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Clinicopathological analysis of ALK-positive histiocytosis involving

central nervous system
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[ Abstract] Objective To summarize and analyze the clinicopathological characteristics, imaging
manifestations, treatment and prognosis of anaplastic lymphoma kinase (ALK) -positive histiocytosis
(APH) involving the central nervous system (CNS), so as to enhance understanding of this rare disease.
Methods A retrospective analysis was conducted on 5 cases of CNS-involved APH diagnosed in Huashan
Hospital, Fudan University between 2019 and 2023. Clinical, imaging and pathological data were
collected, and supplemented by immunohistochemical staining (IHC) , fluorescence in situ hybridization

(FISH) and high-throughput sequencing for auxiliary diagnosis and molecular characterization. The
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findings were summarized and integrated with previous literature for a comprehensive analysis. Results
All five patients were male, with a mean age of 27.6 years, in which 2 cases exhibited multi-system
involvement, while 3 cases exhibited single system involvement. Imaging revealed multiple intracranial
lesions in multi-system cases and solitary lesions in single system cases, with well-defined boundaries and
homogeneous enhancement. Histologically, tumor cells were intermingled with lymphocytes, displaying an
alternating “light and dark” pattern in 1 case. Granuloma-like structures were observed in 4 cases, along
with frequent nuclear grooves, indentations and convolutions. Tumor cells usually infiltrated surrounding
tissues. IHC demonstrated that tumors expressed histiocytic markers (CD68/CD163) and ALK
predominantly expressed in the cytoplasm. FISH confirmed ALK gene rearrangements in all patients,
while high-throughput sequencing identified KIF5B-ALK fusions in 2 cases. All single system CNS cases
achieved complete remission after surgical resection with or without adjuvant chemotherapy/ALK
inhibitors. Among multi-system cases, one achieved partial remission, and one experienced relapse and
progression.  Conclusion CNS APH is prone to preoperative misdiagnosis. Its histopathological
features, ALK immunohistochemical expression, and ALK gene fusions are critical for diagnosis. Patients
with single system involvement demonstrate overall superior outcomes compared to multi-system cases.

Total resection is effective for localized disease, while multi-system cases require systemic therapy.
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Multidisciplinary collaboration is crucial for precise diagnosis and treatment.
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] A% Pk [ 9 W B (anaplastic lymphoma
kinase, ALK) FH 14 2 21 41 Jfd 3 4 i (ALK-positive
histiocytosis, APH ) 52 — i 5% UL i ZH 2040 it i g, 2
A RFAETE B ALK JE R EHE, 2 5 i WHO it B 3 1fi
2H Mg 53 280 Al A Ry — 8 ST 1 2H 2 A0 i i
. APH Iz 5T 2008 4 i Chan 55" i E I iy 44
24 IEAUA 60 A B HRE . oK B2 &R 48 (central
nervous system, CNS) 2 APH g & WL 19 32 B 2
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radiology; pathology
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AR A R R R EA I TP AR LR,

FiE SHIREN TR/ IERKHALLE 4%
PP TS 7KV VR T MK A i A 3 e B HE B 8
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% FRH P V2 T N R KU R B Bkt
S VIR, I 18 F50 P B il 8 s kit 28 2 i 3 R AR H 4
21 PP o L 2 TR T s 2 49 R R Sk
FHALK A . BEVFE 202443 A 30 A R 552
ZHE YRS 5 2 2% f# (complete remission, CR) ,
200 2 R G % BB E B3R AR 5 22 i (partial
remission, PR) , B HHF M€ , L E K MR, 7
193 ALK 046 70) 45 24 2 48 Jim g 175 52 %, Hh BT &
ikt .

