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Abstract
In 2008, we presented three cases of ALK-positive histiocytosis as a novel systemic histiocytic proliferation of early infancy
with hepatosplenomegaly and dramatic hematological disturbances. This series of 10 cases (including the original three
cases) describes an expanded clinicopathological spectrum and the molecular findings of this histiocytic proliferation. Six
patients had disseminated disease: five presented in early infancy with eventual disease resolution, and the sixth presented at
2 years of age and died of intestinal, bone marrow, and brain involvement. The other four patients had localized disease
involving nasal skin, foot, breast, and intracranial cavernous sinus – the first three had no recurrence after surgical resection,
while the cavernous sinus lesion showed complete resolution with crizotinib therapy. The lesional histiocytes were very
large, with irregularly folded nuclei, fine chromatin, and abundant eosinophilic cytoplasm, sometimes with emperipolesis.
There could be an increase in foamy histiocytes and Touton giant cells with time, resembling juvenile xanthogranuloma.
Immunostaining showed that the histiocytes were positive for ALK, histiocytic markers (CD68, CD163) and variably S100,
while being negative for CD1a, CD207, and BRAF-V600E. Next-generation sequencing-based anchored multiplex PCR
(Archer® FusionPlex®) performed in six cases identified KIF5B-ALK gene fusion in five and COL1A2-ALK fusion in one.
There was no correlation of gene fusion type with disease localization or dissemination. The clinicopathological spectrum of
ALK-positive histiocytosis is broader than originally described, and this entity is characterized by frequent presence of
KIF5B-ALK gene fusion. We recommend that every unusual histiocytic proliferative disorder, especially disseminated
lesions, be tested for ALK expression because of the potential efficacy of ALK inhibitor therapy in unresectable or
disseminated disease.

Introduction

In 2008, we described a series of three patients with a novel
type of systemic histiocytic proliferative disorder termed
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“ALK-positive histiocytosis” [1]. The patients were young
infants presenting with pallor, hepatosplenomegaly, severe
thrombocytopenia, and anemia. Two patients received a
short course of chemotherapy with limited initial response,
but all three patients eventually had disease resolution after
many months. In one patient, skin lesions that subsequently
developed had histological similarity to juvenile xantho-
granuloma. However, unlike juvenile xanthogranuloma, the
histiocytes in all three patients showed marked nuclear
foldings and were uniformly immunoreactive for ALK.
TPM3-ALK gene fusion was identified in the single case
where materials were available for molecular analysis.

In this study, we describe the clinical, pathological, and
molecular findings of 10 cases, including the original three
patients with updated long-term follow-up. Significantly, a
unique KIF5B-ALK gene fusion was identified in five cases,
and one patient with an unresectable intracranial lesion
showed a dramatic response to ALK inhibitor therapy.

Materials and methods

Case selection

Ten cases of ALK-positive histiocytosis from three hospi-
tals (Royal Children’s Hospital, Melbourne, Australia;
Queen Elizabeth Hospital, Hong Kong Special Adminis-
trative Region, China; and KK Women’s and Children’s
Hospital, Singapore) were reviewed. These included the
three cases previously published [1] and a previously pub-
lished case of systemic juvenile xanthogranuloma for which
materials could be obtained for study [2]. Clinical history
was obtained from the patient charts, archival diagnostic
materials were reviewed, and additional studies were
performed.

Immunohistochemistry

Four μm-thick sections cut from formalin-fixed paraffin-
embedded tissue blocks were used for immunostaining in
a BenchMark ULTRA automated immunostainer (Ven-
tana Medical System, Tucson, AZ). The antibodies used
are listed in Table 1, with the OptiView DAB IHC
Detection Kit (Roche) being used for detection.
Negative controls and same-slide positive controls were
employed.

Fluorescence in situ hybridization

For ALK gene fluorescence in situ hybridization, the sec-
tions were treated with the Vysis paraffin pre-treatment IV
system (Vysis, Downers Grove, IL, USA). The tissue sec-
tions and ALK break-apart probes (Vysis) were co-
denatured at 73 °C for 5 min and then incubated at 37 °C
using the Thermobrite denaturation-hybridization system
(Vysis). Fifty nuclei were scored, and ALK gene rearran-
gement was indicated by a split signal, defined as separation
of signals by more than two signal widths. The result was
considered positive if more than 20% of the assessed nuclei
had split signals.

