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Langerhans cell histiocytosis

It is a rare histiocytic disorder of unknown origin, affecting
patients of different ages, but it is most common in children from
1 to 3 years old

Lung may be involved as a single organ, typically in young smoker
adults with equal gender distribution (Pulmonary Langerhans cell
histiocytosis, PLCH) or, less frequently, in the systemic form of LCH

The types of lung lesions vary
with disease duration. In
early disease, nodules and
cavitated nodules are more
numerous than lung cysts,
while more advanced disease
is often cystic in appearance




Role of smoking

Smoking interactions on gene mutations has not been investigated,
so far, in PLCH

Children with extra-pulmonary LCH who subsequently develop

PLCH during adolescence or adulthood are often smokers
(Bernstrand C. Acta Ped 2000)

Smoking induce CD1a+ cell accumulation even in lungs of healthy
smokers stimulate local production of different chemokines

and promotes the survival of dentritic cell via anti-apoptotic
mechanism

Osteopontin seems to play a role in PLCH. Large quantities has
been found in BAL of PLCH pts compared to smoker controls.



BRAF-V600E and LCH

BRAF-V600E mutation has been described in the sample of the lesions
of:

e 38 to 69% of LCH patients (Badalian-Very G Blood 2010, Satoh Pediatric Disease 2012, Sahm Blood
2012, Hervier Blood 2014)

* 30-50% of patient with PLCH (rodean Am s sur pat 2014)

* 54% to 82% of patients with Erdheim Chester Disease (Haroche 8iood 2012,
Hervier Blood 2014)

In children with severe systemic forms of LCH, the presence of the
BRAFV600E mutation was not only present in tissue lesions (somatic
mutation), but also in circulating and sometimes bone marrow
precursors of dendritic cells infiltrating LCH granulomas

(Barres et al. The Journal of experimental medicine 2015)



PLCH: Clinical Presentation

Three main manifestation:

1) Respiratory symptoms: usually cough and dyspnea less frequently
associated to fever, malaise and loss of weight

2) Acute presentation with a spontaneus pneumothorax

3) Incidental finding in a routine Chest X-Ray (5-25% of cases)

Vassallo R, Harari S, Tazi A. Thorax 2017



PLCH: Clinical assesment

The primary goal of clinical assesment is:
1) To determine to degree of functional and pulmonary impairment
2) To assess for complications

3) To evaluate for extrapulmonary manifestation



Original Article

Pulmonary Langerhans cell histiocytosis: A comprehensive analysis of 40 patients and
literature review
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Characteristics of patients at time of diagnosis.

Patients
Gender (m/f) 18/22
Age (years) 40 + 14
Years from symptoms 2437
Number of cigarettes smoked (pack/year)? 25 + 15
FEV1 (L) 2.6 £ 0.99
FEV1 (%) 79.65 + 24.18
FVC (L) 3.59 + 1.08
FVC (%) 92.84 + 20.45
FEV1/FVC 71.61 & 14.78
DLCO (%) 60.56 + 24.30

¢ Pack/years = (no cigarettes smoked x years of smoking) / 20.

Eur J Intern Med 2015



First Symptoms Diagnosis Achievement

Symptoms Number of patients Patients (40)
(40

Elia D. et al. Eur J Int Med 2015
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literature review
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Pulmonary function pattern at the presentation.

Pulmonary function pattern Number of patients
Normal 22
Obstructive 16
Restrictive 2

Extra-pulmonary manifestations.

Manifestation Number of patients
Bone lesions 7
Diabetes insipidus 5
Skin 1

Elia D. et al EurJ Intern Med 2015



Pulmonary function at diagnosis

Normal Obstructive Restrictive

Schonfeld ES 27%/LS 71% ES 19%/LS 29%

Travis 28% 23%
Watanabe 9% 249%
Westerlan 43%

Vassallo 27 %
Harari 43%

ES= early stage; LS = late stage

Often the degree of airway
obstruction appears out of proportion
to total cigarette consumption

Reduction in

Mixed DLCO

ES 84%/ LS 100%
599%
459%
57%




Exercise evaluation at diagnosis

6 minute walking test

Characteristic mean 20 pts r 05
value | , ow

Walk distance (m) 432 & . 8 .

SaO2atrest (%) 97 8 0 o e o

Final Sa02 (%) 93 °

ASa02 > 4% 4 0 , . : .
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Cardio-pulmonary exercise test

Strong correlations between overall exercise performance (% predicted VO2max)
and indices reflecting pulmonary vascular involvement (DLCO, baseline VD/VT,

exercise VD/VT) have been found

No correlation
between WD and
- FEV1 (%)

- FEV1/VC (%)

- TLC (%)

Harari, unpublished

Exercise limitation may be ascribed to vascular impairment



Radiological Imaging: Chest X-ray

Rarely it is normal E

Often shows bilateral, and generally
symmetric, reticulo-micronodular
changes, in which cysts may sometimes
be identified, predominantly

involving the upper and middle lung
fields

Occasionally, chest radiography may
reveal a pneumothorax, or rarely, a lytic
lesion of a rib







Radiological Imaging: HRCT scan

It is characterized by the presence
of a combination of nodules,
cavitating nodules and irregular
shape cysts.

A predominant involvement of
upper and middle lung is
observed with a basal sparement




PLCH: evolution of lesions on CT scans

Longitudinal observation of CT features suggest the
following evolutionary sequence for pulmonary lesions of PLCH:

Nodule —) Cavitated =)
nodule

Brauner et al. Radiology 1997
Harari et al. ADJRCCM 1997;155 (4) A 329




>  Early stage: r
- | Infiltrates invade the
bronchiole, destroying the
bronchiolar wall in an eccentric

fashion and forming nodules

50 »  Disease progression:

| Increasing numbers of nodules

':‘ and cavitary nodules

~.~.| Appearance of fibrotic scars
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PLCH — Radiological features

The combination of multiple cysts and nodules with a mid to upper zone
predominance and sparing of lung bases in a young smoker is so
characteristic that may be diagnostic

Harari S et al. Proc Am Thorac Soc. 2006



Diffuse Cystic Lung Diseases: Correlation between Radiologic
and Functional Status
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The severity of airflow limitation on lung function testing

correlates with the extend of cystic lesions on HRCT

Paciocco G et al. Harari S Chest 2004



Does CT-PET play a role?