F1 XERARIRIER 74 5] ALK PH S 28 LU0 B 38 4 IE
Tab 1 74 cases of ALK-positive histiocytosis reported in the literature and this study

Bilateral nasal/paranasal
sinuses, CNS

Aoki, et al”® M 3y

JABER, et a/™ M 27y L3 level filum terminale

Group 1B Cytoplasmic

Group 2 /

KIF5B-ALK / /

KIF5B-ALK 9 mo 0

Strong nuclear and

Syrykh, et al™" F 37y LN, breast, bone Group 1B . ALK-FISH+ 48 mo 0
cytoplasmic
Guo, et al’® M  18mo CNS Group 2 / KIF5B-ALK 8 mo 1
CNS, LN, lung, liver,
Qiu, et al'® M 49y  pancreas, prostate, parotid Group 1B Cytoplasmic KIF5B-ALK 5 mo 0

gland, pleura, bone

Tian, et al’” B 51y  Lung, LN, CNS Group 1B Cytoplasmic KIF5B-ALK 10 mo 0
Wang, et al'™ M 3y  Skin Group 2 / ALK-FISH+ / /
He, et al”’ M 1y4mo CNS, lung, bone Group 1B / KIF5B-ALK 2 mo 1
Yuan, et al'" M 48y  Lung Group 2 / ALK-FISH+ / /
Bai, et al'""! F 52y Lung Group 2 / EML4-ALK 5mo 0
Alizadeh, eral'™ M 30y  CNS Group 2 / KIF5B-ALK / /
Liu, et al™ M 38y  Lung, mediastinum, LN Group 1B Diffuse strong cytoplasmic; EML4-ALK 26 mo 0
membranous
F 51y  CNS, lung, LN Group 1B Diffuse moderate KIF5B-ALK  24mo 0
cytoplasmic; memebranous
M 32 illr‘;er’ iilclfelzlsidci{ri;i;:m’ Group 1B Diffuse moderate cytoplasmic VRK2-ALK, 31 mo 0
v L“Ng’ E S . i YIOPRSIE 1y 0 PN1-ALK
M 17 mo CNS, lung, liver, skin Group 1B Diffuse strong cytoplasmic KIF5B-ALK 8 mo 1
Tran, et al ™ F 20y  Mesentery Group 2 / TRIM33-ALK 12 mo 0
Kurita, ez al'™ F 38y  Breast Group 2 / KIF5B-ALK 5 mo 0
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Bk 1)
Lucas, ez al'"™ F 7y CNS Group 2 , KIF5B-ALK 12 mo
I8 10y  CNS Group 2 KIF5B-ALK 6 mo
Bladder, penis, testis
[17] s P > , )
Huang, et al M 71y skin. LN. bone Group 1B / KIF5B-ALK 30 mo
Chan, et al" F  neonate Liver, splee'n, bone Group 1A TPM3-ALK 30 mo
marrow , skin
P 3 mo Liver, spleen, bone Group 1A Membrangus and weak / Y
marrow cytoplasmic
F 3 mo Liver, spleen, bone Group 1A / 84 mo
marrow
Chang, etal™ — p oo LAVers spleen, bone Group 1A KIF5B-ALK 24 mo
marrow
M 3 mo Llf’er’ .bone fMArrow. Group 1A KIF5B-ALK 48 mo
skin, kidney, lung
Duodenum, bone marrow,
M 2y9mo Group 1A ) ALK-FISH+ 2 mo
CNS Cytoplasmic
M  2y3mo Skin Group 2 KIF5B-ALK 30 mo
M 15y  CNS Group 2 KIF5B-ALK 6 mo
M 16y  Skin/soft tissue Group 2 COLIA2-ALK 36 mo
F 40y  Breast Group 2 KIF5B-ALK 42 mo
[19] 1 1 o
Kemps, et al P 0 Liver, spleen, b(?ne Group 1A Light cytoplasmic; / P
marrow, lung, kidney membranous
P 7l Liver, splgen, bone Group 1A Diffuse cytoplasmic; ALK-FISH+ B
marrow , kidney membranous
Liver. spleen. bone Granular cytoplasmic with
M 1 mo sHpeen . Group 1A focal Golgi dot-like KIF5B-ALK 1 mo
marrow , kidney, skin ;
accentuation;no membranous
P s Liver, spleen, bone Group 1A Scant cytoplasmic; strong / 5
marrow membranous
. Weak cytoplasmic; strong
F 4mo  Liver, bone marrow Group 1A ALK-FISH+ /
membranous
Diffuse dark cytoplasmic
Liver. spleen. bone (clone 5A4) to more light
M 5 mo s R Group 1A granularcytoplasmic (clone ~ CLTC-ALK 48 mo
marrow
ALK1); membranous
(both)
Diffuse cytoplasmic with
B 3mo  Bone, lung, liver Group 1B Golgi dot-like accentuation; ~ TPM3-ALK 24 mo
membranous
Diffuse granular cytoplasmic
B 9mo  Lung, skin, kidney Group 1B V.mh rare GOl.gl dot- ALK-FISH+ 24 mo
likeaccentuation; no
membranous
M ST (;NS, lung, liver, soft Group 1B Very weak diffuse KIFSB-ALK IE.
tissue cytoplasmic; no membranous
Diffuse dark cytoplasmic
F 2y skin, soft tissue, LN, Group 1B Branuiar cyiop KIFSB-ALK 21 mo