Nucleic acid extraction

Total RNA was extracted from scrolls cut from formalin-
fixed and paraffin-embedded tissue blocks using
the Promega ReliaPrep™ FFPE Total RNA
Miniprep System (Promega, Madison, WI, USA) fol-
lowing the manufacturer’s recommended protocol. The
quantity of RNA extracted was measured using the
QuantiFluor® RNA System (Promega, Madison, WI,
USA).

Table 1 Antibodies used for
immunohistochemical staining
and results

Antibody Clone Dilution Manufacturer Results: number of positive cases/number of
cases tested (percentage positive)

ALK ALK1 1:25 DAKO 10/10 (100%)

CD68 KP1 1:500 DAKO 10/10 (100%)

CD163 MRQ-26 Ready-to-
use

Cell Marque 10/10 (100%)

S100 Z0311 1:1000 DAKO 4/8 (50%)

Factor XIIIa EP3372 Ready-to-
use

Cell Marque 8/8 (100%)

Fascin 55K-2 1:100 Cell Marque 4/5 (80%)

CD1a EP3622 Ready-to-
use

Cell Marque 0/10 (0%)

Langerin 12D6 1:50 Abcam 0/10 (0%)

BRAF V600E VE1 Ready-to-
use

Roche Ventana 0/10 (0%)
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Gene fusion identification by anchored multiplex
PCR (Archer® FusionPlex®)

To identify the partner gene fused with ALK, 200 ng of
RNA was used for library preparation utilizing the Archer®
FusionPlex® sarcoma panel kit (AK00328) following the
manufacturer’s protocol (ArcherDX, Boulder, CO, USA).
The prepared library was sequenced using an Ion Torrent
PGM™ next-generation sequencer. The Hi-Q™ sequencing
kit and Hi-Q™ OT2 kit were used following the manu-
facturer’s protocol (Life Technologies, Forster City, CA,
USA). The data obtained was analysed by the Archer Data
Analysis (version 4.1.1) portal (ArcherDX, Boulder, CO,
USA).

Confirmatory reverse-transcriptase PCR and Sanger
sequencing

The anchored multiplex PCR fusion gene results were
confirmed by reverse transcriptase PCR (RT-PCR). 50 ng of
sample RNA was used for one-step RT-PCR using the
GoTaq 1-Step RT-PCR kit (Promega, Madison, WI, USA).
Primers flanking the breakpoints for both KIF5B-ALK and
COL1A2-ALK gene fusions are detailed in Table 2. The
temperature profile for the one step RT-PCR was 45 oC for
15 min, 95 oC for 5 min, 40 cycles of 95 oC for 15 s, 60 oC
for 15 s, and 72 oC for 20 s. The sizes of the PCR products
were determined by inspection against a size ladder on 3%
agarose gel. The bands of interest were excised and sub-
mitted for Sanger sequencing using the ABI3730xl DNA
sequencer (Applied Biosystems, Foster City, CA) to con-
firm the breakpoint sequence.

Results

Clinical findings

The major clinical, pathological and molecular findings are
summarized in Table 3, and detailed clinical histories are
provided in the Supplementary Information. The patients
included 4 males and 6 females, predominantly of young
age, comprising 5 young infants, 2 children, 2 teenagers,
and one adult. The patients included Caucasians and Asians
(including Chinese, Thai, and Middle Eastern). Six cases

had systemic (B1, B2, B3, P1, N1, and N2) and four
localized disease (N3, N4, N5, and N6). Patients with sys-
temic disease tended to be young children (five were
younger than 3 months and one was 2 years 9 months old),
who presented with abdominal distension (with hepatos-
plenomegaly in five), anemia and thrombocytopenia, and
additional findings depending on site of involvement, e.g.
skin nodules in patients B1 and N1, diarrhea and protein-
losing enteropathy in patient N2. The localized cases pre-
sented with tumors in the following sites: nasal skin,
intracranial cavernous sinus, foot and breast, and the
patients tended to be older. All patients had disease reso-
lution on follow up, except patient N2, who succumbed to
systemic disease.