It is not well defined

As the nodules can be
hypermetabolic, the presence
of a superimposed lung
cancer must be excluded

It is predictive of the disease
course or response to
treatment, expecially in
multisystemic forms involving
the bones

ObertJ EurJ Nucl Med Mol Imaging 2017



Bronchoscopy

BAL is usefull to support the diagnosis of PLCH in the
presence of a number of CD1a+ cells >5%, associated to
a typical CT scan pattern

TBB is rarely usefull due to the focal nature of the lesions

Cryobiopsy could increase the diagnostic yield but is
probably associate to a higher risk of pneumothorax

Harari S. et al Respir Med 2012,
Baquir M. et al. J Bronchol Interv Pulminol 2013,
Fruchter et al Respirology 2014



Bronchoscopy

Records of 452 patients with the presumptive diagnosis of interstitial lung
disease were reviewed; 67 had a clinical-radiological diagnosis of either LCH
(27) or LAM (n 40).

Of 16 patients with LCH who underwent BAL, four specimens (25%) contained
cells which had positive immunoreactivity for CD1a.

Of three patients with negative BAL fluid who had TBB, only one had a
positive tissue diagnosis.

Ten LCH patients were diagnosed by surgical lung biopsy of which five had
negative BAL fluid.

The remaining 12 patients were diagnosed by clinical and radiologic features.

Harari S et al. Respiration 2012



Management of extra-pulmonary
manifestations in PLCH

Although PLCH occurs as a single organ disease, approximately 10-
20% of adults may show extra-pulmonary manifestations.

The management of diabetes insipidus, endocrine, skin and bone
involvement often require a multidisciplinary approach with other
specialists experienced in the management of LCH

Among 40 patients referred to our center in 10 years 7 showed bone
involvement (3 of the femur, 1 petrous bone, 1 of the jaw and 2 in the
arm bones); 5 were affected by diabetes insijpidus, 1 presented
another endocrine dysfunction and 2 showed skin lesions

Elia D. et al. J Intern Med 2015






Extrapulmonary manifestation:
How can I find them?

Table 1

Symptoms, Causes, and Recommended Clinical Tests for Common Extraskeletal Manifestations of Langerhans

Cell Histiocytosis

Symptom

Cause

Recommended Clinical Tests

Thirst, polyuria

Decreased energy, weight gain,
lethargy, cold intolerance

Lethargy, pallor, history of bleeding
disorders, tachycardia

Enlarged lymph nodes
Cough, dyspnea, tobacco use

Purpuric rashes/mucosal lesions

Diarrhea, weight loss, malabsorption
symptoms or hematochezia

Hearing impairment, chronic ctorrhea

Diabetes insipidus (pituitary
involvement)

Hypothyroidism (thyroid or hypopituitary
axial involvement)

Pancytopenia, anemia, (marrow
infiltration, associated malignancy)

Lymph nodal involvement
Pulmaonary involvement

Skin involvement
Gastrointestinal involvement

Mastoid involvement

Head MRI, urine and plasma osmolality,
water deprivation testing

TSH, free T4, head MRI
Anemia studies, marrow aspirate

Biopsy, CT-CAP or PET-CT

Smoking cessation (if applicable), chest
radiograph and CT-CAP, pulmonary
function tests

Skin biopsy

Endoscopy with biopsy or capsule
endoscopy, stool studies

Head MRI, formal hearing assessment

CT-CAP = CT of chest, abdomen, and pelvis with oral and intravenous contrast, PET-CT = positron emission tomography CT, TSH = thyroid

stimulating hormone, T4 = thyroxine

Di Caprio RJ AM Act Ort Sur 2014



Original Article
Endocrine and metabolic assessment in adults with Langerhans cell
histiocytosis

L. Montefusco™”, S. Harari*™", D. Elia™‘, A. Rossi*", C. Specchia™, 0. Torre™, G. Adda™",
p

P
M. Arosio European Jowrnal of Internal Medicing 51 (2018) 61-67

18 adult patients (7M/11F) were evaluated for:

-Endocrine involvement: basal (early morning plasma and urine osmolarity,
serum cortisol, fT4, fT3, TSH, PRL, GH, IGF-I, LH, FSH and in men total
testosterone, albumin and SHBG) and dynamic endocrine lab tests (1 mcg
ACTH test, Arg+GHRH test),

-Glucose metabolism: (basal and post-OGTT glucose levels, HbA1c, fasting
and post load insulin levels, HOMA-I, BMI, hypertension and lipid
metabolism).

-Thyroid involvement: US thyroid scan, AB Tg, AB TPO.




Results

9 pts (50%) showed endocrine involvement:

9 DI

5 Growth Horm. Defic.
5 Gonadotropines Defic.
| 4 hypothyroidism

1 hypoadrenalism

Moreover

- 2 Hyperprolactinemia

- 2 Hypothalamic
syndrome

1 2 3 4 5 6 7 8 9 101112 13 14 15 16 17 18

M Skin Bones M Endocrine System M Lungs

5 of the 10 brain MRI performed had abnormalities (hyper-intense
focal lesion, empty sella or thicker hyperintense pituitary gland).
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dati pazienti

				ISTIOCITOSI X																																																																																																		Arg +GHRH																				ACTH 1 mcg																																																																																										MOC

