CASE REPORT

Clinical response to dabrafenib and chemotherapy in

clonally-related histiocytosis and acute lymphoblastic

leukemia

Histiocytoses encompass a heterogeneous group of dis-
orders characterized by tissue infiltration of cells with mor-
phological and phenotypic features of macrophages or
dendritic cells, which have been reclassified into five
groups: i) L group - Langerhans cell histiocytosis (LCH)/Erd-
heim Chester disease (ECD); ii) C group - cutaneous histio-
cytoses; iii) M group - malignant histiocytoses; iv) R group
- Rosai-Dorfman disease and v) H group - hemophagocytic
lymphohistiocytosis (HLH)." Histiocytoses rarely occur during
acute lymphoblastic leukemia (ALL) treatment, potentially
due to trans-differentiation? or a common progenitor cell,?
and there is no standard treatment in this particular situ-
ation. We herein report a case of BRAF-mutated non-LCH
arising during T-ALL therapy who responded to dabrafenib
and chemotherapy combination.

Our patient was a 7-year-old boy diagnosed in March 2020
with central nervous system (CNS)-positive T-ALL harbor-
ing the oncogenic STIL-TAL1T fusion. He initially presented
with right facial nerve palsy and hyperleukocytosis with an
initial white blood cell count at 205x10°%/L. He received four-
drug induction chemotherapy, achieved morphologic re-
mission with positive end-induction minimal residual
disease (MRD) by flow cytometry. He then received post-
induction therapy according to Arm D of AALL0434 proto-
col,* with a negative flow-based end-consolidation MRD. In
October 2020, during delayed intensification (DI), he devel-
oped persistent thrombocytopenia refractory to corticos-
teroids and intravenous immunoglobulins. Extensive
investigation for refractory thrombocytopenia came back
negative. However, a positron emission tomography (PET)
scan showed hypermetabolic focal lesions in the mediasti-
num, 5™ right rib and right tibial tuberosity. In December
2020, 7 months from T-ALL diagnosis, biopsy of the rib
lesion revealed proliferation of multinucleated giant cells
with emperipolesis that were CD68+, CD163+, S100+, fas-
cin+, lysozyme+ and BRAF+, suggestive of Rosai-Dorfman
disease (RDD). Whole-transcriptome analysis of the rib
lesion revealed a BRAF V60OE mutation and the ST/L-TAL1
fusion present at T-ALL diagnosis, suggesting a common
clonal origin. Since RDD and T-ALL were clonally-related,
leukemia treatment was prioritized and our patient pur-
sued DI and maintenance therapy, including cranial irradi-
ation. A follow-up PET scan in March 2021 showed
histiocytosis progression despite ALL-based chemotherapy,
which provided the rationale to introduce a BRAF inhibitor.
Considering pre-existing transaminitis and thrombocytope-
nia, ALL maintenance chemotherapy was stopped and da-

brafenib monotherapy at 5.25 mg/kg/day was initially
started in April 2021, with a rapid metabolic response 1
month post-dabrafenib. In order to pursue T-ALL therapy,
low-dose ALL maintenance chemotherapy was combined
with dabrafenib in June 2021 and titrated based on pa-
tient’s tolerance (monthly vincristine 1.5 mg/m?/dose, pred-
nisone 20 mg/m?/dose twice a day for 5 days every month,
daily 6-mercaptopurine 20 mg/m?/dose, weekly methotre-
xate was omitted because of thrombocytopenia). Combina-
tion of dabrafenib and chemotherapy was well-tolerated.
Unfortunately, the patient experienced an isolated CNS re-
lapse in September 2021, 17 months from T-ALL diagnosis
and 9 months from onset of histiocytosis. Dabrafenib was
stopped at the time of relapse to begin ALL reinduction
chemotherapy. Of note, thrombocytopenia <50x10°%/L with-
out clinically active bleeding persisted from October 2020
to September 2021. PET scans prior to relapse showed pro-
gressive hypermetabolic uptake in the liver. A liver biopsy
was inconclusive for etiology. Relapse was treated with in-
trathecal chemotherapy and daratumumab, to provide sys-
temic therapy and potentially address his refractory
thrombocytopenia,® followed by two cycles of the NECTAR
regimen.® After a conditioning regimen with VP-16, anti-thy-
mocyte globulin and total body irradiation, he proceeded
to a matched-sibling donor hematopoietic stem cell trans-
plantation (HSCT) in December 2021. At the time of this re-
port, the patient is 7 months post-HSCT without evidence
of T-ALL and histiocytosis.

