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Summary
Objective—We analyzed the CT and clinical findings of pulmonary alveolar proteinosis secondary
to hematological malignancy.

Methods—Seven patients with hematological malignancy and pathologically proven secondary
pulmonary alveolar proteinosis were identified from 2000−2007. Six had chest CT scans, which were
analyzed retrospectively; medical records were also reviewed.

Results—Patient age ranged from 30−54 years. Four had chronic myelogenous leukemia, 1 had
myelodysplastic syndrome, and 1 had cutaneous T cell lymphoma. As in idiopathic pulmonary
alveolar proteinosis, geographic ground-glass opacities with or without septal thickening were most
common (5/6). No axial or zonal predominance was present. Two patients died from respiratory
failure.

Conclusion—It is important to consider secondary pulmonary alveolar proteinosis as a cause of
geographic ground-glass opacities and septal thickening in a patient with hematological malignancy.
Whereas idiopathic pulmonary alveolar proteinosis has a low mortality rate, the death of 2 of our 6
patients implies that secondary pulmonary alveolar proteinosis may have a worse prognosis. Our
case of secondary pulmonary alveolar proteinosis associated with cutaneous T-cell lymphoma is the
first described in the literature.

Keywords
Secondary Pulmonary Alveolar Proteinosis; Hematological Malignancy; Leukemia;
Myelodysplastic Syndrome; Cutaneous T-Cell Lymphoma

Correspondence to: Jonathan H. Chung.

NIH Public Access
Author Manuscript
J Thorac Imaging. Author manuscript; available in PMC 2010 May 1.

Published in final edited form as:
J Thorac Imaging. 2009 May ; 24(2): 115–118. doi:10.1097/RTI.0b013e3181930ed6.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Introduction
In pulmonary alveolar proteinosis (PAP), PAS-positive lipoproteinaceous material
accumulates in the alveoli [1]. The underlying cause is failure of macrophages to clear
degradation products of surfactant. Most cases of PAP are idiopathic (IPAP). Secondary PAP
(SPAP) arises in association with hematological disorders, medications, certain infections,
acute silicosis, and immunodeficiency [2,3]. SPAP may be misinterpreted as infection in
immunocompromised patients, given its nonspecific radiographic findings. In addition, there
is new interest in PAP with the recent introduction of therapy with granulocyte-macrophage
colony stimulating factor (GM-CSF). We analyzed the CT and clinical findings in 6 patients
with SPAP associated with hematological malignancies.

Material and Methods
Retrospective review of patient data and images was approved by our institutional review
board. No patient consent was required for our HIPAA-compliant study. Between 2000 and
2007, 7 patients with pathologically-proven PAP in the setting of hematological malignancy
were identified at our institution. Six of these patients had chest CT scans performed to evaluate
their respiratory symptoms and were included in our study.

Three studies from 2004 to 2007 were performed on a 64-slice LightSpeed VCT GE CT scanner
(GE Medical Systems, Waukesha, WI). The 3 earlier studies were performed on either a 4-
slice or an 8-slice multidetector GE CT scanner. The CT parameters were 120 kVp, 180−400
mA, and 1.25−5 mm slice thickness. Two cases were scanned without IV contrast. The other
4 scans were performed with IV contrast. Images were reviewed in lung, soft tissue, and bone
windows.

CT scans were reviewed retrospectively by an experienced chest radiologist and separately by
a resident. Disagreements were then resolved by consensus. CT abnormalities were
characterized as ground-glass opacities, septal thickening (interlobular and intralobular), and
consolidation. The axial and zonal distribution of disease was also noted. Other findings were
also recorded, including nodules and pleural effusion. Medical records were reviewed to
ascertain the temporal relationship between onset of lung disease and drug treatment, induction
chemotherapy, or stem cell transplantation. Treatment of SPAP and outcome were also logged.
Because the number of patients was small, no statistical analysis was warranted.

