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EETHEBT, U7 ZAMIBBMARERIE (LCH), /L Rong &+ F = A
% —J5 (ECD), v¥A -« KA 7<% (RDD), #HFEMEHARFEME (JXG)
MRERARE (HS)., 7 v 7 vy AfildiiE (LCS) EREFTEND, WTNLb A
DIHREBTHY, FHIEFOZ W LCH THHEIEFRILX 100 T AHT=D 3~5H]T, K
L 3 AR O/NRETH Y . FRADORIERIT 100 T AHTZV 1~2 4 L HEH S
NTEY KA LCH I AYA A% A2 5 e 20 5% ~40 /% 12 % W\ ECD IZ 42 15 T 1500
BIFREE DIEF] L 22 A STV, B AR MR 52 O ik 5 FBE B & Sk O£ 3T
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1. HA®DLCH& non-LCHOE&ER DD

BB BRMAS S, MAESEFZEET (2018—-2022EF, H5EHE
<H#EEFHE>
2018 FEN B 2022 - F TO 5 AFEM O B A MK -2 M i 5 FBE Bl B EREE F T 20 7%
LA b o A 58k BRIE O JE 11 5 2> & HEE L 7=,
T TN AR ERIE (LCH)
5N 82IEB D D B, JRERIG L 72D LCH 1 80% (65.6 JEB]) . bW EEHT
PEIEB D 20% (13.12 B) & HIRIEH] 30% (19.68 fi]) D H bV LR—ViHEE
LR EMEY IKTIEF D 50% (9.84 ) NILEIKBEORI SR L 725, BRAF VR
Bin A RBRMEG 50%7° MEK FAEROVEE MR LR D720, 5 FMT 11.48
173 MEK BLEZRIBIEOM R LD LHEESND,
FELCH: TV RNA L - F=RF¥—J% (ECD), #HEREKNE (HS), v ¥ A - F
NZ7=VE (RDD), FvFaAnv ZABAE (LCS)
5EMEEIL 26 11, 40 Bl 561, 3B, EEINHERIBEOXNG & 72D | BRAF
V600E i& 15 72 S MEIE B 50%75° MEK [LEFEK DGR R L7250, 5 T
37 5173 MEK FRERIREO MG L5 EHE S NLD,
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BRAF 85 1A R % H 7 % B LAl
BRAF B T ZE R %= H T 5 UIBRARGERELT - FFIE O FE/INHE Az it i
FEYER) IR DN 72 BRAF BIn AR Z A3 5817 - BB OEEE (&1 -
B 5 & bR <)
BRAF Bin TR % A3 % B3R LHEG M O A B M A i
BRAF 185122 B % A 9 2 {BC HE M B2 b i B e
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(BHERAE)

2.1 +or 7R A A T DWW BE JUIM AR IZIB T 2 MAIZ LV, BRAF BI5T
ERPHERSNTEEBB KRG T 52 L, MEBEICHTZ > T, ARSI IR 2
MERES OTERESREZ AN D 2 &, ok, KR S T RS a2 I & 5 an X =
RS ICET 2IFERIZOVWTIEZ, UTOU =7 %A EBAFAETH D -
https://www.pmda.go.jp/review-services/drug-reviews/review-information/cd/0001.html
2.2 17, BRIRAAEE ) OTEONEZRAM L, KE OF MR ONR2MEE /5 H
fig L7z ECHISEEOBRRZITI 2 &, [17.1.1-17.1.4 Z ]

(FE/INHE e Jiti )

23 TORRBRERT 2HBEIREMRICH T SMEIZL Y, BRAF BisT
EERPMERSNTEBEFICKET L L, MEIZHT - TR KRS LKA 2 E
MEES IIERESREZ NN D 2 &, ok, KR S 7RI G2 B & 5 ah XL =
R ICEAT OIFHRICONTIZ, UTOU =7 %A DL AFARETH D -
https://www.pmda.go.jp/review-services/drug-reviews/review-information/cd/0001.html
2.4 117, BRIRAAE ) OHEONKEZRF L, KHNOF MR VL2V E + 40 I8
fe L7c ECHISERAEORINEITY 2 &, [17.1.5 2]

2.5 ARFN DM RAMIFIETI T 2 A M K ORI L THRWY,
(B

2.6 TR AEA T 2HBEEIRERRICH T 2MEICEL Y. BRAF Bis1
EERPMERSNTEBEFICKET L L, BMEIZHT - TE KRS LKA 2 E
MER G IIERESRZ WD 2 &, k., KR S VRS 32 I = 38 SR E
WRIRIZET2HEMICHOWVWTIE, ULTOU =7 A FBAFHRETH D ¢
https://www.pmda.go.jp/review-services/drug-reviews/review-information/cd/0001.html
2.7 MRREIEBH IAF OB GEHAR LR VIFD,

2.8 BRI AAN DN BEORAFEEIZONT, N7.EKEE] OHEO
NEZ R L, KA OF MR LR 2+ IS8 g L7z BT RAILS O IR
DEREIZOWNTHEEISKRFT L, BISEEOEBRZITI 2 L, [17.1.6-17.1.8 &
]

2.9 1 AR OB ZB T 2 HIMER O L eI LTy, [9.7, 1718 &

& ]
2.10 KO T OB BT DG 80 R OV 2T LTV 720,
(B ZH A MR

211 + 7R a AT DR HBIE ITM AR BT DA LV | BRAF Eis1
ERPHERSINTEEBIIRET L2 L, MEICHTZ - TE, KRS NIES 2
MEESITERESREZ N ND 2 &, ks, KR S RS2 B E 3 8L XL =
FHRARICET OIFHRICONTIE, U TOU =7 % A L AFARETH D -
https://www.pmda.go.jp/review-services/drug-reviews/review-information/cd/0001.html
2.12 BRARABRICH A AN S 72 BH ORI IZ OV T, 117, BRG] O
WOWNE I L, KAIOAZMER N2tz +o3 R L7 BT s EHE O
BIRZATO 2 L, [17.1.6 B ]

(EREEEMRBE




213+ R A AT DA BLIE UM AR IS 1T DMAIT KV (BRAF BA&T
ERPHERINTZEBBTICKET 2L, BEICHTZ > TL KRS N2
MERES OIERESRZ AN D 2 &, ok, KR S 7RI 2 B & 5 ah XL =
FHRARICEAT OIEHRICONTIZ, UTOU =7 %A DD AFARETH D -
https://www.pmda.go.jp/review-services/drug-reviews/review-information/cd/0001.html
2.14 FRRABRICH A AN S 72 BH OFlm, WEHHRRA SISOV T, T17. BK
AR ] DIHOWNE 2 F L, KA O ARV R VL2 40 I BAE L7 BTl
BEOEBREITO Z L, [17.1.9 ]

2.15 1 A O BHF I T DA 20 R OV RMEIEMESL L TV, 9.7, 17.1.9

% ]
2.16 UIBRZICHE BT L2 3R R B F 2R 562 &, [17.1.9&
AE ]

o (R BT B SRR A P B

2.17 A& RPUEMEAZ Gt PRIEROL BT EZNRETH L,

2.18 AH O FM OMBFIEIC B T 2B MEL RLZR2MEITMHESL LTV,

AERUCHE

7

(MR AE)

X777 x=7LOFRICENT, @HF., RAIZIEZN I AF=7L LT 2mg = 1
H 1, ZERICROKREGET S, 2720, INEFABIEEOEE I, &5
125 AMETET D, v, BEORBICIVEERET D,
(FE/MERRREE . A BB 0w

X777 x=7LOFRHICENT, @HF., RAIZIEZN I AF=7L LT 2mg = 1
H 1A, EERFICROBEET S, 2k, BEORBICEZVEEHET S,
(BREE., [KEEEMRBE

X777 2= DHICENT, @F., NZAF=7LLTUTOHELX1H
1A, ZEMERFICROBET 5, e, BEORREBICEY EEBET 5,

- BANIZIE. 2mg

- NRIZIE, KEIZCEDLDETKROAE

g Zekgkl L I8kl k. S
2 Wkt Slkg i Slkghl L
5t Img 1.5mg 2mg

o (IR BB B SRR A D B

WE . RAICIE R I AF=7L L C2mg & 1 B 1A, ZEFFICROKET S,
¥, BREOWREBICLVEERET S,

AHERCHERICEETIER

(Zhee k@)

4.1 BRICAK ZHE LI2GE, Cmax X ONAUC MET T2 L 0HERH D, B
FORBELBT LT, BFEO | KA E% 2 K £ TOM O AR ILEET 5
&, [16.2.1 ]

42 RAIFGIZEDEWER BEEZERS) BRI LLEGAICIE, TiiokEL
HE, KRB BRI, WEXIIFIETs 2, 2L ¥ 777 2=7 L OBH




(BT, AR iaE (B ORI ERE) SURT 72 70 R 38 M A SR AR 2 R B
L7840, ARG Oy R B 2 F - 7= T, (k3. HiET 5= L7
<IEHEEMGET AN TED, [71.3 5]

PR3E, e M UF b B

NCI-CTCAE™ |z X % Gradefll % WLEE
BB Grade 2 r -3
X iZGrade 3 Grade 120F  TERRE. 1B AR
®LTHES>HEHR
Grade 4 1;&,<Jh FH Ik
HEMEENESICEATET LW
"“l?@ifid 1%"" + Grade 111
F ¥ TERE. 18 Pﬁiﬁ& LTHS
*HE
1#1) NCI-CTCAE v4.0iZ X V) Grade% |
BEDOEE
HEHREoE% (KA
A B B5R (015
AERSE 2mg
IR RE 1.5mg
2B RE Img
3R RE ¥ 54k
H2) MY RAEIC L DEERESERTELCESICR, REFL IO
R F e 5. )
4.338.0CLU EORENED 5N HEITIE, KAl ZIKRFEST 5 2 &, BEOEIE

%, 24 R LL BB T WA ITIE, %1mem ODHETHKGZHHTHZ
Lo 38.0CKTORB T EFE, BIE, B, 4 v 7 v U PRIEREFE O RO
@%fﬁ@ﬁ%mm@%Mtﬁ (CARFIOREZRFTT 52 &, HEIZIE LT,
T2HOHERH OB L ESEBIZ, AFZHET DI L, AFIEKRIELTE 438
%uwmﬁﬁﬁ&wauTme~x?4VK%RL&w%é@\ﬁﬂ@&ﬁ
ZHRIETHZ L, [7.2, 8.4 5]