kidney, breast, pancreas

Golgi dot-like accentuation
(clone ALK1); no
membranous
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CNS, bone, lung, LN,
10y cervix, t}'lyr01d . Group 1B Diffuse cytoplasmic; no KIF5B-ALK 2 e @
submandibular salivary membranous
gland
CNS/PNS, bone, lung, . . .
19y  liver, LN, breast, Group 1B Golgi dot-like cytoplasmic KIF5B-ALK 24 mo 0
only; no membranous
pancreas
Very weak cytoplasmic
21y  Liver, skin, colorectum Group 1B blush to negative; no TFG-ALK 2 mo 1
membranous
Granular cytoplasmic with
28y  CNS/PNS, bone Group 1B Golgi dot-like accentuation;  KIF5B-ALK 9 mo 0
nomembranous
Diffuse cytoplasmic with
29y  PNS, bone Group 1B Golgi dot-like accentuation;  KIF5B-ALK 30 mo 0
nomembranous
. Granular cytoplasmic with
41y CNS.’ bone, lung, skin, Group 1B rare Golgi dot-like KIF5B-ALK 72 mo 0
soft tissue, LN .
accentuation ; no membranous
Granular cytoplasmic with
7mo  CNS Groupz  Colgidot-like accentuation p oy py g 5 0
insome cells; no
membranous
Diffuse cytoplasmic with
9mo CNS Group 2 Golgi dot-like accentuation;  ALK-FISH+ / /
membranous
25y CNS Groupa  Diffuse cytoplasmic; no KIFSB-ALK  16mo 0
membranous
Focal, weak diffuse
. cytoplasmic with Golgi dot-
3y CNS Group 2 . . KIF5B-ALK 12 mo 0
likeaccentuation; no
membranous
Diffuse cytoplasmic with
3y PNS Group 2 Golgi dot-like accentuation;  KIF5B-ALK 30 mo 0
nomembranous
7y  CNS Groupa  Diffuse granular KIFSB-ALK ~ 6mo 0
cytoplasmic; no membranous
11y CNS Group2  Diffuse granular KIF5B-ALK  9mo 0
cytoplasmic; no membranous
11y PNS Groupz  Diffuse granular ALK-FISH+ 216mo 0
cytoplasmic; no membranous
Diffuse cytoplasmic with
12y  PNS Group 2 Golgi dot-like accentuation;  KIF5B-ALK 30 mo 0
membranous
Diffuse cytoplasmic with
13y  CNS/PNS Group 2 Golgi dot-like accentuation;  KIF5B-ALK 30 mo 0
nomembranous
20y PNS Group2  Diffuse granular KIF5B-ALK 7 mo 0
cytoplasmic; no membranous
Variable focal, weak
20y  CNS Group 2 cytoplasmic to negative; KIF5B-ALK 10 mo 0

nomembranous
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(L& 1)