Histiocytoses arising during ALL therapy are exceedingly
rare, although they can also occur at diagnosis or follow-
ing treatment completion. Our case is unique in several
ways and expands the paradigm of molecularly-targeted
therapies in histiocytic neoplasms. First, we report a rapid
metabolic response in BRAF-mutated histiocytic lesions
refractory to conventional chemotherapy after only 1
month of dabrafenib monotherapy. Donadieu et al.” pre-
viously reported rapid response within 2 months of vemu-
rafenib in children with BRAF V600E-mutated refractory
LCH. Given the co-existence of clonally-related BRAF-mu-
tated RDD and T-ALL, ALL-directed therapy was priorit-
ized prior to histiocytosis treatment. However, since RDD
lesions were refractory to conventional chemotherapy, we
report the feasibility of combining dabrafenib and low-
dose maintenance ALL therapy to treat both diseases
simultaneously. Combination of dabrafenib and chemo-
therapy was well-tolerated, without worsening pre-exist-
ing hematologic and hepatic toxicities. Although this

Haematologica | 108 June 2023
1707



CASE REPORT

-obed Buimoj|o} uo panunuon

aulqeJelo|D usyl

HOdQ (19A ‘Q34d) 1000104d AI-HOT eu
usy} panuiuoo juswieal} 11V
SON pPaig SUON eu
1DSH usyy
Ylw 0} 1Y ‘eAly d3dd ‘VLAD ‘9LdA SBA

XLIA ‘ONNVA ‘NdO ‘HOA

Ui 9

‘HY 10U INg TY ‘Al SON Adesatpowsyo eu
(esdejal) 700 Aisbing eu
HodQ SON Adessyiowayd eu
HOd SON Adesayiowsyd eu
HodQ SON Adessyiowsyd eu
e SON Adelayiowayd eu
“I4 pue HY ‘eAllY

sike Adeseu1oPEHSON "

‘HY 10U Ing 1Y ‘OAIlY Adesayrowayn

pJeisnw uabounu

eu
HOd [eoidoy9LdA19A‘d3dd
. A f panuiuoo juswieal) v eu
d pue HY "@AllY ’
HOd eu SOA
(esdejal) 100 BUON Beu
(qewixiiseq
HOd ‘D1V ‘9LdA X3a) SOA
H1H Arepuooss Joy Juswieal |
>diysuoijeja
awo231nQ juawyeal] leuo)d
uanoid

ON

eu

eu

eu

eu

eu

eu

eu

eu

eu

eu

eu

ON

eu

ON

uoijeinwi
Jvdg

2ouBUBIUIBI

aouBUSBIUIB

2ouBUBIUIBI

eu

eu

aouBUSBIUIBI

2ouBUBIUIBI

aouBUSBIUIBI

eu

L9ourUBURI\

2ouBUBIUIBI

@oUBUBIUIB\
E

eu

eu

aouBUBIUIBI

aseyd
juawijea.y
v

8l

cl

cl

cl

cl

cl

(yawi)
«feraa

Aaupiy ‘sealoued
‘10811 9ANSAbIP
‘edna|d uay} suog

auoq ‘elnald

auoq
‘Aoupny ‘ues|dg

eu

eu

eu

eu

eu

eu

eu

eINg|d/MmoLBW
auoq usyl uns

Mmosrew
auoq ‘auoq ‘ups

uaa|ds 4aAI
uns

eu

panjonul
uegio

HO1

SH

SH

HO1

HO1

HO1

HO1

HO1

HO1

HO1

HO1

oxr

SH

oxr

(HTH+) SH

eu

eu

eu

eu

eu

eu

eu

VAN
piojeAw;g

(S|

1

adAjouayd
$9S03A2013SIH -ounwiwii X3S

1v

eu

i

gl

ol

9l

H

(1K)
98V

laoue)
¥ POO|g dlijelpad

snjsuel| poo|g
[OlewsH [ uelpu|

ABojoouQ 190Ue]