4.4 0.5mg §E & 2mg SEDQ AW FHEFEEIT T I N TW Wz, 2mg #5755
B2 0.5mg gEA A L7awn 2
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4.6 SEEL/NRART A v a vy 7OEYFHREHIZIRIN T RWY, §EL/NEH
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o ([ R BE SR 1 O B
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VT AEMICERREEN D DKRE (BOER 2R E)

A R OEITHA AR AT, BEAEFICE LWREZ KFTRE
MU TOMBEERICE LWEEREL RITTRE




(%
% Hs
e~
D%
e s
(%4
T5%
DI T
=7
L. %
Y95
LEz
7o AR L
IZoWn
TRk
T 5,
(R4
HEZ
A KE
%6
[E.3
1 G
1o
\ZF =
v 7
%)

2. EFELEOHFHME
7 BEFOEENSENIC 20D
—1 KRR S5 D i R BRUBR IZ B W TR M - LR ENBEFORE &t

RTHLMNIEATWD

7 BFCKRFEIZRB W TR ESIT o TR Y, ERADE
VMIEREOEWEZEE X TCOLERNICB T A AR’ cx s L

EZ bbb

LCH 3 ¥ — a8 (SS-s ), ZxFA (MFB )., ZfEastl (MS )
IZ B S, SS-s BT AR T DG L HH 70O LT L HLEEIEITSLE R0
23, MFB Y| MS BT b PIETE A BT 5, Fox 1L 2013 005 2018 FFEIT2 I & %
I} 72 AN LCH O 2 EE A 21T\, 148 Bl DT 21T - 72, F D H bkl
WM BT 86 il th 57 BN AL IR IEN KT S, BN HRIL 86.0% Td - 7278,
A08%ICHREZBDODBEREOBINME T o7z, £z, WIEHLFEIENEL) T
b oTo 4 FNTRBINFFIE LT, THRARKFE LT, Fin 160 L =1 234
HEanzl, ZnooZl s, BEBREZ BT bW Eind . PIEHb7FRE
B, SRR A A A S A AER]. B A D IRGIEF 72 ElZxt LT, BT
BHEIZESL DTN E 2 EOFBRIBEORENIVETCHDL EEZD,

ECD 3B, B, M, s, O, SIEFRREREZED, BIED L
DONLEIERLDFE THIGIZD=D, FFIZ ECD OF 41278 D 5 HAR fh 855 42
R ERAITEE CEENRE A0, AR AIC XS QOLIE T & Y
B Toh 5, ECD I 2004 FDFF S TIiE, 3 F-MH T 60%LL ED ECD BEN T L 2o
TWEBDIZHR LT, A % —7 =1 U IE#S° BRAF V60OE i& 15 14 B 5P ECD
IZ%4 % BRAF [LE#K (vemurafenib) D AIZfEWV 2016 £ D 5 FEA1ERIT 83%
LWEAREDTWVWAHM Ly, Estrada-Veras JT1 H D a7k — FRBRTIX, 4 4
— 7 = 18 HlH 3 B3 #E4T progression disease (PD). 14 5 7322 iE stable disease
(SD), #57 %fi# (Partial response: PR) X 1 flO A THY | 1T A LN SD ThoTz
B, & 512, ECD O ¥-44 BRAF V600E & 1528 B & MESEH]1Z %) L T BRAF Fi
AL T DA, 2017 4E12 BRAF V60OE &1 125 5 2 [ 7o 3 4 HH ik Bk R &
2% 5 MEK FLESK (cobimetinib) D5 2 fHRBR O A ZhMEN R E sl %
[E Tl1X 2023 41T BRAF V600E B {x 128 5 0 A 1 2 [ 2o 37 plc A FH A% BK 5% 05 1 %)
L C cobimetinib HANEENHEHH KD L 91/ >7=, —F T, Toya b O LEE
FHHECTEARTORRCRITELS, IO RKAN KA THEHH W LIk
INLTWa EHEL TR, 2o, HATSH EIE ECD #licxt L TER T
BHRIZFESL G TEPEOBRENRLETH D,

RDD [I~7 a 72 B RE CRIE ) b HIE £ THIGIZ 72 0 EEEIRE N M L T
VW72, RDD iX BRAF V600E Bis 1A R OBGMERNE . KRAS Bin 172 & Dl
D MAPK R D@L+ EREZHTHZ L NZ W=, MEK BLESKZ: Y OIRER)
ALY (N ATINA

HS 13 &EGFHME O P IEIX 541 20 H . MoOBEMEES 2505 kM4 HS C
TR PO 11.8 20 B L WPl LCS @ 5 FEALFRIT . AN E S LTV
5556 (local disease) 1 70% TH DD, WEENL & FDOATE Y > 7 NHifHIEIZ %G




EHBD D (loco-regional disease) Tl 15%. EH RS (disseminated disease)
DEFETE 0% & BRISPERZ LIS O A7 ITIEF IR PHR AR TH 510

Z & 92 LCH, ECD, RDD LISt D AR ERIE TITAEHERMITE £ > TH 5T,
L RERUE CBOEM R A2 72 E 2 EN L W) | Bl FERIZHESL
EEREOPRRBB I N TND,
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HE |7 [ A~m]
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LCH & LCH LSt oifilifik EkAE (Non-LCH) D#J¥412 BRAFV600E &t {n1- 25 5
MRRBHHND, Y ORERITIT MAP2K1, ARAF, NRAS 72 ¥ MAP % F— %
BESHOE G T ERAHET A ENE, LN - T, BRAFV600E iz 178
RAEH S RVERNCR LTk, MAP ¥ 7 —ERK % Flitx HE T 5 MEK fLE
EBHAHTH D,

L
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9 MAPK 0 fEf) L ek (i

:F RAE = .eg, vemurafenib, dabrafenib

4 g €9, trametinib, cobimetinib

:b..i..fmm

A

X 3 FAEARERPEMZ (C 1) DB a1 A28 L XFn 9 % 0 FARRg SR [12]




(a)

(c)

Langerhans cell histiocytosis

Genetic alterations

(b) Fusions: BRAF, ALK,

NTRKT, ETV3-NCOAZ

ERBR3Y
NRAS
ARAF
Other
BRAF

BRAF VGDOE

Non-Langerhans cell histiocytosis

BRAF MAPZK1T ARAF BRAF Other MAPK ALK NTRK
VEME mutations | mutations fusions mutations fusions fusions
[ MEK inhibition inbiiton I
Therapy
2. BEHERNFITR DK TORABEDRD
BKRFOD | v ram rmE CAE CE
[E T D H&R
R (BRKZE 6 23 [E T ORGEBNE]
(R Eic T K4 [ C O ERNA (ERNAICET 5 ETIC TR

v 7 L., #%

[ 0 7K 2R PN fR7e4 ({E344) | MEKINIST® (Novartis Pharmaceuticals
ot Corporation) [13]
%) ZhEE - R KERIR L

ML - &

fii & COTELLIC® (Genentech USA, Inc.)!'4]

HANGIR & L TR LR BRIE ~ 15 & 9

HeE | BRie4 (d834) | MEKINIST® (Novartis Europharm Limited) [15]
ZhEE « AR K 7e L
s - &
fii &
ME | ReA (BFEL) | E LA
ZhaE - R
s - &




S
LE | Bt (dB2E4) | wE & FRER
Zhag - R
ML - &
S
INE | lGE4 (2%4) | MEKINIST® (Novartis Pharmaceuticals
Canada Inc) [14]
ZhAE - DR KRR L
ML - &
fiii #
ZM | BFe4 (224) | MEKINIST® (Novartis Pharmaceuticals
Australia Pty Limited) [!7]
e - ZhR KRR L
ML - &
{7
S
ij;; MokE ME O MAE MAAE FINE P ZN
PR AR DL | (BRCK S 6 23 [E TR HERYfE H N A )

(BCKEE 6 2> BROK A E TOEERE NS (EENEICBEET 5 &I THR)
R 7 KR KE | A RTA (DNCCN Clinical Practice Guidelines in Oncology,
D3 720 N i Ak Vg Histiocytic Neoplasms Version 1.2024[18]
M (@Erdheim-Chester disease global alliance,

Zr. EEEIC o

Frv L. consensus guidelines(!?120]

%2 [E ot Zhae « hF (DMultisystem, single system lung or CNS LCH,
E,‘jﬁiﬁﬁ ke (E 713 2hhE - ECD, and RDD: MAP kinase pathway mutation,
ALY D.) HRICEED S

% RO & )

or no other detectable/actionable mutation, or

testing not available

@BRAF V600E negative ECD

Most patients who test negative for the BRAF
V600E mutation will have a different mutation in
what is called the MAPK pathway (also known as
the Ras-Raf-MEK-ERK pathway). This pathway
is a chain of proteins in the cell that
communicates a signal from a receptor on the
cell’s surface to the DNA in the cell’s nucleus.

These signals control the cells’ proliferation,

10




differentiation, development, inflammatory
responses, and programmed cell death. MEK
inhibitors are typically considered for all patients
who do not test positive for BRAF V600E,
including those patients where no mutation is
found with any sequencing. Commonly used
MEK inhibitors include cobimetinib, trametinib,
binimetinib, or selumetinib. In the USA,
cobimetinib is an FDA-approved treatment for

ECD.

Hik - H&
(£ 13 Ak -
HAEIZEED H
2 Fifk & )

HA RKTA v
D FRHL G S

(DDiamond EL, Durham BH, Ulaner GA, et al.
Efficacy of MEK inhibition in patients with
histiocytic neoplasms. Nature 2019;567:521-
524.16]

@Cohen Aubart F, Emile JF, Carrat F, et al.
Targeted therapies in 54 patients with
Erdheim-Chester disease, including follow-up
after interruption (the LOVE study). Blood
2017;130:1377-1380.[21]

(®Aaroe A, Kurzrock R, Goyal G, et al. Successful
treatment of non-Langerhans cell histiocytosis
with the MEK inhibitor trametinib: a multicenter
analysis. Blood Adv 2023;7(15):3984-3992.

1 4

K [E T Cobimetinib I il A KR ERIE 12 /KGRH D

A RT7A
g

(DNCCN Clinical Practice Guidelines in Oncology,
Histiocytic Neoplasms Version 1.2024-March 15,
2024

(@Erdheim-Chester disease global alliance,

consensus guidelines [191:120]
(®European society for medical oncology!??