				Nome		Sesso (M=1)		Anno diagnosi LCH		Età alla dg		follow-up al momento della valutazione endocrina (anni)		Età alla valutazione endocrina		fumo (1=si, 2=ex, 0=no)		Familiarità istiocitosi		Familiarità ipofisi		calo libido		DE		iperfagia		disturbi del sonno		disturbi memoria		Primo sintomo		tp		dg su biopsia?		MS-LCH		SS_LCH		coivolgimento pneumo		PFR		DLCO		insuff respiratoria (0=no, 1=lieve, 2=moderata, 3=severa)		Coinvolgimento cute (si=1)		conivolgimento osso		DI in minirin (1=si)		anno diagnosi DI		tempo da Dg LCH		ipogon		tp ipogon		anno dg ipogon		tempo da Dg LCH		FSH		LH		SHBG (nmol/L)		testosterone tot  (ng/mL)		Spermiogramma		ipoGH		tp GH		anno dg GHD		tempo da Dg LCH		IGF-I		IGF-I lower		IGF-I upper		IGF-I media		SD		IGF-I SDS		data		GH T0		GH T 45		GH T 60		GH T 90		ipotir		anno dg ipotir		empo da dg LCH t		iposurr		anno dg iposurr		data		ACTH		Cortisolo T 0		Cortisolo T 30		Cortisolo T 60'		iperPRL		PRL		iperpl?		RM ipofisi		peso		altezza		BMI		sovrppeso		obesi		CV		PAS		PAD		HPT		tp HPT		sdr metabolica		glicemia		post-OGTT		insulina		HOMA-I		log G		log I		QUICKI		insulinores?		HbA1c		DM (0=no, 1=si)		IFG/IGT 0=no 1=si		tp DM		PCR		col tot		HDL		Trigl		LDL		ipercolester?		ipertrigl?		statina		Ecocardiogramma		eco IVS		eco E/A		Ab Anti Tg		Ab Anti TPO		Ecografia tiroidea		data MOC		FN Tsc		FN Zsc		FN BMD		L1L4 Tsc		L1L4 Zsc

		1		Fassi Paolo		1		2010		45		2		47		2		0		0		1		1		0		0		0		pneumotorace		0				1		0		1		FEV1/SVC 77%.		15.3 50%		0		0		0		1		2010		0		1		1		2010		0		0.98		0.44		39		0.73				1		0		2013		3		128		94		247		170.5		108.1873375215		-0.3928371007		1/9/13		0.9		7.3		6.3		2.4		1		2013		3		0				11/26/13		50.05		31.6		40		32.7		0		13.5		0		norm		82		1.76		26.472107438		1		0		98		110		90		1		1		1		119		138		13		3.8197530864		2.0755469614		1.1139433523		0.3135297184		1		46		0		1		0		1		232		70		146		133		1		0		0		normale FE 60%, massa indicizzata86 g/m2		no												-0.4		0				1.4		1.4												Minirin 60 ug 1 cpx2/die ore 6.30-18.30, Tostrex 3 spruzzi/die, Eutirox 125 mcg alternato a 100, Lobivon 5 mg 1/2 cp/die, Ramipril 5 mg 1 cp/die, Dibase 100.000 UI 1 fiala ogni 2 mesi

		2		Giannuzzi Maria		0		2009		55		3		58		2		0		0						1		1		1		DI		0				1		0		1		FEV1/SVC 60%,		11:04		1		0		0		1		2008		1		1		0		2008		-1		2.5										1		1		2008		-1		50		71		290		180.5		154.8563850799		-0.8427163009		Feb-10		<0.002		2		1:09		1:08		1		2008		-1		1		2008		7/11/09										1		59.1		1		lesione focale ipotalamica e intensa captazione		95.5		1.5		42.4444444444		0		1				130		90		1		0		1		124				21		6.4296296296		2.0934216852		1.3222192947		0.2927708169		1		96		1		0		1		1.15		162		29		210		91		0		1		0		normale FE 55%		no		0.77						disomogenea																								Eutirox a 150 mcg/die, Cortone Acetato 25 mg 1/2+1/4+1/4, Di-base 100.000 IU 1 fl 2 mesi, Neocytamen 1000 mg 1 fl 4 mesi, Genotropin Miniquick fl sc: 0.4 mg 5 GG/SETT, Minirin 60 ug sl 1 cpr X3 per sei giorni/sett e 2 cp ore 1 GG/SETT, Metformina 1000 mg 1+1/2+1, Januvia 100 mg 1 cp a pranzo, Glicazide 30 mg 1 cP, Ferrograd 1 cp/die primi 10 gg mese; norvasc 5

		3		D'Elia Giovanna		0		2000		35		12		47		1		0		0						0		1		0		DI		0				1		0		1		FEV1/SVC 53%		15.1 64%		0		0		0		1		2000		0		0		0						7		10								0		0						196		93		245		169		107.4802307404		0.2512089881		2/28/13		0.11		3.9		7.5		4.3		post-chirurgico		2013		13		0				3/27/13		20.59		8.6		28.4		17.07		0		13.7		0		norm		94		1.6		36.71875		0		1				100		80		1		1		1		51		182		39.3		4.9488888889		1.7075701761		1.5943925504		0.3028501782		1		51		0		1		0		0.97		93		41		82		37		1		1		1+omega3								neg		neg		k tiroide																								Levo-tiroxina a 200 mcg tutti i giorni, Colecalciferolo 100.000 UI ogni 2 mesi, Metoprololo 100 mg 1/2 + ½,Atorvastatina 20 mg/die, Esteri etilici di acidi grassi poliinsaturi 1000 mg 1 cp/die, Pantoprazolo 20 mg 1 cp ore 12, Olmesartan 10 mg 1 cp/die, ASA 1 cp/die.

		4		Turzo Raffaella		0		2006		30		6		36		0		0		0		1				1		0		0		tosse		0				1		0		1						1		0		0		1		2007		-1		1		1		2009		3		4.7		5.3								1		1		2009		3		103		103		307		205		144.2497833621		-0.7071067812		2/13/09		2.3		7.3		5.1		3.5		0						0				10/21/08		15.3		8.6		21.4		17.3		0		19.3		0		norm		88		1.54		37.1057513915		0		1				95		60		0		0		1		80		155		38		7.5061728395		1.903089987		1.5797835966		0.2871192353		1		34		0		0		0		0.72		183		42				106		0		0		0		normale		no				neg		neg		disomogenea		2009				-1.3		0.688				-1.4												rhGH 0,5 mg/die, minirin 1 cp +1e1/2, yasminelle

		8		Pirrello Erika		0		2007		26		5		31		2		0		0		0				0		0		0		tosse		0				1		0		1		FEV1/SVC 83%;		DLCO 22.3-84		0		0		0		1		2013		-6		0		0						8.2		5.9								0		0		0				159		109		307		208		140.0071426749		-0.3499821442		9/23/13		0.66		14.9		10.3		4.8		0		0				0		0		7/24/13		22.8		24.6		39.3		24.8		0		24.7		1		norm		68		1.64		25.2825698989		0		0				110		70		0		0		0		81				14.9		2.98		1.9084850189		1.1731862684		0.324499243		1		34		0		0		0				185		65		81		120		0		0		0		normale FE		no		>1,8		neg		neg		disomogenea																omocisteina 7.7 mcmol/L (4-15.4),								Loette 1 cp/die, Minirin 60 mcg 3 cp/die ore 8.00-16.00-24.00

