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Table 4 The percentages of institutes that had criteria
for each disorder.

‘Abnormal ganglia
G _ : 46/69 (67%)
Congenital HG

- Acquired HG

55/69 (80%)
19/69 (28%)

|ND' : : 34/69 (49%)

- Normal gangha s [ :
MMIHS. : 47169 (68%)
8D e 42/69 (61%)
1ASA ~ , 21/69 (30%)
ar o 57/69 (83%)
ClIP = chronic idiopathic intestinal ~pseudo-obstruction;

=’ hypoganglionosis; IASA' = internal anal sphincter acha-
lasia; IG = immaturity of ganglia; IND = intestinal neuronal
dysplasia; MMIHS = megacystis microcolon intestinal hypoper-
istalsis syndrome; SD' = segmental dilatation. :

46/57 (81%); abnormality of urinary tract, 13/57 (23%);
dilatation of intestine in radiography 9/57, (16%); positive
rectospincteric reflex, 8/57 (14%); intermittent or recur-
rent symptoms, 6/57 (11%); and normal AchE staining, 6/57
(11%). For the diagnosis of IG, immunohistochemical studies
using Bcl-2 antibody were performed and shown to be
effective in a few institutes (Figure 3).

The survival rates of each entity for which the follow-up
data were available are shown in Table 5. Three entities,
congenital HG, MMIHS, and CIIP, showed poor survival rate,

(c) Congenital Hypoganglionosis

compared with those of the other five entities. These three
entities required long-term nutritional support, including
parenteral and enteral nutrition (Table 6). In particular,
outcome is extremely poor in MMIHS.

4. Discussion

Almost all Japanese cases (~ 98%) of ADHD in 10 years were
collected in this nationwide survey. However, the number
of cases in each institute was very small, and actually more
than half of the institutes (53 institutes) had three cases or
fewer. Therefore nation-wide survey is considered to be
important.

Okamoto and Toyosaka® published a multicenter study of
ADHD in the Japanese literature in 1994. They classified
ADHD into two categories based on pathology: (1) abnormal
histology including IG, HG, hypogenesis, and IND; and (2)
normal histology, including CIIP® and MMIHS. We followed
the classification of Okamoto and Toyosaka® in order to
compare our results to those of their survey. In addition to
Okamoto and Toyosaka’s® classification, SD and IASA are
included in this study, referring to the literature.’->

The presence of immaturity and HG was confirmed and
published by Taguchi et al.” We proposed there were two
types of HG, namely congenital and acquired.” Hypogenesis
is considered to be the initial histological finding of
congenital HG at neonatal period. The 4" International
Symposium on Hirschsprung’s disease and related neuro-
cristopathies discussed that diagnosis of HG was difficult
and the presence of HG was questionable.® However, our

(b) Immaturity

(d) Acquired Hypoganglionosis

Figure 2 Typical pathology of allied disorders of Hirschsprung’s disease (ADHD) in hematoxylin—eosin staining. (A) Normal ganglia
(megacystis microcolon intestinal hypoperistalsis syndrome, MMIHS; chronic idiopathic intestinal pseudo-obstruction, CIIP;
segmental dilatation). (B) Immaturity of ganglia. (C) Congenital hypoganglionosis. Arrows indicate small ganglion cells. (D) Acquired

hypoganglionosis. Arrows indicate degenerated ganglion cells.
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Allied disorders of Hirschsprung’s disease

Figure 3

Bcl-2 immunostaining for immaturity of ganglia (2-
day-old boy). Mature ganglion cells (blue arrows) show weekly
positive, while immature ganglion cells (red arrows) show
strongly positive in Bcl-2 immunostaining. Glial cells are not
stained. Therefore, this staining is considered to be able to
distinguish mature ganglion cells, immature ganglion cells, and
glial cells.

study shows that two types of HG do exist and congenital
HG is one of the two main disorders of ADHD in Japan.

The 4" International Symposium on Hirschsprung’s dis-
ease and related neurocristopathies discussed IND and re-
ported as follows®: (1) almost all the participants believe
that IND does exist; (2) some believe in presently defined
diagnostic criteria, whereas others suggest that these
diagnostic criteria are not reliable enough; and (3) some
participants question if IND is a truly separate entity or an
acquired secondary phenomenon related to long-standing
constipation or chronic obstruction. Therefore, we
decided to include IND as one of ADHD.

The concept of chronic intestinal pseudo-obstruction
(CIPO) including myopathy, neuropathy, collagenopathy
(desmosis or fibrosis), and idiopathic.® Some CIPO patients
are reported to be adult onset.’ However, most myopathy

Table 5 - Survival rate of allied disorders of Hirschspruhg’s
disease. ' '

Abnormal ganglia Survival rate

IG : : ; 28/28 (100%)
HG e
Congenital HG 70/90 (78%)
Acquired HG 8/8 (100%)
IND : 11/11:(100%)
Normal ganglia
MMIHS 10/19 (53%)
SD i . 27/27 (100%)
1ASA 3/3-(100%)
clip 50/56 (89%)
ClIP = chronic idiopathic intestinal . pseudo-obstruction;

HG = hypoganglionosis; IASA = internal anal sphincter acha-
lasia; IG = immaturity of ganglia; IND = intestinal neuronal
dysplasia; MMIHS ‘= megacystis microcolon intestinal hypoper-
istalsis syndrome; SD = segmental dilatation.

Table 6 Dietary status of three poor entities.

