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SVT, non-cirrhotic splanchnic vein thrombosis
BCS, Budd Chiari syndrome

PVT, non-cirrhotic non-tumoral portal vein thrombosis
PSVD, porto-sinusoidal vascular liver disorder

IPH, idiopathic non-cirrhotic portal hypertension
PH, portal hypertension

SMV, superior mesenteric vein

SV, splenic vein

HE, hepatic encephalopathy

TIPS, transjugular intrahepatic portosystemic shunt
MPNs, Myeloproliferative neoplasms

JAK2, Janus kinase 2

CALR, Calreticulin

MPL, Thrombopoietin Gene

NGS, Next generation sequencing

VAF, Variant allele frequency

HMR, High molecular risk

VUS, Variant of unknown significance

Auto-Ab, serum auto-antibodies

ANA, Antinuclear antibodies

anti-SMA, anti-smooth muscle antibodies
HLA-DR, Human Leukocyte Antigen — DR molecule
EC, endothelial cells

AECA, anti-endothelial cell antibodies

SEC, sinusoidal endothelial cells



TESIS EN FORMATO DE COMPENDIO DE ARTICULOS

La presente tesis consta de tres objetivos y tres articulos articulos:

1)

2)

3)

Magaz M, Alvarez-Larran A, Colomer D, Lédpez-Guerra M, Garcia-Criado MA, Mezzano G,
Belmonte E, Olivas P, Soy G, Cervantes F, Darnell A, Ferrusquia-Acosta J, Baiges A, Turon
F, Herndndez-Gea V, Garcia-Pagdn JC. Next-generation sequencing in the diagnosis of
non-cirrhotic splanchnic vein thrombosis. J Hepatol. 2021 Jan;74(1):89-95. doi:
10.1016/j.jhep.2020.06.045. Epub 2020 Jul 15. PMID: 32679300. IF: 20.582
(Hepatologia). D1.

Alvarez-Larran A, Pereira A, Magaz M, Herndndez-Boluda JC, Garrote M, Cuevas B,
Ferrer-Marin F, Gdmez-Casares MT, Garcia-Gutiérrez V, Mata-Vazquez Ml, Turon F,
Hernandez-Gea V, Arellano-Rodrigo E, Cervantes F, Garcia-Pagan JC; GEMFIN and
REHEVASC groups. Natural history of polycythemia vera and essential thrombocythemia
presenting with splanchnic vein thrombosis. Ann Hematol. 2020 Apr;99(4):791-798. doi:
10.1007/s00277-020-03965-z. Epub 2020 Feb 22. PMID: 32086587. IF: 3.541
(Hematologia) Q1.

Cerda Reyes E*, Gonzalez-Navarro EA*, Magaz M*, Mufioz-Sanchez G, Diaz A, Silva-
Junior G, Triguero A, Lafoz E, Camprecids G, Orts L, Perez-Campuzano V, Seijo S, Rubio
L, Turon F, Baiges A, Herndndez-Gea V, Alvarez-Larran A, Juan M, Garcia-Pagan JC.
Autoimmune biomarkers in porto-sinusoidal vascular disease: Potential role in its
diagnosis and pathophysiology. Liver Int. 2021 Sep;41(9):2171-2178. doi:
10.1111/liv.14997. Epub 2021 Jul 11. PMID: 34173316. IF: 4.50 (Hepatologia) Q1.
*Share first co-authorship



Resumen en castellano

Las enfermedades conocidas como minoritarias o raras son aquellas que afectan a una
proporcién muy baja de la poblacidén, en concreto a 5 personas de cada 10.000 habitantes.
Aungue el nimero de personas afectadas por estas enfermedades es bajo, globalmente afectan
a una proporcién no despreciable de la poblacidon. Ademas, estos pacientes se encuentran en
una situacién de desventaja ya que, habitualmente, en sus centros de referencia es poco
probable que se dispongan de los medios y conocimientos dptimos para diagnosticar y tratar
enfermedades tan especificas y poco frecuentes como éstas. Ello ligado a la dificultad afiadida
que representa progresar en las técnicas diagndsticas y terapéuticas de estas enfermedades
debido a que en el nimero de pacientes que pueden concentrar los distintos centros
hospitalarios a nivel individual siempre serd muy bajo. En este contexto, establecer centros de
referencia para cada enfermedad minoritaria en los que se acumule su manejo es esencial para
progresar en estas areas. La colaboracion entre los distintos centros hospitalarios para la
realizacion de estudios multicéntricos que permitan reunir un nimero relevante de pacientes
con caracteristicas similares es fundamental para poder lograr una mejora en el conocimiento
en la historia natural, las técnicas diagndsticas y diferentes estrategias terapéuticas de estas

enfermedades minoritarias.

Esta tesis se centra por tanto en las enfermedades vasculares hepaticas y, particularmente, en

las trombosis esplacnicas y la enfermedad vascular porto-sinusoidal:

Las neoplasias mieloproliferativas (MPN) son la causa mds frecuente de las trombosis
esplacnicas no cirréticas y no tumorales (SVT). El diagnéstico de las MPN se basa en las
alteraciones del recuento celular sanguineo, la histologia de las biopsias de médula éseay en la
deteccion de mutaciones genéticas especificas (habitualmente las mutaciones clasicas JAK2 (gen
de la quinasa 2 de Janus), tanto la mas comun JAK2V617F o JAK2 en exén 12, el gen de la

calreticulina (CALR) y las mutaciones del gen de la trombopoyetina (MPL).

La secuenciacién mediante NGS, de sus siglas en inglés “Next generation sequencing”, permite
la evaluacion simultdnea de multiples genes implicados en la patologia clonal mieloide. El
objetivo de nuestro primer estudio consistio en evaluar el papel potencial de NGS en elucidar la

etiologia en pacientes con trombosis venosas espldcnicas no cirrdticas.

Se incluyeron un total de muestras de ADN de 80 pacientes (75 con trombosis esplacnicas no
cirroticas idiopaticas o con un factor exclusivamente local [Idiop / loc-SVT] y 5 pacientes con una

MPN ya conocidas y SVT (SVT-MPN) pero que habian resultado negativos para las tres



mutaciones clasicas (tanto para JAK2 [V617F y exdn 12], (CALR) y (MPL) mediante las técnicas

convencionales.

Las mutaciones implicadas en trastornos mieloides diferentes de los genes JAK2, CALR y MPL se

clasificaron como variantes de alto riesgo molecular (HMR) o variantes de significado incierto.

En 2 de los 5 pacientes triple negativos (40%), que tenian una trombosis esplacnica asociada a
una neoplasia mieloproliferativa (que habia sido diagnosticada mediante criterios clinicos e
histolégicos mediante biopsia de médula dsea) se detectd una mutacion en el exon 12 de JAK2.
La mutacién JAK2-exdn 12 fue también identificada en un paciente entre los 75 pacientes con

Idiop /loc-SVT.

Es mas, 28/74 (37,8%) de los restantes pacientes con Idiop / loc-SVT tenian al menos 1 Variante
HMR. Sesenta y dos de los pacientes con Idiop / loc-SVT no recibian anticoagulacidn a largo plazo
y 5 de ellos (8,1%) habian presentado retrombosis esplacnica. Esta incidencia acumulada fue
significativamente mayor en pacientes en los que se detectaron variantes HMR que en aquellos

gue no las tenian.

Por tanto, NGS fue capaz de identificar mutaciones de JAK2-exén12 que no se habian detectado
previamente mediante técnicas convencionales. Ademds, NGS detectd variantes de HMR en
aproximadamente un tercio de los pacientes con Idiop / loc-SVT. Asimismo, estudios recientes
han demostrado que la presencia de HMR puede tener capacidad prondstica. En nuestra corte
se observd que aquellos pacientes con HMR parecen tener un mayor riesgo de retrombosis
esplacnica. Por todo ello, en un futuro NGS podria convertirse en una herramienta diagndstica

atil en las trombosis esplacnicas no cirréticas.

Por otra parte, los pacientes con neoplasias mieloproliferativas, concretamente, los pacientes
con policitemia vera (PV) o trombocitemia esencial (ET) que presentan una trombosis espldcnica
en el debut podria tener un perfil clinico-biolégico diferente de aquellos pacientes que debutan
sin trombosis espldcnica. Para investigar esta hipdtesis, se revisaron 3705 pacientes con PV/ET
procedentes de tres registros nacionales, de los que solamente 118 presentaban una trombosis
esplacnica. Después de la correccion por edad y sexo, los pacientes con PV/ET con trombosis
esplacnica al debut mostraron un aumento del riesgo de muerte (HR 2,47; IC del 95%: 1,5 a 4,01,
p <0,001), trombosis venosa (TIR 3,4; IC del 95%: 2,1 a 5,5, p <0,001), mayor riesgo de
hemorragia (TIR 3,6; IC del 95%: 2,3-5,5, p <0,001) y de una segunda neoplasia (TIR 2,37; IC del

95%: 1,4-4,1, p=0,002), respecto a aquellos pacientes sin trombosis esplacnica al debut.
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No se documentd ningun caso de leucemia en estos pacientes con PV / ET que presentaban
trombosis esplacnica y siete de ellos (6%) progresaron a mielofibrosis. La trombosis esplacnica
no se asocié con un menor riesgo de mielofibrosis después de la correccidn por edad y sexo. Los
pacientes con trombosis esplacnica murieron con mayor frecuencia por complicaciones
relacionadas con enfermedad hepatica, hemorragia mayor o un segundo cancer, lo que resulta

en una reduccién de 5 afios de la mediana de supervivencia ajustada por edad y sexo.

Se podria extraer como conclusiéon que aquellos pacientes con PV y ET que presentan una
trombosis esplacnica al debut presentan una supervivencia mas corta que los pacientes con PV
y ET de la misma edad y sexo sin trombosis asociada. Este exceso de mortalidad parece estar
relacionado con la enfermedad hepdtica, riesgo de hemorragias grave y la mayor aparicién de

una segunda neoplasia, mas que con la evolucidn natural de la MPN.

Por otra parte, la enfermedad vascular porto-sinusoidal (PSVD) es una enfermedad rara que
requiere excluir la cirrosis y otras causas de hipertension portal para poder realizar su
diagndstico, ya que carece de una prueba diagndstica especifica. Y aunque si bien
ocasionalmente se ha asociado con enfermedades autoinmunes, se desconoce la fisiopatologia

real de la PSVD.

El objetivo del tercero de nuestros estudios consistid en evaluar el potencial papel de la
autoinmunidad en la fisiopatologia y el diagndstico de la PSVD. Se incluyeron un total de treinta
y siete pacientes consecutivos con PSVD y 39 con cirrosis emparejados por sexo, signos de
hipertension portal y funcion hepatica (training set). Mediante el uso de inmunofluorescencia
indirecta, ELISA y slot-blot, se identificaron 22 anticuerpos en pacientes con PSVD vy cirrosis. La
presencia de anticuerpos anti-células endoteliales (AECA) fue analizada por un cell-based ELISA.
Se incluyeron 31 pacientes con PSVD, 40 pacientes con cirrosis, 15 pacientes con esplenomegalia
asociada con enfermedad hematoldgica y 14 donantes sanos se incluyeron en la cohorte de

validacion.

La proporcion de pacientes con al menos un anticuerpo positivo fue significativamente mayor
en pacientes con PSVD en comparacion con los pacientes con cirrosis (92% vs 56%; P <0,01). Los
AECA fueron significativamente mas frecuentes en la PSVD que en la cirrosis (38% frente a 15%;
p = 0,013). Los resultados se confirmaron en el set de validacién. La presencia de AECA tuvo un
valor predictivo positivo del 63% para el diagndstico PSVD y un valor predictivo negativo del
71%, con una especificidad del 94% cuando los titulos de 1/16 fueron utilizados como valor de
corte. Nuestros hallazgos sugieren que la determinacion de AECA puede ser una herramienta

adicional para facilitar el diagndstico de PSVD. Ademas, nuestro estudio proporciona evidencia
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que apoyaria la contribucién de la autoinmunidad humoral en un subgrupo de pacientes con

PSVD.
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l. Introduction

.1 Rare liver diseases

Rare diseases are diseases that affect less than 1 in 2000 inhabitants, declared as less than
5/10000 inhabitants. It is estimated that there are about 6000-8000 different rare diseases that
globally affect around 10% of population. The estimated number of people affected by such
conditions is 30 million in Europe and around 3 million in Spain (1), then although the number
of affected people by each disease may be low, they globally involve a non-despicable
proportion of the population. It is remarkable that initial misdiagnosis and/or delay in diagnosis
frequently difficult the management of these diseases. Some rare diseases are due to genetic
disorders and they usually manifest early in life and are commonly seen in paediatric and young
population(2), others have a multifactorial origin, however in most of the rare diseases the

etiological mechanisms are still unknown.

Additionally, rare diseases face a disadvantage due to the lack of experience in qualified centres
and limited understanding of the disease. Given the low frequency and diversity of these
entities, it is very difficult to study them and gather enough knowledge to make a significant
advance in their management and treatment, which can cause difficulties in the collection of

clinical data that limit the discovery of new diagnostic tools as their natural history.

Other challenge of rare diseases is to avoid selection and reporting bias, the research needs to
be multicentric and international to guarantee enough information and to generate quality data.
The effort in recent years to improve and create advances in rare diseases has led to the creation
of rare disease networks such as the European Reference Networks (ERN) that are virtual
networks involving healthcare providers across Europe. Their aim is to tackle complex or rare
diseases and conditions that require highly specialised treatment and a concentration of
knowledge and resources. ERN focus on the need to establish reference centres for the diagnosis
and management of rare diseases and establish multicentric databases that could accumulate
experience in these conditions. In fact, there is one ERN dedicated of rare liver diseases
centralized in the management of rare liver disease both in children and in adults. The Hospital
Clinic is one ERN in rare liver diseases in Europe, fully dedicated to the management of patients
with vascular liver disorders (VLD), that is helping to advance in their knowledge. In particular,
in the context of hepatic diseases, RARE-Liver ERN has divided rare liver diseases into three main

groups: metabolic diseases, autoimmune diseases, and vascular liver diseases. Vascular liver
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diseases involve several disorders of the hepatic vasculature among which are congenital

vascular malformations, sinusoidal obstruction syndrome,etc...(3).

The most common VLD are splanchnic vein thrombosis (SVT), that include Budd Chiari syndrome
(BCS) and non-cirrhotic non-tumoral portal vein thrombosis (PVT) and porto-sinusoidal vascular

liver disorder (PSVD), previously named as idiopathic non-cirrhotic portal hypertension (IPH)(3).

It is worth highlighting, that PVT in the setting of cirrhosis is not considered a rare disease and it

is not in the scope of this thesis, since it has a different underlying pathophysiology.

Many of these VLDs could cause non-cirrhotic portal hypertension (PH). Particularly, BCS and
PVT are mainly caused by prothrombotic conditions and could develop PH related complications
such as variceal bleeding or ascites among others. On the other hand, PSVD includes a variety of
histological alterations (obliterative portal venopathy, nodular regenerative hyperplasia or
incomplete septal fibrosis) that either could develop or not PH (4,5). Prognosis mainly depends
on PH development, being indeed the appearance of gastroesophageal varices and ascites a
milestone in their natural history (6,7). This fact is relevant because usually they are young
patients with an otherwise normal life expectancy that could be markedly reduced if not
adequately treated. Hence the importance of expanding knowledge in their pathophysiology,

natural history, diagnostic tools and potential treatments (3).