		9		Cafarelli Anna		0		1998		28		16		44		2		0		0		0				0		0		0		DI		steroide				1		0		1		FEV1/SVC 63%,		DLCO 8,4 32%		1		1		0		1		1998		0		1		0		2004		6		4.87		4.53								1		0		2014		16		63.8		93		245		169		107.4802307404		-0.9787846497		2/1/14		0.45		3.5		6.7		5.4		1		2000		2		0		0		non eseguito stimolo x tp steroidea		<1,6		5.82						1		49,1 (MACRO)		0		peduncolo aumentato e segnale iperintenso nel 2000, normale 2009		70		1.58		28.0403781445		1		0		88		100		60		0		0		0		66		65		5		0.8148148148		1.8195439355		0.6989700043		0.3970595454		0		43		0		1		0		0.81		176		45		97		112		0		0		0		FE 42% ma depressione della cinesi globale ventricolare sinistra		no				neg		neg		normale																								Prednisone 25mg e mantenimento 5mg die, Esomeprazolo 40mg 1 cp, Levotiroxina 75mcg, Procoralan 5mg 1 cp, Amiloide/idroclorotiazie 1 cp a giorni alterni, Ac. acetilsalicilico 100mg 1 cp, Aclidinio 1 inalazionex2, Desmopressina spray nasale 1 puffx2

		6		Silvestro Michele		1		2002		17		10		27		1		0		0		1		1		1						DI		vinblastina vincristina cortisone				1		0		1		FEV1/SVC 75%		22,2 62%		0		0		osso (femoree sovraorbitaria)		1		1992		10		1		0		2007		5										asteno ed azoospermia		0		0																												1						NV														0								110		1.78		34.7178386567		0		1				110		70		0		0		0		68																										238				1069				0		1				normale FE		no		>1																														minirin 1 puffx2

		7		Debole Piero		1		2007		36		5		41		1		0		0						0		0		0		DI		0				1		0		1		FEV1/SVC 81%		DLCO 90%		0		0		0		1		2007		0.5		0		0																NV																														NV						NV														NV						norm		66.5		1.68		23.5615079365		0		0				95		70		0		0		0																																																																												minirin

		5		Pinna Alessandro		1		1993		23		19		42		1		0		0		1				0		0		0		lesione mandib		vinblastina, vincristina, prednisone				1		0		1						0		0		osso (mandibola, femore)		0						1 iperGT		0		2005				23		4.4		30		2.5		azoospermia		NV ma IGF-I basse				2009		16		106		109		284		196.5		123.7436867076		-0.7313504423		Dec-09		0.1								0						NV				Dec-09		11.5		6.6						0						norm		76		1.7		26.2975778547		1		0				130		80		0		0		0																																										normale FE		no		>1		neg		neg		7 ml, strutt norm		Dec-09				-0.9						-1.1												dibase 100,000 ui ogni 4 mesi

														0

		11		Iadicicco Luigi		1		1999		19		13		32		2		0		0		0		0		1		0		0		crisi comiziale		vinblastina, steroide, etoposide				1		0		1				47%		0		1		0		0						0								4.7		3.29		33		5.04				0								212		96		228		162		93.3380951166		0.5356869554		7/30/13		<0,1		5.3		3.9		2.6		0						0				7/30/13		38.3		9.4		26.4		11.7		0		4.49		0		norm		103		1.78		32.5085216513		0		1		131		110		80		0		0		1		108				88.18		23.5146666667		2.0334237555		1.9453700945		0.2513324484		1		32		0		1		0		0.77		112				214				0		1		0		normale FE		no				neg		neg						moc nei limiti																				pantoprazolo

		12		Marchetti Alessandro		1		2010		17		3		20		2		0		0		0		0		0		0		0		pnx		0				0		1		1		FEv1/SVC 66%,		DLCO 35.5 95%		0		0		0		0						0								1.47		3.85				6.91				0																				3/24/14		<0,1		45.1		40.9		19.1		0						0				3/25/14		19.36		10.65		22.8		14.2		0		13.07		0		0		74		1.82		22.3402970656		0		0		72		120		80		0		0		0		94		97		10.1		2.3441975309		1.9731278536		1.0043213738		0.3358579521		0		36		0		0		0		2		144		61		60		71		0		0		0		notmale FE						neg		neg		nei limiti																								0

		13		Guardia Giovanna		0		2002		46		10		56		2		0		0						0		0		0		tosse		0				0		1		1		FEV1/SVC 77%;		DLCO 17.3-82%		0		0		0		0						0								23.4		67.8								0								131		54		204		129		106.066017178		0.0188561808		3/24/14		0.89		8.5		6.4		4.7		0						0				3/25/14		<1,6		5.3		46.4		35.7		0		13.2		0		0		63.5		1.58		25.4366287454		0		0		82		130		80		0		0		0		89		115		6.06		1.3317037037		1.9493900066		0.7824726242		0.3660506164		0		45		0		0		0		0.03		237		48		54		178		0		1		0								neg		neg		GMN

		14		Maturo Elisabetta		0		2001		28		11		39		1		0		0						0		0		0		emoftoe		0				0		1		1		FEV1/FVC 68%,		DLCO 63%		0		0		0		0						0								0.87		0.15								0								117		93		245		169		107.4802307404		-0.4838099029		5/12/14		5.7		36.4		34.5		14.9		0		0				0		0		5/13/14		17.8		17.8		26		26		0		8.9		0		0		60		1.73		20.0474456213		0		0		75		90		60		0		0		0		78		98		5.22		1.0053333333		1.8920946027		0.717670503		0.3831762475		0				0		0		0		0.25		200		68		109		110		0		0		0								neg		neg		nei limiti																omocisteina  12,9 (5-20)								E-P

