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Abstract

Myeloproliferative neoplasms (MPNs) are defined as clonal disorders of the hematopoietic stem
cell in which an exaggerated production of terminally differentiated myeloid cells occurs.
Classical, Philadelphia-negative MPN, i.e., polycythemia vera, essential thrombocythemia and
primary myelofibrosis, exhibit a propensity towards the development of thrombotic complications
that can occur in unusual sites, e.g., portal, splanchnic or hepatic veins, the placenta or cerebral
sinuses. The pathogenesis of thrombotic events in MPNs is complex and requires an intricate
mechanism involving endothelial injury, stasis, elevated leukocyte adhesion, integrins, neutrophil
extracellular traps, somatic mutations (e.g., the V617F point mutation in the JAK2 gene),
microparticles, circulating endothelial cells, and other factors, to name a few. Herein, we review
the available data on Budd-Chiari syndrome in Philadelphia-negative MPNs, with a particular
focus on its epidemiology, pathogenesis, histopathology, risk factors, classification, clinical
presentation, diagnosis, and management.

Key Words: Myeloproliferative neoplasms; Budd-Chiari syndrome; Thrombosis; Polycythemia vera;
Essential thrombocythemia; Primary myelofibrosis

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Myeloproliferative neoplasms (MPNs) are defined as clonal disorders of the hematopoietic stem
cell in which an exaggerated production of terminally differentiated myeloid cells occurs. MPNs are
characterized by a propensity towards the development of thrombotic complications, including Budd-
Chiari syndrome (BCS). Herein, we review the available data on BCS in MPNs, with a particular focus on
its epidemiology, pathogenesis, histopathology, risk factors, classification, clinical presentation, diagnosis,
and management.
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INTRODUCTION

Myeloproliferative neoplasms (MPNs) are defined as clonal disorders of the hematopoietic stem cell in
which an exaggerated production of terminally differentiated myeloid cells occurs[1]. Classical,
Philadelphia-negative MPNs include polycythemia vera (PV), essential thrombocythemia (ET) and
primary myelofibrosis, whereas chronic myeloid leukemia (CML) is the hallmark Philadelphia-positive
MPN[1,2]. Philadelphia-negative MPNs exhibit a propensity towards the development of thrombotic
complications[2,3]. In MPNs, thrombosis can occur in unusual sites, e.g., portal, splanchnic or hepatic
veins, the placenta or cerebral sinuses[4]. The pathogenesis of thrombotic events in MPNs is complex
and requires an intricate mechanism involving endothelial injury, stasis, elevated leukocyte adhesion,
integrins, neutrophil extracellular traps (NETs), somatic mutations (e.g., the V617F point mutation in the
JAK2 gene), microparticles, circulating endothelial cells, and other factors, to name a few (Figure 1)[4,5].
Herein, we review the available data on Budd-Chiari syndrome (BCS) in Philadelphia-negative MPNs,
with a particular focus on its epidemiology, pathogenesis, histopathology, risk factors, classification,
clinical presentation, diagnosis, and management. MPNs lead to an increased risk of thrombosis
through various mechanisms. This includes increased P-selectin expression, activation of integrins
causing leukocyte adhesion, and the novel mechanism of NETs formation.
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Figure 1 Myeloproliferative neoplasms lead to an increased risk of thrombosis through various mechanisms. This includes increased P-
selectin expression, activation of integrins causing leukocyte adhesion, and the novel mechanism of neutrophil extracellular traps formation.
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BRIEF OVERVIEW OF BUDD-CHIARI SYNDROME

BCS is a heterogeneous group of disorders characterized by hepatic venous outflow tract obstruction,
ranging from the small hepatic veins, the three suprahepatic veins and all the way to the junction of the
inferior vena cava (IVC) and right atrium. This classification eliminates hepatic blood flow impairments
caused by cardiac illness, pericardial disease, or sinusoidal obstruction syndrome (porto-sinusoidal
vascular disorder)[6-9]. Primary BCS is the obstruction due to a predominantly venous process
(thrombosis or phlebitis), whereas secondary BCS denominates the compression or invasion of the
hepatic veins and/or IVC by a lesion that originates from outside of the vein (most commonly
malignancy, abscess, or lymphadenopathy)[7,10,11]. It is a typical example of post-sinusoidal portal
hypertension[6,8].

EPIDEMIOLOGY AND PATHOGENESIS OF BUDD-CHIARI SYNDROME IN
MYELOPROLIFERATIVE NEOPLASMS

BCS is a rare condition across the globe. Expectedly, there is limited epidemiologic data on this entity. A
recent meta-analysis involving data from Asian and European studies highlighted a pooled incidence of
BCS at 1 case per million people and a prevalence of 11 cases per million people[12]. This report found
significant heterogeneity among the analyzed assessments due to differences in study designs
(diagnostic criteria, population characteristics, population sizes), as well as generally limited data on the
topic from the Americas or Africa. The investigations were conducted on populations from Japan, South
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Korea, Denmark, Sweden, Italy, and France. Earlier studies from China depicted the incidence of BCS at
0.88 per million and a prevalence ranging from 6.40 to 7.69 per million[13,14]. It is important to note,
though, that most of these epidemiologic studies included both primary and secondary BCS. One study
from France reported a median age of patients with primary BCS at 46.9 years. In their cohort, 30.6%
were male and 69.4% female. Oral contraceptive use and pregnancy are gender-specific risk factors of
BCS which may contribute to the female predominance[15]. In fact, hepatic vein thrombosis leading to
BCS was more common in females, whereas obstruction of both the hepatic veins and IVC was more
common in males[16]. There seems to be a geographic distribution of MPNs-related BCS cases. For
example, Qi et al[17] reported that of their cohort of 246 cases of BCS diagnosed over nearly 12 years in
China, only 5 cases were attributable to MPNs.

BCS, by definition, is the obstruction of the hepatic veins and/or outflow tract into the IVC. This
entity is distinguished from portal vein thrombosis (PVT) and splanchnic vein thrombosis (SVT), which
can coexist with BCS though are distinct pathologic processes[18]. Prior literature even reports presence
of PVT in BCS at 10%-20%, which suggests a relatively poor prognosis[19]. Generally, the etiology of
BCS is categorized as thrombotic or non-thrombotic. Thrombotic obstruction is the most common cause
of BCS, and this is referred to as primary BCS. There are numerous conditions associated with primary
BCS, including inherited thrombophilia, thalassemia, paroxysmal nocturnal hemoglobinuria, MPNs,
pregnancy, oral contraceptive use, or even inflammatory conditions, e.g., Behcet’s disease, celiac disease,
and ulcerative colitis[20-22]. Non-thrombotic causes of BCS, referred to as secondary BCS, typically
involve a mass lesion involving the hepatic veins or compression by adjacent structures. There are many
case reports describing unique causes of secondary BCS, e.g., polycystic kidney disease, liver abscess,
hydatid cysts, and cardiac myxoma; however, this etiology is uncommon[23-26]. MPNs are the most
common cause of BCS, and the prevalence of BCS in the setting of MPN ranges from 32.9% up to 49.5%
[27,28]. MPNs represent a malignant proliferation of myeloid cell lines, with the most common blood
cancers classified in this category being CML, PV, ET and PMF. Thrombotic complications, such as BCS,
are of particular concern in the setting of PV and ET, as these conditions carry significantly greater risk
of such thrombotic processes[28]. A meta-analysis found that PV was the most common of MPNs to be
diagnosed in the setting of BCS, even more than in subjects with PVT[28]. There is also evidence
pointing towards increased thrombotic risk in MPNs carrying JAK2 gene mutations[29] and about 41%
of individuals with BCS exhibit genetic changes in the aforementioned gene[30,31].

HISTOPATHOLOGY OF BUDD-CHIARI SYNDROME

Histopathological features of BCS are studied in great detail and the histopathology of BCS is well
established in the existing body of evidence[32-35]. Sinusoidal dilatation and congestion, centrilobular
inflammation and necrosis, regenerative hyperplasia, macrovesicular steatosis, cholestasis, glycogenated
nuclei, and perivenular fibrosis are the common histological features seen in this condition.
Regenerative nodules, even though seen in both BCS and cardiac cirrhosis, is more common in BCS.
Sinusoidal dilatation is the hallmark microscopic finding which can be appreciated in the initial stages
of the disease[36]. However, this finding is not unique to BCS and can be seen in other conditions[37].
Having said that, in the presence of prominent sinusoidal dilatation, hepatic outflow obstruction should
be ruled out as an important differential. Centrilobular necrosis is another important pathological
feature that is more commonly seen in BCS compared to cardiac cirrhosis. This is attributed to the fact
that hepatic hypoxia preferentially affects the centrilobular hepatocytes[38,39]. To the best of our
knowledge, there is no literature on variation of the histopathological patterns in BCS secondary to
MPNs. Moreover, a prognostic grading system for the same also does not exist and is a potential area
for further studies.

RISK FACTORS OF BUDD-CHIARI SYNDROME IN MYELOPROLIFERATIVE NEOPLASMS

Smalberg et al[28] have depicted in their meta-analysis a strong relation between MPNs and SVT. This
was confirmed by the high prevalence of JAK2V617F in BCS. MPNs and JAK2V617F are more commonly
associated with BCS compared to PVT. This may be due to focal inflammatory insult to the portal
venous system which is required for PVT[40]. There is a considerable difference between PVT and BCS
with regard to the subtypes of MPNs. PV is more commonly associated with BCS than with PVT. There
is a high pro-thrombotic effect as the hematocrit increases. In these situations, low-shear venous
circulation is impacted more by the increased blood viscosity[41-43]. The interaction between adhesion
molecules and red cells may be responsible for this mechanism. However, it was observed that PVT is
more common in PMF compared to BCS[28]. This may be due to the fact that splenomegaly in PMF
causes compression of the portal system leading to stasis of blood. In the same study, JAK2V617F-
positive MPNs were found to be associated with PVT more frequently than BCS[28]. However, the exact
reason is not known. In terms of CALR gene mutations, Li ef al[45] highlighted that 1.41% of BCS cases
exhibit genetic alterations in the CALR gene. In JAK2V617F-negative MPNs-related BCS cases, CALR
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gene mutations were detected in 17.22% of the examined individuals [44].Mutations in other genes, i.e.,
MPL or TET2, have rarely been depicted in BCS. However, the detection of a somatic gene mutation and
especially of JAK2V617F in BCS should alert the clinician to screen for MPNs, including at follow-up if
the diagnosis of overt MPNs is not established. In addition, work-up for hereditary thrombophilia
should be performed as part of the molecular-driven diagnosis of BCS.