~ Survival  Normaldiet  Normal diet
o rate. ~ insurvivors - inall cases
Congenital ~ 70/90 (78%)  42/69 (60%)  42/89 (48%)
CP. 50/56 (89%)  13/50 (26%)  13/56 (23%)
MMIHS  10/19 (53%)  1/10 (10%)  1/19 (5%)
ClIP = chronic idiopathic intestinal pseudo-obstruction;

HG -=hypoganglionosis; MMIHS = megacystis microcolon in-
testinal hypoperistalsis syndrome. - L

and neuropathy types of CIPO cannot be diagnosed by
conventional HE and AChE staining. Furthermore, abnor-
malities of Cajal cells shown by c-kit immunostaining were
reported in some cases of CIIP."" Therefore, so far, we
decided to treat ClIP as a disorder that shows recurrent or
persistent functional intestinal obstruction with normal
histology by conventional staining by HE and AchE. Because
the diagnosis of Hirschsprung’s disease is generally ob-
tained by HE and AchE staining in the most institutes of
Japan, the criteria of ADHD are recommended to be based
on the conventional histology so far. MMIHS has been
considered to be the severe form of CIIP. However, MMIHS
can be distinguished from CIIP by clinical
characteristics,'>"?

The entity of SD was proposed by Swenson and Rathauser
in 1959.% The symptoms and signs of SD, especially sigmoid
type of SD, resemble those of Hirschsprung’s disease.
Therefore, SD is included in ADHD in this study.

The entity of IASA has been considered to be synony-
mous of ultrashort-segment aganglionosis, which shows
normal AchE staining but lacks rectoanal reflex.’® This en-
tity was discussed in The 4" International Symposium on
Hirschsprung’s disease and related neurocristopathies and
was reported to exist.® Therefore, we decided that IASA is
included in ADHD.

The numbers of cases in each disorder are summarized
and compared with Okamoto and Toyosaka’s” study in Table
2. The distributions of each disorder are similar in these
two studies. The numbers of patients as well as the answer
rates of criteria were very small in acquired HG and [ASA.
The rarity of disease is considered to make criteria difficult.

For definitive pathological diagnosis of ADHD, immnu-
nohistochemical staining has been reported to be useful
using neuronal and muscular markers, such as: Bcl-2 for
immature neurons; CD56 for the size of enteric ganglia;
synaptophysin for' neuromuscular innervation: S-100 protein

_for Schwann cells; c-kit for interstitial cells of Cajal; and

smooth muscle actin for myopathy.'® The diagnosis of IG
was easily obtained in several of our cases using Bcl-2 im-
munostaining (Figure 2).

In conclusion, almost all Japanese cases of ADHD for 10
years were collected in this study. Congenital HG and CIIP
showed relatively high incidence, whereas acquired HG and
IASA were extremely rare. Criteria of each institute were
consisted with clinical signs, symptoms, and conventional
histological examinations including AchE staining. Congen-
ital HG, MMIHS, and CIIP showed poor survival rate. Further
collection of precise data of each case is required to make
guidelines for criteria and treatment strategies for ADHD.
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SUMMARY

HICBRERE, BEErvELERSE (FGID) &5 -
BrUBLEIREICABISNS. NERICHIED
D FGID &EUTIE, BT « AXTIT
(FD), BEMBERE (BS) HEMMIRNT
HHO, BEHLERELELTE, B2
TV O% (Hiw) CZ0HRESR (HER)
HMRRWTHD. FOID LBLEFREDESE
UT, FD & SCNTOABGFHZE, IBS &
SLCBA4 EInFHE (5-HTTLPR) DFIRE
EETHNGHD. HREBLGFESELTE,
GDNF, Ret, GFRal, Phox2b, EDS,
EDNRB, Sox10, ECE 1 I5&, BHDEEF
EENZORALEZSNTND. HIERT
(&, BREHEREHIEIME (Hypo) & HixT,
intestinal neuronal dysplasia (IND) &
Nex/Hox TTL.7, {8MESREREERSEE
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iting syndrome : CVS), gtk 74 A7 7 (func-
tional dyspepsia : FD), @#EER (rritable bowel
syndrome : IBS) 7% &EAMUERGTH 0. SFHEAGHILER
#ELTIEL VY2 TN 59 (Hirschsprung's
disease : H i) & Z 0GB (H#EZ) »RENTS
B AR, CHhOBRBOBETFREICONT, £
H 9% & 2 38 B ST 5.
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Infant regurgitation
Infant rumination syndrome
Cyclic vomiting syndrome
Infant colic
Functional diarrhea
Infant dyschezia

~NOY OB W N -

Functional constipation

(Hyman PE et al, 2006" & b 225531 14)

HEERIH(LERE L BETER

FGID DA T3 5 Rome £41, 1990 4£12 IBS 2
YV ADFEFE LTIELE DY, Rome I 2T,
2006 442 Rome M" & LTHAEE L AVWLNR TV 5.
Rome I T, /ANEFIRZE D4 8- FLO R " & T/ 8-
BHE P AL TN,

PR B A SN B FGID 2 %O &
72, CVS #Brd GBS L TIHMBLAD2EN T
B S 2L BEFREONSERONEPo
CVS ML T~ %, CVSH 14T 1~70 [ (—?-’-iva 12
E) olE:%, EHS L OZMFEHICRD, k]
ADSHTHLICHG L i3, BHaiinsg 225
— T, BERE V) = AWT B EToILH, i
RINE— R Z O L WEVWIBEHEET S, CVS
20 0% IIBIERFVAREETH L L b T a7,
thymidine phosphorylase (TP) #{xT OHEfEHEdiz
BEAMRFNFERTH 2 MR E ERE TSI b
YR 7 BB S CVS RS RS2 B35
ZEAHYY, HBEEEBIC B W TR T OB L L
THETRELEBEDNLS,