		15		Veroheff Iara		0		1998		15		16		31		2		0		0		0				0		0		0		pneumotorace		vinblastina e mercaptopurina				0		1		1						1		0		0		0						0								2		0.91								0								158		108		247		177.5		98.2878425849		-0.1983968667		4/30/14		0.53		38		99		45		0		0				0		0		4/28/14		8.57		6.6		23		21		0		5.14		0		0		58		1.68		20.5498866213		0		0		68		80		60		0		0		0		79		99		3.98		0.776345679		1.8976270913		0.5998830721		0.400398771		0		33		0		0		0		0.05		140		56		48		74		0		0		0		FE 67%		no				neg		neg		disomogenea																omocisteina  11,8 (5-20)

		16		Preti Maria		0		2007		63		5		68		2		0		0						0		1		0		occasionale radiologico		0				0		1		1						0		0		0		0						0								61.9		43.7								0								162		54		204		129		106.066017178		0.3111269837		5/12/14		0.31		12.4		15.1		8.7		autoimmune		2007				0		0		5/13/14		14.9		13.1		27.8		25.5		0		6.44		0		0		95		1.7		32.8719723183		0		1		105		130		80		0		0		1		113		123		15.6		4.3525925926		2.0530784435		1.1931245984		0.3080522035		1		48		0		1		0		0.11		248		77		105		150		1		0		armolipid plus		FE 56%		no				pos		neg		disomogenea																omocisteina  16,2 (5-20)								l-tiroxina 75 mcg/die, armolipid plus.

		17		Esposito Loredana		0		2009		39		6		45		1		0		0		0		0		0		0		0		lipotimia						0		1		1		FEV1/FVC 47%		DLCO 43%		0		0		0		0						0								5.6		5.6								0								118.8		93		245		169		107.4802307404		-0.467062637		4/13/15		0.22		40.2		37.4		24.1		0						0				4/13/15		13.8		6.7						0		8.8		0		0		70		1.65		25.7116620753		0		0		89		120		80		0		0		0		71				4.58		0.8029135802		1.8512583487		0.660865478		0.3980695495		0		36		0		0		0		0.02		167		55		145		83		0		0		0								neg		neg

		18		Livini Anna Paola		0		2012		42		2		44		2		0		0		0		0		0		0		0		dolore lombare		steroide+vinblastina+mercaptopurina		1		1		0		1						0		1		1		0						0								25		9								0								209		93		245		169		107.4802307404		0.3721614638		3/11/15		3.3		15.8		18.8		23		0						0				2/25/15		14.4		12.15		22.02		14.4		0		6.3		0		0		87		1.64		32.3468173706		0		1		107		120		70		0		0		1		87				11.35		2.4381481481		1.9395192526		1.0549958615		0.3339438814		1		35		0		0		1		0.03		144		39		44		96		0		0		0		0						neg		neg

		19		Renda Maria		0		2014		46		1		47		1		0		0		0				0		0		0		dispnea		indacaterolo e glicopirronio				0		1		1						0		0		0		0						0								13.95		18.28								0								183.3		93		245		169		107.4802307404		0.1330477233		12/18/15		0.34		25.4		23.8		10.3		1		2015				1		0		11/30/15		5.04		7.51		29.05		34.67		34.67		9.62		0		0		60.5		1.7		20.9342560554		0		0		80		125		80		0		0		0		81		92		6.53		1.306		1.9084850189		0.8149131813		0.3671883164		0		36		0		0		0		0.12		156		40		71		102		0		0		0		0		0				neg		neg		GMN																				omocisteina  13,77 (5-20)

				TOTALE		6 M 33%				33.8888888889		8.0555555556		39.7368421053		7 o 39% fumo attivo																28% 5 primo sintomo DI		8 o 44%				11 o 61%		7 o 39%								4 o 22%		3 o 17%		5%		8 o 44%						4 o 28% di15																		4 o 27% di 15																														6 o 40% di cui 3 o 20% di 15						1 o 6% di 15																		2 o 13% di 15				78.9444444444				28.5215785161		3 o 17%		7 o 40%		90.4545454545						3 o 20% di 15		2 o 13% di 15		7 o 47% di15		86.8125		116.4		18.8533333333		4.2914106996						0.3374599149		8 o 44%		43.2142857143		1 o 6% di 15		5 o 33% di 15				0.5735714286		176.0625		52.5714285714		169		104.5		3 o 20% di 15		4 o 26% di 15														1 k papillare!!! Ed 2 GMN

						12 F 67%				13.7664933759		5.4930139827		14.8766861052		10 o 55% ex fumatori																17% 3 primo sintomo pnx																																																																																																								15.9077199987				6.4879715091						18.597653811												20.3017856358		34.2546022861		22.2118242856		5.7266769653						0.0460942993				16.4184632066								0.5895709932		45.8962144408		14.1514570368		254.6678509072		35.0225202274																		5 o 33% disomogenee di 15

																1 o 11% mai fumatore																17% 3 primo sintomo  tosse

																																5% 1 primo sintomo emoftoe,

				SOTTOGRUPPO AP		4M 44%				32.7777777778		8.6666666667				4 o 44% fumo attivo																5% 1 primo sintomo crisi comiziale		3 o 33% di 9														3 o 33% di 9		1 o 11% di 9				8 o 89%				0.5625		4 o 67% di 6						2												4 o 66% di 6		2 o 22%				5.25												-0.5033696648												4 o 67% di cui 3 o 50% di 6				4.25		1 o 17% di 6																26.06		1 o 17% di 6				83.3333333333				31.182325085		3 o 33%		4 o 44%		93						3 o 50% di 6				4 o 67% di 6		84.1428571429		135		21.8666666667		4.4165432099						0.3196381229		5 o 55% di 9		50.6666666667		1 o 17% di 6		3 o 50% di 6				0.93		181.2857142857		48.6666666667		280.8333333333		99.8333333333		2 o 33% di 6		2 o 33% di 6														3 o 50% di 6

						6 F 66%				11.6165590622		5.9581876439				4 o 44% ex fumatori																5 % 1 primo sintomo lesione mandibolare																										4.4032252789								3.1622776602																		8.0187280787												0.4444813792																6.0759087112																		19.0375418581						14.7754018558				6.6509103734						7.0710678119												27.4434483464		50.0599640431		13.975645483		2.4196686707						0.0402894155				23.2005747055								0.1683745824		48.303603336		15.6546052862		389.2728691633		33.8196195524