CLASSIFICATION OF BUDD-CHIARI SYNDROME

BCS can be classified based on three factors: (1) Origin of obstructive lesion (endoluminal/primary and
extraluminal/secondary); (2) Site of obstruction; (3) Onset of disease pathology (fulminant, subacute,
acute, and chronic) (Table 1). Primary BCS refers to occlusion resulting from endoluminal venous
pathologies such as thrombosis, stenosis, endophlebitis, and webs, while secondary BCS is extraluminal
in origin with compression being caused extrinsically by neighboring structures, i.e., cysts, abscess,
hyperplastic nodules, or invasive tumors[18]. Three classifications can be presented based on the site of
the obstructive lesion (Table 2). As highlighted by Patil et al veno-occlusive disease (type III presented
by Chaubal et al[46]) results when sinusoidal endothelial cells are primarily injured, and so it may be
regarded as a separate entity known as the sinusoidal obstruction syndrome[46-48].

CLINICAL PRESENTATION OF BUDD-CHIARI SYNDROME

The clinical presentation of BCS varies widely depending upon the extent as well as the site and rapidity
of hepatic venous outflow obstruction. This causes varied degrees of liver involvement, resulting in
about 20% of the patients having little to no symptoms at all[49,50]. Owing to the development of
intrahepatic, extrahepatic, or portosystemic collaterals, these patients do not show any discernible signs
of venous obstruction. In contrast, patients with symptomatic hepatic vein obstruction present with
symptoms of portal hypertension such as ascites, upper gastrointestinal bleeding, and hepatic enceph-
alopathy with right upper quadrant abdominal pain. Abdominal examination may further reveal a
tender hepatomegaly with splenomegaly. Therefore, a classical triad of abdominal pain, ascites, and
hepatomegaly should raise a clinical suspicion of BCS. In patients with obstruction of the IVC, the signs
and symptoms greatly vary. As a result, some authors refer to the hepatic complications of IVC
obstruction as “obliterative hepatocavopathy”[51]. These patients may have signs of caval obstruction
such as pedal edema, varicocele, lower limb ulcers, and/or dilated subcutaneous veins in the abdomen,
chest, and back[52]. The rapidity of venous obstruction may give rise to varied degrees and forms of
presentation, i.e., fulminant, acute, subacute, and chronic. Patients with fulminant disease have a
hyperacute onset of disease pathology (< 2 month), which is manifested as acute hepatic failure with
ascites, hyperbilirubinemia, tender hepatomegaly, and renal failure secondary to renal outflow
compromise resulting from hepatic vein obstruction[8,53]. Particularly, the development of hepatic
encephalopathy within 2 months of onset of jaundice is regarded as fulminant disease[54]. Fulminant
disease requires acute obstruction of all three hepatic veins and so its recorded incidence is quite low
[55]. Acute BCS has a short duration of onset which is usually within a month while the onset of
subacute ranges from one to six months[54]. Interestingly, there is data to suggest geographical
variation in the incidence of various types of BCS based on onset of pathology. In the eastern geographic
regions, chronic presentations are more prevalent with onset ranging from 6 months to 30 years[54,56].
In the western geographic region, acute presentation is encountered relatively more frequently[56].
Esophageal bleeding, ascites, and hepatic necrosis may be absent in patients of subacute BCS[8]. Finally,
the chronic form may take more than 6 months to develop and is characterized by progressive
abdominal distention without jaundice. These patients may have signs of portal hypertension including
variceal bleeding as well as splenomegaly. Renal impairment may not be seen in 50% of these patients
with chronic BCS[57]. These symptoms may or may not be accompanied by a wide range of nonspecific
symptoms. Though a plethora of differential diagnosis may be present at this point-and though it is true
that BCS is generally a rare disease-clinicians must not exclude the possibility of BCS and as discussed
by Aydinli and Bayraktar, clinical suspicion of BCS should escalate in the following scenarios: Acute
onset ascites with tender hepatomegaly, massive ascites with relatively preserved liver functions,
fulminant hepatic failure associated with hepatomegaly and ascites, unexplained chronic liver disease,
liver disease with thrombogenic disorder, and sinusoidal dilation on liver biopsy without heart disease
[18].

Acute liver failure is a sequelae of BCS that is infrequent in its occurrence. According to two case
series, BCS accounts for 0.9% to 15% of the cases of acute liver failure. Majority of the patients, in the
larger case series reporting 20 cases of BCS in 2344 patients of acute liver failure, were middle aged
Caucasian women with PV. Acute-on-chronic manifestation, however, is relatively more frequent as
compared to acute liver failure. To direct appropriate management, the Asian Pacific Association for the
Study of the Liver has further classified the acute-on-chronic manifestation of BCS into three types
based on underlying liver disease and acute insult (Table 2)[56]. Table 3 depicts the clinical character-
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Table 1 Classification of Budd-Chiari syndrome

Ref.

Type  Site of obstruction

Chaubal et al[46]

Patil et al[48]

Bansal et al[47]

I Obstruction of IVC with or without secondary hepatic vein occlusion

I Obstruction of major hepatic veins

III Obstruction of small centrilobular veins (considered by some as veno-occlusive disease)
I Lesions of the IVC

ITa Short segment (< 4 cm) lesion of the hepatic vein

IIb Diffuse lesion of the hepatic vein

III Mixed type with lesions of IVC and the hepatic vein

I Hepatic vein obstruction or thrombosis without IVC obstruction or compression
I Hepatic vein obstruction or thrombosis with IVC obstruction or thrombosis

III Isolated hepatic venous webs

v Isolated IVC webs

IVC: Inferior vena cava.

Table 2 Acute-on-chronic manifestation of Budd-Chiari syndrome classification

Type Description of pathology

A Acute hepatic vein thrombosis or stent block precipitates ACLF in a BCS

B Non-thrombotic acute insult precipitates ACLF in a chronic BCS

C Acute hepatic vein thrombosis precipitates ACLF in a non-vascular chronic

Liver disease

ACLF: Acute-on-chronic liver failure; BCS: Budd-Chiari syndrome.

JBaishideng®

istics of BCS based on geographic region of the studies population.

DIAGNOSIS OF BUDD-CHIARI SYNDROME

Although BCS is considered a rare disease, it has the potential to rapidly deteriorate a patient's health.
Therefore, the need to obtain a correct diagnosis, followed by rapid specific treatment is urgent and
extremely important.

Medical history

As BCS may be classified as primary (endoluminal lesion-like thrombosis) or secondary (extra-venous
system causes), assessment of medical history plays a key role in identifying predisposing factors
towards BCS[95]. Knowledge about these key points might be suggestive, not sufficient, of BCS
diagnosis. Treatments administered by clinicians must put into account not only the obstruction by
itself, but also its possible underlying causes: MPNs, e.g., PV, ET, PMF[63]; History of hereditary or
acquired thrombogenic disorders[64]; Use of oral contraceptives[65,66]; Paroxysmal nocturnal
hemoglobinuria[67]; Status and history of recent pregnancy[68,69]; History of hepatocellular carcinoma
[70]; Chronic liver disease, remained unexplained after exclusion of alcoholism, chronic viral hepatitis B
or C, autoimmunity, iron overload, Wilson’s disease and alpha-1 antitrypsin deficiency[71]; and other
possible risk factors towards thrombosis or obstruction.

Physical examination

Majority of BCS patients present with the classic triad of abdominal pain especially in the upper right
quadrant presenting in 61% of cases, ascites presenting in 83% of cases, and hepatomegaly presenting in
67% of cases[6,72]. The classic triad may form suddenly in acute cases (< 6 months), or progressively in
chronic cases (> 6 months)[73]. These symptoms may or may not be accompanied by a wide range of
nonspecific symptoms. Though a plethora of differential diagnosis may be present at this point-and
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Table 3 Clinical characteristics of Budd-Chiari syndrome based on geographic region of the studied population[15,58-62]

Percentage in various geographic regions

Clinical characteristics

Egypt France Sweden China Japan United States Algeria

Ascites/ Abdominal distension 82 744 88 51.9 31.2 29.9 74.8
Abdominal fullness - - - - 26.1 - -
Abdominal discomfort - - - - 17.8 - -
Abdominal pain 96 724 81 - 25 - 42.6
Cirrhosis - - - - - 18.6 -
Hepatomegaly 50 70.1 72 - 54.7 - -
Splenomegaly 42 491 66 - - - -
Esophageal varices - 54.8 67 - - 7.4 -
Hematemesis/ Variceal bleed 36 - 9 16 8.3 32 -
Melena - - = = 25 - -
Jaundice 16 20.3 29 - By - 13.9
Fever - 20.1 27 - - - 15.7
Hydrothorax - 13.0 - - - - -
Acute kidney injury - - - - - 18.8 -
History of recurrent abortions 6 - - - - - -
History of previous thrombosis 10 - - - - 7 -
Recurrent orogenital ulcers 4 - - - - - -
Leg ulcers 2 - - - 3.8 - -
Lower limb edema 68 - - 58.9 318 - 13
Dilated abdominal veins 40 - - 57 27.3 - -
Hepatic encephalopathy 36 - 12 0.7 - 9.5 52
Ileus - - 21 - - - -
General malaise - - - - 121 - -
Acute respiratory failure - - - - - 7 -

though it is true that BCS is generally a rare disease - clinicians must not exclude the possibility of BCS.

General supporting examination

Routine laboratory examinations might help aid clinicians to further pursue the presumptive diagnosis
of BCS. Results that suggest the possibility of BCS include[6,73]: Diagnosis of PV, ET or PMF; normal or
increase in liver function tests (alanine aminotransferase; aspartate aminotransferase); or findings which
indicate thrombosis.

Specific supporting examination: imaging modalities

If a patient presents with the suspected risk factors, clinical presentation, and general supporting
examination, clinicians must continue the diagnostic work-up with a high index of suspicion towards
BCS. Specific supporting examination lies all around imaging modalities. These are the investigation
methods useful towards diagnosing BCS, in an arranged order from the first line to the last[71]: Doppler
ultrasonography; Magnetic resonance imaging (MRI) or computed tomography (CT) scan; Venography;
Liver biopsy. Doppler ultrasonography is regarded as the initial technique of choice, offering a pooled
sensitivity of 89% and specificity of 68% across multiple studies[74]. Doppler ultrasonography will show
findings of no venous flow, retrograde venous flow, no visualization of the vein (possibly due to venous
collapse) in the affected areas[75]. These findings might indicate BCS, though still overlapped by
advanced cirrhosis[71]. However, in conditions where sonographic examination is inadequate to
evaluate BCS, or in conditions where the distinct characteristics of BCS were not found, imaging
through MRI or CT scan may be used in place to evaluate the presumptive diagnosis of BCS. MRI scan
offers a pooled sensitivity of 93% and specificity of 55%, while CT scan offers a pooled sensitivity of 89%
and specificity of 72%[74]. These modalities usually offer a clear diagnosis, though there might be
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uncertainty in patients with advanced cirrhosis[71]. Venography, and especially liver biopsy might be
the last, most invasive, yet the gold standard of diagnosis. However, biopsy provides the best
explanation towards the damage and specific etiologies contributing to the disease.