ZhHE -« Zh R
(FE 7212208 -
hERICBEE D &
N A IEID)

O, QT KEZHEFT
31T histiocytic neoplasms DIHH 72 L

L - A&
(E WL -
MEIZEE D &
% GCH B FIT)

HAKTA
DR YL F

k=

11




ME | A FTA A KT A FEN S8 oD 72 60 5 [H] &[R4
4

AR » Zh R
(F7=13%0%6E -
ZhRCBEE O B
2 o i T)

Mk - H&
(E7213 8% -
HAEIZEED H
2 Rl & )

A RKTA
D IR PG S

1 4

LE | HA KT A TA KT A TR i o0 72 6 S [EH] & R
g

ZNHE » Zh R
(E£7-13%08E -
2h B B 0
2 GOk AT)

Hik - H&
(£ -
HAEIZEED H
2 FL T

A RNTA
D R HLFR ST

e

IE | HA FTA KIEFCH & A C
NE:

ZhEE « Zh R
(F 713206 -
ZHRICBEHD H
% GO B AT

ik - A&
(£ 1E2hHE -
KRB O &
% AL i 65 T

A RTA4
DR YL F

k=

ZIN | A RTA KIEFE#H & [ C
Mg

hEE - R
(7= L HE -
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NRIZBIE D &
% G B AIT)
ML - A=
(E7THE -
M &I E O &
% FCAH A7)
HARTA
DRI

1 5

3. BHNFITHR D EWNI DT R - REEHIZHONT
(1) M/E2 b i ik bR, MY ENREBREE (TR D AR CHR & L TOHE RN

<XERDOBKFE (RBEXNCHREEHE), mEMR. XK - REFOEEHE
FH DI <5 >
PubMed (Z T trametinib % key word & L TR L7 & Z A, 2011 2025 2026
ok TIZ 2941 FRSUREE S 7, £ 72, trametinib & histiocytosis @ 2 HL5E T
MR LT & 2 A 2015 4200 5 2025 4R F TIZ 63 fa LR STz, B RER
BRIE. KET 2013 2 A T/ — <29 % trametinib HA 23 &R S 72 DEED
B o H —HRBROMERICOWTRET 5, AiIVEROH ZE TIC
EBAEASMEBROBFHE IS TR, 2O, A FT7A4 00 E 2 —3Hk
mEBIBERT D, 2022 FFIKE T O R AMFREKIE (2 %3 5 MEK B 58
(cobimetinib) D AFET — & L 72 o 72l N FRER R IEIZ 2 %79 5 cobimetinib 75
WD 2 PR O VR ECRR 13, MARERIE 12 %9 5 MEK FR#E 3K (trametinib) @
AHFEICHEST 2 EERT —Z DDl d 5, A TIERA LCH < ECD (2
B 2 KRB A KT A U ER =, il A LCH X° ECD O £ [HE %
AR KB T D,
<WHHTBIT L HBRRRE >
[HEAREREE (Z 35 1) 5 MEK FEZ (cobimetinib) 25 2 #HAUER]
1) Diamond EL, Durham BH, Ulaner GA, et al. Efficacy of MEK inhibition in
patients with histiocytic neoplasms. Nature. 2019; 567(7749): 521-24. (6]

>T YA BRI IE S MIE AR A L R 2 FE N R 7 R

> B : BRAFVSOEBR O H HIEA T 7 —~<EEIZE T 5 BRAF BLEA] (X
LT T x2=T) OFEIMEDORA I ) —=2 7

>t 5 16 LA F. BRAF V600 Z5 5 D 70 W HERRER RNEE (22 g 2n i 1]
IR PR RIE A, B AR T b HOOR ZE 0D iR 28 e SR IR R IR T
MNTIRENDIER]) . BRAFVO B+ AR 24T 584 TH BRAF LE
SN A2 72 5E 51 X° BRAF FHEIE A2 T 2 WEF S & T,

> EEFEIE H : PET/CT, CT., MRI XK L2 X 52253 (CR+PR) .,
1R 6 » HRENE 8 M. 6 » HLIRRIX 16 BEICFHMET 5,

>HE - HE 2 AF =71 60mg % 1 H1HEHEH21 HEWNARL., 7
HREKRIE, 1A 27 /L2 HETH 5,

SRR o RBER TIE R 10%LL T OGS IR K, 35%LL ED;
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BIEIEPE N E BT S5, 18 il B ek (ECD12 ], LCH2 5], RDD2
. mixed histiocytosis2 ) D 9 B, 16 ] (72%) LI, £D 5 H 13
Bl (72%) MNe2Em, 361 (17%) NE o EME, 16 (6%) DR LZE.
WEBEITIIR D 2o 7e, 1 FNTFHEREE CTH o 72, mWRINER D EGR
e,
2) COTELLIC KE#A CEFHRI
1) ER—BR, 326 EFOT —X
EE : 26 1) (ECDI13 1, LCH4 f4], RDD4 1, JXG2 . mixed histiocytosis3
B) . BRAF VOO BIR 122 B G1E 6 B, BpAEM 20 5], 21 65l (81%) 2A4aH
FBAEDORTRRE DV FEfm T JE 50.5 7% (18 5% ~79 %) . B 17 61 (65%) .
#ZME9 Bl (35%) Thoiz, 2 EATF =7 1[0 60mg/day ZBA#H L. 18 #l
23 40mg/day ~D g% . 5 B2 20mg/day ~D I EEZ L7z, #BEHHEF
JfE 11.4 » A (0.2 # H~36.8 # A). PET/CT (T & %l TO =R
76.9%. 55 E M 61.5%. T4y B 15.4% RECIST #Efi THOE2ZE%NR 46.2%.
SERTEMR 11.5%., #B57 Efif 34.6% T > 7=, PET/CT allilc & 5 Z=Lh3 8,
FTOMMAPRM2.0 5 H (025 H~173 % A). ZTHHAM PR 31 %
A QAA~31 %) Thote, &7 —FOFEELIITH (62%) .
JRYYIE (62%) . TR (46%) . EH BRI (42%). I (42%) . FERIA
R (27%). Bbeh 27%). 7 L — K 3-4 OBAfE R X CPK L&
(27%). VU 8Bk (27%) . K Y v AmE (18%) Thoiz, K
REBLD, aEAF =T ITHEBEERET ICBWTEMOBIMERH O |
To I AEREIR R L IR D AIREMEN B D,
[FEMRERIE 2B 1T 5 MEK FHEH| (trametinib) #2205 ]
1) Donadieu J, Evseev D, Pegoraro F, et al. Long-term MAPK inhibition of
childhood refractory-Langerhans cell histiocytosis: an observational study on 288
patients. Blood Adv. 2026 Feb 12: bloodadvances.2025018651. doi:
10.1182/bloodadvances.2025018651. Online ahead of print.[?3]
>T YA B % A E 2k — MR
>xf 5 MAPK FLEIEZ A L 72/ #EiA 4 LCH288 5l (BRAF V600E %
Bt 250 5] (87%) . BRAF V60OE 25 B [a: 38 5] (13%)

> BB : MAPK [HEFK O R & AEFEFLOHMEE

PHERE  FICHAEER (RAT77=2=7 1841k, #7577 x2=7 115
., =2 ag 7= 3, aAF=T 024 FFAF=7 461 (¥)
] % 5 & i 0.0265mg/kg:0.015-0.03mg/kg., W ] -2 % 5- & rp Y fil
0.025mg/kg:0.009-0.5mg/kg) , =2 F =7 11)

>FEFMGIE A - IBIEBMEE 6 » A © PET/CT & L 7= E BOG

>EIRPFELIE B 1R % 6 » H & L <ITFHREFFO R MR HIE & CRP
B, AEFZR

ST WA & FRE o A EICRE O H D MAPK PHLE KA FH R4
o RfEIXZ 4 1.3 (range: 0-15.3) & & 2.3 (range: 0.1-21) 3%, 1B
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BRI O o fl 3.7 4R, FEHIZES) (8 HLIAN) 1%, ZlE#s i LCH SEf] T
98%. MR Z & D OFERT 30%, HAXFRREAMESE « FFAHXME IR B AE - A Ak
JRE R H D OFERFI T 0% TdH > 72h3, MiRZE - PRI & 0 D JE 5
TIHEMBRGBICEDLRDONZ, KL ED > AEELNES

(55%) . MAPK [HEI Z ik U7z 113 B9, 69 il T B O FiEMEAL %2 32
D=, BEx RHEERRIE AT o7 b OO, HIE#% OEBEIEMN(LIZ TR T
XMoo 7o, MAPK BHEIEIRH R FHAA R AR E 2 50 80 T W e o 7z
143 Bl D 5 B 60 B A3 AKX IR ZE PESE &2 8 E L 72, MAPK BH 55 3 I35
PELCH I L CHRMNCR R A T 508, NAl¥iti AL % f 7 2 5Ef]
TIERDENME BB RN E CHRE2E L, FTAF=THHAD
46 HICB L CEFEFRIL 25, ZLv— R34 204 8% . &bHEn
ST-ONEBETH-oT=, WEREL L TR I AF=THAEZHHLE 17
BHZBE L Cid, BFEY ST B 16, Lotk 6 B, 22 Wil in b 9l 2.1
% (0.8 7% ~15.8 %), 7 4 v — A& AFln I fE 9.2 ik (0.9 m~22.4 %) |
NTIAF =T EERBEANORE T 0 —F TOEKRP R 3.44F (0.4
fF~6.2 4F) . BRAF V60OE 2 B[54 3 4l BRAF V60OE 25 B [& i 14 51 (10
I WThoBRFERELBRBEINT) T ATF=THFKEEFRE
0.028mg/kg (0.0039~0.05mg/kg) Td > 7=, REHLEE 6~8 M 4
1B % 81X Non-active disease 7 f§il. Active disease better 4 4], Active disease
stable 2 il . FFAMANEE 2 I T o 7=,

2) Aaroe A, Kurzrock R, Goyal G, et al. Successful treatment of

non-Langerhans cell histiocytosis with the MEK inhibitor trametinib: a
multicenter analysis. Blood Adv 2023; 7(15): 3964-3992. [24]