BCS and PVT are mainly caused by prothrombotic conditions and could develop portal
hypertension related complications such as variceal bleeding or ascites among others. On the
other hand, PSVD includes a variety of histological alterations (obliterative portal venopathy,
nodular regenerative hyperplasia or incomplete septal fibrosis) that could develop or not portal

hypertension (4,5).

This thesis will focus on two VLD: non-tumoral noncirrhotic SVT and porto-sinusoidal vascular

liver disorder.

1.2 Splanchnic vein thrombosis in patients without underlying liver disease

Non cirrhotic splanchnic vein thrombosis (SVT) comprises as previously mentioned: PVT, BCS,
superior mesenteric vein (SMV) and splenic vein (SV) thrombosis. Clinical consequences of SVT
can be different depending on the affected territory, i.e. gastric varices may be developed more

frequently after SV thrombosis or mesenteric ischemia after SMV (8). Nevertheless, the ultimate

14



consequence of splanchnic thromboses, if venous recanalization is not achieved, is the

development of PH, which is common to all localizations.

1.2.1 Non-cirrhotic non-tumoral portal vein thrombosis

PVT is defined by the presence of a thrombus within the main portal vein trunk and/or in the
intrahepatic portal branches. Sometimes, PVT can extend towards the SMV or the SV. When PVT
is acute, it can manifest as abdominal pain and a systemic inflammatory response, although it is
not uncommon that it causes only mild non-specific symptoms, making it difficult to recognize
clinically. Indeed, in many patients PVT is initially asymptomatic and patients are diagnosed
when they have already developed chronic PVT/portal cavernoma with PH manifestations. In

fact, if the acute PVT is not recanalized, it may develop chronic PVT.

Regarding the etiology, in more than 40-50% of cases there is an underlying systemic acquired
or hereditary prothrombotic disorder, in 20-30% there is a local infectious/inflammatory process
while in the remaining 20-30% of cases, despite an exhaustive study, no underlying cause is

found and they are considered as idiopathic.

It should be noted that the early identification and treatment of the underlying causes of PVT
may have great influence in the outcome, hence, etiological work-up is a key pillar of the initial
management of PVT. As a matter of example, diagnosis and adequate treatment of MPN have
been shown to improve prognosis of patients with SVT. Additionally, early identification of an
acute PVT, allowing the rapid initiation of anticoagulation, influences the probability of
recanalization and therefore is usually associated with a better outcome. The duration of
anticoagulation is not well established, although it seems that the probability of recanalization
markedly decreases after 6 months of anticoagulation and is almost null after 12 months(9).
Therefore, the current recommendation is, with the aim of achieving recanalization, to maintain
anticoagulant therapy for at least six but preferentially 12 months. However, currently indefinite
anticoagulation to prevent splanchnic rethrombosis or extrahepatic thrombosis is prescribed in
those patients with a permanent underlying prothrombotic state, previous thrombotic events
in other territories or recurrence of thrombosis when anticoagulation is stopped(10). Other
situation in which it is currently recommended the use of indefinite anticoagulation is acute
thrombosis when associated with severe mesenteric ischemia. However, recent data suggest
that there are other subgroups of patients, different from the ones previously described that
may benefit from long-term anticoagulation(11). Indeed, the risk of rethrombosis, although

lower, is also present in patients without a recognized prothrombotic disorder and may justify
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long-term anticoagulation could also be considered in patients without underlying
prothrombotic state. However, we still do not know the real risk/benefit of prescribing
anticoagulation these patients and further studies identifying predicting factors for

rethrombosis are needed (12).

Once chronic PVT has developed, around 70.8% already have gastroesophageal varices at
diagnosis (13). Of those without varices at diagnosis, this study showed that the probability of
developing oesophageal and gastric varices requiring primary prophylaxis is 13%, 40% and 50%
at 1, 3 and 5 years, respectively (13) and, as in cirrhosis, the risk of variceal bleeding is higher in
large varices with red signs (14,15). Although other PH complications, such as ascites, hepatic
encephalopathy (HE) and bacterial infections can occur, they are less frequent in chronic PVT

than in cirrhosis(16).

1.2.2 Budd Chiari Syndrome

The thrombosis of the hepatic veins is known as Budd Chiari Syndrome (BCS), the obstruction
can be located from the small hepatic venules to the entrance of the inferior vena cava and even
in the right atrium (16). BCS can present clinically from asymptomatic to fulminant liver failure
in 5% of cases due to sinusoidal congestion and secondary ischemia(17), being the most frequent
clinical manifestation ascites (83% of patients) followed by hepatomegaly (67%), abdominal pain
(60%), development of oesophageal varices (58%) and/or acute variceal bleeding (5%)(18). The
heterogeneous range of manifestations probably correlates with the extent and the speed of
establishment of thrombosis (16). Partial and/or slow progression of thrombosis could be
compensated by the development of collaterals that would decompress the portal venous
system, while in cases where the onset of thrombosis is rapid, acute liver failure or even death

could occur (19).

The BCS therapeutic algorithm is based on a stepwise strategy(20), from the least invasive
approach, including the treatment of a potential underlying disease together with long-term
anticoagulation, to the most invasive (21), including transjugular intrahepatic portosystemic
shunt (TIPS) or liver transplant if TIPS fails or in some cases of fulminant BCS. (21,22). Due to the
potential severity of BCS and of a possible rethrombosis, patients with BCS should receive long-
term anticoagulation although no thrombophilia risk factor could be identified (23). In addition,
it is very important to initiate treatments to prevent PH—related complications and closely

monitorization.
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1.3. Porto-sinusoidal vascular liver disorder

Porto-sinusoidal vascular liver disorder (PSVD) (traditionally known as idiopathic portal
hypertension) (24) is a rare entity, characterised by the absence of cirrhosis and the presence of
histological alterations suggestive of this disease, with or without PH, and possibly within a
clinical scenario of haematological, prothrombotic or autoimmune disease(24). Despite its
rarity, recent advances in their study have conditioned a greater recognition of this disorder.
Although the pathophysiology of PSVD remains largely unknown, this entity is frequently
associated with underlying immunological, haematological, prothrombotic, toxic or genetic
disorders (6,7). Laboratory test of patients with PSVD usually show a preserved liver function
and a decreased in red blood cells, leukocytes and platelets counts secondary to the presence
of splenomegaly, which makes PSVD’s diagnosis more difficult. Furthermore, PSVD does not
have a specific diagnostic test and its diagnosis requires the exclusion of cirrhosis and of other
causes of PH such as SVT among others. It is therefore an unmet need to find easy-to-use

diagnostic tools such as blood markers to facilitate its diagnosis.

1.4 Vascular liver disorders diagnostic workout

The main big challenges in the VLDs field are the understanding of their pathophysiology and

diagnosis of patients at early stages of the disease.

As previously mentioned, it is of special relevance to determine the underlying prothrombotic
condition in patients with splanchnic vein thrombosis. Regardless of the availability of better
recent diagnostic tools, in about 30% of cases it is not possible to identify the thrombosis
etiology and these patients are still classified as idiopathic. However, the fact that we are not
able to identify a prothrombotic condition does not necessarily mean that it does not exist, but

that our current diagnostic tools could not be able to recognize them.

Regarding systemic conditions, myeloproliferative neoplasms (MPNs) are the most common
etiological cause of non-cirrhotic PVT and BCS, being detected in 25-35% and 40-50% of
patients, respectively (25,26). MPNs are chronic clonal hematopoietic stem cell disorders
characterized by an overproduction of erythrocytes, granulocytes, and/or platelets. MPNs are
the most common aetiological cause of non-cirrhotic PVT and BCS, being detected in 25-35%
and 40-50% of patients, respectively (26). The diagnosis of MPNs was greatly facilitated by the
discovery of the Janus kinase 2 (JAK2) V617F mutation (27,28), that is detected in in 90-95% of

Polycythaemia Vera patients (29) and 60% of Essential Thrombocythemia patients and found in
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45% of those with BCS and in 34% of those with PVT. This is of special relevance in patients with
SVT, in whom the presence of PH by causing hypersplenism and volume expansion can mask the

classical haematological findings of the MPN, challenging its diagnosis.

Subsequently, in 2014 a study by Turon et al. including 209 patients with SVT and a complete
etiological diagnostic work-out in whom Calreticulin (CALR) mutations were screened, showed
that 4 of the 209 patients (1.9%), previously considered to have idiopathic SVT, had CALR

mutations identifying therefore a small additional number of patients with an underlying MPN.

As a result, in patients with SVT it is recommended to first evaluate possible mutations in the

JAK2 gen and, if negative, CALR mutations should also be investigated.

Despite these advances, there are still patients with underlying MPN who remain undiagnosed
and therefore not adequately treated with the underlying increased high risk of arterial and
venous thrombotic events (30) among other complications. The knowledge that there are still
patients with MPN that remain undiagnosed prompt physicians to request a high number of
bone marrow biopsies to diagnose/discard an unrecognized MPN. This invasive procedure could

be avoided by increasing our capacity to molecularly discard the presence of a MPN.

The most frequent local factors in patients with PVT (much less rare in patients with BCS) are
intra-abdominal infectious processes or intra-abdominal surgeries. Abdominal inflammation or
infection constitutes approximately 30% of cases, as activation of coagulation is a relevant
response in the host’s defense against infections as it prevents the spreading of microorganisms

(16). In paediatric age, umbilical catheterization is the most frequent local factor(31).

SVT is usually the result of multiple risk factors, interestingly the concurrence of two or more
prothrombotic factors is found in up to 10% of patients with PVT and 45% in patients with
BCS(32). Likewise, an underlying prothrombotic factor can be found in up to 35% of cases that
also present a local factor. Therefore, the finding of a single prothrombotic risk factor does not
exclude the presence of other factors, whether local or systemic, and all patients should undergo

an exhaustive etiological study.

On the other hand, PVSD does not have a specific diagnostic test, the lack of a positive test, or
specific biomarkers makes that its diagnosis challenging. In early stages of the disease, still
without or with mild manifestations of PH, the clinical scenario may be even difficult to
differentiate from a patient with a healthy liver. That is why it is important to increase the

awareness of PSVD, in order to avoid the misdiagnosis or a markedly delayed diagnosis.
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This promotes frequent inadequate treatments, excess of complementary (some invasive) tests
and/or inadequate use of screening tools. Also, it entails an increased health cost and reduction
in patient’s quality of life. The improvement in diagnostic tools for PSVD would allow reducing
unnecessary complementary explorations (reducing costs and discomfort for patients) and

shortening the time required for the diagnosis and reducing misdiagnosis.

Il. Justification, Hypothesis and Objectives

11.1 Justification and Hypothesis

The low prevalence of rare vascular liver disorders makes difficult the advance in their
knowledge and there are several unmet areas (natural history, etiology, diagnostic strategies
and therapeutic approaches) that deserve further research. Performing multicentre
collaborative studies is crucial for a better understanding of these entities and to be able to

collect a greater amount of data.

Study 1:

Previous studies have evaluated different risk factors that could be involved in the development
of the SVT, however some patients are still considered as idiopathic and might have a
misdiagnosed MPN (which is the most common cause) not detected with the current standard

molecular techniques.

In this setting, if the MPN that requires long-life anticoagulation and cytoreductive treatment, is
not detected the patients could have a misdiagnosed MPN and otherwise the risk of
rethrombosis in the splanchnic territory and also in other vascular territories would be high.
Therefore, it is important to accurately diagnose this type of patients because it allows a correct
risk stratification and a proper management approach, and in this way to be able to make the
decision with greater security of prescribing chronic treatment and monitoring by expert

haematology service.

The hypothesis of our first study was to consider whether next generation sequencing (NGS)

could be capable of detecting MPN not detected by conventional methods.

Study 2:
In the field of the MPN with splanchnic vein thromboses, the knowledge on the natural history

and outcome of these patients has not been well studied. SVT is the initial presentation in only
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a minority of MPN (27,33), then the rarity of SVT as a form of presentation of the MPNs and the
prolonged clinical course of these patients has made it difficult to establish the natural history

of the disease in such cases.

Therefore, since knowledge on the natural history and outcome of patients with both diseases
is scarce we hypothesized that collecting a large amount of patients from different reference
centres with SVT and MPN would enable a better understanding of the natural history of these

conditions.

Study 3:
In the PSVD field, there is a need to better understand its pathophysiology and discover
diagnostic tests to investigate the diagnostic implements that facilitate their diagnosis in clinical

practice.

Its challenge detection may delay the diagnosis and despite the pathophysiology remains
unknown immunological disorders have been suggested as etiological factors (34). Additionally,
PSVD has been frequently associated with celiac disease, autoimmune disorders such as
systemic lupus erythematous, systemic sclerosis, chronic thyroiditis, Raynaud’s phenomenon
and scleroderma among other conditions, supporting the immunological involvement in the

pathogenesis of the disease (35,36).

Also, several studies have shown the presence of different serum auto-antibodies (auto-Ab),
such as antinuclear (ANA), or anti-smooth muscle antibodies (anti-SMA), in patients with PSVD.
In addition, increased expression of Human Leukocyte Antigen — DR molecule (HLA-DR) in the
endothelial cells (EC) of the smaller portal venous radicles, as well as a higher number of T
helper-1 cells in peripheral and spleen lymphocytes has been found (37). Similarly, a

pathophysiological role for anti-endothelial cell antibodies (AECA) has been suggested (38-40).

We hypothesize that they could promote endothelial-mesenchymal transition in the EC of the
small portal veins promoting portal vein stenosis and collagen deposition in peripheral portal
tracts(39). These findings could suggest a potential pathophysiological role of immunological

alterations in the pathophysiology of PSVD.
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11.2 Aims

Improving the current knowledge in rare liver disorders with the aim of enhancing the diagnostic
capacity and therapeutic management of these disorders. Promoting a homogeneous approach
among different centres, which will subsequently impact on the patients’ life expectancy and
quality of life. Simultaneously, we also aim at increasing awareness of rare liver disorders to
further promote the creation of international research networks that facilitate the unbiased

study of these disorders.
To develop these points, we have designed three studies with different specific objectives:

1) The aim of the present study was to evaluate the potential role of Next-generation
sequencing in the diagnosis of splanchnic vein thrombosis.

2) The aim of the present study was to characterize the natural history of polycythemia
vera and essential thrombocythemia patients presenting with splanchnic vein
thrombosis.

3) The main aim of the study was to characterize the humoral autoimmune profile in
patients with portosinusoidal vascular disorder, evaluating its potential role in its
pathophysiology. The secondary aim was to assess the potential value of serum
autoantibodies in the diagnosis of the disease.
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lll. Results

1.1 Study 1

Next-generation sequencing in the diagnosis of non-cirrhotic splanchnic vein thrombosis.

Marta Magaz, Alberto Alvarez-Larrdn, Dolors Colomer, Ménica Lépez-Guerra, M Angeles
Garcia-Criado, Gabriel  Mezzano, Ernest  Belmonte, Pol  Olivas, Guillem  Soy, Francisco
Cervantes, Anna  Darnell, José  Ferrusquia-Acosta, Anna  Baiges, Fanny  Turon, Virginia

Hernandez-Gea, Juan Carlos Garcia-Pagan.

