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Abstract Combination antifungal therapy in the treatment of
invasive fungal infections remains a controversial topic de-
spite its increasing use based off case reports and series. There
remains a paucity of well-controlled clinical studies to address
which combination, the timing, and the benefits to the under-
lying host without causing toxicity. The evidence for using
amphotericin B with 5 flucytosine for cryptococcal infections
to reduce mortality has been effectively proven but the inac-
cessibility to 5 flucytosine requires the utilization of less ef-
fective combinations in many countries. For invasive asper-
gillosis, a large controlled clinical study in hematologic ma-
lignancy patients showed a trend for combination of
voriconazole and anidulafungin to reducemortality, especially
in a subgroup of patients with positive galactomannan results.
Outside of these two indications, the use of combination anti-
fungal therapy in other patients and those with rare mold

infections has not been proven and outcomes are heavily in-
fluenced by host factors rather than the combinations of anti-
fungal treatment selected.
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Introduction

The role of when, where, and why of combination antifungal
(CAF) therapy has been debated for almost two decades and
outside of cryptococcal meningitis remains controversial. The
rationale for combination antifungal therapy has mostly been
targeted at the invasive mold infections such as aspergillosis
and mucormycosis where morbidity and mortality have tradi-
tionally been high. The population who develops these inva-
sive fungal infections (IFI) usually have significant host fac-
tors that will affect clinical responses to treatment of their IFI.
They are usually immunocompromised with processes such as
prolonged neutropenia, solid organ transplantation (SOT), or
graft versus host disease (GvHD) from stem cell transplanta-
tion (SCT), and outcomes of their IFI treatment may be unre-
lated to the antifungal therapy used. Given these host issues,
CAF therapy remains a potential potent option for treatment of
severe IFI.

CAF therapy approaches are utilized on the presumption
that they will broaden antifungal coverage, be synergistic in
antifungal activity, becomemore fungicidal, minimize the risk
of development of resistance, and lastly decrease toxicity [1,
2]. These reasons are very appealing given the complicated
host factors and often the difficulty in obtaining fungal cul-
tures and species identification in a rapid timeframe in which a
delay in effective therapy may result in progression of the
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fungal disease. As a result, the use of CAF therapy using
agents with different targets and spectrum of activities has
become an increasing practice, especially for the empiric treat-
ment of suspected IFI [1]. Lastly, the benefit of CAF therapy
becomes an option of last resort in fungal infections where
there is high intrinsic resistance to current antifungal agents.
However, there may be unintended consequences for using
CAF therapy. These include the possibility that the combina-
tion may attenuate each other’s activity, increase resistance,
increase toxicity and drug interactions, and lastly increase
costs without any known benefit to the patient [1].

This review will evaluate recent clinical and in vitro/vivo
data on combination antifungal therapy to see if we can an-
swer the when, where, and why to use this treatment strategy
[1, 3]. The areas to review will be based on the fungal infec-
tions most commonly encountered in clinical practice.

Aspergillosis

Serious invasive infections from Aspergillus species are usu-
ally in patients with significant host defense weaknesses, in
particular patients with hematologic malignancies, significant
neutropenia, GvHD, and organ and stem cell transplantation
recipients [4]. There is little evidence to discuss CAF therapy
for invasive Aspergillus (IA) outside of these host factors, and
the focus will be on the high-risk hosts for invasive disease
and not for aspergillomas. IA is a common complication in
patients with hematologic malignancies and SCT and is asso-
ciated with a mortality rate over 20 % [5••]. Similarly in SOT,
IA is associated with high mortality (9–20 %) and morbidity,
primarily complicated by drug interactions and allograft dys-
function [6]. The introduction of voriconazole has reduced the
rate of mortality and improved outcomes for the treatment of
IA, but mortality remains high. Subsequently, combining this
antifungal agent with others has become an increasingly com-
mon practice, especially in salvage settings where the patients
have clinically failed antifungal monotherapy and CAF ther-
apy was started [7, 8•]. Unfortunately, for many years, data on
the optimal CAF therapy for the treatment of IA has been
limited to neutropenic animal models, case reports, and
single-center case series [8•]. As a result, these data are of
limited use clinically with such a large reporting bias of pos-
itive reports and the true efficacy of outcomes largely un-
known. The greatest limitation of many of the prior CAF
studies for IA treatment have been that they are salvage stud-
ies where other factors may have been involved in clinical
responses (neutropenia resolution, reduction in immunosup-
pression, resolution of drug toxicity) and, in fact, patients may
have eventually succeeded with monotherapy. Also, many of
the reports on CAF therapy for IA have actually been sequen-
tial CAF therapy (initially started as monotherapy and then
second agent added later) rather than primary or initial CAF

therapy [8•, 9•, 10•]. As such a review of recent preclinical and
clinical IA CAF studies with use of amphotericin B products,
echinocandins or triazoles will follow.