Results
Patient ages ranged from 30−54 years (average 42 years). Four men and two women were
included. The underlying malignancies were chronic myelogenous leukemia (n=4),
myelodysplastic syndrome (n=1), and cutaneous T-cell lymphoma (n=1). Three patients had
concomitant infection: Mycobacterium avium complex (patient 2), Acinetobacter baumanii
and Aspergillus fumigatus (patient 3), and Cladosporium (patient 4).

In the 6 cases, the predominant pattern was ground-glass opacity in 3, ground-glass opacity
plus septal thickening in 2, and peripheral consolidation in 1 (Figure 1). No clear axial pattern
was demonstrated. (In 2 patients the ground-glass opacities were predominately peripheral, in
1 central, in 1 posterior, and in 2 random or diffuse). Other than the diffuse pattern demonstrated
in patient 6, all CT scans demonstrated patchy, relatively well-demarcated (geographic) lung
abnormalities (Figure 2). An upper zonal predominance was noted in 2, and a lower zonal
predominance in 3. A uniform distribution across all zonal patterns was noted in 1 (Table 1).

The etiology of SPAP was most often considered to be hematological malignancy; however,
other etiologies were also considered in 3 patients, including infection (Mycobacterium avium
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complex and Cladosporium) and drug therapy (with dasatinib or FLAN [fludarabine, cytosine-
arabinoside, mitoxantrone]) (Table 2). Although 3 patients were eventually treated with stem
cell transplantation, transplantation did not coincide with clinical or CT evidence of PAP.
Patient 4 was treated with antifungal agents. Patients 2 and 3 were treated with GM-CSF with
no response to therapy. Patients 5 and 6 did not receive therapy—patient 5 had mild disease
while patient 6 succumbed to respiratory failure before treatment for SPAP could begin.

Outcome was mixed (Table 2). In patient 3, treatment with GM-CSF was not effective, and he
died from sepsis caused by cutaneous infection about 15 months later. Patients 1 and 4
improved with stem cell transplantation and antifungal treatment, respectively. Patient 5 had
mild symptoms and did well with no intervention. Patients 2 and 6 died from respiratory failure.
Autopsy revealed that SPAP was the sole cause of death in patient 6, with no concomitant
infection identified (Figure 3). Patient 2 perished from respiratory failure from combined
Mycobacterium avium complex infection and SPAP.

Discussion
As opposed to IPAP, SPAP has received little attention in the radiology literature. The
hematological malignancies most often related to SPAP are acute and chronic myelogenous
leukemias; also linked are myelodysplastic syndrome and lymphoblastic leukemia [4-7]. CML
was the most common cause of SPAP in our series (4/6 patients). Three of these patients had
accompanying drug therapy (with FLAN induction treatment or dasatinib) or infection
(Mycobacterium avium complex or Cladosporium), which may have contributed to SPAP. To
our knowledge, case 3 is the first case of SPAP associated with cutaneous T-cell lymphoma.
Three of our patients had stem cell transplantation. SPAP may arise as a late complication of
stem cell transplantation, but in our patients SPAP occurred before transplantation [8].

Infection often coexists with SPAP, as in our series [9], although a causal relationship between
PAP and infection is not clearly defined. Organisms associated with SPAP include Aspergillus,
Nocardia, viruses, and Mycobacterial species. Superimposed infection accounts for a
significant degree of morbidity and mortality in patients with SPAP [2]. PAP may promote
infection because of impaired macrophage function, dysfunction of surfactant, or retention of
proteinaceous materials [9,10].

Macrophage dysfunction underlies all forms of PAP. This may arise anywhere along the
pathway for GM-CSF-related macrophage activation. IPAP is likely autoimmune, and
autoantibodies to GM-CSF may be detected, especially in adults [2], but autoantibodies are
not found in SPAP [2,11]. In SPAP arising in hematological malignancy, the alveolar
macrophage may be defective because it derives from the malignant clone and has a defective
GM-CSF transduction pathway [6,12]. Treatment of IPAP with aerosolized and subcutaneous
GM-CSF has produced mixed results [13,14]. Treatment of SPAP is directed at the underlying
malignancy. Whole lung lavage has also been used; however, the efficacy of GM-CSF therapy
in SPAP has yet be determined [4,9,15]. Two patients in our study (patients 2 and 3) did not
respond to therapy with GM-CSF.