BolIBWY YLON
10 sou) ABojoosuQ
JABojorewaH

BOolOWY YLON
J0 sou) AbojosuQ
JABojorewaH

BOlLISWY YLION
10 sou) AbojoosuQ
JABojorewaH

BOolBWY YLON
J0 sou) ABojosuQ
JABojorewaH

BOlLIOWY YLON
10 sou) AbojoosuQ
JABojorewaH

BOolBWY YLON
j0 sou) ABojosuQ
JABojorewaH

BolIBWY YLON
10 sou) AbojoosuQ
JABojorewaH
[o1ewIaqg
pedy wy r
ABojoyred
[eluswdoanag
pue oLielpad
laoue)

'3 pOO|g dliielpad

0c0¢ ussuep

710¢
e|ndeuen

¥00¢ uewpia4

8661 19|863

8661 19|863

8661 191963

8661 19|963

8661 19|863

8661 191963

8661 19|863

L00¢ Sallyo

Z10¢ uosyp

610¢ ©99|9

ABojorewsag oueIped 800z olouedy

laoue)
¥ PO0|g dljelpad

leuinopr

‘siopJosip dnoug
H Suipnioxs Adeisayl elwayna) o213sejqoyduwA] 81noe gulinp swsejdoau 21342013S1Y JO 82U8J4NJ20-09 YIM UBIP]IYD JO WODIN0 PUE SII11S1I910BIBYD EDIUND °L dqelL

G10¢ usiy

2121y

Haematologica | 108 June 2023

1708



CASE REPORT

‘ewoyduwA] 013400131y 8NJ3 : THL {SUIISIIOUIA YDA
{9UIISBIqQUIA TGN ‘BIWISYNS] JO UOISSIUWBI Y ¢SIS03AD0I3SIY JO UOISSIWaI HY ‘auosiupald :q3¥d ‘{paljoads asimIaylo 10U :SON 9]qejleA. 10U (BU (93BXaJ10ylaw XN ‘ewodies sueytagueT]
:S7 {s1S03A0013S1Y 1192 sueyJagueT :HDT ‘ewojnueldoyiuex allusAn( :oxr fepiulesoyl :04| ‘uoljeiueidsued] 1190 wals dl3slodojeway 1 JSH ‘ewooJdes 21340013s1Y :SH sisolhoonsiyoydwA)
o13ko08eydoway (HH fasess|p Ja3sayd-wiaypl3 :gd3 ‘elwayna) 40 palp 0d (SIS01A2013sIY JO palp :HOQ dUoSseBYIaWEXap yX3J ‘uldigniounep :ONNVAJ Bulqeelfd iy AD ‘uliodso)oAd :ys)H
‘oprweydsoydoloko :NdD ‘uirejdogued :0gyyD ‘unngo)3 83A00wAyi-13ue 9y ‘elweyna) oinse)jqoydwA] 83nde 1y ‘SIsougelp TV 3B Pal}I3uspl UOj3BINW SWES JO/PUE JUsWwagduelleal sauag
YD1 auwes :s|s03A2013s1Yy pue TV Usamiaq diysuoiie)al 1BUO]D USAOId 5 ‘([yaw] syzuow) sisol3Ad013s1y JO 389SUO pue sisougdelp TV usamiaq Aejaq 4 {(p1o [HA] sieak) sisoudelp 1V 1€ 88V .