J Hepatol. 2020, doi: 10.1016/j.jhep.2020.06.045. IF: 20.582
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Highlights

* NGS allows the simultaneous evaluation of multiple genes asso-
ciated with myeloproliferative neoplasms, even at low mutational
levels.

* NGS could identify JAK2-exon12 mutations not previously detec-
ted by the conventional techniques.

* NGS also identified high-molecular-risk HMR variants associated
with clonal haematopoiesis.

* Patients with idiopathic/local factor NC-SVT harbouring HRM
variants seem to be at a higher risk of recurrent splanchnic
thrombaosis.
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Lay summary

Next-generation sequencing (NGS)
performs massive sequencing of DNA
allowing the simultaneous evaluation
of multiple genes even at very low
mutational levels. Application of this
technique in a cohort of patients with
non-cirrhotic non-tumoral portal vein
thrombasis (NC-SVT) and a negative
study for thrombophilic disorders was
able to identify patients with a muta-
tion in exon 12 not previously detec-
ted by conventional techniques.
Moreover, NGS detected High Molec-
ular Risk (HMR)-variants (Mutations
involved in myeloid disorders
different from JAK2, CALR and MPL
genes) in approximately one third of
patients. These patients appear to be
at increased risk of rethrombosis. All
these findings supports NGS as a po-
tential useful tool in the management
of NC-SVT.
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Background & Aims: Myeloproliferative neoplasms [MPNs) are
the most frequent cause of non-tumoural non-cirhotic
splanchnic vein thrombosis (NC-5VT)L. Diagnosis of MPHN is based
on blood cell count alterations, bone marrow histology,
and detection of specific gene mutations. Next-generation
sequencing [NGE) allows the simultaneous evaluation of multi-
ple genes implicated in myeloid clonal pathology. The aim of this
study was to evaluate the potential role of NGS in elucidating the
aeticlogy of MC-SVT.

Methods: DMA samples from 80 patienis (75 with idiopathic or
exclusively local factor [Idiop/loc-MC-5VT] and 5 with MFPN and
MC-SVT [SVT-MPN] negative for Janus kinase 2 gene [AK2)
[VBIFF and exon 12), calreticulin gene |CALR], and thrombo-
poietin gene |[MPL] mutations by classic techniques) were ana-
Iysed by NGS. Mutations involved in myeloid disorders different
from JAKZ, CAIR, and MPL genes were categorised as high-
molecular-risk  (HMR) wariants or wvariants of unknown
significance.

Resulis: In 2[5 triple-negative SVT-MPN cases [40%), a mutation
in exon 12 of AK2? was identified. [AK?-exon 12 mutation was
also identified in 175 patients with ldiop|loc-MC-5VT. Moreower,
28774 (378%) of the remaining Idiop/loc-NC-SVT had at least 1
HMR variant. Sixty-two patients with ldiop/loc-MC-5VT were not
receiving long-term anticoagulation and 5 of them (8.1%) had
recurrent NC-5VT. This cumulative incidence was significantly
higher in patients with HMRE variants than in those without.
Conclusions: MCS identified [AK2-exonl? mutations not previ-
ously detected by conventional technigues. In addition, NGS5
detected HMR variants in approximately one-third of patents
with ldiop/loc-NC-5VT. These patients seem to have a higher risk

Ezyaords: NGS [next-gensration sequencingt Mon-corhotic  splanchaee wein
thromibcsis; Portal vein thrombocis Bodd-Chiarl syndrome; Mysloproliderative
neoplasmed.
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of splanchnic rethrombosis. MGS might be a useful diagnostic
toal in NC-5VT.

Lay summary: Mext-generation seguencing [NGS) performs
massive sequencing of DMA allowing the simultaneous evalua-
tion of multiple genes even at wery low mutational lewels
Application of this technique in a cohort of patients with non-
cirrhotic non-tumoral portal vein thrombosis (NC-5VT) and a
negative study for thrombophilic disorders was able to identify
patients with a mutation in exon 12 not previously detected by
conveniional technigues. Moreover, MGS detected High Maolec-
ular Risk (HMR}-variants (Mutations involved in myeloid disor-
ders different from [AK2, CALR and MPL genes) in approximately
one third of patients. These patients appear to be at increased
risk of rethrombosis. All these findings supports MGS as a po-
tential useful tool in the management of NC-5WT.

© 2020 European Assocanon for the Study of the Liver. Published by
Elsewier BV, All rights reserved.

Introduction
Mon-tumoural non-cirrhotic splanchnic wein thrombosis [MC-
SWT) includes Budd-Chiari syndrome (BCS) and non-tumoural
non-cirrhotic portal vein thrombosis (MC-PVYT); both are rare
disorders with high morbi-mortality. BCS usually affects young
patients, whereas MC-FVT usually affects middle-aged persons,
and both reduce life expectancy.’ In recent years, their prognosis
has significantly improved, as a result in part of an earlier diag-
nosis and a better management of the underlying prothrombaotic
disorder.” The main aetiological factors for both BCS and NC-PVT
are myeloproliferative neoplasms [MPHs). MPNs are clonal al-
terations of haematopoietic stem cells, characterised by an
overproduction of functional and mature granulocytes, red blood
cells, and/or platelets. The increases in platelet aggregation and)
or thrombin generation associated with MPMs are precipitating
causes of thrombaotic events. ™ Therefore, the reason why MPNs
should be actively sought is because these disorders confer a
high risk of thrombosis recurrence and a potential risk of pro-
gression to myelofibrosis or even leukaemia.™

Mowadays, diagnosis of MPN relies on the alterations of the
blood count, bone marrow histology, and 'or the detection of the
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classic haematological mutations in Janus kinase 2 gene (JAKZ),
calreticulin gene (CALR), and thrombopoietin gene [MPLL™'
However, patients with NC-SVT usually present hypersplenism
and harmodilution caused by portal hypertension that masks the
classical diagnostic findings in penpheral blood, which increases
the difficulty of diagnosing MPN.

To date, JAK2VBIFF is the most frequent mutation found in
patients with NC-SVT."' Screening of the other classical muta-
tions at exon 12 of JAKZ, exon 10 of MPL, or exon 9 of CALR may
increase the number of patients with NC-5VT diagnosed with
MPHESE Indeed, CALR mutation was found in up to 1.5% of
patients previously considered to have idiopathic NC-5VT, iden-
tifying a small additional number of patients with an underlying
MPN."*" However, in a large cohort of 241 patients with NC-SVT,
mutations at JAKZ exon 12 or at exon 10 of MPL were not
detected, '

In fact, despite a comprehensive prothrombotic diagnostic
study, in more than 30% of patients with NC-5WT the study is
negative and 15 considered as idiopathic NC-SVT' In addition,
lacal factors (inflammation, surgery, etc.) have been described as
predisposing factors of NC-5VT, although in the available series
up to one-third of the patients have a concomitant pro-
thrombotic disorder. Whether local factor itself can provoke NC-
SWT or act as a trigger of an underlying disease is still a matter of
debate. Altogether, the presence of a local factor does not exclude
the presence of other thrombophilic disorders, and a complete
evaluation of all known aetiological factors should always be
performed 57

Current clinical practice guidelines do recommend indefinite
anticoagulation only when an underlying prothrombotic disor-
der is identified.'® Therefore, clinicians should be aware of the
possible presence of occult forms of MPN with the objective to
inmitiate anticoagulation aimed to prevent recurrent phenomena
of splanchnic thrombosis as well as thrombosis in other terri-
tories [both venous and arterial).”

Traditional techniques, employed to detect the dassic hae-
matological mutations, such as Sanger sequencing, can only
analyse a single DMNA fragment at a time. Next-generation
sequencing (NGS) has the advantage of performing massive
sequencing of DMA (being able to simultaneously test millions of
fragments per run) with high sensitivity detecting gene muta-
thons even at very low mutational loads “**' In addition to the 3
classical mutations, NGS may detect other genes that have been
currently grouped by the term “CHIP' (clonal haematopoiesis of
indeterminate potential) and that are related to a myeloid clonal
pathology andfor pro-inflammatory state.™ CHIP has been
associated with ageing in people without haematological dis-
ease,”” and implies that some haematopoietic clones carry
recurrent somatic variants [most frequently loss-of-function al-
leles in the genes ASXLY, DNMT3A, and TETZ among others).* The
presence of such variants has been recently related with an
increased risk of haematological cancer and coronary artery
disease ™

We hypothesise that some patients with NC-SVT  still
considered as idiopathic or in whom only an isolated local factor
was found (1diop/loc-NC-SVT) might have a misdiagnosed MPN
not detected with the current standard molecular technigues
used to analyse the classical genetic mutations at JAK2, CALR, or
MPL In addition, these patients may have mutations in other
genes implicated in myeloid clonal pathology andfor in gener-
ating a pro-inflammatory state.

Cirrhosis and Liver Failure

The aim of the present study was to evaluate the potential
role of NGS in the diagnosis of NC-SVT.

Materials and methods

Patients and samples

This study was conducted in accordance with the International
Guidelines for Ethical Review of Epidemiological Studies and
principles of the Declaration of Helsinki, and has the approval of
our institution’s ethics committee [Hospital Clinic in Barcelona
HCE/2017/0270).

Since 2003 all consecutive patients with BCS or NC-PVT seen
at our unit were asked for permission to obtain a blood sample
for research purposes. Blood samples were stored at the Hospital
Clinic Biobank facilities. All patients included in the study pro-
vided their written informed consent.

In all, 314 patients with NC-5VT and a complete aetiological
diagnostic workout were identified in the vascular liver diseases
registry of our unit {214 with NC-PVT and 100 with BCS). Patients
with a known prothrombotic factor (including positivity for JARZ,
MPL, and CALR mutations) that did not have blood stored at
Biobank or that denied consent were excluded (Fig. 1). Thus, 80
patients with NC-5VT were included in the study: 75 with Idiop/
loc-NC-5WT [with a complete negative aetiological study] and 5
with histological diagnosis of MPN but without any identified
mutation (JAK2, CALR, and MPL negative). Fig. | shows the flow
chart of the study. For each individuwal, laboratory, haemato-
logical, and clinical data were collected in a predesigned case
report form.

Diagnosis of BCS and/or NC-PVT was performed according to
the European Association for the Study of the Liwver (EASL)
guidelines.’ Routine scheduled imaging follow-up studies to
specifically evaluate recurrent splanchnic thrombosis are per-
formed in our clinical practice every & months with Doppler-
ultrasound when complete adequate wisualisation of the
venous segment s achieved. Contrast-enhanced computed to-
mography (CT] or contrast-enhanced magnetic resonance im-
aging (MR) was performed in cases of non-visualisation of the
axis " Splanchnic recurrent thrombosis was defined as the
development of a thrombus in a segment of the portal venous
axis not previously nvolved, or progression from partial to
occlusive thrombosis. During the clinical follow-up, the occur-
rence of any extra-splanchnic thrombotic event [deep wein
thrombosis, arterial thrombosis, myocardial infarction, stroke,
ete.) was also registered.

Muolecular studies
DMA was isolated from whole peripheral blood or granulocyte
fraction using the QlAmp™ DNA Mini Kit (QIAGEMN, Hilden,
Germany | Mutations in JAKZ (W617F and exon 12), CALR {exon 9),
and MPL [exon 10) were analysed in all 80 patients using the
routine conventional techniques: JAKZ VBIFF mutation was
analysed by allele-specific PCRZ® JAKZ exon 12 mutations and
MPL were analysed by direct sequencing ™7 and CALR mutations
by PCR and fragment analysis.” JAKZ VEITF was additionally
rechecked in the negative cases by quantitative PCR

Targeted NGS was performed using the SOFHIA GENETICS
(Boston, USA) Myeloid Tumor Solution Panel™, including the
following genes: ABLI, ASXLI, BERAF, CALR, CEL, CEBFA, CSF3R,
CSNKTAL DNMT3A, ETVG, EFH2, FIT3, HRAS, IDHI, [DH2, JAK2, KIT,
KMT2A, KRAS, MPL, NPM1, NEAS, FTPN1I, RUNX], SETBPI, 5F3R1,
SRSF2, TET2, TP53, U2AF], UZAF2, WTI, and ZRSR2. A capture-
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Fig. 1. Patient Bow chart. BCS, Budd-Chiar syndrome; CALR, calreticulin gene; AR, Jamus Kinase 2 gene; MPL thrombopoietin gene; MPN, myeloprolilerative
neaplasm; NC-PVT, non-cirrhotic portal vein thrombosis; NC-5VT, non-cirrhotic splanchnic vein thrombaodis.

based target ennchment kit was used and the librares were
sequenced 2=300 bp on an Hllumina MiSeq™ [San Diego, USA)
according to the manufacturer's protocols. The analysis of the
detected variants was carried out using the SOPHiA DDM™
software (SOPHIA GENETICS). ™ The software considered a min-
imum vanant allele frequency (VAF) of 22%°" Synonymous,
intronic, and polymorphic varnants were discarded. According to
the general guidelines, this software categorised the variants at
different levels of pathogenicity, from highly pathogenic to
benign: A, highly pathogenic (if the vanant has been previously
described as pathogenic in myeloid neoplasms); B, potentially
pathogenic (if the vanant has been previously described as
pathogenic in non-myeloid neoplasms or solid tumours, or if the
variant has not been described, but the predictive algonthms
classify it as pathogenic); C, unknown significance (if the variant
has been previously described, but with no sufficient evidence of
its pathogenicity, or if the vanant has not been previously
described for which predictive algorithms are not conclusive);
and D, likely benign (described as clinically insignificant). ' a,
B, and C variants were selected for further review using COSMIC
{http:|/cancersangerac.uk) and ChinVar {www.nebd nlmonibgov)
clinvar) databases and published studies. Vanants were finally
grouped, according to the current guidelines, as high-molecular-
risk (HMR) variants if they were compatible with potentially/
highly pathogenic variants (A and B) or as vanants of unknown
significance (VUS; C) in those with uncertain significance.

Statistical analysis
Quantitative data are expressed as median and range. Qualitative
data are expressed as percentages. Variables were compared by
[ test, Mann-Whitney U test, or chi-square test, as appropriate.
The probability of recurrent thrombasis as a function of time
was estimated using the Kaplan-Meier methed by analysing the
interval between the index thrombosis and a recurrent throm-
botic event [uncensored observations) or the duration of time
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until the last image test (censored observations). The thrombosis
recurrence-free survival was compared between the groups
using the log-rank test (statistical significance threshold set at
p <0.05), and the relative rnisk of recurrence was estimated as a
hazard ratio [HR) with a 95% confidence interval [C1) Cox
regression was used to dentify independent risk predictors
[HR 95% CI) for splanchnic recurrent thrombaosis.

Results

From the 20 patients with NC-SVT, 45 (56.3%) were males, Six
patients had a BCS and 74 an NC-PVT. Table 1 summarises
the clinical characteristics of patients. MPM diagnosis was
established in 5 patients (3 BCS and 2 NC-PVT) by clinical and
histological criteria with negative mutations by conventional
methods for JAKZ [JAKZVEIFF and exon 12 ), CALR, and MPL. Of the
remaining 75 patients with a negative prothrombotic study, 16
(21.3%) had a local factor as a potential cause of thrombosis (3
inflammatory intra-abdominal lesions, 12 intra-abdominal sur-
gery, and 1 umbilical vein cathetenisation), while no potential
cause was found in the remaining 59 (78.6%) patients (Fiz 1)
Thiz group of 75 patients 15 encompassed by the term kdiop/loc-
MNC-5VT.