Whole-lung lavage has boosted survival rates for IPAP from 70% to as high as 100% [3,16].
Mortality rates in SPAP are harder to define because cases are rare. However, there are many
reported deaths, including respiratory demise solely from SPAP, implying that SPAP may have
a worse prognosis than IPAP [17-20]. SPAP played a significant role in two of our patients’
deaths. Mortality in patient 6 was attributed solely to SPAP as there was no evidence of
infection or concomitant lung disease on autopsy. SPAP also was the primary cause of death
in patient 2, though this patient was recently treated for Mycobacterium avium complex
infection.
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The classic CT findings in IPAP have been termed “crazy paving,” representing ground-glass
opacity combined with septal thickening [21,22]. Crazy paving is not pathognomonic for PAP,
since it also occurs with Pneumocystis and viral pneumonia, lipoid pneumonia, pulmonary
edema, diffuse alveolar damage, bronchioloalveolar cell carcinoma, and pulmonary
hemorrhage [21]. Holbert demonstrated that the most common pattern in IPAP was a
geographic pattern of ground-glass opacities without a zonal distribution [23]. A similar pattern
of disease was also demonstrated in an earlier study in which 8 of 9 patients demonstrated
ground-glass opacities or consolidation [22].

To our knowledge, there has been no study on the CT findings in SPAP. The most common
pattern in our series was ground-glass opacities with or without septal thickening. No definite
zonal distribution could be established, although a lower zonal predominance was present in
half of patients. Overall, the pattern in our cases was similar to that described in IPAP.
Consolidation was absent or minimal except in patient 1, who had pathological findings of
cryptogenic organizing pneumonia in addition to SPAP. The pattern of peripheral consolidation
is more suggestive of cryptogenic organizing pneumonia rather than PAP [24]. Given the rarity
of SPAP and the nonspecificity of ground-glass opacities and septal thickening in patients with
hematological malignancy, SPAP can be easily misdiagnosed as infection, particularly
Pneumocystis carinii or viral pneumonia [25].

Our study was limited by small sample size and the relative inexperience of the resident reader.
In addition, in patients with concomitant infection, some of the CT abnormalities might have
reflected infection rather than SPAP alone.

In conclusion, SPAP is an uncommon form of PAP with the same CT finding as in IPAP,
namely a crazy-paving pattern of ground-glass opacity. In cancer patients, this finding is easily
misdiagnosed as infection, particularly Pneumocystis or viral pneumonia. Our cases
demonstrate the importance of recognizing this entity in the setting of hematological
malignancy in order to prevent a delay in diagnosis. Although our small sample size precludes
any definitive statement about mortality in SPAP, the death of 2 of our 6 patients suggests that
SPAP may have a worse prognosis than IPAP.
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Figure 1. Patient 3
“Crazy-paving” CT pattern with sharply marginated (geographic) ground-glass opacities and
superimposed interlobular and intralobular septal thickening.
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Figure 2. Patient 6
Diffuse ground-glass opacities and interlobular/intralobular septal thickening predominantly
in the right middle lobe and lingula.
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Figure 3. Patient 6
Homogeneous PAS-positive eosinophilic material stains with a granular pattern highly
suggestive of PAP.

Chung et al. Page 8

J Thorac Imaging. Author manuscript; available in PMC 2010 May 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Chung et al. Page 9

Ta
bl

e 
1

--
Su

m
m

ar
y 

of
 C

T 
fin

di
ng

s i
n 

6 
pa

tie
nt

s w
ith

 p
at

ho
lo

gi
ca

lly
 p

ro
ve

n 
se

co
nd

ar
y 

PA
P.

 A
s i

n 
pr

im
ar

y 
PA

P,
 th

e m
os

t c
om

m
on

 p
at

te
rn

 w
as

 g
ro

un
d-

gl
as

s o
pa

ci
tie

s
w

ith
 o

r w
ith

ou
t s

ep
ta

l t
hi

ck
en

in
g.