DEL MR- BRI ASNS FGID 2ROV ICE &
Wiz, INSEBRORIT, BETFFHHESIREIN
TWAFD BXOIBSICM L T2, FD Ok
HNE, O #Etkd U CRBIEMED ISP Of & b
LR, @ HHEIC X o THERATHET, EIiK
RO THAEL, IBS I LIz 0, @ ik
BT E B YEMEA ., REIZERY, PIRY, R
Pawnbokash, 2L 22 AU LORATHEIC
1 HMEEEZWBLT LS TVWA. BREIL K

1. Vomiting and aerophagia
la. Adolescent rumination syndrome
tb. Cyclic vomiting syndrome
1c. Aerophagia
2. Abdominal pain-related FGIDs
2a. Functional dyspepsia
2b. lrritable bowel syndrome
2c. Abdominal migraine
2d. Childhood functional abdominal pain
2d1. childhood functional abdominal pain syn-
drome
3. Constipation and incontinence
3a. Functional constipation
3b. Nonretentive fecal incontinence

(Rasquin A etal, 2006” & b 231 A1)

3.5~27% kvt Z DSRG0S R0
AL SR A DI MR TR ER E LT, SCNIOA
MIETLROMY & RIET 5ENH L7 F72, IBSO
ZWREY I, O BEHE CRur BRI LL
BUMTORRDI B 20l L% 25% Tt 723 B4

T250 (a PAEICX DERT B, b PHERBOZEL
WA DEET A, o OB LICK Y RET ), @
WA B & 2 g, sy, Aswny, B
BRI VLD, THY, 2adid2r AU Lokl
TS T ER R T b 0L SNTWw A, HindE
B9V IBS O IEAIEE T 2 &Y, METHMIC
3, va b= 3 Y AR—%— (SERT) #{ZTTH 5
SLC6A4 OBIZTF %M (5-HTTLPR) OIEBIED
IBS B# T & O H 57

F

HRICHDDDEETFER

WG, BB IEAE 3 A M E s e RIMIZ R
My BHEBRTHY,
tion MEMTH 0, M4 6~12 MITB I 2RI S
Bt L7 ARSI o BB SRR &, AERREEEI A &
LB EEZLNTVES (HQ). TOREBET & LT,
R % 2 FHEOMIAE > 7> MEEHR (GDNF/Ret 8
;UEmmmmBﬁ)v%ien,%mu#u%
GDNF/Ret 52 ® PHOX2B % ED3/EDNRB % O

Z®OF5R L, cranio-caudal migra-
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K@ cranio-caudal migration NFEHI HFDOERE LD
nTWw3
Na24 6~12 B OMHN O S 564 L Ao HhigifAe
DRI BEE SN, RIS S R 5,
(Okamoto E et al, 1967"" J: NECESIHD

SOX10 % EDHETFERE LTHRES AT, Zhs
BT O R CIRBAE R E L O migtration A% ¥
NI EBMonTnb (FO).

1) GDNF/RET %

HIBEE DS { TERDPRD N, Td WM
EINTVBHEETD Ret #IZFTH5BH. Ret 7 U 7
I, 1 o A 2k
phic factor : GDNF) %1 U%, neurturin (NTN), ar-
temin (ART), persephin (PSP) @ 4FEH D) 7 ¥
77 3=l Lo TIFEL EN A REARMERTH Y,
IS YAy FAKIRERICHEET S 450 &> Mk
“HETH D GFRal-4 ITH& LEAHEZEE L, Ret
EGEINIEIR SR TWAY, hTh HFHORKN & v
PN TV5E Y I FZERIEEBIIRT & 95 2, GDNF-
GFRal-RET A TH Y, WTNOMETLEETD HFIC
BL 72T 2 B 2 A3 7 A THREATW AT,

[ F (glial cell line-derived neutro-

2) ED3/EDNRB %

IY Py G MmAEREAAEE TS 21 T3 B
nH B & DD THARIMEH<TF FTHY), =
Fry ity ey 1, 2, 3 (EDL, ED2, ED3)
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AL AR

Rl 3

RO HBESIVHEROFES L RBEITRE A
TW3EEF

| GDNF/Ret ED3/EDNRB

GDNF ED3 GDNF  Nex/Hox11L.1  c-kit
Ret EDNRB Ret

GFRal Sox10 EDNRB

Phox2b ECE 1 Hix1

W 405, IND ¢ intestinal neuronal
1 {2 s ) 2.

Hypo : B35t
dysplasia, CIIP : 175455

A, TPy rEEMKRIZIE A (endothelin receptor
type A : EDNRA) B X B (endothelin receptor type
B:EDNRB) #d4. Ihbzy FE)r0HHh, ED3
HIHE I B CTEMICIRIE L. EDNRB ~OBMED
Bl nbiTw s HWompiiict s, #
5% C ED3 #{nFDEH%E, #3~7%T EDNRB #1&
FOERERD T ERENDH L. EDS XL OFIK
& (preproED3) #7aF7—¥D7 1) »12X o TUE
S L & @ big endothelin 3 127% Y. edothelin con-
vertingenzyme 1 (ECE 1) & X » TifitE Bl ED3 & 7%
D, SOX10 25 % HIM L T 5 EDNRBIC/EH T 5
(H®). oYy 7 FVRICHET2RETFLLT
EDNRB OFBERIME$ 5 L vwbhivTwbd SOXI10 #E
T, LR ECE 1 8T 7d 5%, SOX10 #imF4
B, HWICHRREoOERE %9 Waardenburg-
Hirschsprung SEFMOEHE X LT, F7/ ECE 1 #{57T
ERONGDEO WO B v TREFH 2.