Assessment of etiology

The assessment of BCS etiology should definitely actively search for potential MPNs. A meta-analysis
found that distribution of MPN subtypes in BCS were as follows: PV (52.9%), ET (24.6%), PMF (6.7%),
and unclassifiable MPNs (17.0%)[28]. A presumption about the etiology of BCS might be estimated from
the results of general supporting examination. We propose a diagnostic algorithm for this instance as
reported in Figure 2.

MANAGEMENT OF BUDD-CHIARI SYNDROME IN MYELOPROLIFERATIVE NEOPLASMS

The treatment of BCS in MPNs requires a stepwise approach that may require a complete interdiscip-
linary team to adequately manage[54]. The goals of treatment aim at relieving obstruction, correcting
the underlying conditions, and lastly to monitor for any liver deterioration[72]. The level of liver
dysfunction can affect the coagulopathy of the patient and make anticoagulation difficult to predict in
patients with BCS[54]. Despite this, the first line treatment for BCS due to MPNss still consists of antico-
agulation therapy in order to relieve any obstruction. Furthermore, it is important to note that
antiplatelet therapy should be initiated in patients as soon as possible once a diagnosis is established.
Currently, the consensus when it comes to anticoagulation therapy is to treat with low molecular weight
heparin (LMWH) and target an international normalized ratio (INR). In addition to the LMWH, patients
should be started on an oral vitamin K antagonists (VKAs) (i.e., warfarin). Once the INR is between 2
and 3, the LMWH can be discontinued, however, the oral vitamin K antagonist should be continued life-
long[6]. Although anticoagulation is the first line therapy for patients with BCS in MPNs, unfortunately,
only 15%-20% of patients will respond to anticoagulation, as a result, other interventions may also need
to be implemented in 80-85% of cases[54]. When looking at acute BCS it is important to consider
methods that will restore patency of the thrombosed veins[76]. Treatment may start with thrombolytic
therapy in select patients who have had symptoms for a few weeks and who have a well-established
clot[54]. However, it is important to note that pharmacological thrombolysis has only been demon-
strated to be effective in patients presenting with acute (less than a few weeks) BCS, therefore, at times
other management options must also be considered. In addition, publications on thrombolytic agents in
this particular setting have been limited to case reports and small case series[77,78]. It is also important
to note that thrombolytic agents should not be considered when managing chronic BCS due to the fact
that these clots have been demonstrated to be resistant to thrombolytic agents and may increase the
bleeding risk for the patient far beyond the potential therapeutic benefit[78]. Another management
option that is worth considering in acute or subacute BCS in MPNs include angioplasty and stenting
[13]. Both angioplasty and stenting can be considered in patients that have a demonstrated obstruction
that is appreciated on radiological findings[13]. In addition, this intervention is typically reserved for
patients who are symptomatic[71,79]. It is also important to note that performing angioplasty can be
done in combination with thrombolytic therapy for patients who have an acute obstruction and may
benefit from both interventions[79].

Although angioplasty and stenting has started to play a major role and is a staple in the treatment of
BCS it is not without risks. The primary risk associated with stenting is the risk of reocclusion. One
intervention that has shown some promise in preventing reocclusion is the placement of a metal stent
following angioplasty. However, it is important to also note that increased outcomes for this particular
method is limited to some small case studies[40]. For BCS patients, inclusive of the individuals waiting
for orthotopic liver transplantation, transjugular intrahepatic portosystemic shunt (TIPS) is suggested as
a safer and very successful treatment strategy. TIPS is one of the major treatment options available for
the treatment of BCS[81]. The Baveno IV consensus has resulted in a fairly uniform course of care for the
patients of BCS, with prior consideration for the medical therapy alongside anticoagulation among all
patients with no contraindications. This has been the case for more than 20 years of TIPS usage in BCS
[82]. Because of the technical difficulty in sustaining venous patency for a longer period of time, TIPS
should be specifically considered for the patients with Rotterdam class III, acute liver failure, or in those
individuals who have failed medical therapy, diffuse hepatic vein thrombosis or prior hepatic venous
stenting. Ascites is typically the most prevalent symptom, followed by variceal or gastrointestinal
hemorrhage, with ascites rates in the trials under review reaching 100% and variceal bleeding rates
reaching up to 30.9%. Since it has not been found as a potential risk factor in the occurrence of post-TIPS
hepatic encephalopathy, prior hepatic encephalopathy need not be regarded as a contraindication to
TIPS in BCS[81]. Additionally, pre-procedure jaundice is not regarded as a contraindication for TIPS in
BCS patients, despite the fact that this is the case in patients with end-stage liver disease due to the
higher mortality in that cohort, with the reason for the difference being hypothesized to be related to the
absence of hepatocyte necrosis in the BCS patients[83]. Although there is no universal agreement across
the studies regarding the ideal timing to perform TIPS, patients presenting with refractory ascites,

WJCO | https://www.wjgnet.com 106 March 24,2023 | Volume14 | Issue3 |



Gaman MA et al. Budd-Chiari syndrome in myeloproliferative neoplasms

Diagnostic

algorithm

Budd-Chiari syndrome due to myeloproliferative neoplasms

-

N

Suspected BCS patient
(RUQ abdominal pain + additional symptoms)
J
v
e A
Anamnesis
L (Look for risk factors and symptoms) ) Other path ognomonic
3 - symptoms
Risk factors of Budd-Chiari "'"-""""""" (Suggestive for other di )
syndrome Ve ™ . ) "
Physical examination Ex. Alcoholism for alcoholic hepatitis
. . Classic triad of Budd-Chiari syndrome:
Myeloproliferative neoplasm, e.g., RUQ pain (61%)
polycythemia vera and Ascites (83%)
thrombocythemia S Hepatomegaly (67%) )
History of hereditary or acquired C Ab ¢ dlassic triad h
thrombogenic disorders e o e e e e e & Senfsé‘;gfi;ﬁf's g .
Use of oral contraceptives p A 4 < . )
E?r?xysmglhqotcturnafl hem?:globlnurla General supporting examination
pngLIj'lsazgy istory of recen (LFT and coagulation parameters) / \
(N J .
History of hepatocellular carcinoma e e e o o Other pathognomonic
Unexplained chronic liver disease v laboratory results
Other possible risk factors towards Ve N (Suggestive for other diseases)
thrombosis or obstruction Specific supporting examination Ex. Cholesterol 1, triglyceride 7, LDL 7,
Doppler ultrasonography HDL | suggestive of fatty liver
MRI /CT scan
A A A A Venography
. Specific imaging findings Liver biopsy (gold standard)
in doppler ultrasonography G J ~ ~
L o
No venous flow v Specific findings
Retrograde venous flow - N (St tive for other di )
No visualization of the vein (venous A ;
. ssessment of etiolo
collapse) in affected areas L y ) Ex. Liver biopsy shows fatty liver
- J
-
e ————— Budd-Chiari syndrome due to
other etiologies
v g
[ Budd-Chiari syndrome due to MPNs ]
v
Polycythemia Essential Primary
vera thrombocythemia myelofibrosis

DOI: 10.5306/wjco.v14.i3.99 Copyright ©The Author(s) 2023.
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hepatic failure, or the gastrointestinal hemorrhage should have access to this right away[84]. BCS
patients have a greater rate of shunt dysfunction than other cirrhotic patients receiving TIPS (about 50%
vs 80% within 1 year), which is likely related to the higher incidence of underlying thrombophilia[85].
Development of stents coated with polytetrafluoroethylene to be used during TIPS in the management
of BCS has improved patients’ prognosis, mainly due to the decrease in the need for re-interventions
and due to the tripling of the shunt patency[86]. Hence, TIPS could be a safer and effective treatment
option for managing BCS in MPNs.

Over time, transplantation results have significantly improved and liver transplant outcomes are not
harmed by prior TIPS. For patients with BCS, establishing venous outflow after liver transplantation is
very essential and necessitates a variety of surgical procedures. These patients' outcomes exhibit various
issues, such as vascular thrombosis and biliary difficulties[87]. Anticoagulation therapy, angioplasty,
and TIPS fail in the 10% to 20% of BCS patients treated with a step-by-step management method, either
due to technical failure or due to subpar clinical outcomes of a technically successful procedure
necessitating rescue transplantation. Additionally, patients with fulminant liver failure and those with
extremely advanced liver cirrhosis may benefit most from liver transplantation as treatment[88]. In the
case that a medical therapy does not succeed, interventional revascularization and TIPS are
recommended. The only guaranteed alternative for treating BCS is liver transplantation, if the
presumptive medications and procedures are ineffective. Liver transplantation may be recommended as
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a last resort or in fulminant situations, with promising and favorable outcomes. Ibach et al[89] analyzed
46 cases of BCS of whom 22 suffered from MPNs and reported that individuals with BCS who were
subjected to liver transplantation experienced a median survival of approximately 24 years. Mortality
rates were higher in patients with BCS and MPNs (RR=3.44, P = 0.05), however, two patients diagnosed
with these blood cancers died due to secondary acute myeloid leukemia and extramedullary
hematopoiesis in the spleen with consequent organ rupture, events which can occur during disease
evolution irrespective of the use of liver transplantation in these cases. Considering 5-year survival rates
for PV and ET are of about 80% and of about 50% for PMF, the use of liver transplantation for MPNs-
linked BCS is satisfactory in terms of survival prolongation[90]. Patients with BCS and Philadelphia-
negative MPNs receive the same care as those without MPNs during the acute phase. LMWH or unfrac-
tionated heparin should be administered as soon as possible, followed by VKAs. It is advised to proceed
gradually. A second-line approach based on invasive treatments, such as angioplasty with or without
stenting, TIPS, or surgical portosystemic shunt, should be taken into consideration in the event that
clinical deterioration persists despite anticoagulation [14,40,59]. While catheter-directed thrombolysis
may be helpful for the treatment of acute and partially occlusive thrombosis, systemic thrombolytic
therapy with tissue plasminogen activator is not very successful[78,91,92]. TIPS has recently been
suggested as the preferred course of care for individuals with BCS who exhibit symptoms of portal
hypertension. If TIPS is ineffective or inappropriate, angioplasty/stenting should be the second line of
treatment for the subset of individuals. When TIPS and angioplasty/stenting are ineffective or inappro-
priate, surgical shunts ought to be the first line of treatment[93]. Consider liver transplantation as a
curative measure[3,40,93,94].