																1 o 11% mai fumatore																5% 1 risocntor occasionale radiologico

																																5% 1 dispnea

				SOTTOGRUPPO NON AP		2 M 22%				35		7.4444444444				2 o 23% fumo attivo																55% primo sintomo DI		5 o 55%														1 o 11% di 9		2 o 22% di 9																																														0.0277012376												2 o 22% di cui 1 o 11% di 9																						8.44		1 o 11% di 9				74.5555555556				25.8608319472		0		3 o 33%		89.8888888889						0				3 o 33%		88.8888888889		104		16.8444444444		4.2079890261						0.3493411096		3 o 33%		37.625				2 o 22% di 6				0.3755555556		172		55.5		94.4444444444		108		1 o 11% di 9		2 o 22% di 9														2 o 22% di 9

						7 F 78%				16.2788205961		5.2704627669				6 o 67% ex fumatori																																																																																0.3828024293																																		3.180019654						16.6159645455				5.4116193432						20.5939581215												14.0307202634		12.1326007105		27.0178571093		7.328856008						0.0480276408				5.7305571906								0.6535692601		46.4462054424		13.1909059583		56.1763097558		37.7926674672

																																																																																																DIFFERENZA TRA I DUE GRUPPI?																																		DIFF TRA GRUPPI						DIFF TRA GRUPPI				DIFF TRA GRUPPI				DIFF TRA GRUPPI								DIFF TRA GRUPPI				DIFF TRA GRUPPI		DIFF TRA GRUPPI		DIFF TRA GRUPPI		DIFF TRA GRUPPI		DIFF TRA GRUPPI						DIFF TRA GRUPPI		DIFF TRA GRUPPI		DIFF TRA GRUPPI
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																1		0		26.472107438		1		0

																1		0		42.4444444444		0		1

																1		0		36.71875		0		1

																1		0		37.1057513915		0		1

																1		0		25.2825698989		0		0

																1		0		23.5615079365		0		0						0		0		22.3402970656		0		0

																1		0		32.5085216513		0		1						1		0		26.2975778547		1		0

																0		0		25.4366287454		0		0						1		0		34.7178386567		0		1

																0		0		20.0474456213		0		0						1		0		25.7116620753		0		0

																0		0		20.5498866213		0		0						1		1		28.0403781445		1		0

																0		0		32.8719723183		0		1						1		1		32.3468173706		0		1

																0		0		20.9342560554		0		0

																				0.4509293794
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Original Article
Endocrine and metabolic assessment in adults with Langerhans cell
histiocytosis

L. Montefusco™”, S. Harari™*, D. Elia™", A. Rossi*", C. Specchia™®, 0. Torre™*, G. Adda®®,
M. Arosio’ European Journal of Internal Medicine 51 (2018) 61-67

Results of the Metabolic evaluations

Obesity 39% 7,7%
Glucose alterations (IFG/IGT) 28% 11,7%
Diabetes 5% 0,9%
Metabolic Syndrome 39% 22%

Results: Thyroid evaluations

12 patients thyroid US scan:

5 structure inhomogeneity without focal lesions

2 multinodular goiter, one underwent e thyroidectomy with the
finding of a papillary multifocal micro-carcinoma BRAF-V600E

mutation positive



Bone involvement

Bone involvement is known to occur in PLCH as demonstrated in
several retrospective analysis. Nevertheless, in these studies is not
clear if X-rays were performed consequently to the occurrence of
specific symptoms or signs or as a routinary follow up.

Tazi et al. evaluated 51 PLCH pts at the time of diagnosis with a
skeletal X-ray: bone involvement was found in 2 pts asymptomatic
and stable over 2 years . Of 47 pts who received dental panoramic,
3 showed abnormalities not related to the disease (no presence of
mandibulary/maxillary lesions).

A complete clinical history and a comprehensive physical
examination to search for extrapulmonary involvement in adult
PLCH patients is important. However, in the absence of symptoms
or signs suggestive of bone LCH involvement, the systematic use of
specific imaging does not appear informative.

Tazi et al. Orphanet Journal of Rare Diseases 2016



PLCH and Pulmonary
Hypertension

It is more frequent in advanced disease and is related
to an intrinsic pulmonary vascular disease in which
pulmonary circulation is involved independently from
small airways and lung parenchyma involvement

It is more frequently moderate-severe (PAPm > 35mmHg)

It may also develop independently from the stage of the
disease

Harari S Chest 1997;
Harari S J Heart Lung Trans 1997;
Dauriat G Transpl 2016






Hemodynamic and spirometric findings in patients

with chronic ILD referred for lung or heart-lung

transplantation

Hemdynamic data

respiratory function
values

43 IPF

(mean * sd)

18 PLCH
(mean * sd)

6 LAM
(mean * sd)

t Test results

IPF/Hx | IPF/LAM Hx/LAM

FEV,

TLC
Tiffenau
PaO,
PaCoO,
PAPs
PAPd

PAPmM
cl
WP

RVPi

43.6+13.8
52.3 +£21.7
93.7 £18.7
56.8 +21.3
40.1 +66.7
53.5 £18.6
23.1+8.14

33.6 £10.6
3.18 +0.82
9.20 £5.70

8.30 £4.8

42.8 +£15.5
99.9 +£18.8
55.4 +13.9
57.7 £10.6
37.9+6.22
83.9 +18.3
40.2 £10.6

55.9 £12.0
2.77+£0.71
8.36 £3.30

17.6 £6.50

31.1 £145
97.1 £145
48.5 £15.0
63.1 £11.2
453 +17.9
40.0 £15.3
15.0 £5.15

26.0 £ 2.52
3.94+0.72
4.23 +0.55

3.71+£0.67

Harari S., et coll. JHLT 1997 Apr;16(4):460-463

p <0.0005

p <0.0005

p <0.0005

p <0.0005

p <0.0005

p< 0.0005

p <0.0005

p <0.0005

p <0.005

p <0.0005
p< 0.05

p< 0.0005

p< 0.0005

p <0.0005

p <0.0005

p <0.0005
P<0.005

p< 0.0005

p< 0.0005



PLCH




1. Pulmonary arterial hypertension

1.1 Idiopathic
1.2 Heritable
1.2.1 BMPR2 mutation
1.2.2 Other mutations
1.3 Drugs and toxins induced
1.4 Associated with:
1.4.1 Connective tissue disease
1.4.2 Human immunodeficiency virus [HIV] infection
1.4.3 Portal hypertension
1.4.4 Congenital heart disease [Table &)
1.4.5 Schistosomiasis