ALK-positive histiocytosis treated with crizotinib

Patient N4 was a 15-year-old male presenting with a 3-
month history of progressive diplopia and inability to move
the right eye. He was found to have a 2.4 cm cavernous
sinus lesion, and biopsy was complicated by asystole, likely
secondary to a trigemino-cardiac reflex. Only a very small
biopsy could be obtained. Histology showed a histiocytic
infiltrate mixed with many lymphocytes, occasional plasma
cells, and scattered Langhans-type giant cells (Fig. 1a).
ALK immunohistochemistry was positive (Fig. 1b). The
patient received crizotinib treatment and the cavernous
sinus lesion (Fig. 1c) resolved completely 3 months later as
assessed by imaging (Fig. 1d), and the child has remained
well with full recovery of eye movements.

Pathologic features

The proliferated histiocytes occurring in the various tissue
sites were large cells with irregularly folded, deeply clefted
or lobulated nuclei, fine chromatin and small nucleoli
(Fig. 2a); occasional cells were multinucleated (Fig. 2b).
They had abundant eosinophilic cytoplasm, which could
show fine vacuoles. Occasionally they showed phagocytosis
of lymphocytes (emperipolesis), polymorphonuclear leu-
kocytes, normoblasts, red cells, or hemosiderin. Foamy
histiocytes were absent, focal or extensive, and they showed
irregularly folded nuclei similar to the non-foamy ones
(Fig. 2c). They were often increased in repeat biopsies taken
during the course of disease. There were sometimes

Table 2 Primers used for RT-
PCR

Gene fusion Primers Sequence

KIF5B-ALK KIF5B exon 24 (NM_004521.2) 5′-GGAAGCAGTCAGGTCAAAGAA-3′
ALK exon 20 (NM_004304.4) 5′-AGCTTGCTCAGCTTGTACTC-3′

COL1A2-ALK COL1A2 exon 51 (NM_000089.3) 5′-GGCAACAGCAGGTTCACTTA-3′
ALK exon 19 (NM_004304.4) 5′-ACGTGTGCTCTTCCGATCTA-3′

600 K. T. E. Chang et al.



Ta
bl
e
3
S
um

m
ar
y
of

cl
in
ic
al
,
pa
th
ol
og

ic
al

an
d
m
ol
ec
ul
ar

fi
nd

in
gs

C
as
e
no

.
G
en
de
r

A
ge

at
pr
es
en
ta
tio

n
E
th
ni
ci
ty

D
is
ea
se

ex
te
nt

(o
rg
an
s
in
vo

lv
ed
)

G
en
e
fu
si
on

T
re
at
m
en
t

F
ol
lo
w
-u
p

B
1a

F
em

al
e

N
eo
na
te

C
au
ca
si
an

S
ys
te
m
ic

(s
pl
ee
n,

liv
er
,
bo

ne
m
ar
ro
w
,
sk
in
)

T
P
M
3-
A
L
K

C
he
m
ot
he
ra
py

(d
ex
am

et
ha
so
ne

an
d
et
op

os
id
e)

N
o
di
se
as
e
at

12
ye
ar
s

B
2a

F
em

al
e

3
m
on

th
s

C
hi
ne
se

S
ys
te
m
ic

(s
pl
ee
n,

liv
er
,
bo

ne
m
ar
ro
w
)

U
ns
uc
ce
ss
fu
l

C
he
m
ot
he
ra
py

(d
ex
am

et
ha
so
ne

an
d
et
op

os
id
e)

N
o
di
se
as
e
at

14
ye
ar
s

B
3a

F
em

al
e

3
m
on

th
s

C
hi
ne
se

S
ys
te
m
ic

(s
pl
ee
n,

liv
er
,
bo

ne
m
ar
ro
w
)

U
ns
uc
ce
ss
fu
l

A
nt
ib
io
tic
s

N
o
di
se
as
e
at

13
ye
ar
s

P
1b

F
em

al
e

2
m
on

th
s

T
ha
i

S
ys
te
m
ic

(s
pl
ee
n,

liv
er
,
bo

ne
m
ar
ro
w
)