HEEE®RICHDI D2 EETFER

HaRE, MRS ATFET 202 boT H
B B E SRS B3 2R BORKTH 5.
WROFDUE o, ZOREIZCEZTSICR S
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Big ED3

ED3
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preproED3 A7 VU Y12 & o T big endothelin 3 2%
i) . edothelin converting enzyme 1 (ECE 1) 2k T
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¥/, ZOEPICREFREEHEN TS HH
# & L ¢, intestinal neuronal dysplasia (IND) {8448
MY 289 (chronic idiopathic intestinal pseudo-
obstruction : CIIP) 733 4. IND o f BB o FhIE T 4
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Hixl BETF R

ST

A

2TIF I
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(Rosenthal A, 1999 X b 222551 /H)
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Clinical Features and Prognosis of Generalized Lymphatic Anomaly, Kaposiform
Lymphangiomatosis, and Gorham-Stout Disease

Michio Ozeki, mp, php,™* Akihiro Fujino, mp, phD,? Kentaro Matsuoka, mp, php,* Shunsuke Nosaka, mp, php,*
Tatsuo Kuroda, mp, php,? and Toshiyuki Fukao, mp, php'

Background. Complex lymphatic anomalies are intractable lym-
phatic disorders, including generalized lymphatic anomaly (GLA),
Gorham-Stout disease (GSD), and kaposiform lymphangiomatosis
(KLA). The etiology of these diseases remains unknown and diagno-
sis is confused by their similar clinical findings. This study aimed to
clarify the differences in clinical features and prognosis among GLA,
KLA, and GSD, in Japanese patients. Procedure. Clinical features,
radiological and pathological findings, treatment, and prognosis of
patients were obtained from a questionnaire sent to 39 Japanese hos-
pitals. We divided the patients into three groups according to radio-
logical findings of bone lesions and pathology. Differences in clinical
findings and prognosis were analyzed. Results. Eighty-five patients
were registered: 35 GLA, 9 KLA, and 41 GSD. Disease onset was
more common in the first two decades of life (69 cases). In GSD, oste-

Key words:

complex lymphatic anomaly; generalized lymphatic anomaly; Gorham~Stout disease; kaposiform
lymphangiomatosis; lymphatic malformation; osteolysis

olytic lesions were progressive and consecutive. In GLA and KLA, 18
patients had osteolytic lesions that were multifocal and nonprogres-
sive osteolysis. Thoracic symptoms, splenic involvement, and ascites
were more frequent in GLA and KLA than in GSD. Hemorrhagic peri-
cardial and pleural effusions were more frequent in KLA than GLA.
GSD had a significantly favorable outcome compared with com-
bined GLA and KLA (P = 0.0005). KLA had a significantly poorer
outcome than GLA (P = 0.0268). Conclusions. This survey revealed
the clinical features and prognosis of patients with GLA, KLA, and
GSD. Early diagnosis and treatment of KLA are crucial because KLA
has high mortality. Further prospective studies to risk-stratify com-
plex lymphatic anomalies and optimize management for KLA are
urgently needed. Pediatr Blood Cancer © 2016 Wiley Periodicals,
Inc.

INTRODUCTION

Complex lymphatic anomaly is a recently proposed disease
category of intractable lymphatic disorders, including gener-
alized lymphatic anomaly (GLA) and Gorham-Stout disease
(GSD).[1] The current literature is confined to case reports and
several small series because of the low incidence of these dis-
eases. The clinical features and mortality rate of the patients re-
main unknown. In some patients, proper diagnosis is difficult
because the clinical findings are overlapping.

GLA is characterized by diffuse or multicentric proliferation
of dilated lymphatic vessels resembling common lymphatic mal-
formation (LM). The International Society for the Study of Vas-
cular Anomalies (ISSVA) has recently suggested replacing the
term “lymphangiomatosis” with GLA. This is because the suf-
fix “oma” implies neoplastic proliferation.[2] GLA may present
at birth but may also occur in children and young adults. It hasa
variable presentation and can affect several different sites includ-
ing bone, liver, spleen, mediastinum, lungs, and soft tissues. The
clinical course is directly related to the affected sites and extent
of the disease.[3] Thoracic involvement may be associated with
poor prognosis compared with cases with soft tissue or bone in-
volvement.[4]

GSD is a rare disease characterized by osteolysis in bony
segments, with localized proliferation of lymphatic or vascular
channels in areas adjacent to the affected bone.[5] Several bones
may become involved and these undergo progressive destruction
and resorption. Areas commonly affected by GSD include ribs,
cranium, clavicle, and cervical spine.[6] Pain and swelling in the
affected area may occur. While GSD mainly involves the skele-
tal system, it can also involve the viscera, and clinical findings
of GSD and GLA closely overlap.[7] Lala et al. have reported
that patients with GLA and GSD displayed differences in the
radiological findings of their bone lesions; GLA patients have
lytic areas confined to the medullary cavity, whereas GSD pa-

© 2016 Wiley Periodicals, Inc.

DOI 10.1002/pbc.25914

Published online in Wiley Online Library
(wileyonlinelibrary.com).

tients have progressive osteolysis resulting in the loss of cortical
bone.[6] Although these diseases are known as different condi-
tions, affected bones from both groups of patients show abnor-
mal lymphatic channels and appear histologically similar. Fur-
ther study of GLA and GSD will help delineate the clinical,
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sion of this article.
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magnetic resonance imaging
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histological, and genetic similarities and differences between
these two rare diseases.

Kaposiform lymphangiomatosis (KLA) has recently been
distinguished as a novel subtype of GLA with foci of spindle
endothelial cells amid a background of malformed lymphatic
channels.[8] All cases of KLA involve multiple organs with a
predilection for the thoracic cavity, causing pleural effusion that
commonly leads to respiratory distress and dyspnea.