Long-term antithrombotic treatment

An improved prognosis was introduced in the 1980s with the systematic use of VKAs in BCS patients
[71,95], while the impact of oral anticoagulation on the survival of the most severe patients is debatable
[6]. Although the ideal time frame for VKA is uncertain, lifelong medication is generally advised for
BCS[40,94,96]. Only 5 (8%) of the 163 patients in the comprehensive survey-of whom the majority (86%)
were getting VKA-experienced non-fatal variceal hemorrhage[97]. The rate of both recurrent thrombosis
and bleeding complications was 11% in a different study on patients with BCS who underwent liver
transplantation and received VKAs afterwards, but the mortality rate related to recurrence is higher
than that related to bleeding (4.4% and 0.8% of patients, respectively)[98]. There are few specific studies
on the effectiveness and safety of VKAs treatment in individuals with MPN-related BCS, and the
majority of the studies refer to SVT as a whole. In total, 49 of the 604 patients with SVT in the aforemen-
tioned multicenter prospective cohort (55 had BCS) had MPNs and had a 9-fold increased risk of
recurrent thrombosis during follow-up[99]. The presence of JAK2 gene mutations was substantially
correlated with liver-related thrombotic problems in a series of 36 BCS patients with recurrent
thrombosis following liver transplantation in 42% of instances (15/36). Moreover, 11 of the 12 patients
who experienced post-transplant thrombotic events and 10 of the 24 patients who did not (P = 0.005)
both exhibited JAK2V617F. Additionally, an increased incidence of thrombosis at any site was linked to
a JAK2 gene mutation (14/15 vs 7/21, P = 0.005). Liver-related thrombotic problems were more common
in people with overt MPNs (9/12 vs 8/24, P = 0.03)[100]. An investigation of 181 patients suffering from
MPNs who had their first episode of SVT was conducted retrospectively. In total, 31 (17.1%) and 109
(60.3%) patients, respectively, had BCS and extra-hepatic portal vein obstruction diagnosis; isolated
thrombosis of the mesenteric or splenic veins was found in 18 and 23 cases, respectively. Following this
index occurrence, the subjects were observed for 735 patient-years, and during that time, 31 recurrences
occurred, representing an incidence rate of 4.2 per 100 patient-years. The recurrence rate was 3.9 per 100
patient-years in the 85% of patients who received VKAs, compared to 7.2 per 100 patient-years in the
small portion (15%) of patients who did not. Compared to those who had thrombosis at the portal or
other abdominal sites, patients with BCS had an incidence rate of new events that was significantly
higher at 8.0 per 100 patient-years. In contrast, there was no difference in the rate of new arterial
thrombosis between the two groups. Of note, patients with BCS had a 3-fold higher risk of recurrent
SVT than those with other index SVT[101]. This difference was caused by an increased rate of venous
events in BCS patients. Nine individuals with BCS (4 without and 5 with liver cirrhosis) were included
in a survey on the use of direct oral anticoagulants (DOACs) in 94 patients with SVT, but no information
was provided regarding the presence of MPNs as the underlying cause of SVT[102]. Anecdotally, it has
been mentioned that a patient with PV and BCS used the direct factor Xa oral inhibitor rivaroxaban
[103]. Semmler et al[104] analyzed the potential efficacy of DOACs, specifically edoxaban, apixaban,
rivaroxaban and dabigatran, in the management of BCS. Their sample size consisted of 47 BCS subjects:
22 (of whom 10 had MPNs) were put on DOACs, whereas 21 (of whom 9 had MPNs) received LMWHSs
or VKAs. Complete response was noted in >60% of the BCS subjects who were prescribed DOACs.
Complications during DOAC use included major spontaneous or surgery-related hemorrhage (n = 4
and n = 1, respectively) and minor hemorrhages (n = 7), whereas transplant-free survival at 5 years
exceeded 90% and at 10 years exceeded 80%. JAK2V617F-negative MPNs experienced better treatment
responses to DOACs as compared to JAK2V617F-positive individuals. Nevertheless, further research
needs to assess the benefits of DOAC use in MPN-related BCS as the sample of the aforementioned
investigation was too small to draw pertinent conclusions.
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Cytoreductive therapy

Cytoreduction is necessary in MPN patients who have experienced thrombosis in the past[105]. It is
unknown whether it is appropriate to administer cytoreduction to SVT patients with JAK2V617F but
without an explicit MPN diagnosis in accordance with the WHO criteria. Given the lack of evidence,
care must be taken when prescribing cytoreductive regimens to JAK2V617F-positive SVT patients
because approximately half of them will not develop MPN during the follow-up[106]. On the other
hand, the JAK2V617F mutation increases the incidence of recurrent thrombosis in both BCS patients
who have undergone liver transplantation[100] and SVT patients generally[107,108]. Therefore, it seems
sensible to utilize medications to slow the growth of the mutant clone. Only one of the 17 MPN patients
with BCS in a small retrospective cohort who received hydroxyurea and aspirin after liver donation
developed recurrent extrahepatic portal vein obstruction (EHPVO)[109]. The rate of recurrence was 22%
(4/18) in another small series of 18 MPN individuals with BCS; all new thrombotic events occurred in
patients who were not receiving cytoreductive therapy[110]. In a pooled cohort of 1500 patients with
MPNs and thrombosis, the multivariable analysis limited to the patients with first arterial thrombosis
showed that recurrent arterial thrombosis was prevented by antiplatelet agents and by hydroxyurea and
only partially by VKAs; on the contrary, in patients with the first venous thrombosis, venous recurr-
ences were more prevented by VKAs than by antiplatelet agents or hydroxyurea. Notably, after
adjusting for age, sex, antiplatelet treatment, VKA treatment, and cytoreductive drugs other than
hydroxyurea in 218 patients with SVT (38 with BCS), it was verified that hydroxyurea had no significant
impact on the rate of either recurrent thrombosis or recurrent VITE[111]. The cause of this finding is
unclear; however, it may be hypothesized that since hypercytemia is less common in SVT patients[112],
cytoreduction may not be as important as it might be in other circumstances.

Orthotopic liver transplantation

Patients with BCS who experience failure of the aforementioned therapies are candidates for orthotopic
liver transplantation in the range of 10 to 20 percent of cases[6]. Following liver transplantation, the 1-
year and 5-year survival rates in a group of 36 BCS patients were 84% and 69%, respectively; the
presence of a molecular characteristic for MPNs had no bearing on these survival rates[100]. The
mortality rate following liver transplantation in a different series of 25 BCS patients was comparable in
MPN (3/18, 16.7%) and non-MPN patients (1/7, 14.3%)[110]. In a retrospective cohort of 78 BCS
patients, the 5-year survival was 78% vs 76%, and the 10-year survival was 68% vs 73%, respectively.
Long-term survival following liver transplantation was similar in MPN (n = 41) and non-MPN patients (
n = 37), with P values of 0.81 and 0.66, respectively. Twelve of the 41 MPN patients (or 29%) passed
away within the first three years following liver transplantation, but only one death with recurrent BCS
was attributable to the hematologic condition[146]. Following liver transplantation, progression to
myelofibrosis or acute leukemia was not noted in 17 cases with a follow-up period of up to 20 years
[109], nor in 78 cases in a mean follow-up period of 12.4 years (range 3-28.4 years)[113] in two series of
BCS patients. While there are many treatment options available for BCS, the availability of many creates
obstacles in maintaining a standard treatment plan. It is usual for clinicians to use anticoagulation as the
first line of treatment for tackling BCS[114]; however, in cases when the condition cannot be controlled
by medical treatment alone, several trials have shown encouraging outcomes with the use of TIPS in
BCS patients as an alternative to shunt surgery or liver transplantation[115,116].

Anticoagulant therapy has been an accepted standard of treatment in BCS[117]; however, this
standard remains controversial amidst clinicians. Emergent anticoagulation may not significantly
improve clinical outcomes for individuals with acute ischemic stroke, according to several clinical
investigations[118-120]. The current mode of treatment also selects LT as a de-facto last resort when it
requires for a complex venous outflow reconstruction that would be difficult to acquire in medically
underserved areas[6,121]. We have previously established that TIPS is the equivocally accepted and
proven form of treatment for most BCS patients; in fact, the 10-year survival of the procedure is 69%
[122]. It naturally becomes a concern if the current chronology requires a deeper revision. For instance, if
anticoagulants truly seem to have no significant impact on the pathophysiology of the condition, could
we derive a better medicinal first line of treatment for the condition? Could TIPS become the first mode
of treatment if more non-invasive mechanisms are innovated to perform it? BCS is a rare disease, and it
is important to remember that time is an invaluable resource in situations as such. Resorting to
ineffective treatment not only delays medical management, but it deters the patient’s condition. If the
first line of treatment leads a patient to the second line in the longer run, maybe it is a scope for
physicians to rethink the chronology of treatment. Constant revisions of guidelines will allow us to not
only discard what is counterintuitive, but it will promote clinicians to adapt to newer and more effective
modes of treatment.
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DIFFERENTIAL DIAGNOSIS, PROGNOSIS AND COMPLICATIONS OF BUDD-CHIARI
SYNDROME IN MYELOPROLIFERATIVE NEOPLASMS