NGS evaluation of MPN classical mutations
MNGS analysis dentified a mutation in the hotspot exon 12 region
of JAKZ in 2 of the 5 patients with triple-negative SVT-MPN
(40%). These mutations were pHIs538_Lys539%delinsGln and
p.Asn542_Glus43del with allele loads of 6% and 7%, respectively.
Both patients had a BCS; the associated HMRE vanants are out-
lined in Table 51. No other mutations were detected in the other
3 SWT-MPN cases; only 1 patient had a VU5 [ASXL] pSerl166Arg
VAF 50.8%).

Among the 75 patients with iiop/loc-NC-5VT, 1 case (13%)
presented a mutation at exon 12 of JAKZ (pHis538_Lys530de-
linsGln) that was detected by NGS with a 2.1% allele load. This
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Table 1. Baseline charscteristics: full cohort (S0 patients].

Baseline characteristics at diagnosis [n = 80) n (%] or mean £ range

Age at diagnosis 42 [13=79] years
Women 15 (43.8%)
Haemoglobin 13 [B4=177] gL
Mlatelets 216 |54-593] = 10%L°
Leucncytes 64 [12-12.5] = 10°L
INE 12 |07-2.7%
ALT 47 [7-115] UjL
CLoT 124 | 6-548] UL
Bilirukin 0.9 [02-3] mgidl
Alburnin 40 |25-49) g/L
Ascites 10 [12.5%)
Oesophagogasitic varices 49 [ 61.2%)
MNC-PVTIBCS MG
Mdiopathic 50 (71.8K)
Isolated local Eactar 16 [20%)
Myeloproliferative neoplasm 5 [6.2X)
[JAR2 CALR and MPL]

ALT, alanine aminotransferase; BCS, Budd-Chiari syndrome; CALR, calreticulin gene:
GLT, gamma glutamyl trarsferase; INR, miernational normalsed ratio; JAKZ, Jarms
kinase I gene; MPL, thrombopoietin gens; NC-FVT, non-cirthotic portal vein
thrombaosis.

*In the cohort, there were a total of 8 splenectomised patients.

patient also had an HMR variant in ZR5E2 pSerd47_Arg448dup,
with a VAF of 8.52%. Therefore, the patient previously considered
to hawve an idiopathic NC-PVWT was reclassified as an MPM,
therefore leaving 74 patients as ldiop/Loc-NC-5VT. Mo mutations
in CALR or MPL were detected.

MNGS evaluation of other genes implicated in myeloid clonal
pathology

Twenty-eight of the remaining 74 Idiop/loc-NC-5VT (37.8%) had
at least 1 HMR wariant [potentially/highly pathogenic variants
detected by MGS), 73 had a PVT, and 1 a BCS. Eleven of the 28
patients with an HMR [392%) presented 2 HMR vanants. The
other 46 patients [62.2%) did not have any HMR vanants. Eigh-
teen of these 46 patients [ 39.1%] had a VU5, while no mutation at
all (HMRE or VUS) was found in the remaining 28 patients. The
different variants found are listed in Table 51 and outlined in
Fiz. 2. There were no differences in baseline characteristics
according to the presence or absence of HME variants. Interest-
ingly. patients with a local factor had significantly less frequently
HME variants (2/16; 12.5%) than those without a local factor
(26/58; 44.8%) (p <0.02).

In the HMR variants group, 5 individual genes [TETZ2, CEBPA,
DNMT3A, C5F3R, and ASXL1) were mutated in more than 5% of
patients, being TETZ, DNMT3A, and ASXLI (Fiz. 2) the most
frequently mutated. These 3 genes are the most frequently
detected genes in clonal haematopoiesis.”

Presence of HMR variants and dinical owtcome

Splanchnic recurrent thrombaosis

According to current guidelines, "™ the 5 patients with SVT-MPN
wene treated with long-term anticoagulation. Of the remaining
75 patients, 13 were receiving long-term anticoagulation because
of severe intestinal ischaemia at diagnosis, a previous non-
splanchnic thrombotic event, or other conditions requiring anti-
coagulation. Mone of the 18 patients who were anticoagulated
presented recurrent splanchnic thrombosis during follow-up.
Sizty-two patients with Idiop/loc-NC-5VT did not receive long-
term anticoagulation (26 patients had at least an HMR variant
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Fig- 1. Cumulative incidence of recurrent splanchnic vein thrombosis in 62
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without HMR wvariants. The probability of recumment thrombosis as a
function of time was estimated using the Kaplan-Meier method. HME,
hag h-molecular-risk varant; VUS, wariant of unknown significance.

and 36 patients did not present any HMR variant ). Five of these 62
patients who were not anticoagulated (8.1%) presented recurrent
splanchnic vein thrombosis after a median of 161 months [range
4-600]. In 1 patient, recurrent thrombosis was diagnosed because
of ahdominal pain, while the remaining 4 were asymptomatic and
detected at a scheduled imaging study. These 5 patients with
splanchnic recurrent thrombosis are marked with an asterisk (] in
Table 51 All 5 patients with splanchnic rethrombaosis had at least
an HMR variant (5/26; 19.2%) vs. none of the 36 without HMR
variants [0/36] (p = 003 ). Cumulative incidence of rethrombosis
was significantly higher in patients with HMR mutation than in
those wiathout (Fiz. 3). This higher risk remains after adjusting the
re-thrombaotic risk by patient’s age.

4 Journal of Hepatology 2020 vol. m | 1-7



Tenof the 26( 38 4%) patients whowere not anticoagulated with
HRM vaniants had 2 HEM vanants. Interestingly, 3 of the 5 patients
with splanchnic recurrent thrombesis had 2 HMR vanants (3/10;
30%) vs. 2/16 with only 1 HMR varant (125%) (p = 027)
Anticoagulation was initiated in all 5 patients with recurrent
thrombasis, and they did not have further thrombotic events.

Extra-splanchnic thrombuasis

Seven of the 62 patents (113%) that did not receive anti-
coagulation had an extra-splanchnic vein thrombosis (1 deep
vein thrombosis: 1 inferior vena cava and a femoral vein
thrombosis, 2 acute myocardial infarctions, and 3 ischaemic
strokes]) during follow-up. Three patients had HMRE variants
[3/26; 11.5%), while the remaining 4 occurred in the cohort of 36
patients without HMR vanants (111%) (ns.).

Discussion

The present study evaluates the diagnostic profitability of NGS
a large cohort of patients with Idiop/loc-NC-5VT. All these pa-
tients had, in their dinical evaluation, a comprehensive coagu-
lation study, including the determination of classical mutations
for MPN by conventional techniques. In addition, we analysed 5
patients with NC-SVT with an underlying MPN, diagnosed by
histological criteria, but negative for JAKZ, CALR, or MPL The
diagnosis of an underlying prothrombotic disorder in the setting
of NC-SWT 15 relevant because it influences the decsion to
maintain patients in long-term anticoagulation.™'” This need is
especially important for those highly prothrombatic states, such
as anti-phospholipid syndrome or MPN_-

The wentification of classical haematological mutations has
represented an impartant progress faclitating the dizgnosis of
MPN. Despite this fact, there are patients with MPN that are
negative for all the known mutations, and surprisingly, several
large cohorts of patients with NC-SVT from Europe and Asia did
not detect any case of JAK? exon 12 mutation. ™

In the current study, NGS-based sequencing detected JAKZ
exon 12 mutation in 3 patients who were negative by conven-
tional sequencing. BCS was present in 2 of the 3 triple-negative
patients. However, the diagnosis of MPN in these 2 patients
was already made on clinical and histological grounds. Thus, no
further patients with BCS and an underlying MPN were diag-
nosed. These data emphasise that in patients with BCS if a
thorough evaluation is performed, a potential underlying MPMN
will be finally identified. Nevertheless, NG5 clearly would facili-
tate this task.

The sensitivity of traditional sequendng s recognised to be
consistent from approximately 15% to 20% mutant allele fre-
guency; ™% therefore, cases with low mutation loads could be
misdiagnosed. Remarkably, the 3 patients of our cohort diag-
nosed by NGS had an allele load far below 10%. In addition,
recent data show that JAKZ VBIFF allele burden 15 usually lower
than 10% in MPN patients with associated NC-5VT and dearly
below than that observed in MPN patients without NC-5VT
(median 5% vs. 36.3%; p = 0.019)." Then, detection of JAKZ at
exon 12 led to the diagnosis of an underlying MPN in 3 of 122
patients with NC-SVT registered in our centre (25%) (Fig. 1L Dur
results suggest that NGS technology would facilitate and there-
fore increase the number of patients diagnosed with MPN in the
setting of NC-SVT.

In addition, NGS5 identified HMR variants in mare than one-
third of our patients with Idiop/loc-NC-SVT. This percentage is
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much higher than the observed percentage in healthy in-
dividuals (2-3%) even those aged over 70 (around 10%)*
strongly supporting a pathophysiological role of these vanants
in NC-SVT" Indeed, and despite the low number of events,
patients holding HMR variants seem to have a higher risk of
splanchnic recurrent thrombosis, further suggesting a pathoge-
netic roke for HMR vanants faclitating NC-5VT. Importantly, this
higher nsk associated with HMR variants persisted after
adjusting by patient age. There seems also to be a trend towards
a higher nsk of splanchnic recurrent thrombosis i those pa-
tients with 2 HRM variants compared with those with a single
HRM variant, although it was not statistically significant, prob-
ably because of the low number of events. This fact would be in
accordance with previous data that suggest that patients with 2
or more HMR variants present a worse prognosis.”™

The majority of patients (both those who detected JAKZ exon
12 and those in whom an HME mutation was observed) did not
present significant differences i the number of platelets or the
size of the spleen compared with those patients who did not
present these mutations. So, if the criteria based on this Euro-
pean group work would be applied to avoid unnecessary tests
(platelets =200 [*109/L] and spleen 216 cm),” only in 1 patient of
the SVT-MPN group could have been diagnosed. This fact would
also support the wse of NG5

Interestingly, our study shows more representation for the
presence of HMR variants in patients without any known cause
of thrombosis (also without local factor as a potential causative
for thrombasis), supporting the possible role of HMR variants in
thrombosis development. In addition, these data support that
leoking for HMR variants would be of special interest in patients
with MC-5WT in whom no local factors are identified. Neverthe-
less, it is not negligible to identify a potential prothrombaotic
factor in 12.5% of the subgroup of patients with a local factor that
were negative for other prothrombotic factors after an exhaus-
tive prothrombotic study.

HME variants seemed not to influence the risk of developing
extra-splanchnic thrombotic events. This may be explained by
the mieed and heterogeneous extra-splanchnic thrombotic
events and their different pathophysiological mechanismes.*'

In our study and in agreement with previous MPN studies,
the HMR variants TET2, DNMT3A, and ASXL! were the most
frequently mutated genes. Recently, it has been reported that
these 3 genes (TETZ, DNMT3A, and ASKL!T) are assocated with a
higher thrombatic risk in polycythemia vern.™ Some of these
genes, as TETZ, have essential functions that are independent of
their enzymatic activity. In particular, TET2 deficiency results in an
increased pro-inflammatory phenotype in muring macrophages
that could favour atherosclerosis development and thrombaosis
We also detected a not negligible prevalence of variants in CEBPA
gene. CEBPA 15 a key factor in driving the development of myeloid
cells and regulates TET2 transcription.® Furthermeore, it has been
described that knock-in mice with CEBPA variants predispose mice
to myeloproliferative disorders.**

Our data show that the introduction of NGS in the study of
patients with NC-SVT may improve the diagnosis of MPN and it
might even have prognostic implications. " Besides, this
approach allows the simultaneocus analysis of mutations at JAK2
[JAKZVEIFF and exon 12], MPL, and CALR genes, and could reduce
the need for addiional studies and the number of mvasive ex-
plorations, such as bone marrow biopsies, particularly in poly-
cythemia vera patients. However, nowadays, the main limitation
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for the implementation of an NGS-based stratezy to study all NC-
SVT patients is the spare availability of the method and its high
cost. Given that JAKZVBIZF is the most frequent molecular
alteration in patients with NC-5%T (around 35% in patients with
BCS and 20% of patients with NC-FYTL**** it could be more
cost-effective to screen first for JAKZVEITF and to perform MNGS
only in those patients that are JAK2VEITF negative. NG5S allows
simultanecusly determining the presence of HMRE variants.
Recent data suggest that patients with a JAKZ2-positive MPM that
additionally hold an HMR vanant had a worse prognosis than
those MPN patients that only had the JAKZ mutation? If these
data are confirmed, together with our results sugzesting that the
exclusive presence of an HMR variant may be a prothrombaotic
risk, MGS could become the initial technigue to assess patients
with MC-5VT in selected patients.
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e Supplementary Table 1. Mutations detected by NGS.

Abbreviations Supplementary Table 1: AA, Aminoacid; VAF, Variant allele frequency; HMR, High
molecular risk-variant; VUS, Variant of unknown significance.
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Abstract

Patients with polycythemia vera (PV) or essential thrombocythemia (ET) presenting with splanchnic vein thrombosis (SVT)
might have a specific clinico-biclogical profile. To investigate this hypothesis, 3705 PV/ET patients from three national registers,
118 of them presenting with SVT, were reviewed. After correction for age and sex, PV/ET patients with SVT showed an
increased risk of death (HR. 2.47, 95% CI 1.5-4.01, p < 0.001), venous thrombosis (IRR 3.4, 95%CI 2.1-5.5, p< 0.001), major
bleeding (IRR 3.6, 95%CI 2.3-5.5, p<0.001), and second cancer (IRR 2.37, 95%C1 1.4-4.1, p=0.002). No case of acute
leukemia was documented among patients with PV/ET presenting with SVT and seven of them (6% ) progressed to myelofibro-
sis. ST was not associated with lower nsk of MF after comection by age and sex. Patients with SVT more frequently died from
complications related to hepatic disease, major bleeding, or second cancer, resulting in a 5-year reduction of age- and sex-
adjusted median survival. In conclusion, PV and ET patients presenting with SVT have shorter survival than patients with PV and
ET of the same age and sex. This excess mortality is related to liver disease, major bleeding, and second cancer rather than to the
natural evolution of the MPN.

Keywords Polycythemia vera - Essential thrombocythemia - Splanchnic vein thrombosis - Myeloproliferative neoplasms

Introduction increased risk of thrombosis and bleeding and, in the long
term, disease progression to myelofibrosis (MF) and/or acute
myeloid leukemia (AML) [1-3]. These events are especially

relevant for voung patients with PV and ET, in whom

Polycythemia vera (PV) and essential thrombocythemia (ET)
are myeloproliferative neoplasms (MPN) characterized by an
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cardiovascular complications and disease progression result in
a reduction of the expected survival [2-5].