>T7 A L B E A& 2k — MR

>%tG: c MEK BLEH (FZ AF=7) ZfH L7 18 Ll L d non-LCH &
# 26 JEH| (ECD17 ], RDD3 ], RDD/ECDS5 #. ECD/LCHI1 i) . BRAF
V600E & 15+ 25 F 5 9 # (4 1113 4th O MAPK #2182 B H A 0F) .
Fatk 17 ] (4 oo MAPK & FER B ST

> H Y non-LCH BREF 2B 1T 5 MEK [HREI DL F,. AEFELOHEE

>MHiEHE - 0.5mg/H~2.0mg/H ., #HWNR

>EEFMGIE A - IBIEBLE 6 » A @ PET/CT & A L 7= E BOG

>RIR R B J6 9B tA% 6 » A b L < XA RO R E & CRP
B, AFFR

PHEE LA COBRFEITEAE (0.5~1.0mg/H) THHERZED., FHfin]
BE72 17 BIO KIS FEIX T1% Th - 7=, BP9l 23 7 A CHEAESTE
WM L 2AEFEYR P RIIRBZETH 72, 1FE A EDEFIL BRAF
ZEEGMES L < 1L MAPK #RIKIZRE 59 oM O#E =+ (MAP2K, NFI,
GNAS. RAS) \ZZE R % b 7-, MEK FHLE 3K trametinib 7% BRAF V600E %
REl- WEELZEDECDB L URDDICHIENH D Z L WNRENT,
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T AF =T HANGIR 21T - T2IER] TIRIE IR OFEM 23 7T EE 72 17 #iiZ
BT, BRAF V600OE & F 2Pt % L < I3 BRAF V600E £ % L i &> MAPK
BRBEOBLFEREHETHEMT 13BN TH o=, ZD 13 HloBEY =
(%, B8 B/ At 5 B, B2 B IRR AR s LB 50.5 5% (25-69 %) . ECD7 il
/mixed ECD/RDD4 #1/RDD1 f4]/mixed ECD/LCH1 #. BRAF600E LL%+ D
MAPK & D& Ax 2 H 11 H/BRAF V600E & BRAF V600E LL#+ D MAPK
REOBLETERIHA/NTHLOBEFEELREBENT 16, N7 AT
=7 WE 58O FRAE 1mg/day (0.5~1.5mg/day), kT X F =7 ik
¢ 5.8 f R 1mg/day (0.5~2.0mg/day) . 1&E%N 1L CR2 ##i]. PR6 .
SDS T - 7=,

3) Cournoyer E, Ferrell J, Sharp S, et al. Dabrafenib and trametinib in

Langerhans cell histiocytosis and other histiocytic disorders. Haematologica;

109(4): 1137-1148. [>°]

>T YA BiE % A& 3R — R

PR AT T 7 2=T b LLIE NI ATF =T A U HARERE B3 34
JEB (LCH26 i, JXG2 51, RDD2 {51, FhAiX pfiit MLk BRIE 4 $1) . BRAF V60OE
BRI 23 5], BRAF V60OE & f{x 728 S Eatk 11 41 (4 filidfh o>
MAPK B nFAE b H S d)

>HM  NREEDEA T I T 22T ERIEI N T AT =T O L EeM
K (Eir:

>HIENE : M7 AF =7 A ET 0.025mg/ke/ B, # H Nk

SAEEE 34 I, 20 B BT A F =T HAIOGFHBEERT b, 11123
BRAF V600E 2 FLAE] . 2 5153 BRAF V60OE LLAk D BRAF 78 BAE ], 1 41
N MAP2K1 22 SJEf, 1 B172% RET @& 8 A= FAEB, 1 BI72Y BRAF 6 H
faFIRER] ., 4 BHTERANPIER TH > 7=, FihniL 0.2~45.05%. FT7 A F
=7 TibBZWVRIWERIZ 30%IC B FHIE . 20% 12 BLRE T2 0 ME TR O Bl 1E
HTHRIAF=TOHEHRE N LETH > BE TSI TH o
7o 200G 1 BIDIH N T AF =7 %1 Uiz, JRREIL. 20 FilH 15
BIDNEEVERRZS T O, IS HE /N 3 . AR 16, BE 1 CTh oz, b
T AF =7 BB AT o 72 20 SEFI O BE T 5 B 14 61/ 20 6 4
72 W IR A e U fiE 3.7 A% (0.17~36.0 %) . PHE TR BA 4G 47 i L fE 6.3
e (0.2~45.0 %) . BRLEZRIGHRIIR P i 2.1 48 (0.3~6.5 4%) . LCH17
$11/JXG2 #I/RDD1 51, BRAF V600E & 1=+ % 5 11 f51/BRAF V600E LISt O
MAPK % O 8 A 125 52 5 /38 An 7 28 52 AN B 4 451 159 %0 2R 13 Non-active
disease 15 fil, Active disease better 1 4], Active disease progressing 1 1,
YA a2 B A XTI 1B AEFRRL 13 61/BZ 5 B/
1 BI/BET 1 BI/IE - B2 1 6T AEIC X D& G EE 3 Fl, BEDIL
N1 THoT,

(B ERER]
1) Infante JR, Fecher LA, Falchook GS, et al. Safety, pharmacokinetic,

pharmacodynamic, and efficacy data for the oral MEK inhibitor trametinib:
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a phase 1 dose-escalation trial. Lancet Oncol. 2012 Aug;13(8):773-81.12°]
>T7 A v R ILE S Ta FHEURR
>xbge AT U BRI S & U AR g HE BE & FF o R,
> H
OrIFZAF=TORKMHAE )1 B 1H21 AR&KES EZD0% 7 HRE
DRI 2177 V2 A2) i)l BE & 2 B BIZAMBEGEZITWEDE
@it LT 1 H1RE&REGZTS (ARG LY A Y) | iARERE %
THOFT1TRHIEEAERGEEZITY (IH1ERGLIAL), 3@ O
BB EAT D
QM IAF=TOWIREOLREMEEHNEDE 2 HERABRZIT S
@ip¥ERT L 15 B B OB AR O U Bk ERK. Ki67. p27 DZ{kIZ X
% N7 AF =T OEYFIEEH RO BRG
>TEEIIIE A - A EEERAR TIX 6 Ad 1 ALL I PR Y 3R
LWk KREERKMHAEE T 5,
SEIREFEMEE : BIRAFEME B 133 & b7 A F =7 O EHEE,
SHEEE 0 206 B, AT 2 —~ /MR, KIBE. PSR ERBRE I
- MHENEET UV TIiX, 21/7 LY A U TIREMIRIBILER ST,
1 HH & 2 HEIZ 10mg/ B &G OAMEE 21T\, £ D%, 3 mg/HEHH
HCRRMHEZ#BEZ -, BICAMHER L TERIRBREKLATETH
HZEMS, AmEEEEREL, TH1IEEEL YA CREHA SN,
1 H4me#G 73 NMZEGMG% 8 HEIZZ L— KN 2 OH LR
PEMEESE O HEHIRFHEEZRBD, Zhix7e ha— L TED bR K
IFTRHEORMEEZW TS 2hoTcb DD, BHIIIE & B g 5 PR
PEHEBIEDOEDO Y 27 2%& 2 1 B 11 3mg N KMAAELEHFESN
72
L, 20 A 27 VAL, IRESCHENMLETH o770, 1 H 3 me
BHEORWWI R HAEN RS S, K2R — M T 1 H 2mg&5-& 1
H2.5mg &GN HE STz, RERORBIEITHEIZHAFA L, 1 H 2mg
(25.36%). 1 H 2.5mg (30.48%) Th o7z, H2MHHEZL LTI H 2mg
BHEPHEREINTZ, 10%DEEBAIICNFEO Hiv, & bREZMEO EWE
1 BRAF ZEEMHED AT ) —< Th -7z,

<HAREZBITZWMRAREX>

[EARERIEIC 31T 5 MEK FREH| D EBRAR]
1) BEPBLOREAMAT : 2L

[ fRIZ B 1T 5 M ENRREER]

L

¥ ICH-GCP #EHLOFERRBR IO\ T, FOEREHT A2 L,

(2) Peer-reviewed journal DR, A % - 7 F U T ZEOHREIRD

[LCH]
1) Goyal G, Tazi A, Go RS. International expert consensus
recommendations for the diagnosis and treatment of Langerhans cell
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histiocytosis in adults. Blood. 2022: 139(16): 1311-1318.[27]

Data on the efficacy of BRAF and MEK inhibitors in frontline and relapsed
setting are emerging with several published cases. The majority had
BRAF-V600E mutation and received vemurafenib, although there are also
reports using cobimetinib, trametinib, and dabrafenib trametinib. Responses
were near-universal regardless of the site of involvement, and most had a
sustained complete remission if treatment continued.

Data on BRAF and MEK inhibitors are still evolving, but advantages include
near-universal and quick responses, making them a preferred treatment for
patients who require a rapid reversal of organ compromise. Similar to the
experience in ECD, discontinuation of these agents will likely result in
disease relapse, necessitating prolonged therapy. However, carefully selected
patients may be good candidates for low-dose chronic administration or
treatment breaks. Because most patients will require a dose reduction and
lower doses of BRAF and MEK inhibitors are quite effective, it is reasonable
to start at half of the dose currently used to treat patients with melanoma.