Hepatic vein obstruction in BCS may lead to abdominal pain, ascites, jaundice, and hepatomegaly.
Given the significant overlap of these symptoms with other hepatic pathologies the differential
diagnosis remains broad. PVT is distinct from BCS and directly involves the liver vasculature. MPNs are
the most common cause of noncirrhotic, nonmalignant PVT[28]. Given the similar presentation of both
PVT and BCS and its high prevalence in MPNs, diagnostic tests and imaging modalities should be
utilized in differentiating both conditions. In BCS, Doppler ultrasound is effective in visualizing
occlusion of the hepatic vein[123]. The absence of hepatic vein thrombosis and presence of reduced or
absent flow in the portal veins with duplex ultrasound points towards PVT as the primary differential
diagnosis[10]. Other differential diagnoses that should be given consideration include granulomatous
liver disease, hemochromatosis, and alcoholic liver disease. A retrospective study across three centers in
Europe studied the prognostic factors associated with BCS in MPNs. Their results indicated poorer
baseline prognostic features, earlier hepatic decompression procedures, but no effect on 5-year survival.
However, the presence of MPNs was associated with event free survival in BCS[124]. Generally, the
determinants of prognosis in BCS are age, serum creatinine, Child-Pugh score, and ascites. A higher
Child-Pugh score, older age, refractory ascites to diuretics, and higher serum creatinine are all factors
pointing towards a poor prognosis[125]. In recent years 5-year survival rates have improved in BCS.
Improved survival is largely attributed to the improved management of hypercoagulable states, and
endovascular intervention[95]. Although rarely performed now, surgical portosystemic shunting
improved survival in BCS patients who were determined to have a poor prognosis[126].In a
retrospective analysis of 78 BCS patients both with and without MPNs similar outcomes were measured
after liver transplantation[113]. Janssen et al studied 172 patients with EHPVO, 24 of which carried a
diagnosis of MPN. The five-year survival rates were similar between both groups (92% vs 53%, P = 0.18)
[127]. Significant consideration must also be given to the role of VKAs in the prognosis of BCS. De
Stefano et al[128] performed a retrospective analysis of 94 patients with MPNs (PV or ET), significant
reduction of re-thrombosis was independently achieved with VKAs (HR 0.32; 95%ClI: 0.15-0.64) and
antiplatelet agents (HR 0.42; 95%CI: 0.22-0.77). DOACs may improve outcomes in patients with BCS.
Semmler et al[104] in 2022 performed a retrospective analysis of 46 patients across three Australian
centers with BCS. Six patients were managed with DOACs and 16 were switched to DOACs from
LMWHs (n =12) or VKAs (n = 4). In total, 4 major and 7 minor bleeding events were reported. Larger
prospective studies need to be conducted assessing the safety and prognosis of VKAs vs DOACs in
patients with BCS. Based on these previous studies it is determined that identification of BCS in patients
with MPNs should be promptly treated, thereby improving prognosis. Complications secondary to BCS
can be determined based on the varying degree of ensuing hepatic injury and dysfunction. When
untreated BCS can progress to fulminant liver failure, hepatorenal syndrome, hepatocellular carcinoma,
and hepatic encephalopathy amongst other complications. In 2021, Asl et al[129] retrospectively
reported on complications associated with liver transplantation (LT) in 4225 patients. 108 patients had
BCS and were matched with a non-BCS group of 108 patients. One-, 3-, 5-, and 10- year survival rates
were the same in both groups (82%, 78%, 76%, and 76% vs 83%, 83%, 83%, and 76%, P = 0.556). No
differences were noted in the 6-month follow-up after LT. However, at a later period vascular
thrombosis was more prevalent in the BCS group. In 2016, Ki et al[130] conducted a population-based
study in South Korea identifying a total of 423 BCS patients from 2009-2013. Among them, 10.3%
developed hepatic malignancy, and 3.3% underwent LT. The annual-case fatality rate was 2.8%. Hayek
et al[131] performed a retrospective analysis on the long-term safety of patients with BCS who
underwent TIPS. In total, 54 patients were identified, 34 (52%) of which suffered from MPNs. TIPS
dysfunction was associated with MPNs (HR, 8.18; 95%Cl: 1.45-46.18; P = 0.017).

CONCLUSION

Although BCS and MPNss are rare disorders, BCS can develop in the setting of MPNs. In this patient
population, individualized, distinctive counseling and multidisciplinary surveillance and treatment
strategies are crucial in achieving better possible outcomes. Individuals with MPNs should be managed
in accordance with the most recent guidelines to avoid the occurrence of BCS, whereas a diagnosis of
BCS should warrant an active search for the potential diagnosis of MPNs.
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Abstract

Medulloblastoma (MB) is considered the commonest malignant brain tumor in
children. Multimodal treatments consisting of surgery, radiation, and chemo-
therapy have improved patients” survival. Nevertheless, the recurrence occurs in
30% of cases. The persistent mortality rates, the failure of current therapies to
extend life expectancy, and the serious complications of non-targeted cytotoxic
treatment indicate the need for more refined therapeutic approaches. Most MBs
originating from the neurons of external granular layer line the outer surface of
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neocerebellum and responsible for the afferent and efferent connections. Recently, MBs have been
segregated into four molecular subgroups: Wingless-activated (WNT-MB) (Group 1); Sonic-
hedgehog-activated (SHH-MB) (Group 2); Group 3 and 4 MBs. These molecular alterations follow
specific gene mutations and disease-risk stratifications. The current treatment protocols and
ongoing clinical trials against these molecular subgroups are still using common chemotherapeutic
agents by which their efficacy have improved the progression-free survival but did not change the
overall survival. However, the need to explore new therapies targeting specific receptors in MB
microenvironment became essential. The immune microenvironment of MBs consists of distinctive
cellular heterogeneities including immune cells and none-immune cells. Tumour associate
macrophage and tumour infiltrating lymphocyte are considered the main principal cells in tumour
microenvironment, and their role are still under investigation. In this review, we discuss the
mechanism of interaction between MB cells and immune cells in the microenvironment, with an
overview of the recent investigations and clinical trials

Key Words: Medulloblastoma; Tumour microenvironment; Tumour associated macrophages; Tumour
infiltrating lymphocyte; Immunotherapies

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Medulloblastoma (MB) is the most common malignant childhood tumor of the brain. Multi-
modal treatments consisting of surgery, radiation, and chemotherapy have reduced the cumulative
incidence of late mortality. Nevertheless, the recurrence rate remains high. In this review, we discuss the
mechanism of interaction between tumour cells of MB and immune cells in the microenvironment, with an
overview of the recent investigations and clinical trials.
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INTRODUCTION

Brain tumors are the leading cause of oncological death during childhood, and medulloblastoma (MB) is
the commonest malignant tumor of the brain, accounting for 20%-30% of all central nervous system
(CNS) tumors[1]. Diverse treatment modalities consisting of surgery and chemoradiotherapy have
improved the patient’s survival. Nevertheless, more than 1/3 of children with MB die within 5-years
after diagnosis[2]. Late mortality remains a significant problem in disease consequences, which is
attributed to tumour recurrence[3]. The persistent mortality, the failure of current drug therapies to
extend life expectancy, and the serious complications of cytotoxic therapies indicate the necessity to
explore new targeted treatments. Over the past decades, several tumor-centric studies have identified
mutant genes and signaling pathways dysfunction that encourage MB growth. Most of MBs originate
from the granular layer of cerebellum, which reside in the external granular layer and line the neocere-
bellum of newborns[4]. The existence of irregular biological signaling pathways created signaling
dysregulation and genetic mutations affecting cerebellar development. Hence, the anatomical and
cellular complexity of developing human tissues within the rhombic lip germinal zone produces
glutamatergic neuronal lineages before its centralization. Molecular signatures encoded within a human
rhombic-lip-derived lineage trajectory aligned with photoreceptor and unipolar cell profiles that are
maintained in some medulloblastomas, suggesting a convergent basis. The advanced genomic studies
over decades led to the assemblage of large amount of genetic information which resulted in four distin-
guishing molecular subgroups of MB including (Group 1) Wingless-activated (WNT-MB); (Group 2)
Sonic-hedgehog-activated (SHH-MB); and Group 3 and Group 4[5] (Figure 1). Each group is charac-
terized by distinct genetic abnormalities, methylation profiles, and clinical outcome. WNT- and SHH-
type MBs are clearly detached from the other groups with lack of signaling pathway dysregulation
identified in Group 3 and 4[5].

Molecular subgroups of MB
WNT-MB is the least common type, accounting for about 10%-15% of all MB patients. They are
classically absent in infants and are seen more among children above 10 years of age[6-8] (Figure 1). The
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Prevalence 10- 15 % 25% 25% 35%
Age 10-12 years old < 16 years old <3 years old Children
Gender il 1 2 3t
Location Midline 4" ventricle ~ Cerebellar vermis Midline 4" ventricle ~ Midline 4 ventricle
Pathology Classic, rare LCA DN, classic, LCA Classic, rarely LCA  Classic, rarely LCA
Metastasis 5-10% 15-20% 45% 30-40%
Recurrence Rare Local Metastatic Metastatic
Common driver 1.CTNNB1 (90%)- 1.TERT (83%) 1.GFI1(30 %) 1. KDMBA (15 %)
genetic WNT 2.PTCH1 (45%) -SHH 2.MYC (10-20 %) 2.SNCAIP (10%)
mutation 2.DDX3X (50 %) 3.TP53 (15%) 3.PVT1 (10 %) 3.MYCN (5%)
3.SMARCA4 (25%) 4.SUFU (10 %) 4.SMARCAA4 (rare) 4.CDKG® (rare)
4.TP53 (<20 %) 5.SMO (rare) 5.0TX2 (very rare) 5.GFI1 (very rare)

6.MYCN (rare)
7.GLI2 (very rare)

Chromosome alteration Monosomy 6 Loss of 9q (PTCH1)  Isochromosome 17q Isochromosome 17q
MYC status + o . S
5-year survival >90% 70% 40% 70-80%

DOI: 10.5306/wjco.v14.i3.117 Copyright ©The Author(s) 2023.

Figure 1 Molecular subgroups of medulloblastoma based on 2021 World Health Organization classification of central nervous system
tumours. SHH: Sonic-hedgehog; MYC: Myelocytomatosis oncogene; LCA: Life cycle assessment; WNT: Wingless.
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clinical outcome of the disease under 16-years of age is usually good, with 90% 5-year survival[8]. The
genetic mutation of the Catenin Beta-1 (CTNNB1) gene is the most common genetic alteration
accounting for 85% of all WNT-MBs[9,10]. A gene expression with methylation profiling performed on
several MB cases in 2016 has divided WNT- MBs into two variants: WNT-a, which consists of patients
with chromosome 6 monosomy and WNT-B, that occurs in adults with chromosomal diploidy[11,12].
CTNNB1 mutation usually occurs with other chromatin remodeling mutations such as Cyclic Adenosine
Monophosphate Response Element Binding Protein (CREBBP), Mediator Complex Subunit 13 (MED13)
and subunits of the nucleosome-remodeling complex such as SWI Matrix Associated, Actin Dependent
Regulator of Chromatin, Subfamily A, Member 4 (SMARCA4), At-rich interaction Domain 1A (ARID1A)
[9,10,13]. Most of WNT-MBs carries DEAD-Box Helicase 3 X-Linked (DDX3X) mutations, which
participates in mRNA translation[12,14]. The germline mutation of antigen presenting cells (APC) on
chromosome 5 as inherited Turcot syndrome and Anaplastic Lymphoma Kinase (ALK) gene also
contribute to the development of WNT-MBs[9,15].

SHH-MB accounts for about 25% of all MBs with a 70% 5-years overall survival (OS). It is frequently
seen in infants and adult patients[16,17]. The majority shows histologically nodular or desmoplastic
morphology, which predicts a favourable prognosis[18]. TP53 mutation segregates SHH-MBs into
tumors with TP53-wildtype, often seen in young children and associated with favorable prognosis, and
TP53 mutant SHH-MB classically seen among older children and associated with poorer prognosis.
SHH-MB with Protein Patch Homolog-1 (PTCH1) and Suppressor of Fused Homolog (SUFU) mutation
are associated with Gorlin syndrome[19,20]. In children, TP53 mutations frequently occurs with GLI2
and MYCN-amplifications[9] (Figure 1).