Pa
tie

nt
G

G
O

Se
pt

al
 th

ic
ke

ni
ng

C
on

so
lid

at
io

n
Pr

ed
om

in
an

t p
at

te
rn

A
xi

al
O

th
er

1
Lo

w
er

 g
re

at
er

 th
an

m
id

dl
e g

re
at

er
 th

an
 u

pp
er

lu
ng

 z
on

e 
in

vo
lv

em
en

t

M
in

im
al

Pa
tc

hy
 lo

w
er

 g
re

at
er

 th
an

m
id

dl
e 

gr
ea

te
r t

ha
n 

up
pe

r
lu

ng
 z

on
e 

in
vo

lv
em

en
t

C
on

so
lid

at
io

n
Pe

rip
he

ra
l e

xc
ep

t l
ow

er
 lu

ng
 zo

ne
w

he
re

 d
iff

us
e

Sm
al

l l
ef

t p
le

ur
al

 e
ff

us
io

n,
 sm

al
l

ill
-d

ef
in

ed
 p

ul
m

on
ar

y 
no

du
le

s

2
B

ila
te

ra
l u

pp
er

 g
re

at
er

th
an

 m
id

dl
e 

gr
ea

te
r t

ha
n

lo
w

er
 lu

ng
 z

on
e

in
vo

lv
em

en
t

Sa
m

e 
as

 G
G

O
M

in
im

al
G

G
O

C
en

tra
l

Le
ft 

pl
eu

ra
l e

ff
us

io
n

3
Lo

w
er

 g
re

at
er

 th
an

m
id

dl
e g

re
at

er
 th

an
 u

pp
er

lu
ng

 z
on

e 
in

vo
lv

em
en

t

Sa
m

e 
as

 G
G

O
no

ne
G

G
O

 a
nd

 se
pt

al
 th

ic
ke

ni
ng

Pe
rip

he
ra

l

4
Le

ft 
gr

ea
te

r t
ha

n 
rig

ht
;

lo
w

er
 z

on
es

 g
re

at
er

 th
at

m
id

dl
e 

zo
na

l
in

vo
lv

em
en

t

M
ild

 le
ft>

rig
ht

N
od

ul
ar

 p
at

ch
y 

lo
w

er
 lu

ng
co

ns
ol

id
at

io
n

G
G

O
Po

st
er

io
r g

re
at

er
 th

an
 c

en
tra

l
U

pp
er

 lo
be

 p
ul

m
on

ar
y 

no
du

le
s

5
B

ila
te

ra
l u

pp
er

 a
nd

m
id

dl
e 

w
ith

 le
ss

in
vo

lv
em

en
t o

f l
ow

er
lu

ng
s

Sa
m

e 
as

 G
G

O
M

in
im

al
 p

at
ch

y 
in

 a
ll 

lo
be

s
G

G
O

 a
nd

 se
pt

al
 th

ic
ke

ni
ng

N
o 

cl
ea

r d
is

tri
bu

tio
n

B
ila

te
ra

l p
le

ur
al

 e
ff

us
io

ns

6
U

ni
fo

rm
Sa

m
e 

as
 G

G
O

Lo
w

er
 lu

ng
s

G
G

O
>>

>s
ep

ta
l t

hi
ck

 a
nd

co
ns

ol
id

at
io

n
D

iff
us

e

G
G

O
: G

ro
un

d-
gl

as
s o

pa
ci

tie
s

J Thorac Imaging. Author manuscript; available in PMC 2010 May 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Chung et al. Page 10

Ta
bl

e 
2

Pa
tie

nt
 d

at
a.

 T
w

o 
of

 th
e 

si
x 

pa
tie

nt
s d

ie
d 

fr
om

 re
sp

ira
to

ry
 fa

ilu
re

. T
w

o 
pa

tie
nt

s w
er

e 
tre

at
ed

 w
ith

 G
M

-C
SF

 w
ith

 n
o 

di
m

in
ut

io
n 

in
 si

gn
s, 

sy
m

pt
om

s, 
or

 C
T

ab
no

rm
al

iti
es

.