K
IF
5B

-A
L
K

C
he
m
ot
he
ra
py

(v
in
bl
as
tin

e
an
d
et
op

os
id
e)

N
o
di
se
as
e
at

2
ye
ar
s

N
1

M
al
e

3
m
on

th
s

C
au
ca
si
an

S
ys
te
m
ic

(s
ki
n,

ki
dn

ey
,
lu
ng

,
liv

er
,
bo

ne
m
ar
ro
w
)

K
IF
5B

-A
L
K

C
he
m
ot
he
ra
py

(A
L
C
L
99

pr
ot
oc
ol
)

S
ki
n
no

du
le
s

sm
al
le
r;
no

ot
he
r

di
se
as
e
at

4
ye
ar
s

N
2

M
al
e

2
ye
ar
s
9
m
on

th
s

M
id
dl
e
ea
st
er
n

S
ys
te
m
ic

(i
nt
es
tin

e,
bo

ne
m
ar
ro
w
,c
en
tr
al
ne
rv
ou

s
sy
st
em

)
A
L
K
tr
an
sl
oc
at
io
n
by

F
IS
H

S
te
ro
id
s
an
d
ch
em

ot
he
ra
py

(e
to
po

si
de
,
cy
cl
os
po

ri
ne
,

im
m
un

og
lo
bu

lin
s,
cy
ta
ra
bi
n,

m
et
ho

tr
ex
at
e)

D
ie
d
af
te
r
2
m
on

th
s

N
3

M
al
e

2
ye
ar
s
3
m
on

th
s

C
au
ca
si
an

L
oc
al
iz
ed

(n
as
al

sk
in

pa
pu

le
)

K
IF
5B

-A
L
K

B
io
ps
y
fo
llo

w
ed

by
in
co
m
pl
et
e
ex
ci
si
on

6
m
on

th
s

la
te
r

N
o
di
se
as
e
2.
5
ye
ar
s

fo
llo

w
in
g
su
rg
er
y

N
4

M
al
e

15
ye
ar
s

C
au
ca
si
an

L
oc
al
iz
ed

(c
av
er
no

us
si
nu

s)
K
IF
5B

-A
L
K

A
L
K
-i
nh

ib
ito

r
(c
ri
zo
tin

ib
)

N
o
di
se
as
e
po

st
A
L
K
-i
nh

ib
ito

r
th
er
ap
y
at

6
m
on

th
s

N
5

M
al
e

16
ye
ar
s

C
hi
ne
se

L
oc
al
iz
ed

(s
ki
n/
so
ft
tis
su
e
of

fo
ot
)

C
O
L
1A

2-
A
L
K

S
ur
gi
ca
l
re
se
ct
io
n
(r
es
ec
tio

n
m
ar
gi
n
st
at
us

un
ce
rt
ai
n)

N
o
di
se
as
e
at

3
ye
ar
s

N
6

F
em

al
e

40
ye
ar
s

C
hi
ne
se

L
oc
al
iz
ed

(b
re
as
t)

K
IF
5B

-A
L
K

C
om

pl
et
e
su
rg
ic
al

ex
ci
si
on

N
o
di
se
as
e
at

3.
5

ye
ar
s

a C
as
es

or
ig
in
al
ly

re
po

rt
ed

by
C
ha
n
et

al
.
[1
],
w
ith

up
da
te

on
fo
llo

w
-u
p

b C
as
e
or
ig
in
al
ly

re
po

rt
ed

as
sy
st
em

ic
ju
ve
ni
le

xa
nt
ho

gr
an
ul
om

a
by

C
ha
nt
ra
nu

w
at

[2
],
w
ith

ad
di
tio

na
l
w
or
k-
up

ALK-positive histiocytosis: an expanded clinicopathologic spectrum and frequent presence of KIF5B-ALK. . . 601



admixed Touton giant cells. An exception was seen in case
N5, wherein the histiocytes showed oval nuclei with distinct
nucleoli (see later).