The etiology of these diseases is poorly understood and it is
likely that the diseases represent a clinical spectrum of lymphatic
pathological processes. However, recent studies about this spec-
trum of lymphatic diseases have suggested differences in the clin-
ical characteristics of these complex lymphatic anomalies. The
purposes of the present study were to investigate the clinical fea-
tures of patients with these diseases, and to clarify the differences
among the diseases and their prognoses.

METHODS

Ethical Approval, Organization, Questionnaire, and
Data Collection

The Institutional Review Board of Gifu University Gradu-
ate School of Medicine approved this study. To elucidate the
clinical characteristics of GLA and GSD, we conducted a na-
tionwide, questionnaire-based survey in Japan under the aus-
pices of the Japanese Ministry of Health, Labour and Welfare
Research Program into Intractable Diseases Research Grants.
The first set of questionnaires was sent to 520 Japanese hospi-
tals with pediatric departments. The first questionnaire queried
how many patients with GLA and GSD the target hospitals had
between 2000 and 2013. We did not ask about KLA because it
was not a known disease at the start of the study. The second set
of questionnaires, which focused on clinical information such
as age at onset and diagnosis, family history, perinatal history,
symptoms, lesion site, radiographic and pathological findings,
treatment, complications, clinical course, and outcome of pa-
tients, was sent to their attending physicians. Additionally, we
requested that the authors, who had reported GLA and GSD
in the literature in the past 10 years, complete the second ques-
tionnaire. To avoid reporting duplicate data, we identified over-
lapping patients by date of birth, sex, home village, and time of
diagnosis.

Data Curation, Review of Pathological and
Radiological Examinations, and Diagnosis

We categorized collected patients into GLA, KLA, and GSD
according to pathological and radiological examinations. Ex-
clusion criteria included diagnosis of other lymphatic diseases,
for example, localized common LM lesions without extensive
involvement, central conductive lymphatic anomaly, and lym-
phedema, or insufficient data. The pathological examinations
were reviewed retrospectively. We defined as KLA foci of spin-
dle endothelial cells amid a background of malformed lymphatic
channels.[8] As noted previously, the key features of GSD are os-
teolysis and disappearing bone.[9] To diagnose GSD, the radio-
logical findings of all patients were reviewed. Thus, only patients
with evidence of cortical loss and/or progressive bone resorp-
tion were categorized as having GSD.[6] Patients with evidence
of lytic bone confined to the medullary cavity or without bone

Pediatr Blood Cancer DOI 10.1002/pbc

GLA and GSD
(n=103)

Excluded for insufficient documentation or diagnosis of
cystic LM and other lymphatic diseases (n=18)

(n=85)

KLA
(n=9)

Diagnosed by pathological examination (foci of spindle-
shaped endothelial cells amid a background of
malformed lymphatic channels)

Classified by radiological examination of bone

v

GLA
(n=33)

Classified GSD
(n=41)

Lytic bone areas confined to the medullary cavity
or no bone lesion

Cortical bone loss and/or
progressive bone resorption

Fig. 1. Diagnostic charts of GLA, KLA, and GSD. GLA, gen-
eralized lymphatic anomaly; GSD, Gorham~-Stout disease; KLA,
kaposiform lymphangiomatosis.

lesions were diagnosed with GLA. Clinical data of these pa-
tients were carefully reviewed by two pediatric specialists (T.H.
and K.K.). Pathological examinations were reviewed indepen-
dently by a pediatric pathologist (K.M.). Imaging examinations
were reviewed independently by a pediatric radiologist (S.N.). In
cases of diagnostic discrepancy, a final decision was reached by
consensus.

Data Analysis

Because of the similarity between GLA and KLA, the find-
ings including the number and distribution of bones involved
in these two groups combined were initially compared with
GSD, and then specific differences between GLA and KLA were
sought. Prognosis as measured by overall survival was compared
in the same way.

Statistical analysis was performed with GraphPad Prism ver-
sion 6. Descriptive statistical methods (median and standard de-
viation), Wilcoxon’s rank sum test for comparison of age, the
number of bones involved, duration from symptom onset to di-
agnosis and follow-up period, and Fisher’s exact test for two-
group comparison, were used for the statistical analyses. Overall
survival was analyzed from the date of onset by the product—
sum method of Kaplan—Meier. The differences in survival times
between the combined GLA and KLA group and GSD group,
or GLA group and KLA group, were compared with the log-
rank test. A value of P < 0.05 was considered statistically
significant.

RESULTS

Patients and General Characteristics at Study Entry

A total of 420 responses (80.7% response rate) were received
to the first set of questionnaires. A second questionnaire was
then sent to 39 institutions, asking for information regarding
clinical features, treatments, and outcomes for each patient. One
hundred and three patients were diagnosed with GLA and GSD.
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Eighteen cases were excluded because of insufficient documen-
tation or diagnosis of other lymphatic diseases. Therefore, 85
patients were included in our study. Pathological examination
was available in 71 patients (83.5%). It was not available in 14
patients because of the following reasons: examination was not
performed (n = 6), pathological specimens were already dis-
posed or for internal hospital use only (n = 4), or we could not
obtain the cooperation of the primary doctor (n = 4). We cat-
egorized these patients into GLA or GSD according to patho-
logical diagnosis in the survey center and radiological examina-
tions. The number of patients with GSD, GLA, and KLLA was
41, 35, and 9, respectively (Fig. 1). Among 44 patients with GLA
and KLA, 39 (88.6%) underwent pathological examination for
confirmation of diagnosis. Two patients did not undergo patho-
logical examination because they died from rapid progression
of respiratory failure. These two patients also had severe throm-
bocytopenia and coagulation disorder at clinical diagnosis. An-
other three patients without pathological examination were all
infants (0, 7, and 12 months old) and their diagnosis was made
by radiological examination alone.