Group 3 MB, a classical histological variant, accounts for 25% of all MBs and considered the deadliest
subtype[7,21]. Tumours in this group with MYC-amplification carries a 20% risk of 5-years survival[22].
However, the most common cytogenetic abnormalities seen in Group 3 is the 17 ploss followed 16q and
9q losses[19]. Rare genetic variants in Group 3 MBs include Orthodenticle Homebox-2 (OTX2) and
Enhancer of Zeste 2 Polycomb Repressive Complex 2 Subunit (EZH2) amplifications and SMARCA4
mutations[23] (Figure 1).

Group 4 MB is the most frequent type among all MBs and often occurs in male more than females[6].
Isochromosome 17q is the most common cytogenetic aberration seen in this group. Other genetic
variants include the loss of chromosome 8p, 10q, and the aberrations of 11p and 18q[2,17]. The clinical
outcome is better in patients with chromosome 11 loss with an OS above 90%[19]. Zhou et al[24]
reported that around 40% of Group 4 patients showed metastasis and treated as a high-risk disease. As
we mentioned before, Group 3 and Group 4 MBs are genetically heterogeneous and not associated with
germline mutations[25].

Current treatment options in MB

The magnitude of surgical resection in MB may not be as significant as earlier. After surgery, patients
are treated with radiotherapy of the whole spinal axis with an additional boost targeting the tumor
margins[26]. Radiotherapy usually starts 20-30 d after surgery however, delay of radiation may increase
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risk of recurrence and is therefore not recommended for patients older than 3 years[27,28]. Post-
operative radiotherapy for children less than 3 years of old may increase risk of cognitive dysfunction
[18]. Postoperative chemotherapy in MB patients is essential strategy to reduce the radiation effects and
improve the survival, particularly in young children. The treatment varies based on the risk of drug
toxicity and recurrence rate. Both risks are correlated with MB molecular alterations and considered as
prognostic factors prior treatment. The risk of toxicity should be taken carefully in infants and children
younger than three years of age while the recurrence is usually high in metastatic cases or cases
undergoing subtotal resection. Anaplastic and large cell variants may have poor response and
worsening outcome[29] (Figure 2). The high-risk group consists of SHH-MBs with MYCN-amplification;
SHH-MB with metastatic dissemination and wildtype TP53, and metastatic Group 4 MBs[7]. High-risk
population includes mutant TP53 SHH-MB patients and metastatic Group 3 MBs with MYCN-amplific-
ations[7] (Figure 2).

Multi-modality treatments have been used in multiple clinical trials for ten years. The standard
protocols included different chemotherapeutic agents with long-term or maintenance dose-related
regime including ifosfamide, etoposide, methotrexate, cisplatin, and cytarabine, lomustine, and
vincristine[30]. The maintenance regimen has improved the overall survival compared to the sandwich
approach among patients with M0 or M1 disease[30,31]. Nonetheless, the most frequent and current
treatment strategy includes risk-adapted radiotherapy followed by 4 cycles of cyclophosphamide, and a
high dose of chemotherapy such as cisplatin, vincristine, followed by autologous stem cell
transplantation. This protocol has improved the 5-year OS into 95%[16]. Additional clinical trials are
ongoing to explore the efficacy of different treatment regimes in newly diagnosed MBs (Clini-
caltrials.gov). The current treatment protocols and ongoing clinical trials are still using the same
circulating chemotherapeutic agents but with different regimes. Multiple clinical trials have tested new
therapies. Those trials were completed with positive and negative results (Clinicaltrials.gov). For
example, a combined everolimus and ribociclib (cyclin D and CDK6 inhibitors) has been tested as a
phase I trial (NCT03387020) in children with recurrent MBs. Some novel therapeutic strategies are
currently recruiting, and their target are to reduce recurrence and to avoid the cytotoxic effects of
chemoradiation (Table 1). For example, the usage of Entrectinib, a TRK inhibitor, and ALK inhibitor has
been studied in a phase I/1I trial (NCT02650401). There is a high tendency to discover the efficacy of
molecularly targeted agents for MBs with dominant genetic alterations, regardless of the tumor
subgroup. Patients with FGFR-gene mutation can be treated with erdafitinib (NCT03210714); MBs with
TSC-gene mutations can be treated with samotolisib (NCT03213678); SMARCA4-gene mutations can be
treated with tazemetostat, an EZH?2 inhibitor.

Immune microenvironment of MB

All the previously mentioned clinical trials are stratified based on disease risk, molecular subgroups,
patients age, and all are targeting tumour cells. The necessity to explore MB microenvironment is
encouraged to help discovering new targeted receptors. The immune microenvironment of any cancer
represents all types of cells surrounding the tumour cells including immune and none-immune cells.
The relationship between these cells is mechanical and heterogeneous, by which they can facilitate in
promoting or inhibiting tumor growth[32]. Because some studies have indicated that MBs have fewer
immune cells than glioblastoma[33,34], the role of immune microenvironment in promoting or
suppressing MB progression was found to be difficult to understand. Some cellular factors in tumour
microenvironment may act against immune reaction and can promote tumour growth progression and
angiogenesis. The infiltration of immune cells in MB might be limited due to the blood-brain barrier
(BBB), which acts as physical barrier for immune cells infiltration[35]. Despite of some immune cells
bypass across BBB, there may be an increase in trafficking toward the brain under certain conditions
due to destruction of the BBB[36]. Some experimental models showed that the reactive astrocytes
surrounding the tumour microenvironment form perivascular barriers to restrict the immune cells infilt-
ration to the brain through BBB[37].

The presence of inflammatory cells in the tumor microenvironment has been scientifically accepted as
an essential element in tumour progression. A study done by Gururangan et al[38] found that treated
MB patients exhibited more CD4+T-cell lymphopenia. We can also presume that pre-operative and
post-operative steroid treatment may induce systemic immunosuppression which prevents antitumor
immunity in MB patients. Tumours with a low mutational burden respond less efficiently to immune
checkpoint inhibitor compared to tumors with a high mutational burden[39]. Moreover, the acidification
of the tumour microenvironment causing glycolytic activity can encourage macrophages infiltration
through G protein coupled receptor, which in turn enhances vascular endothelial growth factor, thus
promoting M2-like features of tumor-associated macrophage (TAM)[40].

APC, the immune cells in microenvironment, were proven to infiltrate malignant brain tumours in
children. APCs is expressed by Major Histocompatibility Complex (MHC) class-I on tumor cells to allow
them to be identified and killed by CD8 cytotoxic T- cells. MBs and atypical teratoid/rhabdoid tumors
showed the lowermost cellular infiltration of this type among all malignant brain tumors[34]. Microglia,
resident macrophages in the brain, are the most dominant APCs in brain tumors[35]. It is not clear if
microglia promote anti-MB immune response. Mundt et al[41] showed that microglia are dispensable for
T-cell entry into the brain and for local reactivation of T-cells. The loss of MHC class-I expression on

WJCO | https://www.wjgnet.com 120 March 24,2023 | Volume14 | Issue3 |



Table 1 The most recent active and recruiting clinical trials of medulloblastoma that are targeting immune receptors or using different

chemotherapeutic agents

Kurdi M et al. Immune microenvironment of medulloblastoma

Clinical Trial Trial objective Samples Targeted subgroup Completion date
NCT01878617 Clinical and molecular risk directed therapy of 660 WNT, non-WNT, SHH 2028
newly diagnosed MB
NCT00089245 Intrathecal radioimmunotherapy using I-8H9 120 8HO reactive MB confirmed by IHC =~ 2024
NCT02905110 Simultaneous methotrexate/etoposide infusion 10 All MB subtypes 2023
NCT02962167 Modified measles virus (MV-NIS) 46 All MB subtypes 2024
NCT02271711 Expanded NK cells infusion with recurrent 12 All MB subtypes 2023
medulloblastoma
NCT02359565 Pembrolizumab in patient with recurrent 45 All MB subtypes 2023
medulloblastoma
NCT03389802 APX005M, a humanized IgGlx monoclonal Ab 45 MB with CD40 activity 2023
that binds to CD40
NCT03299309 PEP (CMV)-specific peptide vaccine in 30 All MB subtypes 2024
medulloblastoma
NCT03598244 Volitinib, a small molecule inhibitor of c-Metin 50 All MB subtypes 2023
recurrent MB
NCT03173950 Nivolumab, Immune check point inhibitor, in 180 All MB subtypes 2024
refractory MB
NCT03500991 HER2-Specific CAR T-cell locoregional 48 Her-2 expressed medulloblastoma 2039
immunotherapy
NCT01356290 Antiangiogenic therapy for recurrent medullo- 100 All MB subtypes 2026
blastoma
NCT03911388 G207, an oncolytic herpes simplex virus-1 15 All MB subtypes 2025
(HSV)
NCT03638167 EGFR806-specific CAR T-cell locoregional 36 EGEFR positive tumours 2040
immunotherapy
NCT03893487 Fimepinostat, a small molecule inhibitor in 30 All MB subtypes 2027
young MB
NCT03709680 Palbociclib in combination with temozolomide 184 All MB subtypes 2028
and irinotecan
NCT03904862 CX-4945 inhibitor of casein kinase IT (CK2) 60 SHH-medulloblastoma 2028
tolerability
NCT03936465 BMS-986158, a bromodomain inhibitor 66 MYCN amplification or BRD3 2024
translocation MB
NCT02650401 Entrectinib (RXDX-101), a TRKA/B/C,ROS1, 68 MB harboring- NTRK1/2/3, ROS1, 2027
and ALK inhibitor ALK fusions
NCT03210714 Erdafitinib, an oral pan-FGFR inhibitor 49 Mutations in the FGFR1/2/3/4 2024
pathway
NCT03213678 Samotolisib, a PI3K/mTOR inhibitor 24 PIBK/MTOR activating mutations 2024
NCT03213704 Larotrectinib, NTRK fusion inhibitor for 49 MB with NTRK fusions 2024
medulloblastoma
NCT03213665 Tazemetostat, a small molecule EZH2 inhibitor 20 EZH2, SMARCBI1, or SMARCA4 2023
mutations
NCT03233204 Olaparib for refractory or aggressive medullo- 29 Defects in DNA damage repair 2024
blastoma genes
NCT04023669 LY2606368, a molecularly targeted CHK1/2 21 Group3/Group4; SHH; 2026
inhibitor indeterminate types
NCT03526250 Palbociclib (Pediatric MATCH treating trials 49 Rb positive solid tumours 2025
NCT02444546 Wild-Type Reovirus in Combination with 06 All MB subtypes 2026
Sargramostim
NCT04185038 B7-H3-Specific CAR-T Cell Locoregional 90 All MB subtypes 2041
Immunotherapy
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NCT01601184

NCT03155620

NCT00089245

NCT02271711

NCT04315064

NCT04743661

NCT03257631

NCT04320888

Vismodegib combined with Temozolomide 24 SHH-MB group 2023
Targeted therapy directed by genetic testing 2316 All MB subtypes 2027
Iodine I 131 monoclonal antibody 8H9 120 All MB subtypes 2025
Natural killer cell therapy 12 All MB subtypes

Infusion of Panobinostat (MTX110) 5 All MB subtypes 2024
1311-Omburtamab in recurrent medullo- 62 All MB subtypes 2030
blastoma

Pomalidomide onotherapy for recurrent or 53 All MB subtypes 2023
progressive MB

Selpercatinib for treatment of advanced 49 Tumour with activating RET 2027
medulloblastoma alteration

ALK: Anaplastic Lymphoma Kinase; CMV: Cytomegalovirus; EGFR: Epidermal Growth Factor Receptor; MB: Medulloblastoma; PEP: Post-exposure
prophylaxis; SHH: Sonic-hedgehog; IHC: Immunohistochemistry; RET: Rearranged in transfection; NK: Natural killer; WNT: Wingless.