In the involved liver (patients B1, B2, B3, P1), the his-
tiocytes occurred singly and as tiny aggregates in the
sinusoids, and as large aggregates in the portal tracts.
Because of their large size and eosinophilic cytoplasm, the
histiocytes could be difficult to distinguish from hepatocytes
on casual examination (Fig. 2d) and often required ALK
immunohistochemistry for identification (inset of Fig. 2d).
Bone marrow involvement could be subtle (patients B2,
B3), focal and patchy (patients P1, N2) (Fig. 2e) or exten-
sive (third biopsy of patient N2) (Fig. 2f), while the pattern
could not be determined in patient N1 because only an
aspirate was available.

In patient N2, the duodenal biopsy showed diffuse dense
infiltration of the lamina propria by histiocytes; the villous
architecture was well preserved (Fig. 2g).

The skin lesions (patients B1, N1, N3) showed a non-
circumscribed, non-epidermotropic infiltrate comprising
sheets of histiocytes (Figs. 2h and 3a). Repeat skin biopsy
at 8 months from patient N1 showed histiocytes with
interspersed Touton giant cells and fibrosis with a stori-
form pattern (Fig. 3b). The breast lesion (patient N6)
showed a non-circumscribed proliferation of histiocytes
with focal spindling (Fig. 3c). The histiocytic nuclei
showed deep foldings resulting in a cup-like morphology,
and mitoses were numerous (Fig. 3d). The foot lesion
(patient N5) showed fibrocollagenous tissue with inter-
spersed islands of histiocytic cells (Fig. 3e) with different

nuclear features of comparatively bland nuclei with single
visible nucleoli (Fig. 3f) – this lesion from patient N5 had
a different gene fusion from the other cases (see next
section).

Immunostaining showed that the lesional histiocytes
(including those with foamy cytoplasm) were ALK positive
in a cytoplasmic pattern (Fig. 3g) and were also positive for
histiocytic markers CD68 and CD163. S100 was positive in
4 of 8 cases (50%). CD1a, langerin and BRAF V600E were
negative in all cases. Fluorescence in-situ hybridization
utilizing breakapart probes to the ALK gene was performed
in all but two cases (B2, B3), and all showed split signals
(Fig. 3h).

Gene fusion study results

Suitable materials were available for next-generation
sequencing-based anchored multiplex PCR in 6 cases.
Five samples (P1, N1, N3, N4, and N6) showed KIF5B-
ALK gene fusion, with identical breakpoints involving exon
24 of KIF5B and exon 20 of ALK in all five cases (Fig. 4a).
One sample (N5) had a COL1A2-ALK fusion involving
exon 51 of COL1A2 and a partial sequence of intron 18
followed by exon 19 of ALK (Fig. 4b). All the fusion
sequences were confirmed by RT-PCR followed by Sanger
sequencing. Cases B1, B2, B3, and N2 were analysed by
RT-PCR for both the KIF5B-ALK and COL1A2-ALK gene
fusions, but the RNA was too degraded to yield results. One
case (B1) has previously been shown to harbor TPM3-ALK
gene fusion [1].

Fig. 1 Histologic and radiologic
features of patient N4 with
cavernous sinus lesion. a
Histiocytic infiltrate with
scattered Langhans-type giant
cells; there were many admixed
lymphocytes (H&E,
magnification ×200). b ALK
immunoreactivity in histiocytic
cells in a cytoplasmic staining
pattern (magnification ×200). c,
d Enhanced T1-weighted axial
MR image of skull shows a
right-sided cavernous sinus
lesion (c, yellow arrow) that
resolved completely following
crizotinib treatment (d, green
arrow)

602 K. T. E. Chang et al.



Discussion

Clinicopathologic and genetic features of ALK-
positive histiocytosis

Since the first publication on ALK-positive histiocytosis in
2008, there has only been one formal report on this entity,
describing two neonates showing several features not
observed in the original report, such as renal involvement,

extensive marrow involvement, and presence of histiocytes
with emperipolesis simulating Rosai-Dorfman disease [3].
These features are indeed observed in some of the newly
encountered cases of this series. In a large series of tumors
studied for the presence of ALK translocation, a 40-year-old
man is reported to have systemic ALK-positive “non-Lan-
gerhans cell histiocytosis” involving cervical spinal cord,
liver, peritoneum, bone, and skin [4]. Thus the clin-
icopathological spectrum of ALK-positive histiocytosis is