Diffuse cytoplasmic with
B 6mo  Skin Group 2 Golgi dot-like accentuation; KIF5B-ALK 24 mo 0
nomembranous

Diffuse granular cytoplasmic
with Golgi dot-like

M 7mo  Skin Group 2 :
accentuation; no

KIF5B-ALK 13 mo 0
membranous

Diffuse granular

. KIF5B-ALK 24 mo 0
cytoplasmic; no membranous

B 21 mo  Skin Group 2
Diffuse dark cytoplasmic;
subset possibly nuclear;
nomembranous (clone 5A4,
lung staining protocol).
Focal/Golgi dot-like
cytoplasmic; no nuclear or
membranous(clone 5A4,
lymphoma staining protocol)

M 2y  Soft tissue Group 2 KIF5B-ALK 14 mo 0

Diffuse light granular
cytoplasmic with dark Golgi-
dot likeaccentuation; no
membranous

F 3y Soft tissue Group 2 KIF5B-ALK 14 mo 0

Golgi dot-like cytoplasmic
M 3y Soft tissue Group 2 only (focal weak) ; KIF5B-ALK 36 mo 0
nomembranous

Diffuse granular cytoplasmic
with Golgi dot-like
accentuation; no
membranous

F 10y  Skin Group 2 KIF5B-ALK 1 mo 0

Golgi dot-like cytoplasmic
F 10y  Bone Group 2 only (focal weak); KIF5B-ALK 60 mo 0
nomembranous

Diffuse cytoplasmic with
M 11y  Soft tissue Group 2 Golgi dot-like accentuation; ~ KIF5B-ALK 15 mo 0
membranous

Diffuse granular

. EML4-ALK / /
cytoplasmic; membranous

M 17y  Lung Group 2
Diffuse cytoplasmic with

F 41y  Bone Group 2 Golgi dot-like accentuation; DCTN1-ALK 24 mo 0
membranous

CNS, bone, lung, pleura, Diffuse moderate

Ren, et al M 37y  pancreas, prostate, soft Group 1B . KIF5B-ALK 51 mo 0
cytoplasmic; memebranous

tissue
18y  CNS Group 2 Diffuse strong membranous ~ ALK-FISH+ 36 mo 0
31y CNS Groupa Diffusestrongcytoplasmics — \; y prop q7me g

membranous

M 21y CNS Group 2 Diffuse m(?derate ALK-FISH+ 21 mo 0
cytoplasmic; memebranous

CNS, thyroid, lung,

pleura, liver, spleen, Group 1B Diffuse moderate KIFSB-ALK 45 mo 0
prostate, stomach, bone,

M 31 .
Y cytoplasmic; nuclear
LN, soft tissue

CNS: Central nervous system; LN : Lymph node ; PNS: Peripheral nervous system; /:Not available; 0:Survival; 1: Death.
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FEFERA S5 PIEE T ARAIEZ K 5 MRI
Kot (B 1) . B R GE52 20K i kb o B
SABRUIENASEE /S Ap E S S IR A B 1 R (IR A R 1
Wi, ZRGEZ REEMAWRENZ K, 1018 K&
g 4 5 DX MR, 1 ) R R TR K B 5 5
11 £ Sk i MIRT 32 28 B8 5t A o 2 M 72, T 42 A

™

BRI sl /NG AR A8 T R AT B
JE o5 2R, 3B A A SR Bk 2 iR E
MRS 38 75 s i A2 ¥ 215l . 201 2 R4 R
BEEZEHPET/CTRAE, B/RZ0EZ LT
AR TS B IS 8 08