Splanchnic vein thrombosis (SVT) is the initial presenta-
tion in a minonty of MPN patients with PV being the most
frequent underlying disease [6, 7). The younger age at diag-
nosis of these patients, together with the low mutational load
of JAK2VG61TF, suggests that PV/ET patients presenting with
SVT would have an MPN with different biological character-
istics [#, 9]. However. the rarity of SV'T as a form of presen-
tation of the MPNs and the prolonged clinical course of these
patients has made difficult to establish the natural history of
the disease in such cases.

The aim of the present study was to characterize the natural
history of PV and ET patients presenting with SVT.

Patients and methods

Study design

A search of PV and ET patients presenting with SVT as the
first manifestation of their disease was performed in three
multicentric registries including the Spanish Registry of
Polycythemia Vera (n=1831), the Spanish Registry of
Essential Thrombocythemia (n=1304), and the Spanish
Registry of Hepatic Vascular diseases (REHEVASC). The lat-
ter contains information of patients with SVT from any etiol-
ogy. including 68 cases diagnosed with MPN. We also queried
the MPN database of the Hospital Clinic of Barcelona (n =
926) since this Hospital is a National Reference centre for
SVT. The Spanish Registry of PV is a retrospective/
prospective study started on January 2011 and including pa-
tients diagnosed after January 1 2000 from 57 recruiting cen-
ters. The Spanish Registry of ET is a prospective study started
on January 2015 and including patients diagnosed after
January 1, 2000 from 36 centers. The REHEVASC is a pro-
spective study started on January 2011 and including patients
from 21 centers. The Hospital Clinic database included all
MPNs diagnosed after 1980. The study was restricted to pa-
tients with PV and ET or with a mild MPN without fibrosis;
the latter were categorized as MPN unclassifiable without
myelofibrosis.

We identified a total of 227 patients with SVT, with 118 of
them displaying SVT as the first manifestation of the MPN
(plus‘minus 3 months). These 118 patients constituted the ob-
ject of the present study and were defined as cases. Patients in
whom the SVT preceded the diagnosis of MPN were excluded
from further analysis to avoid any influence in the different
outcomes as a result of the delay in MPN diagnosis.
Altemnatively, those patients experiencing a first SVT event
after MPN diagnosis were included in the control group along
with the remainder of patients without SVT (n =3587) since
the objective of the study was to assess specifically the natural

history of PV and ET patients in whom the SVT was the first
manifestation of the disease.

MPN diagnosis was established at the hospital of origin
using the World Health Organization valid at time of diagnosis
excepting for patients diagnosed before year 2000 in whom
PVSG enteria were employed. Regarding the high frequency
of masked PV among patients with SVT, isotopic red cell mass
measurement was routinely performed in cases with SV'T.
Informed consent for the scientific use of the patients’
clinicohematological data was obtained, and the study was
approved by the Hospital Clinic ethics’ committee. Main data
at presentation of the MPN were collected, including age, sex,
cardiovascular risk factors, hemoglobin (Hb) values, leuko-
cyte and platelet counts, and JAK2V61TF and CALR muta-
tional status. Further data included the occurrence of throm-
bosis and bleeding, development of MF or acute leukemia,
and the cause of death.

Outcomes

Survival was the main study cutcome. Secondary outcomes
included thrombosis, bleeding, disease progression, and sec-
ond cancer. In the above-mentioned registries, thrombosis was
defined as arterial {coronary artery disease, transient ischemic
attack/stroke, or peripheral artery disease) or venous (splanch-
nic vein thrombosis, deep venous thrombosis/pulmonary em-
bolism, superficial thrombophlebitis, and other). Splanchnic
vein thrombosis included Budd-Chiari syndrome and throm-
bosis of the portal, splenic, or mesenteric veins. All cases with
thrombosis were centrally reviewed by principal investigator
in order to verify adequate allocation. Severe hemorrhage was
defined as a symptomatic bleeding in a critical organ or an
overt hemorrhage requiring transfusion or associated with a
hemoglobin decrease =20 g/l without transfusion.

Statistical analysis

Survival was calculated by the Kaplan-Meier method, and the
incidence rate method was employed to estimate the rsk of
thrombosis, bleeding, and second cancer. Patients in the con-
trol group in whom SVT appeared long after diagnosis were
censored at that time with regard to survival and the incidence
of further complications. A Cox regression model adjusted for
age, sex, and presence of SVT at MPN diagnosis was
employed for assessing risk factors associated with shorter
survival. Multivariate analyses of factors influencing the inci-
dence rate of thrombosis and bleeding were performed by
Poisson regression. The cumulative incidence of disease pro-
gression (AMLMDS or MF) was calculated by taking death
as a competing risk. Multivariate analyses of factors
predicting the hematologic transformation were done within
the framework of competing risks by the method of Fine and
Gray in which the interpretation of the subdistribution hazard
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ratio (SHR) is similar to that of the Cox model. All the statis-
tical analyses were performed with Stata, version 11 (www.
stata.com). The time-span splitting method was used to calcu-
late the incidence rates and fitting the Poisson models.

Results
Patient characteristics

The main clinical and hematological characteristics of the pa-
tients at diagnosis are shown in Table 1. Patients presenting
with SVT were significantly younger, were more frequently
diagnosed with PV, and had a lower prevalence of conven-
tional cardicvascular risk factors (diabetes, smoking, arterial
hypertension, and hypercholesterolemia), which persisted af-
ter adjustment for age and sex (data not shown). Anatomical
location of SVT included the suprahepatic veins in 25 cases,
the espleno-portal-mesenteric axis in 74, both locations in
three, and it was not specified in 16.

The MPN genotype was available in 105 (89%) out of the
118 cases and in 2957 controls (87%). In cases, mutations in
JAK2 and CALR were detected in 102 (97%) and two (2%)
patients, respectively. Among controls, 2570 (87%) were
JAK2VE1TF mutated, 265 (9%) CALR mutated, 48 (1.5%)
had MPL mutations, whereas 74 {2.53%) were triple negative.

Patients with SVT at diagnosis were treated with anticoag-
ulants and double therapy (anticoagulants plus antiplatelet
agents) more frequently than controls (67% vs. 3%,
p<0001, and 14% vs. 2%, p <0.001, respectively). There

was no difference between both groups with regard to expo-
sure to cytoreductive agents (77% vs. 72%, p=0.3).

Survival

After a median follow-up of 5.8 years, 546 patients had died.
The projected median survival was 24 (95% CI 20-not
reached) and 22 years (95% CI 21-24) for cases and controls,
respectively (p=0.2). Causes of death are shown in Table 2.
Cases more frequently died from complications related to he-
patic disease, major bleeding, or second cancer (Table 2).
Death due to disease progression was rare in patients with
SVT at diagnosis. Multivariate analysis showed a higher risk
of death in MPN patients presenting with VT (HR 2.47, 93%
CI 1.5-4.01, p=<0.0001) after adjusting for age (HR 1.090;
95%CT 1.08-1.098, p < 0.0001) and male sex (HR 1.57 95%
1.33-1.86, p < 0.0001). SVT resulted in a S-year reduction in
the expected median survival as compared with PV or ET
patients of the same age and sex without SVT at diagnosis
(Fig. 1). This higher risk of death was similar in patients di-
agnosed in the periods 1980-2000 (HR 2.50, 95%CI 1.33-
4.70, p=0.004) and 20012018 (HR 2.46, 95%CT 1.15-5.26,
p=002).

Thrombosis and bleeding

A total of 316 arterial and 231 venous events were registered
during the observation period in 123 and 102 patients, respec-
tively. Rates of arterial and venous thrombosis are shown in
Table 3. Cases showed a significantly higher incidence rate of

Table 1 Main clnicohematological characteristics of 3705 patients with PV and ET according to the presence or not of splanchnic vein thrombosis
(8VT) at diagnosis
PVET with SVT PVIET withour SVT p value
N=118 N=3587
Age! 42 (35-53) 65 (52-74) (L0001
Female sex., n (%) T2(61) 1942 (54) 0.1
Type of MPN < (L0001
PY. n (%) T6 (64.4) 18352 (51.6)
ET. n (%) 36 (30.5) 1732 (48.3)
MPNu, n (%) B(3l) 3q0.1)
Cardiovascular risk factors 5% B < 00001
History of arterial thrombosis 3% 13% 0003
History of other venous thromboss 3% 4% 62
Hemoglobin level g/l 146 (134-166) 158 (14-177) (L0004
Leukocyte count = 0L G9(7-12.4) 9.5 (7.6-11.9 (.0004
Platclet count * 10°%/L 469 (324-594) 618 (465-804) 0.0004

ET essential thrombocythemia, PV polycythemia vera, MPN myeloproliferative neoplasm, MPANu myeloproliferative neoplasm unclassifiable without

MF
* Median (Interquartile range)
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Table 2  Causes of death m 3705 patients with PV and ET according to
the presence or not of splanchnic vem thrombosis (3YT) at diagnosis

PV/ET with SVT  PAVET without SVT  Total

N=118 N=3587
Cordiovascular 4 (22.2)" 89 (17.00 93(17.2)
Second neoplasm 4 (22.2)° Ti(134) TH14.2)
Infection 20111 T3{139) 75 (13.8)
Acute leukemia 0 (0) 97 (18.5) 97 (17.9)
Ovther 4(22.3)" 56(10.7) 60 (11.1)
Unknown 4(13) 136 (26.0) 140 (25.8)
Total 18 (100 524 (100) 542 {100

ET essential thrombocythemia, PV polveythemia vera

* Infection due to liver transplantation and advanced hepatic disease. one
case cach

* Upper digestive bleeding, brain hemorrhage, hemorrhagic stroke, and
peripheral artery disease, one case each

* Colon adenocarcinoma # = 2, lung adenocancinoma # = |, endometrium
adenocarcinoma i = |

* Liver failure n = 3, myelofibrosis n = |

venous thrombosis than controls, whereas no significant dif-
ferences were observed regarding arterial thrombosis. In
cases, most venous events occurred in the splanchnic termitory
(n=21), whereas deep venous thrombosis/pulmonary embo-
lism (DVT/PE) and superficial thrombophlebitis occurred in
six and one case, respectively. In controls, the comesponding
figures were 34, 131, 29, and nine events for SVT, DVT/PE,
superficial thrombophlebitis, and others, respectively. At mul-
tivariate analysis, SVT at PV/ET diagnosis was associated
with an increased incidence of venous thrombosis after
adjusting for other risk factors (Table 4). Besides SVT, the
presence of prior venous thrombosis and female sex was also

Fig. 1 Estimated survival
adjusted by age and sex in
polycythemia vera and essential 1.0
thrombocythemia with splanchnic
vein thrombosis (SVT) at diag-
nosis (red line) or not (blue line) 084
p=0.001

associated with increased frequency of venous thrombosis
during follow-up. Advanced age. male sex, presence of car-
diovascular risk factors, and prior arterial events were associ-
ated with a higher incidence rate of arterial thrombosis
{Table 4.

A total of 164 episodes of major bleeding occurred in 126
patients. The incidence rate of major bleeding was significant-
ly higher in cases than in controls (Table 3). At multivanate
analysis, SVT at MPN diagnosis was associated with a 3.6-
fold increased risk of developing a major bleeding event dur-
ing follow-up (Table 4).

Disease transformation and second neoplasms

Progression to MF was documented i 214 patients, seven of
them with SWT at MPN diagnosis. The probability of MF trans-
formation at 10 vears, taking death as a competing event, was
5.9% (95%C1 4.9-7.1) n the whole cohort of patients. SVT at
PV/ET diagnosis was not associated with higher risk of MF after
correction for age and sex (SHR 0.67, 95%CIL0.31-1.46, p=10.3)
{Fig. 2). Ninety-eight progressions to MDS/AML were recorded,
with none of them occuming in patients with SVT at diagnosis.
The probability of MDS/AML transformation at 10 years in the
whole senies was 2.31% (955%CI 1.63-2.88). The estimated
probability of progression to MDS/AML adjusted for age and
sex 1s shown in Fig. 3.

A total of 288 s neoplasms were diagnosed after MPN
diagnosis, 15 of them in patients with SVT at diagnosis. The
incidence rate of second cancer was 1.35% and 1.05% per
year in cases and controls, respectively. Eighty-two neoplasms
comresponded to non-melanoma skin cancer, two in cases, and
the rest in controls (p = 0.8, Table 5). Patients with SVT at PV/

Adjusted survival

i

5 10 15 20 25 3o 35 40

Years

SVT

Mo SVT
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Table 3
of splanchmic vein thrombosis (SVT) at diagnosis

Incidence of thrombosis and major bleeding in 3705 patients with polycythemia vera or essential thrombocythemia according to the presence

SVT at diagnosis
(1110 person-years)

Remaining patients
(26,106 person-years)

Mo events Incidence rate Mo events Incidence rate” p value
Arterial thrombosis 10 0.90 306 1.18 04
Wenous thrombaosis 28 255 203 0.78 < (L0001
Major bleading 7 243 137 053 < (00001

“Events * 100 person-years

ET diagnosis showed a higher risk of developing a second
cancer after adjustment for age and sex, even when non-
melanoma skin cancer was excluded (Table 5).

Discussion

We have analyzed the natural history of patients with PV and
ET in whom SVT was the first manifestation of disease. The
main observation of the present study was the reduction in the
expected survival in this subset of patients. This excess of
mortality was atinbutable to a higher frequency of fatal hem-
orrhage, liver failure, and second malignancies, indicating that
the outcome of these patients is mostly determined by com-
plications other than MPN progression.

The abovementioned observations might appear in contra-
diction with previous studies reporting a favorable outcome in
PV and ET patients with SVT [8-12]. However, it should be
noted that the reduction in survival was only uncovered after
comection for age. an aspect generally not explored in the
literature [12]. Second, most previous studies also included
patients with MF, which may contnbute to the general percep-
tion that the natural history of SVT is mainly determined by
the type of MPN [10, 12]. Third, we have selected only cases
in which SVT was the initial manifestation of PV or ET,
allowing us to analyze a homogeneous cohort of patients.

Finally, we have used a large control group of patients without
SWT at presentation included in the Spanish PV and ET reg-
1stries, who are representative of the current elinical practice in
Our country.

It has been suggested that MPNs presenting with SVT are
biologically different entities because they usually show less
altered blood counts, low JAK2VG1TF allele burden load, and
a low rate of disease progression [8, 9, 12]. Accordingly, in the
present series, no case of transformation to acute leukemia has
been documented and only seven patients progressed to MF
after a median follow-up of 6 years. However, these results are
consistent with previous studies reporting the ranty of pro-
gression in young patients during the first decade of the dis-
ease [4, 13]. On the other hand, the excess mortality due to
liver disease may compete with disease progression in a group
of young patients that has a low transformation rate by itself

Patients with SVT have a high rate of recumrent venous
thrombosis [12, 14, 15]. Thus, in the largest studies on the
topic, it has been reported an incidence rate of 2.5% and
1.6% wvenous thromboses and SVT recurrences, respectively
[12, 15]. In our series, with a longer follow-up, the rate of
recurrence was exactly the same (2.55% per year) and 3-fold
higher than the one observed in the control group (0.79% per
year). Of note, the rate of venous thrombosis in the control
group was similar to that reported in other studies including
unselected patients with PV and ET [16, 17].