Fig. 2 Histologic features of
ALK-positive histiocytosis. a
Patient P1 – characteristic
histology of histiocytes of ALK-
positive histiocytosis with
irregularly folded, deeply clefted
or lobulated nuclei, fine
chromatin, and inconspicuous
nucleoli; the histiocytes can be
difficult to distinguish from the
hepatocytes, which have round
nuclei and more deeply
eosinophilic cytoplasm. b
Patient P1 – the histiocytic cells
may be multinucleated. c Patient
N1 – the histiocytes may have
abundant vacuolated or foamy
cytoplasm. d patient P1 – the
histiocytic cells are dispersed in
the sinusoids and aggregated in
the portal tracts of the liver; the
pattern of infiltration is best
appreciated by ALK
immunohistochemistry (inset). e
Patient P1 – patchy bone
marrow involvement by the
histiocytic cells including
multinucleate giant cell forms. f
Patient N2 – diffuse bone
marrow involvement by foamy
histiocytes in the third bone
marrow biopsy. g Patient N2 –

intestinal involvement consists
of diffuse lamina propria
infiltrates of histiocytic cells
which are ALK-immunoreactive
(inset). h Patient N1 – the initial
skin biopsy shows dermal
infiltrates of histiocytes within
intervening collagenous strands

ALK-positive histiocytosis: an expanded clinicopathologic spectrum and frequent presence of KIF5B-ALK. . . 603



wider than originally described [1]. The most common
clinical picture is that of a very young infant presenting with
hepatosplenomegaly and severe cytopenia, requiring trans-
fusion support over many months. In spite of the worrisome
clinical picture, there is gradual spontaneous recovery,
possibly aided by chemotherapy. However, systemic dis-
ease can also occur in adults [4], and rare patients may
succumb to systemic disease (such as patient N2 who had
intestinal, bone marrow, and nervous system involvement).

Other patients have localized disease, and remain well fol-
lowing resection, or as in the patient with inoperable
cavernous sinus lesion, following treatment with ALK
inhibitor crizotinib. The rapidity of the resolution in the
latter patient suggests that this was the result of crizotinib
rather than spontaneous resolution which in the other cases
took a far longer period of time.

Since the first description of the typical translocation
t(2;5)(p23;q35) in anaplastic large cell lymphoma and the

Fig. 3 Histologic features of
ALK-positive histiocytosis
(continued). a Patient N1 – the
histiocytic cells have ample
palely eosinophilic to
amphophilic cytoplasm, and
ovoid nuclei with variably
irregular nuclear contours and
occasional nuclear grooves. b
Patient N1 – a later biopsy at at
8 months showed interspersed
Touton giant cells and fibrosis
with a storiform pattern. c
Patient N6 – the breast lesion
showed a non-circumscribed
proliferation of histiocytes. d
Patient N6 – the histiocytes of
the breast lesion had deep
nuclear foldings with a cup-like
morphology in some nuclei;
mitoses are easily identified. e
Patient N5 (COL1A2-ALK
fusion) – the histiocytic infiltrate
forms irregular islands and nests
with surrounding dense
collagen. f Patient N5 (COL1A2-
ALK fusion) – the histiocytic
cells have ample amphophilic
cytoplasm that is finely
vacuolated; the nuclei are round
to oval and comparatively bland
with a single small nucleolus
and minimal nuclear contour
irregularities. g Patient P1 – the
histiocytic cells show strong
cytoplasmic positive
immunoreactivity for ALK. h
Patient N2 – FISH using an
ALK breakapart probe shows a
positive result with separation of
the green and red signals
(arrows)