1°.1 Idiopathic
1".2 Heritable
1".2.1 EIFZAK4 mutation
1".2.2 Other mutations
1.3 Drugs, toxins and radiation induced
1".4 Associated with:
1".4.1 Connective tissue disease
1".4.2 HIV infection

2. Pulmonary hypertension due to left heart disease

2.1 Left ventricular systolic dysfunction

2.2 Left ventricular diastolic dysfunction

2.3Valular disease

2.4 Congenital/acquired left heart inflow/outflow tract obstruction
and congenital cardiomyopathies

2.5 Congenital/acquired pulmonary veins stenosis

3. Pulmonary hypertension due to lung diseases and/or hypoxia

3.1 Chronic obstructive pulmonary disease

3.2 Interstitial lung disease

3.3 Other pulmonary diseases with mixed restrictive and
obstructive pattern

3.4 Sleep-disordered breathing

3.5 Alveolar hypoventilation disorders

3.6 Chronic exposure to high altitude

3.7 Developmental lung diseases [Web Table I11]

4. Chronic thromboembolic pulmonary hypertension and other
pulmeonary artery obstructions

4.1 Chronic thremboembolic pulmonary hypertension
4.2 Other pulmonary artery obstructions

4.2.1 Angiosarcoma

4.2.2 Other intravascular tumors

4.2.3 Arteritis

4.2.4 Congenital pulmonary arteries stenoses

4.2.5 Parasites |hydatidosis]

5. Pulmonary hypertension with unclear and/or multifactorial
mechanisms

5.1 Haematological disorders: chronic haemolytic anaemia,
myeloproliferative disorders, splenectomy

5.2 Systemic disorders: sarcoidosis, pulmonary histiocytosis,
lymphangioleiomyomatosis, neurofibromatosis

5.3 Metabolic disorders: glycogen storage disease, Gaucher disease,
thyroid disorders

5.4 Others: pulmonary tumeral thrombotic microangiopathy,
fibrosing mediastinitis, chronic renal failure [with/without
dialysis), segmental pulmanary hypertension

PLCH is in group 5 PH

ESC/ERS Guidelines 2015






P u I mon a ry La n g erh a n S c E I I Jérome Le Paver, MD, PhD; Gwenaél Lorillon, MD; Xavier Jais, MD;

Colas Teherakian, MD: Séverine Feuillet, MD; Peter Dorfmiiller, MD, PhD:

H iSti DcytOSi S-Assoc’iatEd P u I m 0 na ry Gérald Simonneau, MD; Marc Humbert, MD, PhD; and Abds llatif Tazi, MD, PhD
Hypertension

Clinical Characteristics and Impact of Pulmonary
Arterial Hypertension Therapies

29 consecutive patients with PLCH and PH confirmed with RHC
were included

83% of patients were in WHO functional class III to IV; interval

between
PLCH and PH diagnosis of 9.2 £+ 9.8 yrs

Mean £ SD 6MWD: 355 m £ 95 m
mPAP: 45 £ 14 mmHg

Use of PAH therapy in 12 patients was followed by an improvement in
mPAP (56 £ 14 mmHg and 45 £ 12 mmHg, p> 0.05) between baseline

and follow-up evaluations

Chest 2012; 142; 1150-1157



Recommendation for PH due to lung diseases

Statement Class# Levelf

I C
I C

The optimal treatment of the underlying lung disease including long-term O2 I C

therapy in patients with chronic hypoxaemia is recommended in patients with PH

due to lung diseases

Patients with “out of proportion” PH due to lung diseases should be enrolled in ITa C

RCTs targeting PAH specific drugs

The use of PAH-specific drug therapy is not recommended in patients with PH due  III C

to lung diseases




Systemic treatments in PLCH

% Corticosteroids
> no convincing data on the improvement of lung function
> even correlated with worth outcome in a retrospective study

Delobbe et al. Eur Respir | 1996 100 -
E
g FEV,
. . kel 75 4
< Vinblastine g
©
> Virtually no effects on lung function S
° p—
g -
S 25
o
&
0
Baseline Post treatment

Tazi et al. Orphanet | Rare Dis 2017



Cladribine in PLCH

2-CDA: purine analogue

Toxic for resting monocytes and lymphocytes

Highly immunosuppressive (prolonged lymphopenia)
Second-line treatment for MS LCH

Several cases reports on cladribine efficacy in PLCH

>

YV V V V V

Aerni et al. Respir Med 2008

Lazor et al. Thorax 2009

Lorillon et al. Am ] Respir Crit Care Med 2012
Grosbost et al. Orphanet | Rare Disease 2014
Epaud et al. Eur Respir | 2015

Nasser et al. ER] Open Res. 2018




Cladribine Is Effective against Cystic Pulmonary
Langerhans Cell Histiocytosis

Ay .

10 cm

Lorillon et al. AJRCCM 2012



Before treatment 6 months after treatment 4 years after treatment

Courtesy A. Tazi



10 cm

Courtesy A. Tazi



Patient 1 Patient 2 Patient 3
PFTs MO M6 M12 M48 MO M6 M21* M48 MO M6 M16 M-48
TLC 6360 6800 7130 7240 6810 7260 7820 5000 4170 4980 4940
% 73 78 83 93 88 93 100 80 67 79 78
vC 3830 4320 4700 4610 3920 3850 3380 3060 2660 3030 3450
% 57 65 7 80 69 68 60 63 55 63 72
RV 2520 2470 2430 2630 2890 3530 4440 1930 1510 1950 1520
% 133 130 126 134 146 181 217 128 100 129 97
FEV, 2520 3090 2940 3000 3790 2700 2470 2180 1840 2300 2550 3030
% 42 53 51 78 56 52 46 46 57 63 78
FEV,/VC 66 72 63 82 67 64 58 73 86 84 88
DL¢o % 22 23 26 24 35 35 35 53 53 45 61