—RIBEB L OERIEFNZ I 1T 5 BRAF PLEH K L O MEK RERO A
NEICEET 5T — 213, W ODDIEFIREDFEFK E L HITH L MIT
000D, KEEIT BRAF-V600E ZRAZH L, RAT T =2=T %
BEINEZN, abAF=T, " IAF=T HXTTF77x=T+ K7
AF =T EROTEHRE BHFET D, WAL D 6T RISIRIFIE
B TH Y, IBEDPMBE S DIRY . 2 < OIEFI TRHEH 727825
ENRE DT,

BRAF [HEHK L L OMEK HERICET AT — X 3EFH#EREETH D
D, ORLEITITIE TR >R GE 2 BN E F A, IRESEE O R
WARAWELZVELETHIREICL > TE - RIROBELR->TWV S,
ECD TORER LRI, TN DbDEFEFIET D EEBFEBPELD
AREMERN E K. BHIMRBENLE L 2D, 2720, EECEIINT
BETIE, KHETORYHEGL MR AKRENEL T DHIEAERH
DET, ZLOBRFITIHEHEZ XL L, BRAF [LEIK K L UV MEK
LERIIEHE T OISR TH D720, BIEAT ) —< BRI
ANWSNTWEHEDY LM T 2 Z LIZABEMNTY,
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Multi-focal or multi-system LCH e CIgf,i:;g:gﬂgf:ﬂ;?ﬁebe
Critical organ involvement*?
| No Yes
Organ system | BRAF-VAOOE? 4————
involved? : :
| 1
1
| 1
i
Bone-only Skin-only Single-system Multi-system 1 BRAF-inhibi
c - = T
disease disease pulmenary LCH LCH I Yes innibirer
1
1
|
i
Bisphosphonates, Topical therapy, . 1 MEK-inhibitor
oral MTX, oral MTX, S’“"kt',”g ! Ne =
hydroxyurea &-MP, IMiDs cessation 1
1
PD . :
PD PD® v
No Chemothera
T \ 4 A 4 PY
<3 lesions? » (Table &)
Yes PD
Radiothera)
2 Alternate chemotherapy
v v agent from Table &
or
Relapsed/refractory LCH Targeted therapy

Figure 4. Treatment algorithm for adults with multifecal or multisystem LCH. Systemic therapy is indicated for patients with single-system unifocal disease invelving
critical organs or spedific sites (nervous system, liver, spleen, etc). *Brain (esp. neurodegenerative LCH), liver (esp. sclerosing cholangitis). Liver transplant corsuft for
sclerosing cholangitis. "Systemic therapy may be indicated in patierts with symptomatic disease and unable to quit smeoking. Lung transplantation referral should be
undertaken if not eligible for or refractory to systemic treatments. 6-MP, &-mercaptopurine; IMiDs, immunomodulators (thalidomide, lenalidomide); MTX, methotrexate;
PD, progressive disease.

[ECD]

1) Goyal G, Heaney M, Go RS. Erdheim-Chester disease: consensus
recommendations for evaluation, diagnosis, and treatment in the
molecular era. Blood. 2020: 135(22): 1929-1945.
<Targeted therapies>
MEK-inhibitors (cobimetinib, trametinib, binimetinib, selumetinib).

The accumulating evidence for the existence of other activating
MAPK-ERK pathway mutations (ARAF, KRAS, MAP2K1) among
non-BRAF V®®°_ECD led to an interest in the exploration of downstream
blockade of this pathway using MEK inhibitors. This approach was used
successfully in 5 refractory ECD patients without BRAF V6% mutation who
had a robust response to either cobimetinib or trametinib. These results led
to 2 phase 2 clinical trials of cobimetinib in patients with histiocytic
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disorders (Table 4). The first planned analysis of this study showed an 89%
overall response rate (ORR) by FDG-PET-CT in histiocytosis patients
without the BRAF V°°F mutations or those who could not tolerate BRAF
inhibitors due to toxicity. Responses were seen irrespective of the sites of
disease. Similar efficacy has also been reported with trametinib in ECD
patients without BRAF V°°F mutations. There are currently no data
regarding cessation of MEK-inhibitor therapy and frequency or timing of
subsequent relapse. Combination of BRAF- and MEK-inhibitors Similar to
melanoma, combination approaches using BRAF and MEK inhibitors have
been used successfully in ECD, and there is an ongoing clinical trial
(NCTO03794297). However, unlike melanoma, ECD is quite sensitive to
kinase-inhibitor monotherapy and the combination may not provide higher
response rates. Although combination therapy has demonstrated a lower
incidence of cutaneous toxicities than BRAF-inhibitor alone in melanoma
studies, some other toxicities (fatigue, arthralgia, cardiac failure) may be
additive in nature. Hence, combination therapy use should probably be
limited to cases of suboptimal response to BRAF-inhibitors alone or
unmanageable cutaneous toxicities.

<FERIRE >

MEK BH 3K  (cobimetinib, trametinib, binimetinib, selumetinib)

3E BRAF V600OECD HFIZHB W T, Mo iEME{L MAPK-ERK #% % 22 i
(ARAF, KRAS. MAP2KI) WFET HZ L &2 RT T BT V ANETE
SNOOHDH T LD, MEK FHEAIZ W T Z ORRE O Tt & HE
THHENRERBIND X oTz, ZOT7 7 a—FI2K VY., BRAF
V600E ZE D72\ WVEEEME ECD B SHlica e AF=7F T FT A
F=TDONWTNNTRIEZ R LT, 2O ORENL ., FRRERMER &
BELZWNRLE L-a b AF =T OFE 2 RN 2 hEE S -
(£4), ZORBROEYO T EMHT CTlL. BRAF V600E Z£ 5 D 72\ il
MRERIE B F 7213\ DO 72 DI BRAFFLERNICIT 2 S WEEICE
W T, FDG-PET-CT IZ L 5 &E%%E (ORR) 2% 89% &WEshi, &
TR I BIFR 72 < 5B H 4172, BRAF V600E Z H. D 72y ECD
FIZBWTH, hIZATF =T CRIKOAIERRE SN TS, BITE
DL Z A, MEK [HEFIEEO 1L & Z D% O B3 086 R 4112 B
T 57 —HXE72\, BRAF [HEIK - MEK HEHROFHELE 27 7
— < L [AEEIC.ECD 2B W T % BRAF [HEHK L MEK FHEZKOGEH
PIENZEH L CB Y, BELRKRE (NCT03794297) M#E{TH T
HbH, LinL, A7/ —<EZEY | ECD 3% ) — B IHLEIE A&
BICHEFITEZENE L FABIEICL Y BVWEIENELND &1
FR & 70y, PFHPTEIL BRAF FRE A B E L0 b &m0 B BLH
PENZ ENRAT ) —<ORBTIEH SN TWD R, oo E Mt
57, BAgiR. LAE) OFIIIMEnMmR2bobd b, Lz T,
OFEEOMH X, 3% 5 < BRAF FLEAHEMEE TR EN R+ 72
B, FRIXEEARERKEEFEEOL DI GEICRETRETH S,
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Table 4. Treatments and clinical trials for ECD

Class of treatment Medication

BRAF inhbRors
Veormurfenib

Dabeafenib

Dose and schedule

480-960 mg twice daily

75150 mg wice daly

Comment

Noady 100% metabolic response in soveral case series,
and in 1 prospective dinical triglhssares

USFDA approval in November 2017; start with 240.
480 mg wice daly and modify based on observed
response and oxicitios; most common adverse
effects include autaneous complications fash,
squamous coll cancer), arthralgia, QTe prolongation,
and fatigue; protreatment dermatdlogy cxaminason
and clecyocardiogram; monitoring with
clectrocardiogram every 3 mo and semiannual
dermatology examination

Successful treatment reported in several case reposts
and 1 serios™'*; anecdotal experience reflects
similar officacy o vermunfenib, and less cutaneous
toxicity than vermumfenib; start with S0-75 mg twice
daily and modify based on observed rsponse and
toxiotes, protreatment dermatology examination
and ¢locrrocardiogram; monitoring eveory 3 mo with
olectrocardiogram and semannual dermatalogy
examination

MEK inhibitors
Cobimotinib

Trametinib
—

20-80 mg daily for 21 of 28-d cyde

1.2 mg daly

3 published cases/sories and a prospoctive dinical triad
of responses 10 single-agent cobimetinidy therapy in
BRAF-VEODE and BRAF-VE00-wild typo/ #1500,
notatle toxiaties include serous retinopathy
(reversible), msh, cardiomyopathy, and rarely
rhabdomyolysis; protreatment ochocardiogram,
ophthaimologic, and dermatologic evaluation;
recheck ophthaimologic examination 2.3 wk after
initiation and then overy 34 mo for the first year of
treatment; monitoring every 3 mo with
echocardiogram and semiannual dematdlogy
examination

Two cases of mponse 10 single-agent ametinib for
ECD with KRAS,™ MAPZK1 and NRAS mutations™;
aneadotal experdence reflocts simiar efficacy and
toxicty to cobimotinib; pretreatment
echoaardiogram, ophthalmologic, and
dermatologic ovaluason; recheck ophthamalogic
examination 2-3 wk after initation; monitoring every
3 monthly echocardiogam and sermiarnual
dermatology examination

Combined BRAF and MEK inhbRors
Vemurafenib + cobimetini or dabrafonib
+ tametinib

Dosos similar as abowe

Caso ropors of combination therapy with dabrafenib
and rametinib with robust responses in BRAF-VS00-
ECDM?; Similar anecdotal expedence with
vermuaafenib and cobimetin; may corsider in mre
instancos of suboptimal response to BRAFinhibitor
of toxicity necessitating dose reduction

2) Haroche J, Cohen-Aubart F, Amoura Z. Erdheim-Chester disease.
Blood. 2020: 135(16): 1311-1318.128
The robust efficacy of MEK inhibition in 3 patients with multi system and
refractory ECD treated with cobimetinib was reported in 2016. In 2019,
Diamond et al showed cobimetinib to be effective in 12 patients with ECD
(overall response rate, 89%). Sustained responses were obtained, with no
acquired resistance to date. Treatment efficacy was not affected by
genotype, and responses were observed in patients with ARAF, BRAF,
RAF1, NRAS, KRAS, MEK1 (also known as MAP2K1), and MEK?2 (also
known as MAP2K?2) mutations.
Almost 200 adult patients with ECD or ECD and LCH (mixed histiocytosis)
have been treated since 2012 with targeted therapies (BRAF inhibitors
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and/or MEK inhibitors). An awareness of targeted therapies adverse effects
is therefore important, and although we believe such treatments should only
be kept for those patients with the most severe forms of ECD (eg, CNS and/
or heart involvements), other centers in North America will likely advocate
targeted therapies at a lower threshold of disease burden/earlier in lines of
therapy. Targeted therapies have nevertheless an overall robust efficacy in
ECD, with no acquired resistance to date, and we truly hope all patients
with severe ECD worldwide will get access to such therapies in the near
future.

