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been described: primary (90%), congenital (~2%), and 
secondary (5%).[2] Primary PAP is caused by the presence 
of autoantibodies against granulocyte‑macrophage 
colony‑stimulating factor  (GM‑CSF), which results in 
impaired surfactant clearance by alveolar macrophages.[3] 

INTRODUCTION

Pulmonary alveolar proteinosis (PAP) is a progressive lung 
disease characterized by accumulation of surfactant‑like 
lipoproteinaceous material within the distal bronchi 
and alveoli due to impaired clearance by alveolar 
macrophages.[1] Three clinical variants of PAP have 
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Congenital form occurs due to an innate mutation in the 
GM‑CSF gene; in mice, GM‑CSF knockout results in 
decreased expression of the transcription factor PU.1 
in alveolar macrophages, which is required for their 
functional maturation, resulting in PAP‑like pathologies.[4] 
Finally, secondary PAP is the result of a reduction or a 
functional impairment of alveolar macrophages due to other 
conditions such as tuberculosis, hematologic malignancies, 
exposure to inorganic dusts and fumes, and pharmacologic 
immunosuppression.[1] Clinically, PAP presents as 
worsening exertional dyspnea, cough, chest pain and/or 
hemoptysis, and in some cases, fever and/or elevated serum 
lactate dehydrogenase. Common radiologic findings are 
ground‑glass opacities and interlobular septal thickening 
in characteristic crazy‑paving pattern. Open lung biopsy 
has historically been the gold standard; however, up to 
75% of cases can be diagnosed through a bronchoalveolar 
lavage.[1]

CASE REPORT

A 58‑year‑old Hispanic man  with a significant 21‑year 
medical history of poorly controlled type 2 diabetes (T2D) 
and hypertension presented with 6 months of productive 
cough, weight loss, and progressively worsening dyspnea. 
He denied hemoptysis, chest pain, lower extremity swelling, 
fever, night sweats, or arthralgias. During the interview, he 
reported multiple T2D‑derived complications, including 
diabetic neuropathy, proliferative retinopathy, and renal 
failure. His medications included insulin, metformin, and 
vildagliptin for T2D; gabapentin for diabetic neuropathy; 
finasteride and alfuzosin for benign prostrate hypertrophy; 
and ocular injections of ranibizumab for proliferative 
diabetic retinopathy. The patient also had a strong passive 
smoking history, constantly exposed to two packs a day of 
indoor smoke for 32 years, as well as a 10‑year exposure 
to woodsmoke for the first 10  years of his life due to 
cooking habits. An episode of pulmonary tuberculosis 
was recorded in 2007, which was successfully treated 
with 2  months of rifampicin, isoniazid, pyrazinamide, 
and ethambutol + 4 months of isoniazid and rifampicin. 
In 2011, he was diagnosed with renal failure due to TD2, 
undergoing a year of hemodialysis before receiving a 
renal transplant in 2012. His posttransplant medications 
included were PO tacrolimus 4 mg, mycophenolic acid 
500  mg QID, and prednisone 5  mg daily. Six months 
after the transplant, he suffered graft rejection diagnosed 
through laboratories and biopsy. The graft was spared with 
steroid therapy and by switching tacrolimus for sirolimus 
2 mg. In the same year, he presented a new episode of 
pulmonary tuberculosis, which again was successfully 
treated with standard therapy. In 2015, he was diagnosed 
with benign prostatic hyperplasia.

Physical examination was otherwise unremarkable except for 
his lung assessment, which exhibited scattered inspiratory 
crackles without any rales, rhonchi, or wheezes. The patient’s 
comprehensive metabolic panel and complete blood count 

with differential revealed a serum glucose of 152 mg/dL, 
serum creatinine of 1.32 mg/dL, hemoglobin of 10.8 g/dL, and 
hematocrit of  33.70%. Venous blood gas analysis on room air 
revealed a pH of 7.451, PCO2 33.0 mmHg, PO2 45.4 mmHg, and 
HCO3 22.4 mEq/L, and all other parameters were within normal 
values. A chest X‑ray showed bilateral perihilar and infrahilar 
ground‑glass opacities. A biopsy by bronchoscopy yielded 
inconclusive results. Another biopsy was obtained through/
by thoracotomy, which reported the presence of eosinophilic 
granular material within the alveolar spaces, and overall lung 
architecture was preserved, through which the diagnostic 
of PAP was made [Figure 1]. Sirolimus toxicity was chosen as 
the most probable etiology; thus, the patient was switched 
from sirolimus back to tacrolimus (2 mg) in September 2018. 
A 2‑month follow‑up showed only partial improvement in 
both symptoms and radiological findings, with a diffusion 
lung capacity of carbon monoxide (DLCO) of 38% [Table 1]. 
A follow‑up in January 2019 showed complete radiological 
resolution, and improvement of his DLCO to 63% [Table 1], as 
well as complete symptomatologic resolution [Figure 2]. After 
5 months, the patient remained asymptomatic, with adequate 
exertion tolerance.