Preclinical Studies

There are numerous in vitro and in vivo studies combining
two antifungal agents over the last 15 years [9•]. The combi-
nations of triazole with echinocandin or triazole with
amphotericin B appear to be the most common combinations
tested [11–17]. The problem with in vitro studies is determin-
ing the likely clinical efficacy as there are currently no current
standards for testing combined antifungal agents [18]. There-
fore, there are a mixture of synergy and antagonism reported
and clinical outcomes based on susceptibility testing in molds
has not shown the same success as with yeasts [19]. There
appears to be more reliable information from in vivo studies
for IA with CAF therapies [12, 20–22]. Two recent in vitro
studies again suggest in experimental pulmonary IA that an
echinocandin with triazole appears to be highly synergistic
[14, 22]. Zhang et al. demonstrated that the combination of
caspofungin with voriconazole in an experimental pulmonary
IA study using neutropenic rats resulted in significantly
prolonged survival and reduction in fungal burden compared
to caspofungin monotherapy [22]. This result is not surprising
given that caspofungin monotherapy has shown clinical
breakthroughs in the neutropenic host, so this study adds very
little benefit to the use of combination therapy argument and
reinforces the role of voriconazole [23]. A new triazole,
isavuconazole, was tested with micafungin against most med-
ically important molds, including Aspergillus species, and
in vitro synergy was obtained; however, again this does not
support their combined use.

Clinical

The lack of high quality clinical trials to determine the benefits
of CAF therapy for IA has been a vexing issue. There have
been 10 registered clinical studies since 2001 with until re-
cently only two publishing results. The rest either closed pre-
maturely due to lack of enrollment or were not published. The
two studies that did complete and publish were open-labeled
non-randomized studies with selection bias and all these stud-
ies are summarized by Martin-Pena [9•]. Finally, this lack of
any clinical trial data has been corrected with the recent study
evaluating voriconazole versus voriconazole with
anidulafungin [5••]. This multicenter, international study is
the first randomized, double-blinded trial comparing mono-
therapy to combination therapy. The study addressed many
of the limitations of previous open-labeled studies by only
enrolling a high-risk population with hematologic malignan-
cies and stratifying the randomization based on presence of an
allogeneic SCT. Patients were enrolled based on possible,
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probable, or proven IA based on consensus guidelines, but
possible IA had to be upgraded based on microbiologic or
use of either serum or bronchoalveolar (BAL) galactomannan
(GM) results within a week to be counted [5••]. Patients had to
receive at least 2 weeks of anidulafungin or placebo and
6 weeks of high dose voriconazole (300 mg bid orally) after
intravenous loading for analysis. Their primary endpoints
were all cause mortality at 6 weeks and secondary endpoints
were all cause mortality at 12 weeks and within subgroups
(i.e., SCT, GvHD, neutropenia). Other endpoints included ra-
diologic response at 6 weeks as adjudicated by independent
committee. The study was powered to show superiority of
CAF therapy over monotherapy with a presumed reduction
in mortality from 19.6 to 7 % [5••]. They were able to analyze
277 out of 454 eligible patients with proven or probable IA.
The groups were well balanced with about 30% in each group
with allogeneic SCT and 60 % neutropenic at study entry.
Overall, 80 % had a proven diagnosis of IA at baseline with
either proven culture or GM result. The study outcomes are
very compelling for CAF therapy in the hematologic patient
population. Comparing monotherapy to CAF therapy, overall
mortality was 27.8 vs 19.3 % (treatment difference
(TD)=−8.5 %, confidence intervals (CI) −19 to 1 %) and at
12 weeks 39.4 vs 29.3 % (TD=−10.1 %, CI −21.4 to 1.1 %,
p=0.077). No significant differences in overall mortality were
seen when stratified for allogeneic SCT or neutropenia dura-
tion between monotherapy and CAF therapy groups. When
specifically looking at IA attributable mortality, there also was
no significant between the two groups (88.5 vs 84.6 %). This
study performed a subanalysis and post-hoc analysis, and
identified a beneficial observation for CAF therapy for both
global outcomes and mortality after 6 weeks. This was an
unusual finding as it occurred after completion of all the anti-
fungal therapy. However, on subanalysis patients with an ele-
vated GM, result at baseline appeared to have reduced overall
mortality in CAF therapy (15.7 %) vs monotherapy (29.3 %)
(p=0.037) [5••]. This study was well constructed and an-
swered many difficult questions about study design and clin-
ical outcomes measured in fungal studies. The positives in-
cluded the use of a homogenous population, powering the
study for a meaningful endpoint of clinical superiority and
demonstrating that the traditional global response composite
endpoints so often used in antifungal studies may result in
incorrect interpretation of results due to bias and subjectivity.
Also, they showed that the combination of high dose
voriconazole and anidulafungin was a very safe combination
therapeutically in this population. Unfortunately, the study did
not show a significant benefit for CAF therapy for the treat-
ment of IA in hematologic malignancy patients; however,
there appears to be a subset of patients where clinicians could
consider CAF therapy—patients with elevated baseline GM
levels (either serum or BAL). Given the strength of the data,
this study gives compelling reason for hematologic