2016 T iX, ZlEERIC O 5 HEAYE ECD BF 3 fllcxt L Ca e A5
=7 % M- MEK FHERIEOBEE R ANMENRE Sz, 2019 412
I< Diamond 573, ECD 23 12 FlICB W Ta A F =7 RNEHTH S
ZlERL, ARYDRITIN THo7-, T E TITESMEIZRD S
NTELT., B RRZn" S o T\ b, BESDRITE LGB
%9, ARAF. BRAF. RAF1. NRAS. KRAS. MEKI (MAP2KI & %
FEIXA D). MEK2 (MAP2K2 & HIFEND) OEREZEFET HHEETH
RN MERR S iz,

2012 LI, #9200 A O ECD ¥ . £72IZ ECD & LCH ((BR&
RUAHRRERIE) B3 725, BRAF PHEFHESS MEK [HEIK & v o 72 7 1R
BREZ T TW5D, 207D, 5 FEIERICEE S BIEH ~ORGERN
HETHD, A-Bid, 20 L) RIBFIT PR RO DIBIRE 2R &
O EIER ECD BFIZRET RE LB X TWDEN, kol o
T, KR 27 B0 560 TR 2 HELE T 2 rlaBMEN &
%o — 0 THFIEMIBEEIL ECD IZB W TR EH WA IEEZ R L
TBY 2 E CEAMMETHRE STy, BB, R fhoE
JE ECD BB NIV R Z DO X O RIBIRICT 7 BEATEHZ L2 Lh
HRE-> TV 5,

3) Vaglio A, Diamond EL. Erdheim-Chester disease: the “targeted”

revolution. Blood. 2017; 230(11): 1282-1284.°]

Proposed therapeutic algorithm for patients with ECD. Asterisk (*)
indicates that molecular testing of non-BRAF mutations, performed using
next-generation sequencing, is recommended for BRAF wild-type cases,
either immediately when found to be BRAF wild-type or if there is disease
progression on treatment.
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Diagnosis of ECD
BRAF mutation testing™

BRAF V600E BRAF wild-type/not available

| | IFN-c or other
conventional therapy

Mild disease Moderate/severe
severity disease I

Response Refractory
IFN-c or.other Vemurafenib
conventional therapy
Continue Consider
| | | | treatment other
therapies (eg,
Response Refractory Response Refractory cobimetinib,
m
| | | | itors,
Continue Consider Continue Consider anticytokine
treatment vemurafenib  treatment other therapies)
therapies (eg,
cobimetinib)

ECD O#2Wit% . BRAF AR O AR L, T L - TIHREHIE
P EETAITY RADLHITEIRNT S,

[RDD]
1) Goyal G, Heaney M, Go RS. Consensus recommendations for the

diagnosis and clinical management of Rosai-Dorfman-Destombes

disease Blood. 2018: 131(26): 2877-2890.

<Targeted therapies>

Unlike ECD and LCH, BRAF-V600E mutations have not been observed

in RDD; thus, the use of BRAF inhibitors is not relevant. MEK inhibition

has shown preliminary activity in BRAF-wild-type ECD and in an adult

with KRAS-mutated RDD. A phase 2 trial of cobimetinib for patients with

BRAF-wild-type histiocytosis, including RDD, is ongoing (registered at

www.clinicaltrials.gov as #NCT02649972), with promising early results.

The robust activity of targeted therapies in other histiocytosis raises interest

in their potential for RDD, especially in cases with demonstrated somatic

mutations; however, currently, the broad applicability of tumor sequencing

and targeted treatments has not yet been established.

<% FEEEIRE >

ECD X° LCH & 34729 | RDD Ti% BRAF-V600E 2 53 & ST

7272 BRAF BRFIROM HIZ@EY CIEd v 8 A, MEK FLEIX,

BRAF ¥7 /£ ECD X° KRAS 28 5 % 479" 2 pli A RDD 1281 T i) 72

ARPEN TR STV ET, RDD & & L0 BRAF B £ R BROE 8 & 4

BLLIma AT =T OFE NHRBRBBEAEETH THY
(www.clinicaltrials.gov; #NCT02649972) . #IH#fE I HF LTI, ftho

23




FRRERIE I3 1T 2 2 TEERIIRIE DR ) 72 3 B 13 . RDD 128 1 5 % D A]
REME~DOBLZ @D TV E T, FRICARMIEZE B 2SR S L2 fE ] T
HHENETH, S TIIEEY — 7 = IR0 R D
JRELR AL E N ST WVWER A,

Clinieal trial

(experimental)

Gobimetinib Per trial guidelines Refractory RDD Substantial regression of Several case reports of
(NCT02649972) abdominal masses in a single successful treatment of ECD
patient with KRAS p.G12R- with cobimetinib! 2122

mutated RDD!Y!

Rosai-Dorfman Disease

Severe or refractory disease

] Nodal/Cutaneous Extranodal
8 v | |
o ¢
g i |
= £ Consider targeted
= E Symptomatic capture next-
" k) generation sequencing
2 for MAPK pathway
= mutations (eg KRAS,
2 Biopsy/Resection Systemic therapy for Resection/debulking of MAP2K1)
'TEJ of Single-Site unresectable or -€—— sites causing neurologic
= disease* multifocal disease or end-organ dysfunction
=
[}
£
g A
T Observation/
[T o
- Surveillance .
a Can consider Progression
5 Relapse re<challenge
o A J
A Consider targeted
v Next rational therapy (MEK inhibitor)
>  Systemic - P if driver mutation
Therapy identified

*Asymptomatic sites often can be observed following biopsy while symptomatic lesions can be resected

Figure 4. A proposed management algorithm for patients with RDD.

(3) #REFE~OFEER RIS L TOREIRN

<WMBITIBRESE>

1) UpToDate: Langerhans cell histiocytosis

Management of relapsed or refractory (r-r) LCH should be individualized
according to the timing of relapse, sites of disease, performance status, and
previous treatment. Only case reports and small case series are available to
guide the care of these patients; we encourage enrollment in a clinical trial,
when available.

Adults — For adults who relapse after treatment with cytarabine or cladribine,
we generally treat with a mutation-directed targeted agent or an alternative
chemotherapy agent. The choice of therapy should be individualized based
on patient and disease-specific factors.
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Targeted agents:
Inhibitors of MEK and other mutations — There is less published information
about the role of other targeted therapies for relapsed LCH. The MEK

inhibitor, cobimetinib, was associated with responses in patients with or

without the BRAF V600E mutation, but most patients required dose reduction

for toxicity (eg, decreased cardiac ejection fraction, acneiform rash, diarrhea,

retinopathy). Other reports include treatment of r-r LCH with vemurafenib,

dabrafenib, trametinib, cobimetinib. The tyrosine kinase inhibitor, imatinib,

was associated with responses in three adults (with skin, lung, bone, and/or
central nervous system involvement), but not in others.

Targeted agents for genes other than BRAF V600E have been used for
treatment of other histiocytic or hematologic malignancies, but their utility
for LCH is unproven. Examples include crizotinib (ALK gene fusion),
selpercatinib (RET gene fusion), pexidartinib (CSF /R mutation), and
entrectinib (NTRK mutation).

MEK PHFE 5B XL D D ZE TN X9 5 FHFEHKICHOWT — HREME
LCH IZ/ 9~ 2 D5y FEEEIIR IR OB ENZPE L T, F 200 e s i
7\, MEK FLEH a & A F =71d, BRAF V600E % 5 O F BT H 72
ODTRFICEDNE R LIEN, < OBFETEME B - OBEBE R T
SYERRZE . TR, MERRSE) O DITENNETH o7, ZOftd
WETIE, B B LCHICH L TN A T T =T X T T T ==
T MIAF =T, At AF =TI DBEEPEENAT VD,

2) UpToDate: Pulmonary Langerhans cell histiocytosis

Management

All patients should be advised about smoking cessation and avoidance of
smoke exposure. The optimal treatment regimen for patients with persistent
and symptomatic disease has not been determined. Therapy is largely guided
by expert opinion and extrapolation from experience in pediatric LCH.
Targeted agents:

Targeted therapy of MAPK pathway mutations — Identification of somatic
mutations in the MAPK pathway, such as BRAF V600E and MAPK2K1, in
patients with PLCH has led to the proposal of using targeted therapy with

agents such as vemurafenib, dabrafenib, or trametinib. In case reports, these

agents have led to clinical response in patients with refractory or relapsed

LCH, but recurrent disease was reported after cessation of therapy.
MAPK R B2 BT %9 5 o0 FAERYIER — PLCH B IZH VT, BRAF
V600E <° MAPK2KI1 &\ 57~ MAPK RO E B R RE SN Z
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EPBH, RXAT T x2=T HT577x2=T, FTAF =77 EDOIEA
RV TREMBEPEE SN TS, JEFRETIE, Zhb o3
F AN FFFE & 7o VLA LCH B IR R 2 672 & L ey 1R
IERICITHEREPRESNTVD,
3) UpToDate: Erdheim-Chester disease
Not all patients with ECD require treatment at the time of diagnosis.
Treatment is typically reserved for patients with symptoms or those with
evidence of central nervous system (CNS) involvement or organ
dysfunction, as discussed below.
Treatment in the context of a clinical trial is recommended, whenever
possible.
Prior to treatment, the patient should be evaluated with history and physical
examination, laboratory testing, and imaging, as described above.
Management
Targeted agents:
MEK inhibition — Inhibitors of the MAPK/extracellular signal regulated
kinase (MEK) pathway are active in melanoma that is resistant to BRAF
inhibitors and they hold promise for treatment of ECD with mutations of
other signaling molecules (eg, NRAS, PIK3CA, or the RAS-PI3K-AKT
signaling pathway).
We consider treatment with an MEK inhibitor a reasonable option for
patients who have not responded to or progressed on BRAF inhibitors, have
mutations that predict sensitivity to an MEK inhibitor, or have wild-type
BRAF. There is no preferred MEK inhibitor, and few data are available
regarding treatment of ECD with MEK inhibitors. Cobimetinib is approved
by the FDA as a single agent for treatment of adults with histiocytic
neoplasms. Trametinib has been approved by the FDA and EMA for
treatment of melanoma, but it is not labeled for ECD.
The following studies reported treatment of ECD with MEK inhibitors:
@ A study of 18 patients with histiocytic neoplasms (12 with ECD) reported
that cobimetinib was effective independent of genotype (including
mutations of ARAF, BRAF, RAF1, NRAS, KRAS, MEK 1, and MEK?2). The
rate of OR, measured by positron emission tomography (PET), was 89
percent, with 72 percent CR and 17 percent PR. At one year, 100 percent of
responses were ongoing and 94 percent remained progression-free.
@ 1n a case report of relapsed ECD with an activating KRAS Q61H
mutation, trametinib plus dabrafenib (BRAF inhibitor) resulted in an
excellent response.
@ Another case report demonstrated efficacy of cobimetinib in ECD with
wild-type BRAF.
MEK [HE — MAPK/HIuS > 7 il —+ (MEK) #EKOFH
EHIT, BRAF BAEHITIHMEZ ST AT ) —<ICHHTHY . NRAS.
PIK3CA, & % E RAS-PI3K-AKT ¥ 7 F ViR 7 Eoftho > 7 F v
S\ EREZH T % ECD ORI b AL SN TWSH, MEK P
([ L BimMEIE. BRAF BHERICRIG L2 o7, HHWITET LA
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#. MEK [HEFES~OBZHEN TR SN ER 2T BE,. F2i
BRAF B AR OB F TR L CHEBEMRSEREEEZEZOND, FFED
MEK BHEENHELE S Wb o) CTidZe < (ECD IZxf3 % MEK [
FIBEICET 2T —Z IR o TWD, a B AF =13, A DHEER
BRMEIEIS IS k4 2 AR & LU C FDA AR I TS, R T A
F=T7IFFDAB L OEMAIZLE N AT /) —< 5K L L KB INT
WA A, ECD 2k L Chdami s STV 720,