Table 4 Multivanate analysis of nsk factors for artenial thrombosis, venous thrombosis, and major bleeding in 3705 patients with PV or ET

Anenal thrombosis Venous thrombosis Major bleeding

IRR (95%C]) P IRR (95%C) P IRR (95%CT) P
Age L1{101-12) = (.01 104 (10-1.1) .1 L1(L01-1.3) 0.008
Male sex L5 (1.20-191) 0.001 0.7 (0.5-0.9) 003 LO(0.8-1.2) 07
SVT at diagnosis 1.3(0.7-2.5) 04 3421455 < 0001 16(23-55) <0001
CVRF L8(14-24) =0.001 - - - -
Prior arterial thrombosis 1.7(1.3-23) 0.001 - - - -
Prior venous thrombosis - - 32 (202-50) <0001 - -
Prior major bleeding - - - - 2.0(1.5-2.6) =0.001

PV polyeytherma ver, £T essential thrombocythemia, VT splanchmnic vein thrombosis, JRR incidence rate ratio, CVRF cardiovascular nsk factors
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Fig. 2 Estimated probability of

Progression to MF according to SVT at diagnosis

progression to myelofibrosis
{MF) adjusted by age and sex in 1.01
polyoythemia vera and essential
thrombocythemia patients with
splanchnic vein thrombosis 0.8+
(SVT) at diagnosis (blue ling) or ]
not (red line) p not significant S
B 081
=
-
E CI.4-
E
0
0.24
0.0+
]

Another remarkable aspect of the present study is the
increased risk of major bleeding in patients with SVT [6,
11, 1&8]. De Stefano et al. have reported an incidence of
severe bleeding of 2.1% per year, very similar to the 2.4%
rate observed in our series [15]. The increased nisk of
bleeding can be explained by a wider use of anticoagulant
agents, often associated with antiplatelet agents and the
coexistence of esophageal varices with the latter being
the main risk factor for major bleeding in a series includ-
ing 518 MPN-SVT patients [11, 12].

Recently, a higher incidence of second cancer has been
reported in patients with MPN [19, 20]. Moreover, expo-
sure to hydroxyurea, pipobroman, or ruxolitinib has been

Fig. 3 Estimated probability of
progression to myelodysplastic

10 15 20 a5 40

Yaars

ST Mo SVT

significantly associated with non-melanoma skin cancer
[19, 20]. However, and despite the frequent use of hy-
droxyurea, we did not observe a higher incidence of
non-melanoma skin cancer in PV/ET cases presenting
with SVT. This could be explained by the young age of
these patients, because age and duration of sun exposure
are essential risk factors for the development of non-
melanoma skin cancer. Surprisingly, when non-
melanoma skin cancer was excluded from the analysis, a
higher incidence of second cancer was observed in PV
and ET patients presenting with SVT in comparison with
their age- and sex-matched controls. To the best of our
knowledge, this is the first study reporting this

Progression to AML according to SVT at diagnosis

syndrome/acute myeloud leuke- 1.0
mia (MDS/AML) adjusted by age
and sex in polyeythenia vera and
essential thrombocythemia pa- 0.8
tients with splanchnic vein =
thrombosis (5VT) at diagnosis _E
{blue line) or not {red lme) p not g 0.64
significant 'E
£
2 041
E
3
Q
0.2
0.0
]

5 10 15 20 25 30 35 40

Years
EVT

Mo SVT

42



Ann Hematol (2020) 99:791-798 97
Table 5 Multivariate analysis of sk factors for developing second cancers in 3703 patients with PV or ET

Total cancer MNon-melanoma skin cancer Cancer (skin cancer excluded)

IRR (95%Cl) P IRR {955:C1) P IRR {95%CT) i
Age LI9(1.14-1.24) < 0.001 L30(119-1.42) < 0.001 L15(1.11-1.20 < 0.001
Male sex 1.95(1.25-3.71) < 0.001 297 (L80-4.98) < 0,001 167 (1.27-2.17) < 0,001
SVT at dingnosis 215(1.25-3.71) 0.006 131 (033-523) 0.7 23700374100 0.002

PV polyeythemia vers, £T essential thrombocythemia, SVT splanchnic vein thrombosis, {RR incidence rate ratio

association, which calls for additional studies to confirm
this observation.

Data collected from registries may be prone to some
biases. and there is a non-trivial chance of potentially miss-
ing data, what might have influenced on the estimated fre-
quency of second neoplasms. In addition, it can be argued
that including small centers may give rise additional issues
such as accurate diagnosis and managing of challenging
situations, SVT particularly. However. it must be pointed
out that the majority of cases with S¥T and controls in-
cluded in the present study were registered from large ref-
erence hospitals. Finally, accurate diagnosis of MPN sub-
type may be particularly challenging in patients with SVT;
for this reason, in Spain. isotopic red cell mass measure-
ment is routinely performed in cases with SVT in whom
MPN is suspected.

In conclusion, patients with PV and ET presenting
with SVT have a reduced survival compared to other
patients with PV and ET of the same age and sex.
This excess mortality seems to be more related to liver
disease and second malignancies than to the natural
evolution of the MPN.
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Abstract

Background and aims: Porto-sinusoidal vascular disease (PSWVD) is a rare disease that
requires excluding cirrhosis and other causes of portal hypertension for its diagnosis
because it lacks a specific diagnostical test. Although it has been occasionally asso-
ciated with autoimmune diseases, the pathophysiclogy of PSVD remains unknown.
The aim of this study was to evaluate the potential role of autoimmunity in the patho-
physiology and diagnosis of PSVD.

Methods: Thirty-seven consecutive patients with PSVD and 39 with cirrhosis matched
by gender, signs of portal hypertension and liver function were included (training
set). By using Indirect Immunofluorescence, ELISA and slot-blot methods data 22 au-
toantibodies were identified in patients with PSVD and cirrhosis. Presence of anti-
endothelial cells antibodies (AECA) was assayed by a cell-based ELISA. Thirty-one

Abbreviations: AECA, anti-endothelal c=lls antiody; ANA, ardi-nuclear antibody; anti-S5MA, anti-smooth muscle antibody; anti-TPO, anti-ThyroPerDxidass Ab; anti-tTG, anti-tssws

transglutaminase Ab; autodb, auto-antibody: CI. confidence interval; CTGF. connective tissue growth factor; EC, endathelial cells; ELISA, enzyme-linked immuncsorbent assay; HeD.
haematological dis=ase patients with splenomegaly; HNL, histological normal liver; HRP, horse radish peroxidase; HSP40, heat shock protein 60; HSP72, heat shock protein 72; HSPs.
heat shack proteins: HYPG, hepatic venous pressure gradient; [IF, indirect immunafluorescence; INCPH, idiopathic nan-cirrhotic portal hypertension; LR, Bkelihood ratio; LT, liver
transplant; MASH, non-alcoholic steatosis hepatitis; NPY, negative predictive values OD, optical density; PH, portal bypertension; PPV, positive predictive values PSVD, porto-sinusoidal
vascular diseass; PYT, portal wein thrombosis; S0, standard deviation; SEC, sinuscadal endothelial cells; SLE, systemic lupus erythematous; WCAM-1, vascular cell adhesion molecule-1;
WB, Western Blotting.
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1 | INTRODUCTION

Porto-sinusoidal vascular disease (PSVD). formerly known as
Idiopathic nen-cirrhotic portal hypertension (INCPH) is a rare dis-
ease frequently characterised by the presence of intrahepatic por-
tal h'g,r|:||Ertlr.=r|si|:=n.1 PSVD does not have a specific diagnostic test
and its diagnosis requires the exclusion of cirrhosis and of other
causes of portal hypertension (PH) such as splanchnic vein throm-
bosis among others. This challenges its detection and slow down its
diagnosis and many cases remain undetected.”™ Although patho-
physiology remains largely unknown, immunclogical disorders, re-
current infections, drug treatments and underlying prothrombotic
disorders have been suggested as ethnological factors. ™

PSVD has been frequently associated with autoimmune dis-
orders such as systemic lupus erythematous (SLE), progressive
systemic sclerosis, chronic thyroiditis, Raynaud’s phenomenan,
scleroderma and celiac disease among others conditions, support-
ing the immunological involvement in the pathogenesis of the dis-
ease’ !, Furthermore, several studies have shown the presence
of different serum auto-antibodies (auto-Ab), such as antinuclear
[AMA), or anti-smooth muscle antibodies (anti-SMA), in patients
with PSVD.5'? In addition, increased expression of human leuko-
cyte antigen=DR molecule (HLA-DR) in the endothelial cells (EC)
of the smaller portal venous radicles, as well as a higher number
of T-helper 1 cells in peripheral and spleen lymphocytes has been
found." Similarly, a pathophysiological role for anti-endothelial cell
antibodies (AECA) has been suggested™™® hypathesizing that they
could promote endothelial-mesenchymal transition in the EC of
the small portal veins promoting portal vein stenosis and collagen
deposition in peripheral portal tracts.™ All these findings suggest a
potential pathophysiological role of immunological alterations in the
pathophysiclogy of PSVD. However, the potential diagnostical or
pathophysiclogical role of autcimmunity has never been extensively
evaluated in patients with PSVD.

PSVD, 40 cirrhosis patients, 15 patients with splenomegaly associated with haemato-
logical disease and 14 healthy donors were included in a validation set.

Findings: The proportion of patients with at least one positive antibody was statisti-
cally significantly higher in patients with PSVD compared with cirfhosis (92% vs 56%:;
P < .01). Specifically, AECA were significantly more frequent in PSVD than in cirrhosis
(38% ve 15%; P = 013). Results were confirmed in the validation set. In the overall
population, presence of AECA had a 63% positive predictive value for diagnosing
PSVD and a 71% negative predictive value, with a specificity of 94% when the 1/14
level is used as cut-off. AECA positive serum samples react with a 68-72 kDa protein

of human liver endothelial sinusoidal cells.

AECA, idiopathic non-cirrhotic portal hypertension, INCPH, porto-sinuscidal vascular disease,
PSVD immunological biomarkers

The primary aim of our study was to characterise the humoral
autoimmune profile in patients with PSVD, evaluating its potential
role in its pathophysiology. The secondary aim was to assess the po-
tential value of serum autoAb in the diagnosis of the disease.

2 | PATIENTS AND METHODS
21 | Training set

Thirty-seven consecutive patients diagnosed at our unit, between
December 1995 and December 2012, with PSWD and PH were in-
cluded. PSVD diagnosis was based on®: (a) presence of unequivocal
signs of portal hypertension; [b) discarding cirrhosis, advanced fibro-
sks or other causes of chronic liver diseases by appropriate serologi-
cal, biochemical tests and by liver biopsy [performed in all patients);
and (c) absence of thrombosis of the hepatic veins or of the portal
vein at imaging studies performed at diagnosis. Patients with early
(without portal hypertension) or late (with portal vein thrombaosis)
PSVD stages were not included in this study.? Liver biopsies were
performed by transjugularﬂ or percutaneous route and were re-
evaluated by one experienced pathologist (AD) for the purpose of
the study.

Patients were followed up every & months, and clinical events
during follow-up were recorded until, liver transplant (LT}, death
or September 2019, whichever occourred first. Since 1995, patients
with vascular disorders of the liver visited at aur unit are praspec-
tively registered (after written informed consent) and a blood sample
stored at the IDIBAPS Biobank.

Thirty-nine patients with cirrhosis and PH matched by age, gen-
der, clinical sipns of portal hypertension and liver function were
included as control groups. In patients with cirrhosis, PH was de-
fined as a hepatic venous pressure gradient (HVPG) 210 mm Hg

and/or presence of gastroesophageal varices or ascites. Presence of
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sinusoidal vascular disease and with cirrhosis in the training set

Cirrhosis
PSWDn=37) [n=239) Pvalue
Gender (male], n (%] 25 [67) 26 (67) o0
Age at diagnosis (y) 41.30+21.30 51.90+8.30 006
Aetiology cirrhosis
Alcohol/other MD 354

MELD 12,00 + 4.70 11.50 + 5.70 Bad
Child-Pugh (A/B/C) 307750 2793 Ad4
HWPG [mm Hg) 750+ 4.30 1540+ 3.50 o0
Oesophageal varices RETE] 34 (87) 1.000
Ascites 5(13.500 10 (24 184
Splemomegaly 30(81.100 27 (6% 293
Haemoglobin [g/dL) 12.80 + 1.50 13.10 £ 2.40 577
Platalet (x10°/L) 112 + 80 140 + &5 013
Prothrombin time (%) 7150+ 2130 73.10:+1420 712
Total bilirubin fmeg/dL]  1.80 = 2.00 140 + 0.80 1)
Creatinine (mg/dL) 080 = 0L&0 080+ 0.30 B77
Albumin (gL} 38.50 £ 4.40 38.30 + 5.80 880

Maote: Results were expressed as n (%] and means (£50)
Abbreviation: HVPG, hepatic venous pressure gradient; MELD, model

for end-stage liver disease; MD, non defined; PSWVD, porto-sinusoidal
vascular disease.

3.2 | Autoantibody determination

Twenty-two different autoantibodies were analysed (Table 3). A
significantly higher number of patients with PSWD had at least one
autoantibody [34/37 (32%) vs 22/39 (56%) of patients with cirrhosis;
P =.002). This difference also remained after moving from the analy-
sis the four patients with PSVD associated with an immune disorder
[31/33; 24% vs 58% in cirrhosis: P < .001). The higher rate of autoan-
tibodies was mainly due to a higher prevalence of positive AMA (titer
range, 1/80 to 1/640), anti-SMA (=1/80), anti-tTG-1gA, anti-TPO and
AECA (titer range, 1/4 to 1/258). However, only AECA were signifi-
cantly increased (38% in PSVD wvs 15% in cirrhosis; P = .037). This
difference was stronger when the cut-off for AECA was set at 1/14
[22% ws 3%; P = .0013). These results were confirmed in the valida-
tion set where AECA were positive in 58% of PSVD patients versus
30% of cirrhosis; P = .029. If the cut-off was established at 1/16, the
respective values were 35.5% versus 12.5%; P = .043. AECA were
also tested in 15 haematological patients with splenomegaly with
any AECA positive and 14 healthy subjects being positive in cnly
one at 1/14 level.

3.3 | Potential diagnostical role of AECA in PSVD

Owing to the different prevalence of AECA between patients with
PSVD and cirrhosis, we evaluated the potential diagnostical value

TABLE 2 Assocated disorders of patients with porto-sinusoidal
vascular disease [PSWD) and with cirrhasis in the training set

Cirrhosis

PSWDin=37] In=39)
Cardiovascular disorders n=5 n=8
AH 4 I
Ischaemic heart disease 1 1"
Endocrine disorders n=4 n=10
T2DM Ly Ia
Hypothyroidism o 1
Subclinical hypothyroidism 2
Meurological disorders n=1 n=0
Parkinzon 1 0
Prothrombaotic disorders n=3 n=0
Protein 5 deficiency 2 0
IR by o
Lung disorders n=1 n=2
Pulmonar hypertension 1 1
COPD o 1
Immunological disorders n=>5 n=0
TiDM 1 0
SLE 1" 0
Rheumatoid arthritis 1° 0
Graves' disease 1" 1]
Systemic sclerosis 1® 0
Haematological disorders n=4 n=0
Marginal B cell lymphoma, 1® 0
Medullar aplasia 1 1]
lgG-monoclonal gammopathy 1 a
Polyclonal B lymphocytosis 1 [i]
Meoplasia n=1 n=1
Breast ductal cancer 1 1*
HIV Infectious n=12 n=0
Others n=1 n=0
Ramsay hunt syndrome 1 a

Abbreviation: AH, arterial hypertension; COPD, chronic obstructive
pulmonary disease; HIV, human immunodeficiency virus: ITP, idiopathic
thrombocytopenic purpuwra; SLE, systemic lupus erytematosus; T1IDM,
diabetes mellitus type 1; T2DM, diabetes mellitus type 2.