A-C: (case 1) Axial images of MRI scans of the head, showing irregular mass in the bilateral cavernous sinus of equal T1-Flair signal and

increased T2-Flair signal, T1-Flair contrast-enhanced MRI showed homogenous enhancement, with clear boundaries and thickening and

enhancing of adjacent bilateral trigeminal nerves;D: (case 1) T2-Flair MRI showed a focus of high signal in the right occipital cortex ; E-F : (case

4) Axial and sagittal MRI showed a mass of T1-Flair hyperintensity and T2-Flair isointensity in the right parasellar and clivus, with clear

boundaries; G-H: (case 5) T1-weighted contrast-enhancement showed circular enhanced nodules in the right parietal lobe and the left basal

ganglia, with clear boundaries.

1 2R CNSH APH E & )3k il MRI B &
Fig 1 Cranial MRI images of patients with APH involving CNS

AAZHEAE 50 E CNS WAL A 15 48/ V) B
2H S 28 78 43 OB K O R PEAG (& 2) . 5 B
CNS i AB KA B T fe b b 2 A RF R IR 4 i 5
B R ~F IR A TR 2% 43 A, bk 4 A AT R B kL
o < = N L 17 N R T RS O )
BHEY) , 25 LT Rosai-Dorfman G B9 2 Bl . i 83 248
HHE S 5 AT S R R G SR IR EB I i AR
54 CNS i A2t A 4491 Jmy T8 1 PR 28 b R 254 . i
Je 152 10 ] PR A S BT 2 L R 2T M il A RE A IE R
TSRS o N e STy K NG ISR TRV
HMIRE . A% RJE (R EDE R IE R RN
pS L I FEE/A T I ) B 3 2 1 O
BIE K S EIEEZ W, KN, 2
1R L A0 M Y 1.5~3 4% o A% e e A A, T
B YR AZ A0 B, 2 200 g b i DL 9 R P R
PE/ANZA™ FEAR I A MR A A . 104> i A R

TR R B 0~121

REANKER 56 MMM CDos fl/ok
CD163 k18 I Fism FHYE(5/5) . 76 ALK A8y
AT, 5 L 1 B P e SR R A i 5 7k 8 h 45 i 8
(3/5,60% ), 1 15 & BH 2y M 5T % 18 v 45 58 i 4 £
o AN A € (1/5) 1 51 3% B0 A RS k2 i 2 €
(1/5) o S-100 % & FH ¥ & 2 6] (2/5) , &8 5 B o &
2450 (2/5) , B & 1 B (1/5) o 5 6 3 ) 3E 47
CyclinD1 f g 4 fb e (o, 25 K ¥ M FH (3/3) . CK,
CD1a.GFAP . EMA ,SOX-10 ¥ B 4 , Kie7 14 5 45
B R 3%~20% , G REZ /DK ),

SFRMER 5068 FH ALK FISH £l 25
Yl OR L8559 0 8, 88 ALK 5 H 5 7 B P
(5/5) . 41 # # 17 BRAF V600E il 7 , 45 F /R
BRAF V600E ¥ 4 B AR (4/4) . 24 8 2047 w5
BT, 45 50 B8 & 4 KIFSB-ALK R A 748
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A: Mixed distribution of lymphocytes and tumor cells in an alternating pattern of light and dark (100X ) ; B: Multinuclear giant cells and
emperipolesis (200X ) ; C: Granulomatoid changes were observed (40X );D:Some of the lesional cells were foamy cells (200X ) ; E: Lymphocyte
aggregation around blood vessels formed lymphocyte sheath structure (200X ) ; F: The tumor cells infiltrated the peripheral brain parenchyma
(40> ) ;G : The tumor cells invaded the nerve roots of the cavernous sinus (200X ) ;H: The tumor cells invaded bone tissue (200X ).