(a34d ‘"OA ‘VLAD) ladoue) pue GL02
HOd [000104d 20-©STP SOA eu SOUBLSIUIEN cc sbunj ueup ups HOT 1 N2 SOW0SowWOoIy) seusL) BMBY0XOA
e s (a34d ‘"vOA ‘ONNVA ‘WdD) auoq 200z Ma|reyd
ui jou .._._< pue s|so}Ao lellcanGi eu eu doUBUBJUIBN 9 ‘sSBW [RINPEIXT THL eu 4 | 8 |00UQ Jelped psN -cmcomco>>
-0liSIy ‘uonodyul JO paiq
ua9g|ds Buibew| Jejnos|op
eu eu eu eu eu ol ‘JaAI| ‘sepou HO1 1 W | 21 pue aulipaly JesjonN 120z Buepp
‘molsew auog JO [eunop ueadoing
HUTEA] (quuiawel; ‘qlusyeiqep) . laoue) 0202
‘14 pue HY ‘eAly Adeiay) pajebie| SeA SOA SOUBUSIUIEN vl ST ORI SH 1 N S0 ¥ poo|g oL1BIped  UBWERIRIRYUBA
HY 10U Inq 1Y ‘@AY SUON eu ON aoueuUBUIBIN e auog an3 9 4 9 ABojoipey 910¢c
. . JO [euInopr PO |oreyiuojeA
I 0 08HYD ‘04l ‘9LdA o BU  oOUBUSUEN  0Z suog THL U W9 pooig 966} MOISOS
HY lou Ing 1Y ‘@AY .
HOd d3dd ‘9LdA eu eu aoueusjulely 0Ol ssew [euldseled THL g N 8 pooig 9661 MO|sOS
uoISsSsIwWal Ul Jou
sIsojfoonsiy eu SOA eu aoueBUBUIBIN 8l uns (S7UBYY) HO L 4| € HED BRI 800z bipoy
o T : : JO [euINOf ueduBaWY :
uonosul Jo palq
HOQ _%Mwm _.___m.\_/ow_ﬂ_w_w: SoA eu eu S Nmmhﬁwmwﬁ (leodhie) oXP L 4 s 199UBY 0L0e
. y : ¥ poo|g ouieipad Jay0ag zalad
panuiuoo Juswieal v JOAI| UBY} SOPON
sikz/L e LOSH PUE qelinz|jiool usul SOA eu uonepIosuo) e uiys ‘auog (H1H +) oxr q N  SI ABojoouQ ui sianuol4 mxwgoxmwﬁw,m
d PuB HY ‘enly (VSO ‘9LdA ‘034d) ¥002HTH T . T R —
uoIsSIwal Ul Jou uaa|ds
auIqupPe|D pue Y1AD 02

sisojfoonsiy
‘uondsjul Jo paig

eu eu uonepIjosuo) e JaAl| ‘MOLBW  8leulwIBIapU| q IN | 8L |oyledorewssq  wy

uayj] panuiuod juswieal] 11vY auoq ‘auoq ‘upis

auer Joised

eu Kiebing SOA eu eu € uss|dg SH g N €L loyred o wy 00z nouQ
Adeiayy uoineipe. 190UED
HOdQ aAnel|ed uayl 9LdA ‘V.LAD S eu 8oUBUSUIBI L auog SH g N v 11L0g Jewny

oo|g ouelpa
‘04l ‘X1 ‘NdO ‘vX3a '® pOOIg dueIped

‘ Abojoreway
SON pald eu SOA ON ddoueuBlUlEBIN 8 sbun| ‘us HOM 1 4 8 10 [eUINOP Yshig S10c orey
(esdejal 1V NdD ‘Aiebins
JUENIWOOUO) HOG peNLNUO USRS TV eu eu eu ¥ auog HO1 eu N € 6ing [eIO 9/61| Jo1uey
>diysuoijeja aseyd adjouayd K
awo23nQ juawiyeal] leuo)d uohyeaniu jusawijea.y (y3w) paAjonul S9S03AD01)SIH -ounwiwli X3S (4) leuanop 2121y
dvydg «Aerea uegio o : 8V :
uanoid TIv TV

Haematologica | 108 June 2023

1709



CASE REPORT

combination resulted in a significant metabolic response
of RDD lesions, leukemia remission was not durable as pa-
tient experienced CNS relapse 3 months following com-
bination therapy. Of note, Gaspari et al.? also reported the
safety and efficacity of vemurafenib combined with vin-
blastine/prednisone in a newborn with multisystem LCH.

A literature review of children with co-diagnosis of histio-
cytosis (excluding H group disorders) during ALL treat-
ment identified 30 cases. Median age at ALL diagnosis
was 6 years old (range, 0.5-18 years) and median time be-
tween ALL diagnosis and histiocytosis onset was 7.5
months (range, 3-24 months). Most patients were boys.
Leukemia immunophenotype included ten T-ALL. Histio-
cytic disorders arising during ALL treatment comprises
LCH (47%), histiocytic sarcoma (23%), juvenile xanthogra-
nuloma (13%), true histiocytic lymphoma (10%), Erdheim-

Chester disease (ECD) (3%) and indeterminate (3%). Prog-
nosis was poor with 19 deaths (12 related to histiocytosis).
Twenty-one patients did not achieve remission of histio-
cytosis. ALL treatment alone in this context appeared in-
effective (remission in 1/5 cases). Four children
experienced ALL relapse following diagnosis of histiocyto-
sis, with two dying of ALL progression.