604 K. T. E. Chang et al.



subsequent cloning of the fusion genes ALK-NPM, the
number of neoplasms recognized to show frequent ALK
gene translocation has increased, including inflammatory
myofibroblastic tumor [5], ALK-positive large B-cell lym-
phoma [6], and epithelioid fibrous histiocytoma [7]. A small
percentage of pulmonary carcinomas [8], renal cell carci-
nomas [9–11], thyroid carcinomas [12, 13], colorectal car-
cinomas [14], pancreatic carcinomas [15], and Spitzoid
tumors [16] have also been shown to exhibit ALK translo-
cation. The remarkable and sustained response of ALK-
positive neoplasms to ALK inhibitor, as observed in ana-
plastic large cell lymphoma [17], pulmonary carcinoma
[18], and inflammatory myofibroblastic tumor [17, 19]
underlines the importance of recognition of ALK gene

translocation in neoplasms. In this series of ALK-positive
histiocytosis, the encouraging response of the cavernous
sinus lesion to ALK inhibitor treatment suggests that tar-
geted therapy may also be considered in patients with sys-
temic disease. Another case of systemic “non-Langerhans
cell histiocytosis” with KIF5B-ALK fusion (consistent with
ALK-positive histiocytosis) has similarly been reported to
show prolonged robust response to ALK inhibitor [4].

Although ALK gene can be fused with many different
partner genes in neoplasms [4], a distinctive partner gene is
often implicated in a high proportion of cases for each
tumor type, such as NPM in ALK-positive anaplastic large
cell lymphoma [20], CLTC in ALK-positive large B-cell
lymphoma [21], RANBP2 in epithelioid inflammatory

Fig. 4 Sequencing results. a
Anchored multiplex PCR
(Archer sarcoma panel) and
confirmatory Sanger sequencing
of case N1 showing strong
evidence of fusion of KIF5B
exon 24 with ALK exon 20. b
Anchored multiplex PCR
(Archer sarcoma panel) showing
strong evidence of fusion of
COL1A2 exon 51 with ALK
exon 19, with intervening
segment of ALK intron 18. c, d
Confirmatory Sanger sequencing
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myofibroblastic sarcoma [22], SQSTM1 and VCL in epi-
thelioid fibrous histiocytoma [7, 23] and EML4 in pul-
monary carcinoma [24]. This study on ALK-positive
histiocytosis identifies a recurrent translocation between the
KIB5B and ALK genes in the majority of cases by the
technique of next-generation sequencing-based anchored
multiplex PCR [25]. This technique identifies gene fusions
(including novel gene fusions) in a PCR-based assay using
primers targeting one fusion partner (from a panel of 26
genes), while the other gene partner is identified through
next-generation sequencing in a manner agnostic of the
identity and breakpoint of this binding partner.

The KIF5B-ALK gene fusion has thus far been found
only in histiocytic neoplasms and a minority of ALK-
positive lung carcinomas. It has a consistent breakpoint at
exon 24 of KIF5B and exon 20 of ALK. KIF5B encodes the
ubiquitous isoform of the heavy chain of kinesin-1, a motor
protein involved in intracellular transport via microtubules
[26], while ALK encodes a receptor tyrosine kinase. Exons
1–24 of KIF5B comprise the motor domain and most of the
alpha helical coiled-coil that participates in kinesin dimer-
ization, and is joined to the intracellular kinase domain of
ALK starting from exon 20. As KIF5B is ubiquitously
expressed, the resultant chimeric protein is likely a con-
stitutively active kinase. KIF5B is an uncommon partner
gene of ALK other than in ALK-positive histiocytosis [4]. In
a study searching for targetable kinase alterations as onco-
genic drivers in histiocytic neoplasms, two of 24 cases are
found to harbor KIF5B-ALK gene fusion [27]. KIF5B-ALK
is uncommonly found in lung carcinomas, with a different
breakpoint in which exons 15 or 24 of KIF5B is fused to
exon 20 of ALK [28, 29]. One of the solitary cases of ALK-
positive histiocytosis in our series shows COL1A2-ALK
gene fusion, a gene fusion that has not been described in
any other neoplasm to date. COL1A2 encodes for the alpha
2 chain of type I collagen and point mutations of COL1A2
occur in osteogenesis imperfecta and related disorders of
connective tissue [30].

Is ALK-positive histiocytosis a distinct entity?