DISCUSSION

Mammalian target of rapamycin (mTOR) inhibitors, such 
as sirolimus and everolimus, are a key component of renal 
posttransplant immunosuppressive therapy, due to their 
decreased nephrotoxicity when compared to calcineurin 
inhibitors.[5,6] Nevertheless, immunosuppressive therapy 
does not come without added risks such as increased 
incidence of neoplasia, development of metabolic 
syndrome, and antiandrogenic effects.[7‑9] The incidence 
of pulmonary toxicity in patients on mTOR inhibitors has 
been reported to be up to 11%.[10,11] The mechanism through 
which mTOR inhibitors cause PAP is yet to be clearly 
elucidated; however, a clear association between mTOR 

Figure 1: Chest X‑rays were used to evaluate the patient’s evolution. 
(a) Chest X‑ray on January 2018 shows a bilateral perihilar and 
infrahilar ground‑glass opacity.  (b) Two months after adjusting the 
medication, a similar pattern was observed (November 2018). (c) Six 
months later, the lungs appeared cleared which correlated with the 
clinical evolution (March 2019)

cba

Table 1: DLCO before and after switching to tacrolimus
Predicted diffusing capacity for CO adjusted for hemoglobin

November 2018 38% severe impairment
March 2019 63% mild impairment

Diffusing capacity of the lung for CO improved after sirolimus treatment 
was stopped, which correlated with the chest X‑rays and the patients’ 
symptomatology. CO: Carbon monoxide



Hinojosa‑González, et al.: Reversible sirolimus‑induced pulmonary alveolar proteinosis

254	 Lung India • Volume 37 • Issue 3 • May-June 2020

Ta
bl

e 
2:

 P
AP

 c
as

es
 in

 re
na

l t
ra

ns
pl

an
ts

 w
ith

 m
TO

R 
in

hi
bi

to
rs

A
ut

ho
r

G
en

de
r

A
ge

O
th

er
 p

re
se

nt
 

co
nd

iti
on

s
O

rg
an

 
tr

an
sp

la
nt

ed
Im

m
un

om
od

ul
at

io
n 

th
er

ap
y

O
ns

et
 o

f s
ym

pt
om

s a
ft

er
 

st
ar

tin
g 

m
TO

R
 in

hi
bi

to
r

Tr
ea

tm
en

t
R

es
ol

ut
io

n 
tim

e 
si

nc
e 

m
TO

R
 d

is
co

nt
in

ua
tio

n
O

ut
co

m
e

Lo
pe
z 

et
 a

l.[1
2]

M
al
e

47
En
d‑
st
ag
e 

re
na
l d
is
ea
se
 

du
e 
to
 

H
TN

 a
nd
 

ne
ph
ro
sc
le
ro
sis

K
id
ne
y

Ev
er
ol
im
us
 5
.2
 n
g/
m
L 

tro
ug
h

B
as
ili
xi
m
ab
 in
du
ct
io
n

C
yc
lo
sp
or
in
e

St
er
oi
ds

11
 m
on
th
s a
fte
r s
ta
rti
ng
 

tre
at
m
en
t

‑
‑

D
ea
th
 a
fte
r 4
 m
on
th
s 

be
ca
us
e 
of
 p
ne
um

on
ia
 a
nd
 

se
ps
is

K
irb
y 

et
 a

l.[
20
]

M
al
e

71
Ig
A
 

ne
ph
ro
pa
th
y

K
id
ne
y

Si
ro
lim

us
C
yc
lo
sp
or
in
e

Pr
ed
ni
so
ne

11
4 
m
on
th
s a
fte
r s
ta
rti
ng
 

tre
at
m
en
t

‑
‑

‑

Pe
dr
os
o 

et
 a

l.[2
1]