“PSVD group: one patient had protein 5 deficiency and ITP. one with
ischaemic heart disease, T2DM and AH, one with T2DM and AH, one
with rheumatoid arthritis and SLE, ome with marginal B-cell lymphoma
and systemic sclerosis. Cirrhosis group: one patient had breast ductal
cancer and TZDM, one pulmonary hypertension and ischaemic heart
disease, one T2DM and AH.

of these autoAbs in the overall cohort of patients from the training
and the validation set (68 PSVD and 108 control patients, 79 cirrho-
sis 4+ 15 haematological patients with splenomegaly and 14 healthy
subjects: Table 4). Presence of AECA (z1/4 level] had a 63% PPV
and a 71% NPV, with a sensitivity and specificity of 47% and 82%
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TABLE 3 Comparison of antibodies between patients with
porto-sinusoidal vascular disease and with cirrhosis in the training
set

P5VS cirrhosis
Antibodies {m=137) in=39) P value
At least one 34(92) 22 [54) Lilird
AMA = 1780 11(30) 5(13) 092
AMA = 1/80 oo 318 240
Anti-PCA = 1/80 5(13) 2(5) 431
Anti-5MA = 1/80 15i41) 7(23) A4
Anti-LKM = 1/80 [i] 4(10) MA
Anti-p2 13 0 1.000
Anti LC1 ] 0 MA
Anti-SLA 0 1i3) 1.000
Anti-LKM1 3 (&) 0 240
Anti-F-actin 2(5) 0 A94
Anti-URNP 1] 0 WA
Anti-Scl70 103 0 1.000
Anti-Ro 103 0 1.000
Anti-La o 0 WA
Anti-fTG-Igh &(15) 2(5) 148
Anti-TPO 10(27) 4 (10 138
Anti-RF 2(8) 1(3) 615
Anti-5m ] 1(3] 1.000
Anti-Lupus AC ] 1i3) 4494
ACA:EG 205 38 475
ACA:IgM 1(3) 2(5) 605
AECA 1/4 14 (38) &(15) 037
AECA 1716 827 1(3) 013

Note: Results expressed inon {%).
Abbreviation: NA, not applicable.

respectively with a positive and a negative LR of 2.7 and 0.6 respec-
tively for the diagnosis of PSVD. If the cut-off for AECA is increased
to 1716, PPV, NPV, sensitivity, specificity, LR+ and LR- beimg /3%,
&7%, 28%, 4%, 4.3 and 0.8 respectively.

3.4 | Potential role of AECA in the
pathophysiclogy of PSVD

Double IFF staining of HML with serum from patients with positive
AECA (either with PSYD or cirrhosis) showed positive staining in
vessels within the portal tracts (Figure 1). To identify the antigen

TABLE 4 Comparison of anti-

which reacts with AECA, sera from patients with AECA positive (8
PSVD and 1 cirrhosis) and from 12 AECA negative patients (8 PSVD
and 4 cirrhosis) were incubated with EAhy924 cell lysate (primary
endothelial source) in a WB assay. A reactive band directed against
a 68-72-kDa protein of EA.hy%26 cell was identified in all nine sera
from AECA positive patients [Figure 2} and only in 3 of the 12 AECA

negative patients.

3.5 | AECA positivity and clinical outcome in
patients with PSVD

Regarding clinical cutcome the time of diagnosis of PSVD was con-
sidered as the time ‘zerc' and patients were followed up until death,
LT, or September 201%. Median follow-up was 745 + 793 [0.28-
38.97) yvears. Thirty-three of the 48 patients with PSVD (48.5%) had
one or more clinical decompensaticns during follow-up (31 patients
variceal bleeding, 10 ascites and 3 hepatic encephalopathy). Three
patients died (1 due to a larynx neoplasia, 1 due to variceal bleeding
and 1 due to septic shock). LT was successfully done in one patient
who had chronic hepatic encephalopathy. The owerall cumulative
probability of decompensation development was 19%, 21% and 31%
at 1, 2 and 5 years of follow-up. AECA presence (either at 1/4 or at
1/16 levels) was not associated with a higher probability of develop-
ing clinical decompensation {data not shown).

In addition, 24 (35.3%) patients developed portal vein thrombo-
sis (PYT) during follow-up. Overall cumulative probability of devel-
oping PVT was 17%, 28%, and 30% at 1, 2 and 5 years respectively.
AECA positivity was not associated with PVT development (data not

shown).

4 | DISCUSSION

Porto-sinusoidal vascular disease is a rare cause of non-cirrhotic PH
with an unknown aeticlogy. The results of this study support, as pre-
viously suggested, a potential role for an immunoclogical-mediated
mechanism in the pathophysiology for at least a subgroup of PSYD
patients. In addition, it demonstrates that the finding of different
autoantibodies is frequent in patients with PSVD and therefore its
presence should not discard the diagnosis of PSVD or being a defi-
nite reason to diagnose an autocimmune liver disorder. On the con-
trary, our study shows that the presence of auto-Abs is significanthy
higher in patients with PSVD than in patients with cirrhosis, despite
non-alcoholic steatosis hepatitis (NASH) patients were also included
im the cirrhotic cohort and ANA have been shown to be positive in

endothelial cells antibodies (AECA) in the PSVD {n = 88) Control group (n = 108}

overall cohort Positive Negative Positive Negative P value
1/4 AECA 32 34 19 89 =001
1/16 AECA 19 49 7 101 =001
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w— AECA Negative  we—

NASH cirrhosis in absence of autoimmune hepatitis.:: When focus-
ing in the specific autoAbs found in PSVD patients, although there
was a trend for increased reactivity for ANA, anti-SMA and anti-tTG
IgA, the only autoAb that were significantly increased were AECA.
Although Anti-SMA Ab was also highly prevalent, autoimmune hepa
titis was disregarded because the biopsies did not have characteris
tic data of plasma cells, interphase hepatitis or hepatocyte rosetting,
in addition to performing the simplified criteria for the diagnosis of
AIH.?! the scale was <6 points in each patient.

It is worth noting that the presence of AECA could facilitate the
diagnosis of patients with PSVD. Unfortunately, the diagnostic ca
pacity of AECA was modest. However, AECA positivity, especially
at a titer 21/16 in a patient with a chronic liver disease may become,
together with low elastography or low HVPG values, an additional
parameter increasing the probability that the patient has a PSVD. By
contrast, AECA negativity, although not discarding, will not reinforce
PSVD suspicion.

In addition, the results of our study also suggest that AECA may
have a pathophysiological role in PSVD. AECA have been identified

as circulating autoAbs targeting the EC.** The pathogenic implication

y -
2
h

AECA positive

FIGURE 1 Double
immunofluorescence (IF) staining of
histological normal livers with serum
from patients with negative (PSVD-1 and
Cirrhosis-1) and positive AECA (PSVD-2
and Cirrhosis-2). A positive stained vessel
at peripheral portal tracts was observed
in patients with positive AECA (green).
Anti-human von Willebrand Factor was
used to identify endothelial cells (red).
Semi-quantitative analysis demonstrated
a relation between intensity of IF and
serum autoantibody titers. AECA, anti
endothelial cells autoantibody; PSVD,
porto-sinusoidal vascular disease

FIGURE 2 Representative Western
blot for detection of antigen which

anti-endothelial cells antibodies (AECA)
are reactive. A band in the region of 68

72 kDa was found
———

1/16 116 1/256

of AECA has already been defined in other diseases such as systemic
sclerosis.?? Targeted antigens of AECA may be different among vari

ous pathological conditions and even in the same disease.?* Although
AECA have been previously described in patients with PSVD,*® its
significance and targeted protein in PSVD is largely unknown. The
definition of AECA is usually restricted to autoAbs targeting the
antigens expressed on the EC surface.”® Our indirect IFF analysis
in HNL tissue clarified the binding capacity of serum AECA to vas-
cular EC of the liver. However, CytoELISA could detect some kinds
of antibodies against cytoplasmic antigens and because of that; we
aimed to identify the antigens to which the serum of patients with
positive AECA was reacting. We observed a band directed against a
68-72-kDa protein at WB. Several heat shock proteins (HSPs) with a
molecular weight in the range of 68-72 kDa had been described in the
literature. ™ Interestingly, HSP72 (within the HSP family) increases
its endothelial expression in different stress situations® and it is an
early and sensitive indicator of hepatotoxicity and hepatic injurv.:" 27
In addition, several studies show that ischaemia-reperfusion and hy

poxia induce the expression of HSP72 in rat livers.?®3° On the other

hand, AECA have been suggested to contribute to the pathogenesis
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of systemic vasculitis and vasculitis-associated diseases, ** specifically
through binding in the membrane of EC to phospholipids or HSPAO,
among others, activating and inducing EC EprtDﬁiS.“'n'H"an EC
apoptosis could further induce the expression of HSPs. Moreover,
Motoyama et al*® suggested that sinusoidal endothelial cells (SEC) are
the more sensitive fiver cells to H5PY2 expression on injury, demon-
strating indeed that all apoptotic SECs express HSP72. All these data
suggest that AECA could play an active role in PSVD pathogenesis via
an antibody-mediated immune mechanism.

Remarkably, apoptotic EC have an increased secretion of con-
nective tissue growth factor (CTGF) that is able to promote fibro-
sis.® In that regard, levels of CTGF in sera and in liver tissue are
known to be up-regulated in patients with PSWD,** which is in keep-
ing with a potential role of vascular endothelial cell apoptosis in the
pathopenesis of PSVD. 3 Sera from patients with SLE containing 1gG
AECA induce in cultured EC the expression of adhesion molecules
such as vascular cell adhesion molecule-1 (VCAM-1).% Interestingly,
soluble WCAM-1 serum levels are also elevated in PSVD patients,
and WVCAM-1 is expressed in vascular endothelial cells in liver of
patients with PSWD." All these findings together support the po-
tential contribution of AECA in the pathogenesis of PSWD.Y Thus,
we hypothesise that damage to EC, arising from different etiologi-
cal insults, could be the first step in the pathophysiclogy of PSVD.
Furthermore, the expression of the HLA-DR molecule on EC of por-
tal venous radicles, secondary to portal venous damage 2 could fa-
cilitate the development of other autoimmune mechanisms, mainky
cell mediated. All these immunological mechanisms (cell and anti-
body mediated) are not exclusive, and probably they can be present
simultanecusly. It is likely that an immune-mediated mechanism is
only present in part of the patients with P5VD. Indeed, several aeti-
ological factors have been suggested for PSVD. It may be that some
of these may cause a similar or very close clinical disease through
non-immune-mediated mechanisms. This would be in relation to our
finding that only around a quarter of patients with PSVD exhibit
AECA.

In conclusion, our findings suggest that AECA determination may
be an additional tool to facilitate the diagnosis of PSVD. In addition,
our study provides evidence that supports the contribution of hu-
moral autocimmunity in a subgroup of patients with PSVD. AECA may
activate EC inducing endothelial apoptosis contributing to PSVD
lesions.
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IV. Discussion

The understanding of rare liver vascular disorders requires special considerations based on a
multidisciplinary approach and cooperation among referral centres specialized in this kind of
disorders, being essential coordinating efforts to gather knowledge, in order to reach an
accurate diagnosis and search targeted treatments. Although liver vascular disorders are rare
disorders, they represent a major health problem in the hepatology field. These liver vascular
disorders share a widespread variety of diseases that present the common characteristic in that
they could cause non-cirrhotic PH and develop PH complications with the consequent morbidity

and mortality.

Besides, it is worth highlighting that these disorders affect usually young people, with an
otherwise normal life expectancy that can be significantly shortened if there are not properly
managed. These diseases progress in the absence of treatment capable of modifying the natural
history and therefore treatment is currently symptomatic. In this context, our second study
summarizes the common efforts of several specialized referral centres to optimize the clinical
approach of two different rare disorders. The present thesis highlights that the collaboration
among reference centers allows the accumulation of patients and the feasibility of this kind of

studies with the aim of optimizing the clinical approach of non-cirrhotic SVT and PSVD.

The first study of this thesis focuses in the field of non-cirrhotic SVT. Many previous studies have
addressed the clinical impact of this disease, being especially remarkable the development of
PH-related complications and the complications derived from each precise thrombosis’
localization. The etiology of SVT has been classified into thrombophilic disorders that include
congenital and acquired thrombophilia and local inflammatory processes (local factors) that are
able to trigger the development of thrombosis. These two causes are not mutually exclusive and
it is fair to suspect that their combination could increase the risk of developing thrombotic

events.

Remarkably, when no underlying prothrombotic cause is identified (approximately in 30% of
cases), current guidelines recommend a different clinical management as the long-term
anticoagulation is not recommended. Thereupon, it is relevant to identify the SVT prothrombotic
factors in order to get an adequate approach and to avoid further complications because the
prognostic changes as well as the way of treating these patients. Taking this into account, to

perform a complete thrombophilia study in this population would be justified.
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Specifically, in our first study all the patients included had a comprehensive coagulation study,
including the determination of classical mutations for MPN (JAK2, CALR, or MPL) by conventional
techniques. In addition, we analysed 5 patients with SVT with an underlying MPN, diagnosed by
histological criteria, but negative for the three classical mutations. As we previously mentioned,
the diagnosis of an underlying prothrombotic disorder in SVT is key because it influences the
decision to maintain the long-term anticoagulation. The identification of the classical
haematological mutations has represented an important progress, facilitating the diagnosis of
MPN. Despite this fact, there are patients with MPN that are negative for these three mutations,
and surprisingly, several large cohorts of patients with SVT from Europe and Asia did not detect

any case of JAK2 exon 12 mutation(27,41).

In our first study NGS-based sequencing was able to detect JAK2 exon 12 mutation in 3 patients
who were negative by conventional sequencing. BCS was present in 2 of the 3 triple-negative
patients. Nevertheless, the diagnosis of MPN in these two patients was already performed based
on clinical and histological criteria. Thus, no further patients with BCS and an underlying MPN
were diagnosed. These data emphasise that in patients with BCS, if an extensive evaluation is

performed, a potential underlying MPN will be finally identified.

However, NGS clearly would facilitate this task. The sensitivity of traditional sequencing is
recognised to be consistent from approximately 15% to 20% mutant allele frequency (27,42);
therefore, cases with low mutation loads could be misdiagnosed. Remarkably, the three patients
of our cohort diagnosed by NGS had an allele load far below 10%. Additionally, it has been shown
that JAK2 V617F allele burden is usually < 10% in MPN patients with associated SVT and clearly
below than that observed in MPN patients without SVT (median 5% vs. 36.3%; p = 0.019) (43).

Then, detection of JAK2 at exon 12 led to the diagnosis of an underlying MPN in 3 of 122 (2.5%)
patients with SVT in our cohort. These results suggest that NGS technology would facilitate and

increase the number of detections of MPNs in the context of SVT.