*2 additional courses of cladribine

Courtesy A. Tazi



Evaluation of Efficacy and Tolerance of Cladribine in Symptomatic PLCH
(ECLA study “NCT01473797”)

0‘0

Phase II non-randomized pilot study (n=10); age >16 and < 55 years

< Symptomatic PLCH (NYHA class >2)
> FEV,/FVC<70% and postf2 FEV,=30-70% of predicted
> and/or decrease 215% in FEV;, FVC or DLCO in the year before inclusion
> without respiratory failure or PH

0‘0

Cladribine (Litak®)
> 5 sc consecutive injections (0.1 mg/kg/d)
> 4 monthly cycles
> prolonged infection prophylaxis

X4

Primary outcome : cumulated incidence of response at 6 months
> 210% improvement of FVC
> and/or 210% improvement of post 2 FEV,; and >200ml
> evaluation at M3,6,9,12,18,24....M48

D)




Response to Trametinib of a Pulmonary Langerhans cell
Histiocytosis Harboring a MAP2K1 deletion

cladribine

oy,
AL
o S

"~k .
.
s

HES

CDla

p-ERK1/2

trametinib Lorillon et al. AJRCCM 2018



Summary

Better knowledge of short- and middle-term natural history
Progress:

> patients’ monitoring
» treatment

Smoking cessation essential (difficult)

Need for better knowledge of long term outcome (ongoing)
> identification of robust predictive factors (biomarkers)

Pathogenesis of LCH
> myeloid neoplasia of variable severity with inflammation
> MAPK pathway++
> animal model++
> etiology?

MAPK-targeted treatments (BRAF, MEK inhibitors, combination)
> selected patients progressive refractory disease
> duration? side effects++




Follow-up

m During the first years after the diagnosis a complete
evaluation with PFT and other tests, if clinically
required, every 3-4 month is recommended

m After that an annual follow up for minimum 5 years
is recommended

m The role of repeated CT scan imaging is not clear, and
decisions must be taken by the clinician case by
case

Vassallo R, Harari S, Tazi A Thorax 2017



PLCH and cancer

The diagnosis of lymphoma, multiple myeloma,
adenocarcinoma and othe solid tumors before, after or at the
same time of the PLCH diagnosis has been described.

Due to small numbers of patients described and the
retrospective nature of the studies, a definite conclusion about
the relative risks of different cancers, expecially
myeloprolifertive disorders, cannot be drawn

Cigarette smoking, prior treatment with chemotherapeutic
agents, and chromosomal or genetic abnormalities are factors
that may confer a predisposition to the development of
malignant neoplasm in patients with PLCH

Vassallo R. NEJM 2002
Egeler RM Hematol Oncol Clin North Am 1998



PLCH - Prognosis In an univariate analysis,
variables predictive of shorter

Survival of adults with PLCH survival included

1 - an older age (p=0.003)

- a lower forced expiratory
- I Ovserved volume in one second (FEV1)
20- (p=0.004)

0 T T T

o s & s 12 15 - 3higher residual volume

Years after Diagnosis

g e G mmemengee L RV) (p=0.007) pelobbe 3 ER3 1996

Ex| ectla'-:i-
80- i

604

Survival (%)

Table 5. Factors That Are Associated With Poor
Outcome in Patients With Pulmonary Langerhans Cell
Histiocytosis®

Extremes of age

Prolonged constitutional symptoms
Multiorgan involvement

Extensive cysts, honeycomb changes
Severe decrease in diffusing capacity
Obstructive lung function

Prolonged treatment with steroids

Vassallo, NEJM 2002 Pulmonary hypertension

a Data derived from Vassallo et al.?



Take Home Messages

A careful medical and clinical history assessment must
be performed, with particular attention to ENT, dental,
cardiac, pulmonary, lymphonodal and endocrine system
(complete blood count analysis, serum electrolytes, liver
function studies, and urine osmolality testing).

In selected patients, when extra-pulmonary disease is
suspected because of focal symptoms (bone pain, etc )
or constitutional symptoms (weight loss, fevers, sweats,
extreme fatigue), imaging with a PET scan may provide
evaluation of disease extent (staging) with high
sensitivity.



Take Home Messages

PH should be considered in PLCH patients when a level
of oxygen desaturation higher than expected during
6MWT or CPET is associated to a DLCO decline.

Clinicians should take in consideration the possibility of
the development of malignancies in patients affected by
PLCH. Although a high rate of lymphoma has been
described, an increased incidence of primary lung
cancer (related to smoking history), and various other
types of malignant tumours, has been reported



Back up slides
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Recurrent BRAF mutations in Langerhans cell histiocytosis

Gayane Badalian-Very, 2 Jo-Anne Vergilio,** Barbara A. Degar,5 Laura E. MacConaill,® Barbara Brandner,** Blood 2010
Monica L. Calicchio,* Frank C. Kuo,>'° Azra H. Ligon,>'%!! Kristen E. Stevenson,'? Sarah M. Kehoe,?
Levi A. Garraway,!-22.13 William C. Hahn,1-3.2.13 Matthew Meyerson,'22.13 Mark D. Fleming,** and Barrett J. Rollins!-3
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Brown et al. Blood 2014

Nichols KE and Arceci R] Blood 2010 Chakraborty et al. Blood 2014



Recurrent NRAS mutations in pulmonary
Langerhans cell histiocytosis

Yousem et al. Chest 2013 el BRAEVEOOE = 7 ‘
Chilosi et al. Leuk Lumphoma 2014 m J
Roden et al. Am | Surg Pathol 2014 i

Kamionek et al. Histopathology 2016

Zeng et al. Hematol Oncol 2016 RN R
MBRAF\{WOE
Alayed et al. Human Pathol 2016 = o
| | [
Mourah et al. Eur Respir | 2016 TioasagRieagre
] e

Mourah et al. Eur Respir ] 2016
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TRK: Tyrosine kinase receptor "J%i ~ ) .@\\3\‘.
{® Phosphorylation or phosphorylated ﬁa%‘“ﬂr .‘,{\i{\\\‘ﬁx‘.‘?’
4% Mutations reported in all forms of LCH LT

3¢ Mutations reported only in PLCH

Vassallo R, Harari S, Tazi A. Thorax 2017
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