The clinical characteristics of the patients are shown in Sup-
plemental Table I. No family and perinatal history was evident
for any of these patients. There was no significant difference in
the male-to-female ratio among the three groups of patients. The
median age of all patients at the time of data collection was 19.0
years (range: 1.3-70 years). The median ages of the GLA, KLA,
and GSD groups were 18.0 (range: 1.3-70), 10.0 (range: 1.5~
18.5), and 21.9 (range: 1.5-64.7) years, respectively. Age of on-
set ranged from infancy to adulthood (mean: 12.0, range: 0-63
years) but disease was more common in the first two decades of
life (69/85, 81.2%), and 18 patients were aged <1 year, most of
whom (12 infants) had GLA. The duration between onset and
diagnosis in the three groups did not differ significantly. How-
ever, the duration in the KILA patients tended to be shorter than
in other groups.

Characteristics of Affected Areas

Bone lesions, being a diagnostic criterion, were present in all
patients diagnosed with GSD, but were also present in 40.9% (18
of 44) of GLA or KLA patients (Supplemental Table IT). Oste-
olysis was the most common finding. The typical bone resorp-
tion in GSD is shown in Figures 24, 2C, and 2D. In GLA and
KLA, 16 of 44 (36.4%) patients had osteolysis, which was char-
acterized by multiple Iytic changes (Figs. 3A-3C). There were no
significant radiological differences in the bone lesions between
GLA and KLA. In GSD, pathological fracture was more fre-
quent. A greater number of bones were involved in GLA or
KILA than in GSD (Supplemental Table III). The spine was the
most common site of osseous changes in all patients, and the
spine lesions were identified more often in GLA or KL A than
GSD (Fig. 3C). In GSD, 19 patients (54.3%) had bone lesions
in any of the four limbs (14 femur, four humerus, nine lower leg,
and two tarsal bone). With regard to skeletal axis of the oste-
olytic lesion, the axial skeleton (skull, spine, and ribs) was af-
fected in 16 of the 18 patients with GLA or KLA. However, the
appendicular skeleton (scapula, clavicle, pelvis, ilium, and four
limbs) was only affected in six patients. An infiltrative soft tissue
abnormality adjacent to the area of osseous involvement was
identified more often in GSD than GLA or KLA (P <0.001).
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A B

Fig. 2. Radiological findings of patients with GSD. (A and B)
Thirteen-year-old female with GSD involving right lower extremity,
right pelvis, spine, abdomen, and right thorax. (A) Plain radiograph
of the right pelvis shows osteolysis at the proximal femoral shaft as
well as the pelvic bone. (B) Coronal fat suppressed in T2-weighted
image of the pelvis demonstrates extensive high signal intensity in
the soft tissue surrounding the femur as well as subcutaneous fat tis-
sue. Involved right pelvis shows high signal intensity secondary to
osteolysis. Also visible is a large amount of ascites. (C) Nine-year-
old male with GSD involving the occipital and temporal bones. Pos-
terior view of 3D CT imaging shows almost complete resorption of
the occipital bone. (D) Thirteen-year-old female with GSD involving
the ribs. Right oblique posterior view of 3D CT shows multiple os-
teolysis and fracture of the posterior portion of the right 5-10 ribs.
CT, computed tomography; GSD, Gorham~-Stout disease (GSD).

Thoracic lesions were the second most common, with symp-
toms of cough, chest pain, dyspnea, and wheezing. Some pa-
tients experienced wheezing and were misdiagnosed with asthma
prior to recognition of the lymphatic disorder. Pleural effusion,
mediastinal mass, and cardiac effusion were significantly more
frequent in GLA and KLA than GSD (P = 0.002, 0.002, and
0.001, respectively). The frequency of pleural and cardiac effu-
sion in KLA was similar to that in GLA, but mediastinal masses
and hemorrhagic pericardial and pleural effusions were more
frequent in KILLA than GLA (P = 0.017 and <0.001, respec-
tively). The other findings were heart failure, cardiac tampon-
ade, and pulmonary infiltration and hemorrhage. In abdominal
lesions, splenic involvement and ascites were more frequent in
GLA and KLA than GSD (P = 0.044 and 0.001, respectively).
However, KLA patients did not have ascites. Seven patients had
cystic LM of the mesentery and retroperitoneum, in combina-
tion with ascites or invasion of the surrounding soft tissue. Skin
lesions were present in 36 of 85 (42.3%) cases. Three patients
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A B

Fig. 3. Radiological findings of patients with GLA and KLA. (A-C and F) Twelve-year-old male with GLA involving bone and spleen.
(A) Plain radiography of femoral head shows a small lytic lesion (white arrowheads). (B) Coronal fat suppressed, T2-weighted MRI of
femoral head shows a small lytic lesion (white arrowheads). (C) Contrast-enhanced CT of the chest with sagittal reconstruction shows
dissemination of osteolysis in the vertebrae. (D and E) Eight-year-old male with KLA involving the thoracic region. (D) Chest radiography
shows pronounced effusion, mediastinal enlargement, and peribronchovascular infiltration extending from the hilar to the peripheral area.
(E) Chest contrast-enhanced CT demonstrates diffuse thickening of the interlobular septa, pleural effusion in the right lung, and retroperi-
toneal soft tissue mass (red arrows). (F) An axial projection shows multiple cystic lesions in the spleen. CT, computed tomography; GLA,
generalized lymphatic anomaly; KLA, kaposiform lymphangiomatosis; MRI, magnetic resonance imaging.

had subcutaneous macrocytic LMs at birth. Neurological disor-
ders were uncommon (10/85 [11.8%]) and were associated with
osteolytic lesions of the skull.