Fe
m
al
e

34
En
d‑
st
ag
e 

re
na
l d
is
ea
se

K
id
ne
y

Si
ro
lim

us
M

M
F

St
er
oi
ds

Fu
ro
se
m
id
e

Lo
sa
rta
n

A
te
no
lo
l

Si
m
va
st
at
in

2 
ye
ar
s a
fte
r s
ta
rti
ng
 

si
ro
lim

us
W
ith
dr
aw

al
 o
f s
iro
lim

us
 a
nd
 

ch
an
ge
 fo
r t
ac
ro
lim

us
Le
vo
flo
xa
ci
n

3 
m
on
th
s f
or
 P
A
P 
to
 

re
so
lv
e

N
or
m
al
iz
at
io
n 
of
 

pu
lm
on
ar
y 
fu
nc
tio
n 
te
st
s 

an
d 
im
ag
in
g 
of
 th
e 
th
or
ax

D
ha
w
an

 e
t a

l.[2
2]

M
al
e

54
En
d‑
st
ag
e 

re
na
l d
is
ea
se
 

se
co
nd
ar
y 
to
 

po
ly
cy
st
ic
 

ki
dn
ey
 d
is
ea
se
 

an
d 
45
 p
ac
ks
 a
 

ye
ar
 h
is
to
ry

K
id
ne
y

Si
ro
lim

us
M
yc
op
he
no
la
te

Pr
ed
ni
so
ne

B
ac
tri
m

‑
W
ith
dr
aw

al
 o
f s
iro
lim

us
‑

D
is
ch
ar
ge
d 
ho
m
e 
w
ith
 

su
pp
le
m
en
ta
l o
xy
ge
n.
 

Fo
llo
w
‑u
p 
2 
m
on
th
s l
at
er
, 

C
X
R
 sh

ow
ed
 im

pr
ov
em

en
t 

an
d 
th
e 
pa
tie
nt
 st
at
ed
 o
nl
y 

th
e 
ne
ed
 fo
r s
up
pl
em

en
ta
l 

ox
yg
en

G
ar
ci
a 

et
 a

l.[1
9]

M
al
e

40
‑

K
id
ne
y

Si
ro
lim

us
M

M
F

Pr
ed
ni
so
ne

5 
ye
ar
s w

ith
 th
e 
sa
m
e 

im
m
un
os
up
pr
es
si
ve
 

re
gi
m
en

Su
bs
tit
ut
io
n 
of
 si
ro
lim

us
 fo
r 

ta
cr
ol
im
us
, w

ho
le
‑lu
ng
 la
va
ge
 

in
 a
 h
yp
er
ba
ric
 c
ha
m
be
r

Th
e 
pa
tie
nt
 d
is
ch
ar
ge
d 

af
te
r 4
 d
ay
s w

ith
 n
or
m
al
 

ox
yg
en
 sa
tu
ra
tio
n

4 
m
on
th
s l
at
er
, t
he
 p
at
ie
nt
 

w
as
 st
ill
 a
sy
m
pt
om

at
ic

K
ad
ik
oy

 e
t a

l.[
23
]
Fe
m
al
e

49
En
d‑
st
ag
e 

re
na
l d
is
ea
se
 

se
co
nd
ar
y 
to
 

he
m
ol
yt
ic
–

ur
em

ic
 

sy
nd
ro
m
e

K
id
ne
y

Si
ro
lim

us
 6
 m
g/
da
y

M
yc
op
he
no
la
te
 so

di
um

St
er
oi
ds

3 
ye
ar
s 2

 m
on
th
s 

w
ith
 si
ro
lim

us
 (a
s 

in
iti
al
 p
os
ttr
an
sp
la
nt
 

im
m
un
os
up
pr
es
si
on
)

R
ep
la
ce
m
en
t o
f s
iro
lim

us
 w
ith
 

ta
cr
ol
im
us

Fo
llo
w
in
g 
si
ro
lim

us
 

di
sc
on
tin
ua
tio
n,
 

sy
m
pt
om

s b
eg
an
 to
 

im
pr
ov
e.
 W

ith
in
 1
 

m
on
th
, C

X
R
 sh

ow
ed
 

ne
ar
‑to
ta
l r
es
ol
ut
io
n

‑

S
um

m
ar

y 
of

 P
A

P
 c

as
es

 r
el

at
ed

 t
o 

im
m

un
os

up
pr

es
si

on
 w

it
h 

m
TO

R
 in

hi
bi

to
rs

. D
os

ag
es

 o
f 

m
ed

ia
ti

on
s 

th
at

 a
re

 n
ot

 s
ho

w
n 

w
er

e 
no

t 
pu

bl
is

he
d.