malignancy patients with baseline elevated GM results to start
CAF therapy in primary rather than as salvage therapy. The
benefits of this strategy are that the GM test returns earlier and
is easier to obtain than cultures and thus one can initiate di-
rected therapy earlier in a targeted population. This strategy
addresses concerns of widespread use of unnecessary CAF
therapy and satisfies concerns for undertreatment of a serious
IA infection in a particularly high-risk patient population.

A summary of other data published over the last 4 years is
presented in Table 1. For IA, many are monocentric studies
without controls or meta-analyses of these poorly performed
studies. Interpreting the data can be difficult due to the vari-
ability in patient populations, problems with definitions of
disease, and whether they are primary treatment or salvage
therapy. For instance, a meta-analysis evaluated the use of
either triazoles or amphotericin B with an echinocandin for
IA salvage therapy [8•]. This analysis evaluated studies with
primary outcomes of mortality at 12 weeks within the litera-
ture. From over 3,000 papers, they were only able to analyze
16 studies (2 clinical trials and 14 observational studies) [8•].
This meta-analysis could not find any support for CAF as
primary therapy, but many of these observational, salvage
studies showedCAF having a benefit over monotherapy (odds
ratio = 1.8 (CI 1.08–3.01)). Unfortunately, this analysis is
limited again by selection biases of these observational studies
and lack of randomization biases toward the treatment effect.
A high dose caspofungin combination therapy study looked
mostly at the safety data rather than the clinical outcomes
[24•]. This study used 100 mg caspofungin daily with
voriconazole in hematologic malignancy patients with proven
or probable IA of which 50 % had undergone SCT. Despite
the use of CAF therapy, 40 of 91 patients died of IA, with risk
factors identified for poor outcomes including high dose cor-
ticosteroids and intensive care unit (ICU) stay [24•]. The in-
vestigator also noted that CAF therapy was also limited by
drug-induced hyperbilirubinemia in their review. Thus, given
these outcomes, this CAF therapy does not present an appeal-
ing treatment option in this population.

The data on the use of CAF therapy in SOT is even more
limited. An early report was somewhat favorable to the com-
bination of voriconazole and caspofungin. In a prospective
multicenter observational study in IAwith SOT, it was found
that the CAF treatment group was not different in survival
compared to a control group of lipid formulations of
amphotericin B (AmB) treatment. However, CAF therapy
was superior in those with renal failure and those with Asper-
gillus fumigatus infection [25]. Furthermore, the only recent
CAF data are for the treatment of IA in liver transplantation
recipients. Barschiesi et al. reviewed treatment in 116 liver
transplant recipients over a 28-year span with proven IA
[26•]. CAF therapy with either amphotericin B or
voriconazole with an echinocandin was used in 51 % of their
cases. These investigators showed that both voriconazole

Curr Clin Micro Rpt (2015) 2:67–75 69



T
ab

le
1

R
ec
en
tc
lin

ic
al
co
m
bi
na
tio

n
an
tif
un
ga
ls
tu
di
es

A
ut
ho
r

Y
ea
r

Ty
pe

of
st
ud
y

A
nt
if
un
ga
ls
us
ed

N
um

be
rs

H
os
t

O
ut
co
m
es

C
om

m
en
ts

A
sp
er
gi
llu
s

M
ar
r
[5
]

20
15

R
an
do
m
iz
ed
,d
ou
bl
e-
bl
in
d

pl
ac
eb
o
co
nt
ro
lle
d.
M
ul
tis
ite

V
or
ic
on
az
ol
e
+
an
id
ul
af
un
gi
n

vs
vo
ri
co
na
zo
le
+
pl
ac
eb
o

45
4

H
em

e
m
al
ig
na
nc
y

O
ve
ra
ll
6
w
ee
k
m
or
ta
lit
y
19
.3

%
fo
r

co
m
bi
na
tio

n
vs

27
.5

%
fo
r
m
on
ot
he
ra
py

(p
=
0.
08
7)
.O

n
pr
ov
en

IA
(2
18

pa
tie
nt
s)

6
w
ee
k
m
or
ta
lit
y
15
.7

vs
27
.3

%
(p
=
0.
03
7)

St
ro
ng

tr
en
d
to
w
ar
d
lo
w
er

m
or
ta
lit
y
on

pr
ov
en

IA
ca
se
s
w
ith

po
si
tiv
e
G
M

as
sa
y
w
ith

co
m
bi
na
tio

n
th
er
ap
y

M
ih
u
[1
7]

20
10

R
et
ro
sp
ec
tiv

e
ch
ar
tr
ev
ie
w

19
93
–2
00
8
at
si
ng
le
ce
nt
er
.