Imaging and Histopathological Examination

Bone lesions were present in 59 of 85 cases and imaging ex-
aminations of bone lesions included plain radiography (n = 59),
computed tomography ([CT]; n = 59), magnetic resonance imag-
ing ((MRI]; n = 57), and bone scintigraphy (n = 3). CT showed
more definite location and number of osteolytic lesions than
did plain radiography. MRI demonstrated altered signaling in
bone marrow, which was hypointense on T1-weighted imaging.
An infiltrative soft tissue abnormality adjacent to the area of
osseous involvement was characterized by high signal intensity
in T2-weighted imaging, which indicated lymphatic infiltration
or accumulation of lymphatic fluid (Fig. 2B). Bone scintigra-
phy demonstrated increased uptake of radiotracer in the patho-
logical fracture of one case, while there was no increased up-
take in the osteolytic lesion. In thoracic lesions of typical pa-
tients with GLA or KLA, bilateral interstitial infiltrates in the
lung and pericardial or pleural effusions were evident on chest
radiography (Fig. 3D). Thoracic CT revealed diffuse smooth
thickening of interlobular septa and bronchovascular bundles,
with extensive involvement of mediastinal connective tissue and
perihilar regions. The thickening and soft tissue mass of the
pleura, posterior mediastinum, and anterior ribs were character-
istic findings, especially in KLA (Fig. 3E). Thirty-three patients
had splenic involvement, identified by CT (n = 33), MRI (n =

Pediatr Blood Cancer DOI 10.1002/pbc

29), and ultrasound (n = 20). These lesions were multiple cystic
lesions in most cases (Fig. 3F). On Doppler ultrasound, the le-
sions did not demonstrate increased vascular flow. Histopathol-
ogy demonstrated anastomosing endothelium-lined spaces con-
sistent with lymphatic vessels stained with D2-40 (Figs. 4A—-4F).
Although KILA was diagnosable by characteristic findings at
pathological examination, there were no significant histopatho-
logical differences between GLA and GSD. Bone biopsy spec-
imens showed dilated lymphatic lumens containing lymphatic
fluid in Iytic lesions; however, some specimens were not in suf-
ficiently good condition to reconstruct their architecture for
diagnosis.

Treatments

Treatment included medication, surgery, radiotherapy, and
nutritional therapy. In patients with bone lesions, medical treat-
ment included interferon-c, propranolol, bisphosphonates, and
corticosteroids. When these medications were not effective, pa-
tients needed to undergo surgery or symptomatic treatment.
Surgical interventions included resection of the lesion and or-
thopedic operations (fracture reduction or reconstruction). In
some patients, surgical reconstruction undertaken to control the
disease was unsuccessful because of rapid osteolysis and resorp-
tion of bone graft material. The common surgical procedures for
pleural effusion were pleurocentesis, pleurodesis, and ligation of
the thoracic duct. Medical therapy for thoracic lesions included
corticosteroids, propranolol, interferon-«, octreotide, and mam-
malian target of rapamycin (mTOR) inhibitor. Sixteen patients
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C

Fig. 4. Pathological findings in patients with GLA, KLA, and GSD. (A and B) Specimen of subcutaneous lesion from GLA patient. (A)
This specimen shows proliferation of thin-walled, anastomosing lymphatic vessels lined by a single layer of endothelial cells without foci of
spindle endothelial cells (bar 200 ;m, hematoxylin and eosin [H&EY]). (B) Endothelial cells were identified as lymphatic using D2-40 (bar 100
wpm). (C and D) Specimen of thoracic lesion from KLA patient. (C) Specimen shows proliferation of thin-walled, anastomosing lymphatic
vessels lined by a single layer of endothelial cells with a focus of spindle cells (*) (bar 200 um, H&E). Spindle cells can be seen in the
insert image. (D) Endothelial cells were identified as lymphatics using D2-40 (bar 100 um). (E and F) Specimen of femur biopsy affected by
GSD. (E) Typical bone structures were resorbed and replaced by thin-walled endothelium-lined capillaries of vascular or lymphatic origin
(bar 200 um, H&E). (F) D2-40 immunostaining delineates the endothelium of lymphatic channels (bar 100 um, H&E). GLA, generalized
lymphatic anomaly; GSD, Gorham—Stout disease; KLA, kaposiform lymphangiomatosis.

(six with bone lesions of GSD, and 10 with thoracic lesions)
underwent radiotherapy. The total doses applied and fraction-
ation regimens varied widely among patients and lesions. Nu-
tritional therapy (fat-restricted diet and low-fat medium chain
triglyceride diet) had no effects in almost all patients.

Follow-up Period and Mortality

Follow-up was available for all patients. The mean follow-up
period was 7.0 (range, 0.1-32; median, 4) years. Overall or in ag-
gregate, mortality rate was 20% (17/85) and the cause of death
was thoracic symptoms (Fig. 5A). All 29 patients (nine adults
and 20 children) who lacked thoracic lesions survived. Of the 69
pediatric patients, 50 had thoracic lesions and 13 died (26%).
The GSD group had a significantly more favorable outcome
than the combined GLA and KLA group had (P = 0.0005) (Fig.
5B). In contrast, the KLA patients had a significantly poorer
outcome than the GLA patients had (P = 0.0268) (Fig. 5C).

DISCUSSION

In this nationwide retrospective observational study, we col-
lected data on follow-up of patients with GLA, KLA, or GSD
from Japanese hospitals. This study demonstrated the frequency
and features of principal symptoms, diagnostic signs, and prog-
nosis. Our data contribute to understanding the clinical features
and prognosis of these diseases.

