
fumarate and certain protease-inhibitor based regimens.>*
The mechanism of tenofovir disoproxil fumarate-related
reductions in bone mineral density is poorly understood
but might include osteomalacia as a result of increased
urinary phosphate loss.”

In these two clinical trials, protocol-specified renal and
bone endpoints confirmed the favourable safety and
tolerability profile of tenofovir alafenamide reported in
earlier studies. Although no particpants had overt renal
failure or dinically significant tubulopathy, patients
given tenofovir alafenamide had smaller reductions in
estimated glomerular filtration rate and more favourable
changes in urine protein to creatinine and urine albumin
to creatinine ratios. Specific markers of proximal renal
tubular dysfunction, including urinary retinol binding
protein, urinary f2-microglobulin, fractional excretion of
uric acid, and fractional excretion of phosphate all
significantly favoured the tenofovir alafenamide over the
tenofovir disoproxil fumarate group, suggesting a lower
potential for nephrotoxicity with tenofovir alafenamide
than with tenofovir disoproxil fumarate.

The present studies represent the largest bone mineral
density dataset in patients with HIV up to now. Treatment
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with  E/C/F/tenofovir  alafenamide resulted in
significantly smaller reductions in bone mineral density
at both the hip and the lumbar spine at week 48. The
magnitude of bone mineral density decline recorded in
the tenofovir alafenamide group at the hip (0-7%) similar
to that seen in randomised studies of treatment-naive
patients on nucleoside or nucleotide-sparing regimens.**
Furthermore, with a 3% threshold for the least significant
change to account for the imprecision of repeat dual
energy x-ray absorptiometry measures,* 27% of patients
in the tenofovir alafenamide group versus 46% in the
tenofovir disoproxil fumarate group exceeded this
threshold at the spine, and 179 versus 50% at the hip.

Treatment with tenofovir disoproxil fumarate has
consistently been associated with less increase in lipids
compared with other regimens in treatment-naive
patients. The independent effect of tenofovir on lipids
was most clearly shown in a study that added tenofovir
disoproxil fumarate to stable background treatment in
virologically suppressed patients;” findings showed a
significant reduction in total, LDL, and non-HDL
cholesterol levels. In both the phase 2 comparative study
of tenofovir alafenamide vs tenofovir disoproxil fumarate
and the larger phase 3 studies presented here, increases
in total, LDL, and HDL cholesterol, and triglycerides,
were greater in the tenofovir alafenamide than the
tenofovir disoproxil fumarate group. However, the
difference in total cholesterol to HDL ratio at week 48
was not significantly different between treatment groups,
and a small and similar proportion of participants (<4%)
initiating lipid-modifying agents.

The net favourable effects on renal and bone
parameters for tenofovir alafenamide almost certainly
relates to the lower plasma levels of tenofovir recorded in
those receiving tenofovir alafenamide instead of tenofovir
disoproxil fumarate. In a pharmacokinetic substudy,
plasma tenofovir exposure was 90% lower in the tenofovir
alafenamide than in the tenofovir disoproxil fumarate
group. Conversely, the intracellular concentration of the
active metabolite, tenofovir diphosphate, was four times
higher. The ability to achieve higher intracellular
concentrations enables a markedly lower daily dose of
tenofovir alafenamide (10 mg with ritonavir or cobicistat)
versus tenofovir disoproxil fumarate (300 mg) while
achieving a similar or greater antiviral effect.” This lower
dose of tenofovir alafenamide will help with both a
broader range of coformulations and reduce the cost of
manufacturing of the compound, the latter an important
consideration in resource-limited settings. In addition
to the coformulation E/C/F/tenofovir alafenamide,
tenofovir alafenamide is being studied in various fixed
dose combinations for HIV (with emtricitabine, with
rilpivitine and emtricitabine, and with darunavir,
cobicistat, and emtricitabine), and as a single agent for
hepatitis B virus.

Strengths of these two studies include the large overall
sample size, the randomised blinded study design with

one variable of tenofovir alafenamide verus tenofovir
disoproxil fumarate, and protocol-specified renal and
bone endpoints. Additionally, study sites were
geographically diverse, as was the ethnic origin of the
participants enrolled. Limitations include a low power to
assess rare clinical safety events such as renal adverse
events and fractures in patients with limited baseline risk
factors for kidney and bone disease, a small proportion of
study participants with advanced HIV disease, a small
proportion of women participants, and the exclusion of
patients with chronic hepatitis B virus infection. The
efficacy of tenofovir alafenamide in the treatment of
chronic hepatitis B monoinfection, as well as HIV and
hepatitis B virus co-infection, is currently being studied.
Additionally, a clinical trial of women (NCT01705574) will
give substantially more information about the efficacy,
tolerability, and pharmacokinetic parameters of tenofovir
alafenamide in women with HIV. Importantly, the
efficacy of tenofovir alafenamide alone, or in combination
with emtricitabine, for prevention, such as pre-exposure
prophylaxis, is unknown and currently being explored.
In summary, in these two randomised clinical trials,
treatment with a coformulated tablet of E/C/F/tenofovir
alafenamide provided non-inferior virological suppression
to an already approved and guidelines-recommended
tablet of E/C/F/tenofovir disoproxil fumarate. Compared
with tenofovir disoproxil fumarate, the nucleotide reverse
transcriptase inhibitor tenofovir alafenamide showed
significantly more favourable effects on renal and bone
parameters. All these effects were probably related to the
markedly lower plasma concentrations of tenofovir
reported with tenofovir alafenamide compared with
tenofovir disoproxil fumarate. Although the long-term
clinical significance of these findings is unknown, it is
reasonable to expect that these results will translate into
improved safety of tenofovir alafenamide-based
antiretroviral therapy over years of treatment while
maintaining a similarly high efficacy rate.
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