Risk categories

Low

ecular profile

-Non-metastatic WNT-MBs
-Localized Group 4-MBs, with loss of
chromosome 11 and -Gain of
chromosome 17

>90%

-Non-metastatic SHH-MBs without p53
mutation

Standard -Group 3 non-MYC amplified 76-90% 76-90%

High -Metastatic Group 4

-Group 4 without p53 mutation and loss of
chromosome 11

-Metastatic SHH-MBs MYC amplified
50-75%

-Metastatic Group

Very High -SHH-MBs MYC amplified with p53 <50%

mutation

Figure 2 Risk groups and categories of medulloblastoma with their molecular profiles and the 5-years survival associated with each
group. The information presented in this figure were taken with permission from the reference: Luzzi et a[91], 2020. SHH: Sonic-hedgehog; MB: Medulloblastoma;
MYC: Myelocytomatosis oncogene; OS: Overall survival; WNT: Wingless.
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tumor surface is also a common mechanism of immune escape in MB[42,43]. Because MHC class-I helps
in the activation of CD8 cytotoxic T-cells, it acts as a passive regulator of natural killer (NK) cells. Thus,
the loss of MHC-class I in tumor cells may increase tumour cell evasion[42,43].

Tumour associated macrophages in immune microenvironment

TAM is considered the major immune cell in the tumor microenvironment that can either support or
inhibit tumor growth[44,45]. TAMs interact with tumour cells to promote tumour progression and
invasion[46]. They are subclassified into two groups: (1) TAMs with M1 polarization, are induced by
IFN-y to release proinflammatory particles and are associated with some inflammatory response; and
(2) TAMs with M2 polarization, are induced by interleukin-4 to release growth factors (e.g., epidermal
growth factor, fibroblast growth factor-1, vascular endothelial growth factor) and involved in tumour
progression and immunosuppression[47-49]. Uncontrolled activation of M1-polarzed TAM can shift
towards M2-polarization in long term. However, the M2-like macrophages, which mimic TAMs in the
tumour microenvironment, can be stimulated by cytokines[50]. EGF released by TAMs stimulate
carcinogenesis, while VEGF regulates angiogenesis. These processes emphasize the actual immune-
suppressive function of TAMs[51]. TAMs infiltration in the tumour microenvironment was proven to be
a poor prognostic factor[50]. Clinical data have indicated that a large number of M2-polarized TAMs
expressing CD163 and CD204 were correlated with a poor outcome of several body cancers[47]
(Figure 3). Moreover, the presence of TAMs, mainly M2- type, has been also noted in many adult
malignancies including CNS tumors[52-54]. In response to hypoxia, TAMs overexpress the PD-1 ligands
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[55]. PD-L1 overexpression in TAM has been reported in glioblastoma[56] but it has never been
explored well in other brain tumours such as medulloblastoma.

The current role of TAMs in the prognosis of MB is still controversial. Despite of the molecular
insights provided by MB subgroups, less information were reported about the role of TAMs in MBs[33].
The genetic alterations and the disease risk would make diverse effects on immune microenvironment
[57]. Because TAMs are composed of variable amounts of microglia and macrophages, the composition
of TAMs are different in all MB subgroups. Margol et al[58] and Zhang et al[59] reported that TAMs
were significantly higher in SHH-MB compared to other MB subgroups. This may be due to the high
expression of monocyte chemotactic protein-1 (MCP-1], which helps in TAM recruitment and M2
polarization[60]. Another possibility, SHH-MB may exhibit molecular signatures predictive for
fibroblast, T-cells, and macrophage infiltration[34]. Nevertheless, the role of TAMs in this era is not clear
and the previous reported studies did not reveal the prognostic connotations of TAMs in SHH-MBs[58].

CD163 expression was observed in the small number of SHH-MBs, which suggested that TAMs may
play a dynamic role in SHH-MB formation[58,61]. Another study done by Crotty et al[62], revealed that
less TAMs in microenvironment was associated with a low recurrence and low risk of metastasis. Lee et
al[63] suggested that a large number of M1-polarized TAMs was associated with worsening outcome in
SHH-MB patients. Lee and his group has also investigated the correlation between TAM recruitment
and outcome, and they revealed that expressed M1-polarized TAMs predicted better progression-free
survival but, TAMs showed no significant effect on OS[59]. Few studies showed that the immunore-
activity in MB microenvironment, regardless the subtype, is age-related[64]. In a study done by Zhang et
al, they divided the patients into three age groups. They found that the group between 0-3 years of age
and the group between 11-18 year of age had more TAMs than the group aged between 4-10 years. It
implies that TAMs in MBs are crucial in different age groups[59]. Zhang et al[59] also found that TAMs,
mainly M1-polarized type, are prevalent in MBs with metastatic disease.

Tumour recurrence and metastases are the major obstacle for treatment success, and the disease
recurrence is responsible for 90% of MB mortality[65]. Group 3 and 4 patients develop spinal metastases
regardless of the type of chemotherapy given after resection[2]. The presence of TP53-MYCN-alteration
in these groups is associated with rapid tumour progression[66]. The ability of Group 3 and 4 to
metastasize indicates that these tumor cells participate in the epithelial-to-mesenchymal transition
(EMT), thus warranting additional investigations into EMT[67]. It is not yet known why tumor cells
enter the EMT phase. A study done by Bonde et al[68] showed that TGFp triggers the EMT phase,
shifting the cancer cells to gain a mesenchymal phenotype. The lack of local nutrients, loss of supportive
cells in microenvironment, and repeated mutations can all be reasons for this aggressive behavior.
Funakoshi et al[69] found that loss of CDH1 allows tumour cells to detach from each other and can
invade and metastasize.

Tumour infiltrating lymphocyte in immune microenvironment

Generally, increased T-cells trafficking in the brain has been reported in some neurological diseases. The
activated T-cells have the role to alter the BBB, allowing for immune cells recruitment and entry to the
brain parenchymal[70]. Tumour infiltrating lymphocytes (TIL) are considered signaling interacted cells
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between TAMs and tumour cells in the tumour microenvironment (Figure 3). The number of T-cells
present in MB was found to be not significantly high compared to other control tissues[33]. Small
amount of CD8 cytotoxic T-cells and NK cells suggest a less antitumor activity in MB[34]. However, a
small percentage of helper T-cells (Th17) cells was also found at the site of the tumor but with uncertain
significance[11]. Some experimental trials revealed that MB cells stimulate the release of the T-cells
attractant (RANTES) from the endothelium, causing T-cell immigration[71]. Hence, increasing numbers
of T-helper lymphocytes correlate with favourable prognosis in MB patients receiving chemotherapy
[44].

T-regulatory cells (Tregs) control the activity of immune cells by releasing some anti-inflammatory
cytokines such interleukin-10 (IL-10), and CTLA4-mediated trogocytosis[44]. Treg infiltration in MB
microenvironment has been described by Gate et al[44]. Consequently, TGFp drives the CD4 helper T-
cells to Tregs, which in turn releases high levels of TGFp. This process generates a feeding circuit to
support immunosuppression. Elevated Treg in MBs can be therapy-induced, as Treg has been detected
in the peripheral blood of some treated patients[38].

Interaction between TAMs and TILs in MB microenvironment

The interaction between TAMs and TILs were not scientifically explored in MB microenvironment
(Figure 3). Kurdi et al[54] has explained the crosstalk between tumour cells, TAM sand TILs in
glioblastoma. TAMs encircle cancer cells and supresses the killing action of T-cell thus, T-cells will not
be able to help tumour cells against immune evasion. The TAMs accumulate in the microenvironment
with less T-cells evolution[54]. Salsman et al[71] revealed that MB cell lines can interact with tumor
endothelium to recruit T-cells to MB microenvironment, in particular macrophage migration inhibitory
factor (MIF). MIF is the key molecule released by MB to stimulate the endothelial cells in the microenvir-
onment to release more potent T-lymphocyte attractants[71].

Current immunotherapy in MB and possible targeted receptors

Immune checkpoints represent a family of proteins on T-cells surface that interact with some ligands on
APCs or tumour cells while they inhibit TCR-mediated ligands. Certain cancers (colorectal, ovarian and
brain cancers) are resistant to immune checkpoint inhibitor[72]. The number of studies utilizing
immunotherapy in the treatment approach of MB is limited. The approach had few selected options.
Most of studies were observational and contained a small sample size. There are two clinical trials
currently investigating the blockade of inhibitory checkpoint pathways in MB including pembrolizumab
and nivolumab (NCT02359565) (NCT03173950). CD276, another immune check point inhibitor on T-cell,
is also under investigation[73]. CD40 [a TNF receptor] expressed by antigen presenting cells and B-cells
expresses cytokines, activates T-cells, and in turn timulate programmed cell death[74]. CD40 has a
significant cytotoxic effect on tumor cells. APX005M, a humanized IgG1lk monoclonal antibody agonist
of CDA40 is currently evaluated in a phase I trial (NCT03389802) in patients with recurrent MBs. The
recent actively recruiting clinical trials are summarized in (Table 1).

Numerous studies revealed that TAMs may interfere with some anti-tumor treatments such as
chemotherapies and other antibody-based immunotherapies targeting some molecules such as PD-1/
PD-1[50,72]. These findings emphasize that TAMs might be a promising target of novel anti-tumor
treatment particularly in patient not responding to the standard treatment. The ability of TAMs to limit
the efficacy of immune check point blockade has been previously investigated in several cancers[75,76].
TAMs express multiple ligands for checkpoint receptors, such as PD-L1/2, CD80/86, and CD204/
CD206, and the current checkpoint inhibitors are different from the targeted receptors as they maintain
a state of effective immunosuppression[77] (Figure 3). These legends, representing M2-polarized TAMs,
have not been investigated in MB microenvironment. Martin et al[78] showed that MBs expressing
reduced levels of PD-L1 can help tumour cells to evade from the immunity, suggesting that an inflamed
tumor microenvironment is necessary for PD-1 pathway stimulation. However, the efficacy of PD-PD-
L1 inhibitor has not been yet proven to be formally used in MB treatment.