The clinical course of our patient is consistent with key
findings summarized above. Although the morphologic
appearance of our patient’s histiocytic lesions is highly
suggestive of RDD, the BRAF V600E mutation is not char-
acteristic of RDD, but rather represents a molecular hall-
mark of LCH and/or ECD.® This morphologic/molecular
discrepancy is reminiscent of mixed histiocytosis arising
as part of malignant hemopathy associated with clonal
hematopoiesis previously reported in adults with ECD." It

Figure 1. Pathology of rib lesion and evolution of metabolic response over the course of therapy. (A) Rib lesion depicting predominant
infiltration of large, multinucleated histiocytic cells with evidence of emperipolesis in the absence of necrosis or mitosis. The his-
tiocytic cells are strongly positive for CD68 (not shown), (B) CD163, (C) Fascin, (D) weak and focal S100 staining and (E) negative for
CD1a and CD207 (not shown). The following immunostains are negative: CD15, CD20, CD30, CD45, CD117, ALK, PAX5, EMA, HLA-DR,
and MPO (not shown). Evolution of metabolic response by ®F-fluorodeoxyglucose positron emission tomography (PET) scans over
the course of therapy. (F) At diagnosis of histiocytosis: mediastinal nodules (long arrow) SUV,.., 4.2 and 8.2, right tibial diaphysis
lesion (arrowhead) SUV,,., 6.8 and 5% rib lesion (thick arrow) SUV,.., 8.1; (G) post-rib biopsy and continuation of ALL therapy: pro-
gressive disease in the mediastinum SUV,,, 10.1 and 12.4 and tibia SUV,.. 11.5; (H) 1 month post-dabrafenib monotherapy: almost
complete metabolic response in the mediastinum SUV,,., 3.0 and right tibia SUV,., 1.5, new hepatic focus SUV,., 3.4 (curvilinear
arrow) with remaining liver SUV,., 1.6 and liver size 14.5 cm CC; (I) 3 months post-dabrafenib and maintenance chemotherapy com-
bination: complete metabolic response in the mediastinum and stable uptake in right tibia SUV,,, 2.0. Progressive uptake of liver
lesion SUV,.« 4.3 with remaining liver SUV,,,, 2.0; (J) at isolated central nervous system relapse: no significant uptake in mediastinum
or right tibia, progression in the uptake of liver lesion SUV,,, 5.6 with diffuse hyperactivity of the remaining liver SUV,,., 3.5; (K) after
re-induction chemotherapy with nelarabine: no mediastinal lesion. Discrete uptake right tibia SUV,,,, 2.6. Persistent increased uptake
in liver lesion SUV,,« 4.0 and remaining liver SUV,,., 3.2; (L) 100 days post-hematopoietic stem cell transplantation: no mediastinal
or tibial lesions. Stable uptake in liver lesion SUV, ., 4.0 and remaining liver SUV,,,, 3.0.
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Figure 2. Timeline illustrating different events and treatments of the case report. ALL: diagnosis of acute lymphoblastic leukemia;
Conso: consolidation; CRT: cranial irradiation; DI: delayed intensification; FU: last follow-up; H: diagnosis of histiocytosis; HSCT:
hematopoetic stem cell transplantation; Ind: induction; IM: interim maintenance; M: maintenance, R: relapse of acute lympho-

blastic leukemia; Reind : reinduction.

remains unclear whether co-occurrence of histiocytosis
confers a worse prognosis when associated with ALL or
vice versa, although our literature review signals a high
rate of histiocytosis-related mortality. Recent evidence of
MAPK pathway activation in most histiocytic disorders
paves the way for molecularly-targeted therapies in com-
bination with conventional chemotherapy, as illustrated
in this case, to treat leukemic and histiocytic entities con-
comitantly. This therapeutic combination strategy war-
rants further validation; however, prospective assessment
of such strategy is unforeseeable due to the rarity of
these pathologies. Therefore, our case provides a proof-
of-concept demonstrating safety of dabrafenib in com-
bination with chemotherapy, and may represent an
alternative therapeutic option for BRAF-mutated histio-
cytosis arising during ALL therapy, either as a definitive
treatment or as a bridge to HSCT consolidation, given their
poor outcome. Furthermore, since ALL maintenance
chemotherapy is similar to LCH-based backbone, future
prospective evaluation of BRAF inhibitor in combination
with conventional chemotherapy for high-risk BRAF-mu-
tated multisystemic LCH may be warranted.
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