S
al
va
ge

th
er
ap
y

L
-A

m
B
+
E
C

71
H
em

e
m
al
ig
na
nc
y

IA
re
sp
on
se

w
as

28
%

E
C
al
on
e,
21

%
co
m
bi
na
tio

n,
9
%

L
-A

m
B
.A

ll
gr
ou
ps

si
m
ila
r
fu
ng
al
m
or
ta
lit
y
(5
4–
64

%
)

R
et
ro
sp
ec
tiv

e,
no
ta
cc
ou
nt
s
fo
r
ch
an
gi
ng

pr
ac
tic
es
,n
ew

er
az
ol
es

R
ac
il
[1
0]

20
12

F
un
ga
lI
nf
ec
tio

n
D
at
ab
as
e—

C
ze
ch

R
ep
ub
lic

V
or
ic
on
az
ol
e
+
E
C

17
6

H
em

e
m
al
ig
na
nc
y

94
%

pu
lm

on
ar
y
IA

.5
3
%

re
sp
on
de
d
to

in
iti
al
an
tif
un
ga
lt
he
ra
py
.C

om
bi
na
tio

n
no

be
tte
r
th
an

vo
ri
co
na
zo
le
m
on
ot
he
ra
py

N
o
co
nt
ro
lg

ro
up
.H

ow
ev
er

re
co
gn
iz
es

di
ff
er
en
tp

ra
ct
ic
es

in
a
re
gi
on

B
ar
ch
ie
si

[2
5]

20
15

R
et
ro
sp
ec
tiv

e,
lit
er
at
ur
e
re
vi
ew

.
C
om

pa
re
d
2
tim

e
pe
ri
od
s

(1
98
5–
19
99

an
d
20
00
–2
01
3)

A
ll
co
m
bi
na
tio

ns
11
6

L
iv
er tr
an
sp
la
nt

V
or
ic
on
az
ol
e
m
on
ot
he
ra
py

ha
d
lo
w
er

m
or
ta
lit
y
(p
<
0.
00
1)

w
hi
le
co
m
bi
na
tio
n

th
er
ap
y
al
so

ha
d
lo
w
er
m
or
ta
lit
y
(p
=
0.
00
1)

M
ul
tip

le
is
su
es

w
ith

di
ff
er
en
tt
im

e
pe
ri
od
s
co
ul
d
du
e
to

di
ff
er
en
t

im
m
un
os
up
pr
es
si
on

an
d
dr
ug

us
ed
.

R
ep
or
tin

g
bi
as

is
si
gn
if
ic
an
th

er
e

S
af
da
r
[2
4]

20
13

R
et
ro
sp
ec
tiv

e,
si
ng
le
ce
nt
er

H
ig
h
do
se

ca
sp
of
un
gi
n
w
ith

vo
ri
co
na
zo
le

91
H
em

e
m
al
ig
na
nc
y

40
/9
1
di
ed

(4
4
%
)
of

IA
.M

or
ta
lit
y

as
so
ci
at
ed

w
ith

IC
U
st
ay

an
d
hi
gh

do
se

co
rt
ic
os
te
ro
id
s.
H
yp
er
bi
lir
ub
in
em

ia
m
ai
n

si
de

ef
fe
ct

D
if
fe
re
nt

en
dp
oi
nt
s
an
d
no

co
m
pa
ra
to
r

gr
ou
p

C
ry
pt
oc
oc
cu
s

D
ay

[2
7]

20
13

R
an
do
m
iz
ed
,3
-g
ro
up
,

op
en
-l
ab
el

A
m
B
al
on
e
vs

A
m
B
+
5-
FC

vs
A
m
B
+
fl
uc
on
az
ol
e

29
9

H
IV

A
m
B
+
5-
FC

—
lo
w
er

m
or
ta
lit
y
th
an

A
m
B

al
on
e
(h
az
ar
d
ra
tio

,0
.6
1;

95
%

C
I,
0.
39

to
0.
97
;p

=
0.
04
).
A
m
B
+
fl
uc
on
az
ol
e
no

be
tte
r
th
an

A
m
B
al
on
e.
(0
.7
1;

95
%

C
I,

0.
45

to
1.
11
;p

=
0.
13
)

In
cr
ea
se
d
ra
te
s
of

ye
as
tc
le
ar
an
ce

w
ith

5-
FC

ad
di
tio

n

G
am

al
et
so
u

[3
6]