 C
K

D
: C

hr
on

ic
 k

id
ne

y 
di

se
as

e,
 I

LD
: I

nt
er

st
it

ia
l l

un
g 

di
se

as
e,

 
C

O
P

D
: C

hr
on

ic
 o

bs
tr

uc
ti

ve
 p

ul
m

on
ar

y 
di

se
as

e,
 P

A
P

: P
ul

m
on

ar
y 

al
ve

ol
ar

 p
ro

te
in

os
is

, H
TN

: E
ss

en
ti

al
 h

yp
er

te
ns

io
n,

 M
M

F:
 M

yc
op

he
no

la
te

 m
of

et
il,

 C
X

R
: C

he
st

 X
‑r

ay
, m

TO
R

: M
am

m
al

ia
n 

ta
rg

et
 o

f r
ap

am
yc

in



Hinojosa‑González, et al.: Reversible sirolimus‑induced pulmonary alveolar proteinosis

Lung India • Volume 37 • Issue 3 • May-June 2020	 255

inhibitors and PAP has been established due to the number 
of reports of PAP in solid organ‑transplanted patients, 
which have been resolved by replacing mTOR inhibitors 
with alternate drugs.[12] PAP may also be associated with 
other diseases such as tuberculosis and pneumocystosis; 
however, it tends to resolve when the underlying pathology 
is treated. The role of therapeutic GM-CSF remains unclear 
due to the lack of circulating antibodies against GM-CSF 
in secondary PAP.[13,14] Hwang et al. suggested that cigarette 
increases the risk of developing PAP, whether smoking and 
immunosuppressive therapies have an additive relation 
on risk is unknown.[15]

Usual radiologic findings include ground‑glass opacities 
with interlobular septal thickening in a characteristic 
crazy‑paving pattern. Open lung biopsy has historically 
been the gold standard for diagnosis; however, up to 75% 
of cases can be diagnosed through a bronchoalveolar 
lavage.[1] Diagnosis is usually delayed due to the rarity of 
the disease, and it is mostly achieved by exclusion. The 
substitution of the offending agent remains the mainstay 
treatment, which typically leads to the resolution of 
symptoms in 2–4 months.[16] Whole‑lung lavage (WLL) 
remains a symptomatic therapeutic option for patients 
with severe diseases; however, this treatment modality 
may be limited in severely hypoxemic patients who can 
be offered WLL within a hyperbaric chamber or with 
extracorporeal membrane oxygenation.[17‑19] The limited 
number of reported cases makes establishing the prognosis 
difficult; however, most of the cases tend to improve when 
therapy is adequately replaced.

A review of the current literature shows 12 reported cases 
of PAP secondary to immunosuppression with mTOR 
inhibitors in renal transplant cases [Table 2]. A PubMed 
search for “sirolimus AND proteinosis” yields 45 results, 
“rapamycin AND proteinosis” 72 results, and “mTOR AND 
proteinosis” 44 results as of late September 2019, all of 
which only seven cases were related to renal transplant. 
Darley et al.[24] report was found to relate PAP in everolimus 
use, whereas  Arunachalam et al.[20] reported noninfectious 
pneumonitis caused also by everolimus.[19,25] Regarding 
PAP secondary to sirolimus, this is the eight reported 
case in renal transplant recipients. There is, however, 
a single reported case of not PAP but sirolimus‑induced 
granulomatous interstitial pneumonitis.[26 ] Replacement 
of Sirolimus with other immunosuppresors achieved 

resolution of pulmonary clinical symptoms and radiological 
findings in most published cases. PAP is an uncommon 
adverse reaction of mTOR inhibitors. Secondary PAP has 
been described as early as 4 weeks after the beginning of an 
mTOR inhibitor and as late as 10 years of an mTOR‑based 
immunosuppression regimen; the average onset of 
secondary PAP of the case reports found is of 29 months 
after starting immunosuppression with rapamycin. The 
incidence of PAP in the usage of sirolimus for transplant 
patient remains unknown. Nevertheless, clinicians 
that utilize sirolimus/rapamycin on their practice must 
acknowledge the potential risk it encompasses.

CONCLUSION

PAP remains an elusive diagnosis due to its rarity, which 
is usually achieved through biopsy when other options 
have been exhausted. The impact on life quality is severe, 
and the wide use of mTOR inhibitors should encourage 
clinicians to suspect use‑related pulmonary complications. 
As in previously reported cases, therapeutic regimen 
change has proven to be the adequate treatment option.
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