4) UpToDate: Histiocytic sarcoma

Patients with multisystem involvement appear to have a more aggressive
clinical course than those with unifocal disease. Given the rarity of this
disease, there are no large prospective trials. Data regarding treatment are
limited to small case series and single-case reports. For patients with
multisystem involvement of HS, we suggest the use of combination
chemotherapy. Surgical intervention is limited to diagnostic biopsies and
the management of complications such as perforation, obstruction, or
intractable bleeding. There is no clear role for adjuvant radiation therapy in
this setting.

BRAF inhibitors have demonstrated efficacy in Langerhans cell
histiocytosis (LCH) and Erdheim-Chester disease (ECD) harboring the
BRAF V600E mutation; responses BRAF inhibitors have been reported in
HS. but their activity in HS is not well documented. Inhibitors of BRAF or
MEK (for MAP2K 1 pathway mutations) should not be given as first-line
therapy in HS outside of a clinical trial.

The ideal chemotherapy regimen for relapsed or refractory HS is unknown,
but regimens that contain non-cross resistant drugs are generally used.
Patients with relapsed/refractory HS that harbors the BRAF V600E mutation
after systemic therapy should be treated with vemurafenib or dabrafenib,
preferably in the context of a clinical trial. We generally begin with
vemurafenib 480 mg twice daily (rather than 960 mg twice daily used in
other settings) and the dose can be adjusted based upon response and
toxicity. Patients with mutations in the M4AP2K] pathway may be sensitive
to MEK inhibitors.

BRAF [lLE A3 BRAF V60OE {12 2 4 % LCH & L U ECD IZ
BWTHMERGEH SV . HS 128V TH BRAF FRERICHT S
NRDIEBIHE D38 D A3 HS IZx3 % BRAF FHEHK O R (T 431
[ZEEB STV 722V, BRAF FHESE & 7- 13 MEK [LESE (MAP2K] &
{12 ¥ 75 ¥ BRAF V600E LIS O MAPK BRI D In - ERE2HS 555
B) 1 FERFERLIA TIE HS O —RipfR & L THEMi$~& TR,
R E T EERYE HS IS8 DML ERIE L DA VIFARHTH 528, &
ZEMPECTRWVWEAZ G LU XA PN — R S, R RER
7 BRAF VOO 28 B 2 79~ % PR 38 /HEIG L HS [ 1213 BRAF [HFE I (X
AT T 2=TFREFFTT772=7) &, TEHITEHRKHAERO P T
HI_R&Thd, Fexix, 8%, XALT7x2=7480mg & 1 H 2 [8])
GBI L (MR CIE 960mg 2 1 H2EfEAH L TV 228, RISHEE

27




BEZIS U TR ESL
HI 5561215, MEK BESKIZESZEN H 5 A/l EEMED

SHET L TV Al MAPK RO s T4 B %

HD,

<BARIZBUITI2HBEREZE>

L

(4) %2

WTHFRE DB A R T4 2 ~D

FLHCIR DL

<BATBITDHIHAR

A HE>

1) Histiocytic Neoplasms, Version 2.2021, NCCN Clinical Practice
Guidelines in Oncology[30]
2) NCCN Clinical Practice Guidelines in Oncology, Histiocytic Neoplasms
Version 2.2025

[LCH]

Adult Langerhans Cell Histiocytosis
+ Regimens may be used in the first- or subsequent-line setting.

Preferred

Other Recommended

Useful in Certain Circumstances

Multisystem or single-
system lung LCH

BRAF V600E-mutated disease
“Vemurafenib®12
» Vemurafenib® '

MAP kinase pathway mutation, or no

BRAF V600E-mutated disease
+ Dabrafenib®%12

MAP kinase pathway mutation

other detectable/actionable mutation,

or no other detectable/actionable

or testing not available
+» Cobimetinib®
Irrespective of mutation

* Cytarabine™
+ Cladribine®7

mutation. or testing not available

* Trametinib® 12"
SEnimetnipb &d.12-16

* Selumetinib®4.12-16

Irrespective of mutation

* Methotrexate {oral) 9,10

* Hydroxyurea

* Clofarabine’

. \l’inbI.'=|stine.fpredniscme4

* Methotrexate + cytarabine®

* Crizotinib for ALK fusion?®!

* Pexidartinib for CSF1R mutation?!

+ Larotrectinib for NTRK gene
fusion<<-

* Entrectinib for NTRK gene
fusion®*-

+ Repotrectinib for NTRK gene
fusion

* Sirolimus or everolimus for PIK3CA
mutation<®-

+ Selpercatinib for RET fusion2!

Relapsed/Refractory

* Allogeneic hematopoietic cell
transplant (for highly select
paiients)za}zs

Bone disease only

* Bisphosphonates
» Zoledronic acid®
» Pamidronate®

* None

Multifocal single-system bone

disease not responsive to

bisphosphonate

+ See preferred, other recommended,
and useful in certain circumstances
options above for multisystem
disease

* Single-system

(including mucosa)

multifocal skin disease

* Methotrexate

goral)s'm
* Hydroxyurea

+ Lenalidomide'®
» Thalidomide?°

* None

Adult Langerhans Cell Histiocytosis
* Regimens may be used in the first- or subsequent-line setting.

Preferred

Other Recommended

Useful in Certain Circumstances

CNS lesions

BRAF VG00E-mutated disease
* Vemurafenib® -

MAP kinase pathway mutation, or no

BRAF V600E-mutated disease
+ Dabrafenib®=

MAP kinase pathway mutation. or no

other detectable/actionable mutation

other detectable/actionable mutation

or testing not available or testing not available
* Cobimetinib® * Trametinib® 1%~

Irrespective of mutation
* Cytarabine®?
» Cladribine®7

“Binimetinip>d:12-18
+ Selumetinib®.d-12-16

Irrespective of mutation
* High-dose methotrexate
» Methotrexate + cytarabine

30
18

« Crizotinib for ALK fusion?'
+ Pexidartinib for CSF1R mutation?!
+ Larotrectinib for NTRK gene
fusion<=
+ Entrectinib for NTRK gene fusion?2:24
* Repotrectinib for NTRK gene fusion2®
* Sirolimus or everolimus for PIK3CA
mutation<™

* Selpercatinib for RET fusion?!
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[ECD]

Erdheim-Chester Disease
* Regimens may be used in the first- or subseq

uent-line setting.

Preferred

Other Recommended

Useful in Certain Circumstances

BRAF VG00E-mutated disease
+ Vemurafenib®1:38

MAP kinase pathway mutation, or no other

BRAF V600E-mutated disease
* Dabrafenib®39:40

MAP kinase pathway mutation. or no other

detectable/actionable mutation. or testing not

detectable/actionable mutation, or testing not

available
+ Cobimetinib®-3?

available
* Trametinib® 1441

Irrespective of mutation
* Cladribine

* Sirolimus + prednisone
* Methotrexate [{0rﬂ|)45
* Anakinra®464

« Pegylated interferon alpha-2a and alpha-2b943

* Crizotinib for ALK fusion2!

* Alectinib for ALK fusion®®

* Brigatinib for ALK fusion*?

« Ceritinib for ALK fusion*®

* Lorlatinib for ALK fusion®

* Pexidartinib for CSF1R mutation21:42

* Larotrectinib for NTRK gene fusion22:23

* Entrectinib for NTRK gene fusion22:24

* Repotrectinib for NTRK gene fusion 5

* Sirolimus or everolimus for PIK3CA
mutation<®-

* Selpercatinib for RET fusion?!

[RDD]

Rosai-Dorfman Disease
* Regimens may be used in the first- or subseq

uent-line setting.

Preferred

Other Recommended

Useful in Certain Circumstances

MAP kinase pathway mutation. or no other

MAP kinase pathway mutation. or no other

detectable/actionable mutation. or testing
not available

* Cobimetinib®-5¢:51

Irrespective of mutation
* Cladribine®2

* Methotrexate (oral
* Prednisone or other corticosteroid®?

* Cytarabine®® .
vt 154,55 .

detectable/actionable mutation. or testing not
available
* Trametinib®14

Irrespective of mutation
* Vinblastine + prednisone®®

Methotrexate (IV or sC)57:58
Lenalidomide®®-¢1

* Crizotinib for ALK fusion?!

+ Pexidartinib for CSFTR mutation?’

* Larotrectinib for NTRK gene fusion?2:23

* Entrectinib for NTRK gene fusion22:24

+ Repotrectinib for NTRK gene fusion?d

* Everolimus for PIK3CA mutation28-27

+ Selpercatinib for RET fusion?!