20
12

2
ca
se
s
re
la
ps
ed

C
ry
pt
oc
oc
cu
s

L
-A

m
B
+
vo
ri
co
na
zo
le
+

IF
N
-g
am

m
a

2
H
IV

C
om

pl
et
e
re
so
lu
tio

n
at
10

w
ee
ks

D
if
fi
cu
lt
to

ex
tr
ap
ol
at
e
fr
om

th
es
e
re
po
rt
s

L
oy
se

[2
9]

20
12

R
an
do
m
iz
ed
,o
pe
n-
la
be
le
d

co
nt
ro
lle
d
tr
ia
l

A
m
B
+
5-
F
C
vs

A
m
B
+

fl
uc
on
az
ol
e
80
0
m
g
vs

fl
uc
on
az
ol
e
60
0
m
g

bi
d
vs

A
m
B
+
vo
ri
co
na
zo
le

80
H
IV

H
ig
he
r
m
or
ta
lit
y
(N

S)
at
2
w
ee
ks

in
fl
uc
on
az
ol
e
gr
ou
ps

bu
tn

o
di
ff
er
en
ce

at
10

w
ee
ks

Sm
al
ln

um
be
rs
al
th
ou
gh

no
di
ff
er
en
ce

ap
pe
ar
s
fl
uc
on
az
ol
e
m
on
ot
he
ra
py

at
hi
gh

do
se

sl
ow

er
cl
ea
ra
nc
e
an
d
sl
ig
ht

in
cr
ea
se

m
or
ta
lit
y

Ja
ck
so
n
[3
1]

20
12

R
an
do
m
iz
ed

op
en
-l
ab
el
ed

st
ud
y

F
lu
co
na
zo
le
1,
20
0
m
g
da
ily

+
/−

5-
F
C
+
A
m
B

40
H
IV

T
ri
pl
e
th
er
ap
y
be
tte
r
th
an

fl
uc
on
az
ol
e–
5-
F
C

in
cl
ea
ra
nc
e.
D
ea
th
s
de
cr
ea
se
d
w
ith

5-
F
C

ad
di
tio

n
an
d
ev
en

le
ss

w
ith

A
m
B

F
ur
th
er
su
pp
or
ts
ev
en

w
ith

sm
al
ln
um

be
rs

us
e
of

A
m
B
+
5-
FC

Ja
rv
is
[3
7]

20
13

O
pe
n-
la
be
le
d
ra
nd
om

iz
ed

co
nt
ro
lle
d
st
ud
y

A
m
B
+
5-
F
C
vs

A
m
B
+

5-
FC

+
IF
N
-g
am

m
a
of

ei
th
er

3
or

6
do
se
s,

90
H
IV

R
at
e
of

fu
ng
al
cl
ea
ra
nc
e
gr
ea
te
r
in

IF
N
-G

gr
ou
ps
,2

do
se
s
as

go
od

as
6
do
se
s.
N
o

ch
an
ge
s
in

m
or
ta
lit
y

In
cr
ea
se
d
ra
te
of

cl
ea
ra
nc
e
w
ith

ou
te
ff
ec
t

on
m
or
ta
lit
y.
U
nc
er
ta
in

of
be
ne
fi
to

ve
r

co
st

M
uz
oo
ra

[3
0]

20
11

C
oh
or
ts
tu
dy

F
lu
co
na
zo
le
1,
20
0
m
g
+

5
da
ys

A
m
B

30
H
IV

A
dd
iti
on

A
m
B
in
cr
ea
se
d
cl
ea
ra
nc
e
ra
pi
dl
y.

M
or
ta
lit
y
st
ill

28
%

at
10

w
ee
ks

Ph
as
e
2
st
ud
y
lo
ok
in
g
at
to
xi
ci
ty
.N

o
co
nt
ro
lg

ro
up

fo
r
co
m
pa
ri
so
n

5-
F
C
5-
fl
uc
yt
os
in
e,
A
m
B
am

ph
ot
er
ic
in
B
,L

-A
m
B
lip

id
fo
rm

ul
at
io
n
am

ph
ot
er
ic
in
B
,C

I
95

%
co
nf
id
en
ce

in
te
rv
al
,E

C
ec
hi
no
ca
nd
in
,G

M
ga
la
ct
om

an
na
n,
H
IV

hu
m
an

im
m
un
od
ef
ic
ie
nc
y
vi
ru
s,
IA

in
va
si
ve

as
pe
rg
ill
os
is
,I
F
I
in
va
si
ve

fu
ng
al
in
fe
ct
io
n,
N
S
no
ts
ig
ni
fi
ca
nt
,U

S
U
ni
te
d
S
ta
te
s,
IF
N
in
te
rf
er
on

70 Curr Clin Micro Rpt (2015) 2:67–75



monotherapy (p<0.001) and CAF therapy (p<0.001) were
associated with improved patient survival [26•]. There are
many limitations of this study, including the analysis in not
accounting for era differences in management of immunosup-
pression, rejection, and newer antifungal agents. Also, there is
no analysis on disease location (pulmonary or central nervous
system) and the specific outcomes with each treatment. Al-
though a well-intentioned study, not accounting for changes in
practice and management techniques, can lead to faulty inter-
pretations, and as such given, the success of voriconazole
monotherapy in their data does not encourage the use of
CAF therapy with its potential drug-drug interactions and
costs in this population.