ALK-positive histiocytosis appears to be a distinct clin-
icopathologic entity, and not merely a heterogeneous group
of different histiocytic proliferations that share ALK gene
translocation as oncogenic driver, at least for the systemic
cases. Supporting features include: practically identical
clinical presentation and outcome; proliferating histiocytes
differing morphologically from those of other histiocytosis
in showing marked nuclear foldings; ALK expression
resulting from ALK gene translocation, often with KIF5B as
partner gene; lack of typical clinical features of Erdheim-
Chester disease (skeletal, cardiovascular and retroperitoneal

involvement), and lack of evidence of BRAF V600E
mutation (a common genetic alteration in Erdheim-Chester
disease). The solitary cases probably also represent part of
the spectrum of the entity, because the proliferated histio-
cytes show irregular nuclear foldings similar to the systemic
cases (except the case with COL1A2-ALK fusion), and they
show the same KIF5B-ALK fusion, a very uncommon type
of ALK gene fusion in tumors [4].

Differential diagnosis

The histiocytes in ALK-positive histiocytosis may become
foamy with time and Touton giant cells can be admixed,
thus raising the differential diagnoses of juvenile xantho-
granuloma (disseminated or localized) and Erdheim-Chester
disease. Juvenile xanthogranuloma differs from ALK-
positive histiocytes in that the lesional histiocytes (includ-
ing foamy histiocytes) have round to oval nuclei, and S100
is uncommonly positive [31]. It is likely that some cases
reported in the literature as disseminated juvenile xantho-
granuloma may represent ALK-positive histiocytosis, as
exemplified by case P1 [2, 32–36]. Erdheim-Chester dis-
ease, a disease predominantly of adults with mean age of
55–60 years, is a clonal systemic histiocytic proliferation
most commonly involving bone, cardiovascular system and
retroperitoneum, and histologically characterized by foamy
histiocytes with small nuclei and Touton giant cells; the
diagnosis is made with histology and phenotype of histio-
cytes in the appropriate clinical and radiological context
[31, 37]. The majority of cases show BRAF-V600E muta-
tion. ALK-positive histiocytosis differs in occurrence in
much younger patients, lack of involvement of the typical
anatomic sites, presence of localized disease in some
patients, presence of non-foamy histiocytes with irregularly
folded nuclei (sometimes exclusively), and lack of BRAF-
V600E. It is unclear whether the two patients briefly men-
tioned in a report as having Erdheim-Chester disease which
exhibit the KIF5B-ALK gene fusion (25-year-old with skin
lesion rich in Touton giant cells and lacking BRAF-600E;
50-year-old with liver lesion) should be diagnosed as ALK-
positive histiocytosis instead [27]. Since the lesional his-
tiocytes of ALK-positive histiocytosis may show emper-
ipolesis, Rosai-Dorfman disease enters into the differential
diagnosis. The histiocytes of the latter differ in that the
nuclei are round, with vesicular chromatin and distinct
nucleoli. They are also consistently S100 positive. ALK-
positive histiocytosis needs to be distinguished from his-
tiocytic sarcoma, an aggressive neoplasm. The latter should
show definite nuclear pleomorphism, readily identifiable
mitotic activity, and is ALK negative. Epithelioid fibrous
histiocytoma, a localized cutaneous tumor often showing
ALK expression, has to be distinguished from ALK-
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positive histiocytosis involving skin [7, 23, 38]. This dermal
tumor is more circumscribed and surrounded by epidermal
collarettes. The cells have a more epithelioid morphology,
although they may be small or spindled, and lack expression
of S100 and CD68 [23]. The most common ALK gene
fusion partners are SQSTM1 and VCL, and rarer partners
include DCTN1, ETV6, PPFIBP1, and SPECC1L [7],
indicating a lack of overlap with the specific gene partners
observed in ALK-positive histiocytosis.

Conclusion

In summary, this series of ALK-positive histiocytosis
documents an expanded clinicopathological spectrum of
this condition to include both systemic and localized disease
across a broad age range. We recommend testing for ALK
expression or translocation in every unusual histiocytic
proliferative disorder to aid in identification of this entity,
which can potentially be effectively treated by ALK inhi-
bitor therapy.
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