2 ALKPRMAREMISEERRETRELS (HEL®)
sis (HE staining)
o ")

Fig 2 Pathological morphology of ALK-positive histiocyto

A: ALK staining of cells with oval-shaped nuclei was diffusely cytoplasmic positive (100X ) ; B: ALK staining of cells with short fusiform nuclei
was diffusely cytoplasmic positive (100X ) ; C: ALK staining of multinucleated giant cells was cytoplasmic positive (200X ) ; D:CD68 staining
was diffusely cytoplasmic positive (200 ); E: CD163 staining was diffusely cytoplasmic positive (200 ) ; F:CyclinD1 staining could be nuclear
positive (200X ) ; G:S-100 could be diffusely cytoplasmic and a few nuclear positive (200X ) ; H: Fluorescence in situ hybridization ALK red-
green separation probe showed intracellular red-green separation signal (1 000X ).

3 ALK PR 4H 22 48 B & & fiF IHC 70 FISH 46 il £5 5%

Fig3 Results of immunohistochemical staining and FISH detection of ALK-positive histiocytosis

SR

APH J& —F DL ALK 5 F 5 HE S FRAE 19 5 L4
2120 i W 9R , 2008 4F % B 9% 1 K B Chan 45V i,
2022 4F Kemps %5 {1 1] Ji5 P4 7F 55 AR 38 975 A5 110 1
LRIR Gy 3R R 2 A 43 ) Ry R R B i Il FR
Gl £ R 5 (Group 1A)  HiAlh ARBERY £ R 52 AL
(Group 1B) B R 48 8 (Group 2) . 4% .t WHO
P U 3 L 2R ST M R o3 2 b o A U R % o B 5
%2, Group 1AW F 0~5 1A KWBIL, 2 2 &
N R KB B e DR 38 B S T AL i R L 2% i B afi /)

B s /b, 36 AT B A MRS 22 6E T D R R AR
2 Z SR (Group 1B) BWRAEIR R B 12 & 9 4F
BRR THEEREZR BAAEZEZ R
(Group 1A) iy HL AR I PRFE 4 A R 0 A8 W] A AT 0
THAFR B, FHERFERKRE., ZRHEM
(Group 1B) F1 5. & 4t A (Group 2) A I IR 2 B 24K
IR R 5, 2R B0 R AL o 67 00 B e 96 s 3 A5 3
IR R B ) B B4, 3 AT A o] i AR o

MRPE SCHk i E , APH A S KRB AL B T 28
RIS E R o 78 i 7 S R R R R A
AR G SUIR B AR HES o b g 4 i B A T R i
e Ve 2 4 1Y B BT, AR BT LA, 4 A RT A (R
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AN BN 85 R NS W IR R 2SR R (1R 6P E 237
W AZE A AR A o R et T A R BT
WA~ o 50 b9 40 M 52 ) 2 BB 4 L Touton B
21 R I6L VA 200 R, TT O2% 1) A 4 4 i I v L 4
JRLA AR AN BT o 8 S b A Ik O 4 M A A i
RV 34 AT U #) e R 20 i S R T R A . AR SC
A Y 56 APH (34 19 CNS i kL85 F 2 80 5 B A
s 19 i 1B AR AT, HO B — SRR AR PR Y 3 B, 4o i g
T o R A0 L 1 B R B RDD AR Y B IS
IR B DX A i ged 40 e B DX SRy A B S A i
WCAN A 4 18] JR 5 08 2 2] 1R 2 i A A . B A SR
KT CNS ikt 1 2= H R AL VR AN, A 35 539 11
P T S A 7E 2 A IR B AN BRI T 2 e R
PR B B B, DRI DA b R AR 2 A5 D CNS 5 28 T ¢
B A L2 B AT A AT S S R RN A4

THC W 7R b 9 35 3k 20 21 40 B b id , 1 CDe6s .
CD163.CD4.CD14 MA F ff . Kemps %" 12
Wr APH & 2 /0 2/~ 20 U4 il pnic 9 FHPE . ALK 4
P25 AL BH 1 2 12 B APH 1) 00 B2 55, 3 BE AR SCiik i
W (F 1), ALK E @ F B0 T M5, Ho ok i i A i
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