In summary, after many years, there slowly appears to
some clarity in the role of CAF therapy for IA most explicitly
for patients with hematologic malignancies and an elevated
GM result. It appears that CAF with voriconazole with an
echinocandin are the preferred regimens and there are no re-
cent data on amphotericin B products with other antifungals.
Outside of this indication for IA, there is a lack of strong clear
data and most likely CAF therapy will be dictated by individ-
ual prescriber preferences and mostly in salvage and/or severe
situations.

Cryptococcus

The Infectious Diseases Society of America (IDSA) guide-
lines for the management of cryptococcal infections recom-
mend that AmB deoxycholate, or a lipid formulations (L-
AmB), combined with 5-flucytosine (5-FC) is the first line
induction therapy for cryptococcal meningoencephalitis in
both immunocompetent and immunocompromised patients
[27]. The strength of evidence for the combination of AmB
product with 5-FC for the treatment of cryptococcal infections
has recently been reinforced by a large clinical study in Viet-
Nam in human immunodeficiency virus (HIV)-infected pa-
tients. Day et al. performed an open-labeled randomized clin-
ical study comparing AmB (1 mg/kg/day) alone to AmB + 5-
FC (100 mg/kg/day) and to AmB + fluconazole (400 mg bid)
for 2 weeks and then fluconazole consolidation/maintenance
therapy [28••]. Outcomes were all cause mortality at 14 and
70 days after starting therapy. The results were rather drastic
with AmB + 5-FC showing significantly reduced risk of death
at 70 days (hazard ratio 0.61, CI 0.39–0.97, p=0.04) and com-
bination with fluconazole also having lower mortality but not
significant to AmB alone and this survival benefit was sup-
ported by an improved early fungicidal activity (EFA) [28••].
This survival advantage of AmB + 5-FC continued and was
more significant at 6 months than either of the other two
groups (p=0.01). However, there were more toxicities in the
5-FC group with neutropenia and anemia [28••]. The effects of
antiretroviral therapy impacting the results could be not

determined as the numbers were too small in each group.With
this data, it strongly supports the role of AmB + 5-FC for the
treatment of central nervous system (CNS) cryptococcal in-
fections, especially in HIV-infected patients.

A meta-analysis by Yao et al. has attempted to reinforce the
use of either 5-FC or fluconazole combined with AmB [29].
Their data identified four prospective randomized studies that
demonstrated HIV-infected patients who received AmB + 5-
FC had a 44 % reduction in mortality and improved EFA of
their cerebrospinal fluid (CSF) with this combination com-
pared to AmB or fluconazole monotherapy [29]. However,
the beneficial effect was transient, and at 3 months after
starting induction therapy, there were no differences between
using 5-FC or fluconazole when used in combination with
AmB. Importantly, in the AmB plus fluconazole combina-
tions, higher fluconazole doses of at least 800 mg daily were
associated with better outcomes compared to lower flucona-
zole doses [29].

Despite the strong evidence supporting the use of 5-FC in
cryptococcal infections, 5-FC is currently unregistered and
unavailable in most of Africa and Asia, despite the production
of bio-equivalent compounds [30]. As such, combining flu-
conazole with AmB is often employed to address this lack of
access to 5-FC, and although less effective immediately, CAF
therapy with AmB and fluconazole appears at higher doses to
be useful in these resource-limited settings [29–32]. With L-
AmB formulations rarely available outside Western countries
and the high toxicity of conventional AmB especially with
renal dysfunction, short courses of AmB with high doses of
fluconazole (1,200 mg/day) have been employed and demon-
strated rapid EFA in the CSF, and little toxicity but no clinical
outcomes data has been included [32]. The CAF therapy of
fluconazole + 5-FC as an alternative to AmB regimens was
studied byMilefchik. They utilized a dose-ranging study in 89
patients using fluconazole doses up to 2,000 mg/day com-
bined with standard doses of 5-FC in HIV-associated crypto-
coccal meningitis [33]. In fluconazole monotherapy, higher
doses of fluconazole were found to convey a survival benefit
and decreased the amount of time for CSF clearance of the
organism. Furthermore, the CAF addition of 5-FC to flucon-
azole, an all oral regimen, was found to improve response to
treatment [33].