Osteolytic lesions are important for differential diagnosis.
They can be caused by several different conditions including in-
fection, inflammation, cancer, and endocrine disorders. In our

Pediatr Blood Cancer DOI 10.1002/pbc

study, some cases were misdiagnosed as Langerhans cell histi-
ocytosis and osteomyelitis before definitive diagnosis. There is
no specific test or procedure to diagnose GSD definitively;[3]
thus, diagnosis is based upon identification of characteristic
symptoms, detailed patient history, radiological examination,
and histopathological findings. Especially, radiological findings
of osteolysis seem important to distinguish among GLA, KLA,
and GSD. Patients with GLA and KLA displayed lytic areas
confined to the medullary cavity, whereas patients with GSD
showed progressive osteolysis resulting in the loss of cortical
bone. GLA and KLA typically involved more bones than GSD
did. The bone lesions of GSD were often progressive and se-
quentially infiltrative; in contrast, those of GLA and KL A were
nonprogressive. However, our study also showed that there were
some overlapping features and no obvious difference in bone
histopathology.

KLA was recently distinguished as a novel subtype of
GLA.[8,10] Although dilated malformed lymphatic channels
lined by a single layer of endothelial cells are common to both
GLA and KLA, the latter also has foci of patternless clusters
of intra- or perilymphatic spindled cells associated with platelet
microthrombi, extravasated red blood cells, hemosiderin, and
some degree of fibrosis. Patients with KLA also have coagu-
lation disorders, and hemorrhagic pericardial and pleural ef-
fusions.[8] In our study, nine patients were diagnosed patho-
logically with KLLA from among those who were diagnosed
with GLA. The multiple overlapping clinical characteristics
and radiological findings of GLA have led to a hypothesis
that KLA may arise from GLA. There have been no cases of
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Fig. 5. Kaplan—Meier curve showing time from onset. (A) Overall survival of all cases (n = 85). (B) Overall survival in GSD group (n =41)
compared with combined GLA and KLA group (n = 44). The GSD group had a significantly more favorable outcome than the combined
GLA and KLA group had (P = 0.0005) (C). Overall survival in GLA group (n = 35) compared with KLA group (n = 9). KLA group
had a significantly poorer outcome than the GLA group had (P = 0.0268). GLA, generalized lymphatic anomaly; GSD, Gorham-Stout

disease; KLA, kaposiform lymphangiomatosis.

GLA that have evolved into KLA over several months or years.
However, patients with KLA had unfavorable prognosis and
serious symptoms (hemorrhagic pericardial and pleural effu-
sions). We might have to distinguish KLA from GLA or other
LMs.

In patients with multifocal lesions, therapeutic options are
palliative, and therapy is often aimed at reducing symptoms as-
sociated with bone lesions and chylous effusions.[11] Manage-
ment of chylothorax is often the primary concern. Thoracente-
sis and pleural drainage are used to treat chylothorax to relieve
respiratory distress. In the case of failure with such conservative
treatment, thoracic duct ligation has been used to treat pleural
effusion in isolated cases.[4] Radiotherapy has been used in cases
in which surgery is not possible, or in combination with surgery.
Several case reports have described the successful use of radio-
therapy, achieving pain relief and arresting the spread of oste-
olysis. Positive results have been achieved with a total dose of
3045 Gy[11]

Patients with osteolysis have been treated with drugs that
inhibit bone resorption, including bisphosphonates such as
pamidronic or zoledronic acid.[12] Patients with bone or tho-
racic lesions have been treated with interferon-a-2b, which
inhibits the formation of lymphatic vessels.[13] Other pharma-
ceuticals include vascular endothelial growth factor-A antibody,
bevacizumab,|[14] propranolol,[15] steroids, vitamin D, and cal-
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citonin. These treatments, used alone or in combination,
improve symptoms in some cases, but their effectiveness is
inconsistent. A recent study suggested that the antilymphangio-
genic properties of rapamycin (sirolimus; an mTOR inhibitor)
and its derivatives might have therapeutic value for the preven-
tion and treatment of malignancies.[16] In our study, there were
nine patients (eight with thoracic and seven with bone lesions)
who were treated with an mTOR inhibitor. Further investiga-
tion is needed to determine which treatments are effective and
safe in these patients.

It is necessary to address the limitations and bias of the
present study. This was a retrospective survey that was lim-
ited to general hospitals with pediatric departments and physi-
cians who reported cases. There was also responder bias in that
providers managing the most severe cases may have been more
likely to report them. When we started this survey in 2013,
a new classification of ISSVA had not been announced and
there were no standard diagnostic criteria for complex lymphatic
anomalies. Therefore, there was some possible involvement of
other similar diseases. Multifocal lymphangioendotheliomato-
sis with thrombocytopenia, multifocal kaposiform hemangioen-
dothelioma, and central conducting lymphatic anomalies are
rare diseases, but could be misdiagnosed as GLA.[17,18] Pa-
tients diagnosed with GLA might have KLA because of a
lack of characteristic findings at pathological examination. In
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addition to the above limitations, it is probable that classifica-
tion of vascular anomalies will be rationally modified accord-
ing to advances in genetic and clinicopathological research in
the future. Despite the above-mentioned limitations, this study
is noteworthy because it was a large detailed survey of GLA,
KLA, and GSD. We believe that sufficient data were collected
to characterize the frequency of principal symptoms, diagnostic
signs, and prognosis.

In conclusion, we performed a nationwide, questionnaire-
based survey of complex lymphatic anomalies, GLA, GSD, and
KLA, to characterize their prevalence, clinical features, radio-
logical and pathological findings, treatment, and prognosis. This
study revealed the clinical presentation and severe course of the
patients, and limited current therapeutic options. Further study
into the pathogenesis and a prospective study are needed for bet-
ter therapy with improved outcome, especially for KLA.
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