Pa
tie

nt
A

ge
M

aj
or

 c
om

or
bi

di
ty

M
ea

ns
 o

f d
ia

gn
os

is
Pr

ob
ab

le
 c

au
se

O
ut

co
m

e
T

re
at

m
en

t

1
40

 M
M

D
S

Su
rg

ic
al

 b
io

ps
y

M
D

S
R

es
ol

ut
io

n
St

em
 c

el
l t

ra
ns

pl
an

ta
tio

n 
th

ou
gh

 th
er

e 
w

as
 im

pr
ov

em
en

t
ev

en
 b

ef
or

e 
tre

at
m

en
t

2
45

 M
C

M
L

B
A

L
C

M
L 

or
 M

A
C

D
ea

th
 fr

om
 re

sp
ira

to
ry

co
m

pr
om

is
e

St
em

 c
el

l t
ra

ns
pl

an
ta

tio
n 

an
d 

G
M

-C
SF

3
30

 M
C

TC
L

Su
rg

ic
al

 b
io

ps
y

C
TC

L
D

is
ch

ar
ge

d 
w

ith
ou

t c
om

pl
et

e
re

so
lu

tio
n 

of
 P

A
P;

 S
ec

on
da

ril
y

in
fe

ct
ed

 w
ith

 A
ci

ne
to

ba
ct

er
ba

um
an

ii 
an

d 
A

sp
er

gi
llu

s
fu

m
ig

at
us

, l
at

er
 in

 d
is

ea
se

 c
ou

rs
e

G
M

-C
SF

 d
is

co
nt

in
ue

d 
af

te
r o

ne
 w

ee
k 

du
e 

to
 n

o 
re

sp
on

se

4
52

 F
C

M
L

B
A

L 
an

d 
su

rg
ic

al
 b

io
ps

y
C

M
L 

or
 C

la
do

sp
or

iu
m

 o
r

FL
A

N
 in

du
ct

io
n 

th
er

ap
y

R
es

ol
ut

io
n 

w
ith

 tr
ea

tm
en

t f
or

C
la

do
sp

or
iu

m
 w

ith
 a

m
ph

ot
er

ic
in

an
d 

ca
sp

of
un

gi
n

A
m

ph
ot

er
ic

in
 a

nd
 c

as
po

fu
ng

in

5
54

 F
C

M
L

Su
rg

ic
al

 b
io

ps
y

C
M

L 
or

 d
ru

g 
(d

as
at

in
ib

)
St

ab
le

; m
in

im
al

 in
iti

al
 sy

m
pt

om
s;

st
ab

le
 ra

di
ol

og
ic

al
 a

bn
or

m
al

iti
es

.
N

on
e 

ac
ut

el
y,

 e
ve

nt
ua

l b
on

e 
m

ar
ro

w
 tr

an
sp

la
nt

6
35

 M
C

M
L

B
A

L 
an

d 
au

to
ps

y
C

M
L

D
ea

th
 fr

om
 re

sp
ira

to
ry

co
m

pr
om

is
e

N
on

e

M
D

S:
 M

ye
lo

dy
sp

la
st

ic
 sy

nd
ro

m
e,

 C
M

L
: C

hr
on

ic
 m

ye
lo

ge
no

us
 le

uk
em

ia
, C

T
C

L
: C

ut
an

eo
us

 T
-c

el
l l

ym
ph

om
a,

 M
A

C
: M

yc
ob

ac
te

riu
m

 a
vi

um
 c

om
pl

ex
, S

C
T

: S
te

m
 c

el
l t

ra
ns

pl
an

t, 
B

A
L

: B
ro

nc
ho

al
ve

ol
ar

la
va

ge
 F

LA
N

: F
lu

da
ra

bi
ne

, c
yt

os
in

e 
ar

ab
in

os
id

e,
 m

ito
xa

nt
ro

ne
, G

M
-C

SF
: G

ra
nu

lo
cy

te
-m

ac
ro

ph
ag

e 
co

lo
ny

 st
im

ul
at

in
g 

fa
ct

or

J Thorac Imaging. Author manuscript; available in PMC 2010 May 1.