Although Cryptococcus neoformans is the most common
infecting yeast, the emergence of Cryptococcus gattii, has
been increasingly seen mostly in the northwestern USA and
Canada, in primarily immunocompetent patients [34]. Some
of these C. gattii infections have been described as flucona-
zole resistant, and use of CAF therapy with AmB + 5-FC or a
triazole may be required for treatment based on susceptibility
testing [35, 36, 37•]. A small series of C. gattii infections in
SOT recipients in Oregon showed a high attributable mortality
at 120 days (45 %). Most of these patients had not received 5-
FC induction therapy and the VGII strain was associated with
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elevated fluconazole minimal inhibitory concentrations [37•].
Furthermore, of the new triazoles, there are only limited non-
clinical data with voriconazole. The CAF of voriconazole and
AmB was studied in immunodeficient mice infected with
C. neoformans, and voriconazole plus AmB was found to
prolong survival and decrease colonization of infected organs
[38]. Finally, the addition of the immune modulator,
interferon-γ (IFN-γ), to AmB and 5-FC to enhance rapid ster-
ilization of the CSF has been proposed [39]. A phase 2 study
comparing two doses of IFN-γ to conventional therapy with
AmB and 5-FC was studied in HIV-infected patients with
cryptococcal meningitis. The addition of IFN-γ resulted in
rapid EFA in the CSF without any adverse safety effects but
without any significant impact on mortality between the
groups [39]. Gamaletsou et al. also described the successful
salvage therapy of L-AmB, voriconazole, and IFN-γ in
treating refractory cryptococcal meningitis in two HIV pa-
tients. Both patients had not responded to initial induction
therapy with prolonged AmB and 5-FC treatment and did well
with this CAF therapy [40].

CAF therapy with AmB plus 5-FC remains the cornerstone
of treatment for cryptococcal disease, especially in HIV-
infected patients, and remains strongly recommended unless
access to 5-FC is an issue, where fluconazole can be substitut-
ed. Outside of HIV, in transplantation and normal hosts, older
data continues to support the use of CAF AmB plus 5-FC
therapy [27].

Other Fungal Infections

The role of CAF therapy in other rarer infections is less
known, with much of the data based on case reports or case
series.

Yeast

There has been very little progress or new information since
the CAF study for candidemia [41]. This study compared non-
neutropenic patients receiving CAF therapy with fluconazole
plus AmB compared to fluconazole plus placebo in a random-
ized, blinded study of 219 patients. Patients in the fluconazole
plus AmB group experienced a higher rate of renal dysfunc-
tion compared to those receiving fluconazole alone (24 vs
3 %). Further analysis revealed that the largest benefit of com-
bination therapy was seen in the midrange of APACHE II
scores, suggesting that patients who were sicker did equally
poorly and patients who were less sick did equally well re-
gardless of CAF or monotherapy, and there was no mortality
benefit for either treatment group [41]. Since this study, the
emergence of the highly effective and safer echinocandins has
rendered CAF therapy for candidemia effectively redundant.

However, with the increasing incidence of invasive resis-
tant Candida infections, some investigators are using antibi-
otics or biologics with either intrinsic antifungal activity or
synergistic interactions with existing antifungals [42]. Liu
et al. have reviewed many studies using fluoroquinolones,
tetracyclines, and calcineurin inhibitors in combination with
fluconazole as potential fungicidal therapies to overcome or
prevent development of fluconazole resistance in Candida
species. None of these combinations have been studied clini-
cally except for a heat shock protein 90 inhibitor antibody
[43]. Although not addressed in the article, many of the agents
being studied have limited clinical application due to drug-
drug interactions, QT prolongation, and undesirable side ef-
fects including immunosuppression or hypotension.

Molds

Mucormycosis

A serious, but relatively uncommon infection primarily seen
in immunocompromised hosts, the term mucormycosis en-
compasses invasive mold infections caused by a wide variety
of fungal species with variable sensitivity to available antifun-
gal agents. While therapy is focused largely on surgical exci-
sion and correction of underlying immunosuppression or aci-
dosis, there are multiple case series and in vitro studies
looking to improve morbidity and mortality with antifungal
therapy, either with mono- or CAF therapy. AmB products
remain the mainstay of antifungal management despite their
toxicity [44]. Given its severity of disease, CAF therapy offers
tremendous appeal, but which combination of drugs offers the
best option is largely unknown, with most data from in vitro
studies.