* Sirolimus (for those associated with ALPS
and/or PIK3CA mutation)28.2762

Irrespective of mutation

* Rituximabh (for lgG4-related, nodal and
immune-cytopenia diseases)

* Thalidemide (for cutaneous involvement
only)“

Targeted Therapies

Prior to 2012, there were relatively few effective treatment options for
histiocytic neoplasms. The discovery of BRAF V600E and other gene
mutations resulting in overactive MAPK pathway in histiocytic
neoplasms led to a promising avenue of targeted therapies for patients
with these rare cancers. The phase II VE-BASKET study evaluated the
efficacy of BRAF inhibitor vemurafenib. The final efficacy and safety
analysis included 26 adults with BRAF V600E-mutated LCH or ECD
(85% ECD) and showed an ORR of 61.5% (95% CI, 40.6%-79.8%).
Two-year PFS and OS rates were 86% (95% CI, 72%—-100%) and 96%
(95% CI, 87%—-100%), respectively. Median PFS and OS were not
reached. A metabolic response as measured with FDG-PET/CT was
achieved in all of the patients who were evaluated (n = 15; 80% CR,
20% PR). The most common grade 3 to 4 adverse events were
hypertension (27%), maculopapular rash (23%), increased lipase
(15%), arthralgia (12%), hyperkeratosis (8%), and actinic keratosis
(8%). All patients required dose reduction due to toxicities.

There is also evidence supporting the use of MEK inhibitors for

treatment of histiocytic neoplasms. The MEK inhibitor cobimetinib was

evaluated in a phase II trial including 18 adult patients diagnosed with a

histiocytic neoplasm (67% ECD. 11% LCH., 11% RDD., and 11% mixed

histiocytosis). The ORR was 89% (one-sided 90% CI, 73%—-100%),

with a CR having been observed in 72% of patients. Median duration of

response (DOR) and PFS were not reached after a median follow-up of 11.9
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months. The most common adverse events that led to a dose reduction were
ejection fraction decrease (27.8%), rash (11.1%), and diarrhea (11.1%).
Though a mutation in the MAPK pathway was detected in 83% of patients,
the efficacy of cobimetinib was not limited to these patients, indicating that
cobimetinib can be used in any patient with a histiocytic disorder for
whom systemic therapy is indicated.
Cobimetinib was evaluated in a study of 16 patients with RDD, the largest
reported series of patients with RDD to date, 50% of whom had either
detectable KRAS or MEK somatic alterations. Positive outcomes were
observed with cobimetinib in this cohort, most notably in those with
demonstrated KRAS- or MEK-variant RDD. Patients with genetic alterations
in KRAS or MEK had a significantly enhanced ORR (88% vs. 38%) and PFS
at 1 year (100% vs. 29%) as well as deeper responses (71% complete
responses vs. 0%) compared to those without these alterations[31].
HEL B B MR IS D TR TR 1T bWﬁNﬁKm$i®ﬁ%%iﬁﬁéit7/
ZHFELET, MEKREKa X F =713, MRS &2
TN B 18 @CDM%\LGiH%\RMDH%\F”WWﬁ%%
JE 11%) Zxf% & U728 AR CRMii S v E L7c, 22820% (ORR)
1% 89% (Frl 90% 5 F X 73%~100%) TH V. 5E2%E% (CR) X
% DEEHEICHED O E Lz, BT R 11.9 2 H IR T, &
hEFE I (DOR) 36 X OV AWM (PFS) O H B IZ 133 2
TWEHA, HEXZHELEERFEFELIT \MMKM4ﬁ?(m$m\
K% (11.1%), F# (11.1%) TL7=, MAPK #R# D& BIXEBHE O 83%
ICHRHENE LR, aBATF=TOEMEET IO OBFITRE S
T, B TOMBERMERZEBF B TREYRENEIC S NG E (IS
FEHARETHLZ ENRINTVET,
AEAF=7IXRDD EHE 16 flaxtR L LIEECTRfic iz, Zh
EFTCHESNIZFTRABEORDD B Y —XTHY, TDIH b5
50% 1% KRAS 7213 MEK OKMZ R/ S E Lz, 2O ak—
FTIEa EAF=TICL D BAF RGN RO b IV, K2 KRAS £z
(X MEK 5% 74 % RDD % CTHE CTh o7c, KRAS £7213 MEK |Z
ﬁ%%wi%ﬁ¢5$% ERPEIBRVWER L HERL T, BOR
(ORR) BHEIZE < @8%>vs38%) 1 AR L oD JEHE FE A= A7 =R (PFS)
%%<(mmewaWM\é%:%é%%$%ﬁwﬁm%rbt(ﬂ%
vs. 0%)

3) Erdheim-Chester disease global alliance[32]
TV RANA L« F 2 RAA—J{T O —3)LT T4 7T 2 AL 2008 HEITFR AT
Sz, WP OERGMENEED 2013 FICH [ ECD v ARy
vANBESH, o artr 25 LD L ORD2014 F D
TARTALWITH D, ZDWHk, 2017, 2019 FD T RV T LTH
ATENTZHDONR@2020 FD A K74 R20CH %,
<Targeted Therapies>
These are the newest and generally most promising treatments available for
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ECD. They typically halt the progression of ECD in most organs, although
brain involvement must be watched very carefully. For some patients, it can
be difficult for targeted treatments to cross the blood/brain barrier, reducing
their effectiveness in halting ECD progression in the brain. Targeted
treatments are expensive and may be challenging to obtain in some parts of
the world.
Targeted treatments in ECD block the constitutive activation MAP kinases
pathway cascade, addressing the various MAPK pathway mutations present
in patients with ECD. The choice of targeted agent is often directed by the
mutations present in the ECD tissue based on genetic testing.
e BRAF V600E Positive ECD
Approximately 50% of patients will test positive for the BRAF V600E
mutation. Treatment options for these patients typically include a BRAF
inhibitor, a MEK inhibitor, or a combination of both (in rare cases).
Commonly used BRAF inhibitors include vemurafenib, dabrafenib, and
encorafenib. Commonly used MEK inhibitors include cobimetinib,
trametinib, binimetinib, or selumetinib. In the USA, vemurafenib and
cobimetinib are FDA-approved treatments for ECD.
e BRAF V600E negative ECD
Most patients who test negative for the BRAF V600E mutation will have a

different mutation in what is called the MAPK pathway (also known as the

Ras-Raf-MEK-ERK pathway). This pathway is a chain of proteins in the
cell that communicates a signal from a receptor on the cell’s surface to the

DNA in the cell’s nucleus. These signals control the cells’ proliferation,
differentiation, development, inflammatory responses, and programmed
cell death. MEK inhibitors are typically considered for all patients who do

not test positive for BRAF V600E, including those patients where no
mutation is found with any sequencing. Commonly used MEK inhibitors
include cobimetinib, trametinib, binimetinib, or selumetinib. In the USA,
cobimetinib is an FDA-approved treatment for ECD.

¢ Rare Instances of a Rare Disease
Very infrequently, ECD patients may have other genetic abnormalities and
do not respond to MEK inhibitors. Currently, the following mutations have
been discovered in a very small percentage of ECD patients with limited
reporting of the listed corresponding treatment.

Discovered Mutation in the ECD Lesion

ALK fusion
CSFIR mutation
NTRK gene fusion
NTRK gene fusion
PIK3CA mutation
RET fusion
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Other Targeted Treatments

Prior to understanding the genetic mutations seen in ECD, other targeted
treatments were used, but without the dramatic good results often seen in
the above treatments. Some earlier targeted treatments used for ECD
included imatinib (tyrosine inhibitor) and sorafenib (kinase inhibitor).
Dosage of Targeted Treatments

It should be noted that most ECD patients can often only tolerate a low
dosage of targeted treatment drugs. For this reason, the administered
dosage prescribed for ECD patients is usually lower than that used in the
treatment of other diseases. Currently, although these treatments must
often be continued indefinitely, further dosage reductions are often
possible once a patient’s disease is fully stabilized on treatment. Patients
should always discuss with their doctor any proposed change in their
treatment dosage before making a change.

Treatment Form

In most cases, all the targeted treatments are administered in pill form,
once or twice daily.

Side Effects

The side effects of targeted treatments must be managed through a
partnership between the patient and their medical team. Patients should
always ask their medical team about possible side effects whenever
beginning any treatment. The common side effects of BRAF inhibitors
include rash, joint pains, and sun sensitivity of the skin. The common side
effects of MEK inhibitors include rash, diarrhea, and swelling of the legs.
Rare side effects of BRAF inhibitors include skin cancers or heart rhythm
problems, and those of MEK inhibitors include vision disturbances and
heart failure.

Treatment Cost

The cost of targeted treatment can sometimes be very high. In some
countries, insurance and government payers will cover much of the cost of
treatment. In some locations, there may be organizations that can help
with the residual cost of treatment, depending on patient income. Yet, in
other locations, access to targeted treatments is extremely limited. Patients
should speak to their medical team about the costs of these treatments and
discuss payment options. The ECDGA is available to work with patients
and their medical teams to help search out payment options where
possible.

3) i
United States

»The Mayo Clinic Histiocytosis Working Group Consensus Statement for
The Diagnosis and Evaluation of Adult Patients With Histiocytic
Neoplasms: Erdheim-Chester Disease, Langerhans Cell Histiocytosis, and
Rosai-Dorfman Disease (2019)133]

Europe

» Euro-Histio-Net (EHN): Langerhans cell histiocytosis (LCH): Guidelines
for diagnosis, clinical work-up, and treatment for patients till the age of 18
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years (2013)34
» European Society of Cardiology (ESC)/European Respiratory (ERS):

» Guidelines for the diagnosis and treatment of pulmonary hypertension
(2022)8!

<BARIZBITIBEHTARTAL U %E>
L

(5) BELANKFITIHR D AR TR RBRAE L OGRS AzERE (B (1)
LIAL) 2o\ T

ENFEBER2HEDY

1) FREMIET. FpEsifd, TR, MO, mWLmE. JIMRERE, /I
JITREE, AT JEKEE, BOLFNEE, Hooigik., AR, arY o
MEEME (ALL) (2He%8 L7 MR ERAIE C© NRASE R 2RO 1T-—Hl, F
18 [Al H ARl ig P B R E 8 5 2. 2023/3/11, BN, O, R, H
A [36]

BEZL - B-ALL J8JiE 1 12 (AR MR BK PO I A4 8 0E . MEARER AR IZ %F L T 4 iR
WE CTOLTFIRIEEFERT 2 R EITEZRO 0, KIKFE - BIGS5F
EZB S OERRB 2 BGFRZRICLT 25T MEK FHE# (trametinib 2mg/ H)
AL, RERFEEFER RSB ENZRBD., 2 W ARKEEITo 2%
i) ek 3 1, o i Y R A A T L T

2) Vegifl. MEK FH3 38 LA 15 4 920 L 7= BRAFV600E #{x 124
BEttD 7 o v AR ERE (LCH) &=/ KA b o F = A X —
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