In addition, NGS identified HMR-variants in more than one third of our patients with Idiop/loc-
SVT. HMR-variants are mutations involved in myeloid disorders different from JAK2, CALR and
MPL that have been related with clonal haematopoiesis and that are related to a myeloid clonal
pathology and/or pro-inflammatory state (44), already described in other diseases as coronary
artery disease for instance(45). This percentage is markedly higher than the observed in healthy
individuals (2-3%) even those aged over 70 (around 10%) (46,47), strongly supporting a
pathophysiological role of these variants in SVT (48,49).
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Despite the low number of events, patients holding HMR-variants seem to present a greater risk
of splanchnic recurrent thrombosis, suggesting a pathogenetic role for HMR-variants that could
promote SVT. Importantly, this higher risk associated with HMR-variants persisted after
adjusting patients by age. There seems also to be a trend towards a higher risk of splanchnic
recurrent thrombosis in those patients with two HRM-variants compared with those with a
single HRM-variant, although it was not statistically significant, probably because of the low
number of events. This fact would be in accordance with previous data that suggest that patients
with two or more HMR variants could present more complications or a worse prognosis, in
particular in Polycythaemia vera where the presence of 21 mutations significantly increased the
risk of a thrombotic event(49)and in primary myelofibrosis were associated with shortened

leukaemia-free survival(50,51).

Most patients (both those who detected JAK2 exon 12 and those in whom an HMR-variant was
observed) did not present significant differences in the number of platelets or the size of the
spleen compared with those patients who did not present these mutations. Then, if we applied
the criteria based on the European group work to avoid unnecessary tests (platelets >200
[x10%/L] and spleen >16 cm) (52), only in 1 patient of the SVT-MPN group could have been

diagnosed. This fact would be one more reason to support the employment of NGS.

Interestingly, our study showed more representation of HMR-variants in patients without any
known cause of thrombosis, what supports the possible role of HMR-variants in the thrombosis
development. These data encourage looking for HMR-variants, because it would be of special
interest in patients with SVT in whom no local factors are identified. Also, it was observed that
7.1% (2/28) of patients with an HMR-variant had a local factor, therefore although it seems more
cost effective to perform NGS in idiopathic patients with respect to an exclusive local factor, it
is not negligible in 7% of patients in whom the therapeutic attitude would change and

anticoagulant treatment should be maintained.

HMR-variants seemed not to influence the risk of developing extra-splanchnic thrombotic
events. This may be explained by the mixed and heterogeneous extra-splanchnic thrombotic

events and their different pathophysiological mechanisms.

In our study and in agreement with previous MPN studies (49,53), the HMR-variants TET2,
DNMT3A, and ASXL1 were the most frequently mutated genes. Recently, it has been reported
that these 3 genes (TET2, DNMT3A, and ASXL1) are associated with a higher thrombotic risk in
Polycythaemia vera (53). Some of these genes, as TET2, have essential functions that are

independent of their enzymatic activity. In particular, TET2 deficiency results in an increased
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pro-inflammatory phenotype in murine macrophages that could favour atherosclerosis
development and thrombosis (54). We also detected a not despicable prevalence of variants in
CEBPA gene. CEBPA is a relevant factor in driving the development of myeloid cells and regulates

TET2 transcription (55).

Furthermore, it has been described that knock-in mice with CEBPA variants predispose mice to
myeloproliferative disorders. Our data show that the introduction of NGS in the study of patients
with SVT may improve the diagnosis of MPN and it might even have prognostic implications (44).
Besides, this approach allows the simultaneous analysis of mutations at JAK2 (JAK2V617F and
exon 12), MPL, and CALR genes, and could reduce the need for additional studies and the
number of invasive explorations, such as bone marrow biopsies, particularly in patients with
suspected Polycythaemia vera. Nowadays, the main limitation for the implementation of an

NGS-based strategy to study all SVT patients is its spare availability and its high cost.

Given that JAK2V617F is the most frequent molecular alteration in patients with SVT (around
35% in patients with BCS and 20% of patients with NC-PVT) (22,56,57), it could be more cost-
effective to screen first for JAK2V617F and to perform NGS only in those patients that are
JAK2V617F negative. Although it is certain that NGS allows simultaneously determining the
presence of HMR-variants and recent data suggest that patients with a JAK2-positive MPN that
additionally hold an HMR-variant had a worse prognosis than those MPN patients that only had
the JAK2 mutation (49). If these data are confirmed, together with our results suggesting that
the exclusive presence of an HMR-variant may be a prothrombotic risk, NGS could become the

initial technique to assess patients with SVT in selected patients.

Accordingly with our results, we have proposed an easy clinical management algorithm to guide

evaluation in patients with SVT.

The second study analyses the natural history of patients with SVT and an underlying MPN. This
has been scarcely studied. Although the previous reports and series have enabled the
understanding of these diseases, the limited and insufficient data make it necessary to further
explore these conditions. Subsequently, we conducted this retrospective/prospective
multicentric study, reporting one of the largest and best characterized series. The first
remarkable fact is that the collaboration of 36 different hospitals was required to gather this
large cohort of patients, which emphasizes the difficulty of bringing together so many patients

with two coexistent rare disorders.

We explored the natural history of patients with PV and ET in whom SVT was the first

manifestation of disease. The main observation of the present study was the reduction in the
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expected survival in this subgroup of patients. This excess of mortality was attributable to a
higher frequency of haemorrhage, liver failure, and second malignancies, indicating that the
outcome of these patients may be mostly determined by complications other than MPN
progression. The abovementioned observations might seem in contradiction with previous
studies reporting a favourable outcome in PV and ET patients with SVT (43,58,59). Nevertheless,
it should be highlighted that the reduction in survival was only uncovered after correction for

age, an aspect generally not explored in previous studies (60).

Secondly, most previous studies also included patients with MF, which is the most serious MPN
and has the worst prognosis, so it might have contributed to the general perception that the

natural history of SVT is mainly determined by the type of MPN (60,61).

Third, we only selected patients in which SVT was the initial manifestation of PV or ET, making
it possible to analyse a more homogeneous cohort of patients. Finally, we used a large control
group of patients without SVT at presentation included in the Spanish PV and ET registries, who
are representative of our current clinical practice. MPNs presenting with SVT have been
suggested to be biologically different entities because they usually show low JAK2V617F allele
burden load, less altered blood counts and a lower rate of disease progression. Accordingly, in
the present series, no case of transformation to acute leukaemia was documented and only
seven patients progressed to MF after a median follow-up of 6 years. However, these results are
consistent with previous studies reporting the rarity of progression in young patients during the

first decade of the disease (62).

Moreover, the excess mortality due to liver disease may compete with disease progression in a
group of young patients that has a low transformation rate by itself. Patients with SVT have a
high rate of recurrent venous thrombosis (63). Thus, in the largest studies on this topic, it has
been reported an incidence rate of 2.5% and 1.6% venous thromboses and SVT recurrences,
respectively (64). In our series, with a longer follow-up, the rate of recurrence was exactly the
same (2.55% per year) and 3-fold greater than the one observed in the control group (0.79% per
year). Of note, the rate of venous thrombosis in the control group was similar to the reported in

previous studies including unselected patients with PV and ET (65,66).

Another remarkable aspect of the present study is the increased risk of major bleeding in
patients with SVT. De Stefano et al. had reported an incidence of severe bleeding of 2.1% per
year, very similar to the 2.4% rate observed in our series (64). The increased risk of bleeding

could be explained by a wider use of anticoagulant agents, often associated with antiplatelet

57



agents and the coexistence of oesophageal varices with the latter being the main risk factor for

major bleeding in a series including 518 MPN-SVT patients(60).

On the other hand, recently a higher incidence of second cancer has been reported in patients
with MPN (67,68). The exposure to hydroxyurea, ruxolitinib or pipobroman, has been
significantly associated with non-melanoma skin cancer (68). In our study and despite the
frequent use of hydroxyurea, we did not observe a higher incidence of non-melanoma skin
cancer in PV/ET cases presenting with SVT. This could be explained by the young age of these
patients, because age and duration of sun exposure are essential risk factors for the
development of non-melanoma skin cancer. Interestingly, when non-melanoma skin cancer was
excluded from the analysis, a higher incidence of second cancer was observed in ET and PV
patients presenting with SVT in comparison with their age- and sex-matched controls. To the
best of our knowledge, this is the first study reporting this association, which calls for additional

studies to confirm this observation.

The main limitation of our study arise from the data collected from registries that may be prone
to some biases, and there is a non-trivial chance of potentially missing data, what might have
influenced on the estimated frequency of second neoplasms. Additionally, it could be argued
that including small centres may give rise to additional issues such as accurate diagnosis and
managing of challenging situations, particularly SVT. Although it must be pointed out that most
of the with SVT and controls included in the present study were rigorously registered from large
reference hospitals. Finally, accurate diagnosis of MPN subtype may be particularly challenging
in patients with SVT; for this reason, in all these centres isotopic red cell mass measurement is

routinely performed in cases with SVT in whom MPN is suspected.

Finally, the third study evaluated the potential role for an immunological-mediated mechanism
in the pathophysiology of porto-sinusoidal vascular disorder. The results of this study support
that the finding of different autoantibodies is frequent in patients with PSVD and therefore its
presence should not discard the diagnosis of PSVD or being a definite reason to diagnose an
autoimmune liver disorder. Otherwise, our study shows that the presence of auto-Abs is
significantly higher in patients with PSVD than in patients with cirrhosis, despite non-alcoholic
steatosis hepatitis (NASH) patients were also included in the cirrhotic cohort and ANA have been

shown to be positive in NASH cirrhosis in absence of autoimmune hepatitis (69).

When we focused in the specific auto-Abs found in PSVD patients, although there was a trend
for increased reactivity for anti-SMA, ANA, and anti-tTG IgA, the only auto-Abs that were

significantly increased were AECA. Although Anti-SMA Ab was also highly prevalent,

58



autoimmune hepatitis was disregarded because the biopsies did not have characteristic data of
plasma cells, interphase hepatitis or hepatocyte rosetting, in addition to performing the

simplified criteria for the diagnosis of AIH (70), the scale was <6 points in each patient.

It is worth highlighting that the presence of AECA might facilitate the diagnosis of patients with
PSVD. Unfortunately, the diagnostic capacity of AECA was modest. However, AECA positivity,
especially at a titer 21/16 together with low elastography (71) or low HVPG values, constitutes
an additional parameter increasing the probability that the patient has a PSVD. By contrast,

AECA negativity, although not discarding, will not reinforce PSVD suspicion.

In addition, the results of our study also suggest that AECA may have a pathophysiological role
in PSVD. AECA have been identified as circulating auto-Abs targeting the EC (38). The pathogenic
implication of AECA has been defined in other diseases such as systemic sclerosis(72). Targeted
antigens of AECA may be different among various pathological conditions and even in the same

disease (73).

Despite AECA have been previously described in patients with PSVD, its significance and targeted
protein in PSVD is unknown. The definition of AECA is usually restricted to auto-Abs targeting
the antigens expressed on the EC surface. Our indirect IFF analysis in HNL tissue clarified the
binding capacity of serum AECA to vascular EC of the liver. Nonetheless, CytoELISA could detect
some kinds of antibodies against cytoplasmic antigens and because of that we aimed to identify
the antigens to which the serum of patients with positive AECA was reacting. We observed a
band directed against a 68-72-kDa protein at WB. Several heat shock proteins (HSPs) with a

molecular weight in the range of 68-72 kDa has been described in the literature(74).

Interestingly, HSP72 (within the HSP family) increases its endothelial expression in different
stress situations (75). and it is an early and sensitive indicator of hepatotoxicity and hepatic
injury (76,77). In addition, several studies show that ischaemia-reperfusion and hypoxia induce

the expression of HSP72 in rat livers(78,79).

On the other hand, AECA have been suggested to contribute to the pathogenesis of systemic
vasculitis and vasculitis-associated diseases(80), specifically through binding in the membrane
of EC to phospholipids or HSP60, among others, activating and inducing EC apoptosis (78,79). EC
apoptosis could further induce the expression of HSPs. Moreover, Motoyama et al (81)
suggested that sinusoidal endothelial cells (SEC) are the more sensitive liver cells to HSP72
expression on injury, demonstrating indeed that all apoptotic SECs express HSP72. All these data

suggest that AECA could play an active role in PSVD pathogenesis via an antibody-mediated
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immune mechanism. Remarkably, apoptotic EC have an increased secretion of connective tissue

growth factor (CTGF) that is able to promote fibrosis (82).

In that regard, levels of CTGF in sera and in liver tissue are known to be up-regulated in patients
with PSVD(83), which is in keeping with a potential role of vascular endothelial cell apoptosis in
the pathogenesis of PSVD(84). Sera from patients with SLE containing IgG AECA induce in
cultured EC the expression of adhesion molecules such as vascular cell adhesion molecule-1
(VCAM-1). Interestingly, soluble VCAM-1 serum levels are also elevated in PSVD patients, and

VCAM-1 is expressed in vascular endothelial cells in liver of patients with PSVD (85).

All these findings together support the potential contribution of AECA in the pathogenesis of
PSVD. Thus, we hypothesise that damage to EC, arising from different etiological insults, could
be the first step in the pathophysiology of PSVD. Furthermore, the expression of the HLA-DR
molecule on EC of portal venous radicles, secondary to portal venous damage, could facilitate
the development of other autoimmune mechanisms, mainly cell mediated. All these
immunological mechanisms (cell and antibody mediated) are not exclusive, and probably they
can be present simultaneously. It is likely that an immune-mediated mechanism is only present
in part of the patients with PSVD. Indeed, several etiological factors have been suggested for
PSVD. It may be that some of these may cause a similar or very close clinical disease through
non-immune-mediated mechanisms. This would be in relation to our findings that only around
a quarter of patients with PSVD exhibit AECA. In conclusion, our findings suggest that AECA
determination may be an additional tool to facilitate the diagnosis of PSVD. In addition, our
study provides evidence that supports the contribution of humoral autoimmunity in a subgroup
of patients with PSVD. AECA may activate EC inducing endothelial apoptosis contributing to
PSVD lesions.
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V.Conclusions

1)

2)

3)

4)

5)

6)

7)

8)

9)

NGS allows the simultaneous evaluation of multiple genes associated with
myeloproliferative neoplasms, even at low mutational levels.

NGS could identify JAK2-exon12 mutations not previously detected by the
conventional techniques.

NGS also identified high-molecular-risk HMR-variants associated with clonal
haematopoiesis.

Patients with idiopathic/local factor SVT harbouring HRM-variants seem to be
at a higher risk of recurrent splanchnic thrombosis.

Patients with PV and ET presenting with SVT seem to have a reduced survival
compared to other patients with PV and ET of the same age and sex.

Patients with SVT died more frequently from complications related with to
hepatic disease, major bleeding and second cancer (excluding non-melanoma

skin cancer).

Indicating this excess of mortality seems more related by complications other

than MPN progression.

The proportion of patients with at least one positive antibody seems higher in

patients with PSVD compared with cirrhosis.

AECA determination could be an additional tool to ease the diagnosis of PSVD.

10) Humoral autoimmunity may play a role in a subgroup of patients with PSVD.

11) AECA may activate EC inducing endothelial apoptosis, what could contribute to

PSVD lesions.
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