In vitro studies show that echinocandins at sub-inhibitory
concentrations may have an immunomodulatory effect on a
variety of mold species including Rhizopus oryzae, a common
agent of mucormycosis, potentially by increasing the amount
of β-glucan exposed on the hyphae and thus triggering in-
creased destruction by neutrophils concordant with the
amount of exposed β-glucan. Rhizopus species that have
higher mean inhibitory concentrations (MICs) for
echinocandins require increased doses of echinocandin com-
pared to other more sensitive molds in order to detect any
benefit [45]. The effect of this CAF (AmB-echinocandin) ther-
apy tested in mouse models of diabetic ketoacidosis (DKA)
and neutropenia have shown improved survival when com-
pared to either placebo or monotherapy with amphotericin B
or an echinocandin alone. The dose necessary for synergy was
variable between echinocandins and quantitative methods to
measure fungal burden suggest that the beneficial interaction
may not be related purely to fungal killing or clearance [46].

Similarly, mouse models comparing combination L-AmB
and posaconazole therapy to posaconazole monotherapy did
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not result in a significant difference in mortality when com-
pared to L-AmB alone [47]. Case reports of successful treat-
ment of invasive mucormycosis in solid organ transplant, neu-
tropenic, and hematologic malignancy patients suggest that hu-
man results may not mirror mouse model data, though these
data are confounded by selection bias, prior treatment, and
widely variable therapies with different doses and surgical ap-
proaches [7, 48]. For example, the iron chelator, deferasirox, in
combination with a polyene showed a positive interaction in
animal models and case reports, but in a randomized, double-
blinded, placebo controlled study, patients with mucormycosis
had a higher mortality at 90 days when deferasirox was used in
combination [49]. However, since there was some patient im-
balance in this lowly powered study, it is still difficult to under-
stand its potential CAF value despite the only randomized trial
for treatment of mucormycosis ever performed. As can be seen
from this limited data, the role for CAF therapy in the treatment
of mucormycosis is largely unknown, and until further studies
are performed, the expense and toxicity of the combinations do
not readily support its use, and should not replace appropriate
surgical debridement and supportive care.

Scedosporium and Fusarium

Scedosporium species are soil molds that can cause infection
in the setting of trauma or immunosuppression and are often
intrinsically resistant to polyenes, echinocandins, and most
triazoles [50]. Given the rarity of these infections, high inci-
dence of resistance and poor outcomes, in vitro studies were
performed comparing different combinations of current anti-
fungal agents including polyenes, echinocandins, triazoles,
and terbinafine to look for synergy against the two most com-
mon species, Scedosporium apiospermum and Scedosporium
prolificans [51]. There was some possible synergy against
S. apiospermum with itraconazole plus caspofungin,
itraconazole plus terbinafine, or azole plus L-AmB for some
isolates. However, S. prolificans was more resistant overall
and only 15 to 20 % of isolates showed evidence of hyphal
damage without sterilization when combinations of
ravuconazole and caspofungin or terbinafine and voriconazole
were used. Of note, no evidence of antagonism between
agents was observed [51]. There are case reports of successful
use of voriconazole and terbinafine for S. apiospermum infec-
tions, but again limited by reporting bias and precise unknown
benefit of voriconazole monotherapy [52].

Disseminated fusariosis is the second most common inva-
sive mold disease in hematologic malignancy patients after IA
with a mortality rate exceeding 50 %. Due to its resistance to
many of the antifungals including AmB, fusariosis treatment
is evenmore complicated [53]. The only data for CAF therapy
is a retrospective analysis of patients with invasive fusariosis
from the literature. There were 19 cases of invasive fusariosis
infections that used CAF therapy with AmB and either

voriconazole or terbinafine. Seven patients had Ba clinical re-
sponse prior to white blood count recovery.^ Unfortunately,
this analysis excluded patients that died before neutrophil re-
covery, neglecting an important component in the treatment of
these infections and the importance of host factors on clinical
outcomes. Therefore in reviewing CAF therapy for rare molds,
there is no indication from the data provided that two antifungal
drugs are more useful or better than monotherapy. Selection
and observation biases strongly influence the choices of therapy
and confound the role of the host factors in clinical outcomes.
As such, there is no precise recommendation for CAF therapy
in this group of invasive fungal diseases.

Conclusion

CAF therapy for the treatment of serious invasive fungal dis-
eases will remain contentious and will be influenced by ongo-
ing case reports and series and weak clinical studies. That said,
there is strong evidence for the use of amphotericin B and 5-
FC in the treatment of cryptococcal infections in HIV-infected
patients. Recent data suggest that the combination of
voriconazole and anidulafungin may be beneficial in hemato-
logic malignancy patients with GM positive IA infections
with a reduction in mortality. Despite the evidence with these
infections, the use of CAF therapy in other patients and those
with rare mold infections has not been proven and outcomes
are primarily influenced by host factors rather than the anti-
fungal treatment chosen.
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