Trogocytosis is a process involved in immune microenvironment concerned with the transfer of
membrane fragments and cell surface proteins between cells. It is not known if induced iTregs can
undergo trogocytosis. The trogocytosis of CD80/CD86 occurring in CTLA-4 or PDL1-independent
approach plays a significant role in the immune suppression[79]. CD80/86 expression and trogocytosis
have never been explored in MB microenvironment. As a key mechanism, Treg-linked CTLA-4 inhibits
the CD80/CD86 molecules expression on APCs. Tekguc et al[80] revealed that blockade of CTLA-4 and
PD-1/PD-L1 pathways may impede Treg-mediated immunosuppression, which in turn enhances anti
tumour activity response. This novel exploration has not been investigated in MB. Several investigations
have demonstrated that activation of PI3Ky signaling in macrophages suppresses NF-«xB, thereby
stimulating immunosuppression. TAMs in cancers treated with chemotherapies are often responsible
for chemoresistance as they are more susceptible to the cytotoxic effect of macrophages[81]. This process
occurs when there is excessive recruitment of anti-apoptotic process in tumour microenvironment[82].

Understanding the molecular events in the mechanism of TAMs activation allows for the deve-
lopment of anti-tumor treatment strategies. TAMs can be targeted to inhibit their infiltration in microen-
vironment through direct killing or through a TAM-polarization reprogramming. TAMs accumulate in
tumour microenvironment because of the continuous recruitment of monocytes from the blood
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circulation to TAMs through multiple tumour derived mediators. These mediators play a connection
role between macrophages and tumour cells. CCL2 has been described as the main mediator involved in
TAM recruitment. Indeed, the blockage of this pathway would cause less TAMs accumulation in
tumour microenvironment[83]. Another pathway involved in monocytic recruitment into TAMs is the
CXCL12/CXCR4 pathway[84]. It has been used in different trials of different cancers such as myeloid
leukemia but never been tried in brain cancers.

CSF-1, a colony stimulating factor involved in the proliferation and the recruitment of monocytes-
macrophages, is an essential target against TAM in tumour microenvironment. The expression of CSF-1
in tumour microenvirment was proven to be a poor prognosticator in multiple body cancers[85]. After
treatment with CSF-1 inhibitor in one of clinical trials, the number of TAMs have depleted and there
was an infiltration of CD8 cytotoxic T-cells in the tumor[86,87].

Reprogramming of TAM is another possible strategy to inhibit TAM activity. Several approaches
attempted to switch M2-polarized TAMs into antitumor M1-like macrophages through monoclonal
antibody inhibitors and Toll-like receptor (TLR) blockers. Alvarez-Arellano et al[88] revealed that TLR7
is a prognostic factor of survival in MB. Resiquimod, an agonist to TLR7/8, has shown an attention
couple years ago for its efficacy to reprogram macrophages[89]. The CD47-SIRPq, involved in the
regulation of phagocytosis, has never been used to reprogram TAMs. CD47 is expressed by tumor cells
and interacts with the signal regulatory protein-a. Substantial evidence assumed that overexpression of
CD47 in many cancers had a role in the phagocytic resistance[90]. However, this investigation has never
been investigated in MB patients. Promising results were obtained in lymphoma patients in a
combination of anti-CD47 with anti-CD20. Despite these results, the in vivo application of CD47 for the
treatment of cancer is still limited.

CONCLUSION

Medulloblastoma is the most common malignant pediatric tumour in CNS that are subclassified into
four distinguishing molecular subgroups. The current treatments failed to improve the patient’s
survival significantly while the serious complications associated with these cytotoxic therapies warrant
for exploring new therapeutic approaches targeting different immune receptors. The identification of
tumour microenvironment has facilitated the scientists understanding how tumor growth and
progression are regulated. TAMs and TILs, the main dominant immune cells in microenvironment,
seem to have a major role in immune mechanism and tumor progression. Their infiltration in microen-
vironment has prompted researchers to evaluate the interaction of new targeted immune receptors with
the current signaling pathways. Their infiltration in microenvironment may also be targeted through
different reprogramming mechanisms. However, the ability of TAMs to limit the efficacy of immune
check point blockade in MB requires further investigations. These strategic thoughts emphasize that
TAMs might be a promising targeted treatment particularly in patients with recurrent or progressive
MB. Further studies to explore new targeted receptors in tumour microenvironment and understanding
the conventional relationship between TAMs, TILs and tumour cells are essential to develop new
therapeutic approaches.
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Abstract

BACKGROUND

Gastrointestinal stromal tumors (GISTs) are the most frequent mesenchymal
tumors of gastrointestinal tract. The most common sites of metastases are the liver
and the peritoneum, whereas breast metastases from GIST are extremely rare. We
present a second case of GIST breast metastasis.

CASE SUMMARY

We found a case of breast metastasis from rectum GIST. A 55-year-old female
patient presented with rectum tumor with multiply liver lesions and metastasis in
the right breast. Abdominal-perineal extirpation of rectum was performed,
histology and immunohistochemistry study showed GIST, mixed type with
CD117 and DOG-1 positive staining. The patient was taking imatinib 400 mg for
22 mo with stable disease. Because of growth of the breast metastasis the
treatment was changed twice: The dose of imatinib was doubled with further
progression in the breast lesion and then the patient was receiving sunitinib for 26
mo with partial response in the right breast and stable disease in the liver lesions.
The breast lesion increased and right breast resection was done - surgery on local
progression, the liver metastases were stable. Histology and immunohisto-
chemistry studies revealed GIST metastasis, CD 117 and DOG 1 positive with KIT
exon 11 mutation. After surgery the patient resumed imatinib. Until now the
patient has been taking imatinib 400 mg for 19 mo without progression, last
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follow up was in November 2022.

CONCLUSION

GISTs breast metastases are extremely rare, we described the second case. At the same time second
primary tumors have been reported frequently in patients diagnosed with GISTs and breast cancer
is one of the most common second primary tumors in patients with GISTs. That is why it is very
important to distinguish primary from metastatic breast lesions. Surgery on local progression
made it possible to resume less toxic treatment.

Key Words: Gastrointestinal stromal tumors; Metastases; Breast; Limited progression; Case report

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: We presented the second case of gastrointestinal stromal tumor (GIST) metastasis to the breast,
which is a very extraordinary condition. The most common metastatic sites of GIST are the liver and the
peritoneum and at the same time metastasis to the breast from extramammary carcinomas is extremely rare
and in this clinical situation it is obligatory to exclude breast cancer. Our patient received two lines of
treatment due to metastatic disease and had a local progression on imatinib and sunitinib therapy, growth
only lesion in the breast, we removed increased metastasis (surgery on local progression), that allowed to
return to less toxic treatment, the patient resumed imatinib until now.

Citation: Filonenko D, Karnaukhov N, Kvetenadze G, Zhukova L. Unusual breast metastasis of gastrointestinal
stromal tumor: A case report and literature review. World J Clin Oncol 2023; 14(3): 131-137

URL: https://www.wjgnet.com/2218-4333/full/v14/i3/131.htm

DOI: https://dx.doi.org/10.5306/wjco.v14.i3.131

INTRODUCTION

Gastrointestinal stromal tumors (GISTs) are rare tumors, with an incidence 1%-2% and at the same time
are the most frequent mesenchymal tumors of gastrointestinal tract[1]. Approximately 10% to 20% of
patients present with metastatic disease[2]. Many evidences showed that gastrointestinal tumors can
metastasize to other parts of the body[3]. The most common metastatic sites of GISTs are the liver (60%-
70%) and the peritoneum (20%-30%)[4]. Lung metastases (2%-9%), bone and soft tissue (1%-6%) and
skin (1%) can occur but very rare. Casuistic bizzare cases of GISTs metastasis to brain[5], core[6], ovary
[7,8], and breast[9] are described in the literature. We made a literature review, breast metastases from
GIST have been previously described only in one case.

Breast tumors are usually primary. The incidence of metastatic spread from extramammary sites to
the breast varies between 0.4% and 1.5% of all breast malignancies. The breast is considered to be
resistant to metastasis because it contains large areas of fibrous tissue with a relatively low supply of
blood. Most common malignancies that metastasize into the breast are lymphoma, leukemia, melanoma
and carcinomas of stomach, ovary, lung, kidney and others[10-12].

In the article we report a second case of GIST patient presenting breast metastasis, highlighting the
pathological/molecular features of this unusual site of metastatic presentation and the clinical implic-
ations.

CASE PRESENTATION

Chief complaints
The 55-year-old female complained of the tumor in her right breast.

History of present illness

In April 2016 55-year-old female patient presented with recurrent rectum tumor. Abdominal-perineal
extirpation of rectum was performed, histology and immunohistochemistry study showed GIST, mixed
type with CD117 and DOG-1 positive staining. After the surgery computer tomography (CT) revealed
multiply cystic liver lesions that were estimated as metastases, biopsy was not done. At the same time,
the patient found lesion in her right breast 30 mm, biopsy was not performed. The patient was taking
imatinib 400 mg from June 2016 until August 2018 for 22 mo with stable disease.
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In September 2018 Lesion in the right breast increased, liver lesions were stable and the dose of
imatinib was doubled, the patient received imatinib 800mg from September until December 2018 with
further growth of breast lesion. From December 2018 until March 2020 for 15 mo the patient was
receiving sunitinib 50 mg 4/2 regiment. In March 2020 the dose of sunitinib was reduced to 25 mg every
day without a break because of hand-food skin reaction grade 2 and then until February 2021 for 11 mo
the patient continued the treatment with partial response lesion in the right breast and stable disease in
the liver lesions. The toxicity of modified regiment was acceptable. The patient became hypothyroid and
received levothyroxine 25 mcg.

In August 2020 breast ultrasound and magnetic resonance imaging were done at the first time and
revealed heterogeneous lesion 47 mm on the border of the upper quadrants of the right breast with
central zone of necrosis and peripheral vascularization, BIRADS 5 (Figure 1). The biopsy of the right
breast was done to exclude primary breast cancer, histology and immunohistochemistry showed
metastasis of GIST, mixed type, 10 mitoses with CD117 and DOG -1 positive staining.

In February 2021 control positron emission tomography-computed tomography (PET-CT) in
comparison with September 2020 was obtained and demonstrated progression in the right breast lesion,
size increased from 39 mm to 48 mm and FDG uptake increased from 7 to 12 and invasion to the large
pectoral muscle was detected (Figure 2). The multiply liver metastases were stable.

History of past illness
The patient had a rectum leiomyoma resection twice in 2012 and 2013 then the patient was on follow up
until April 2016.

Personal and family history
The patient's other medical history was not noteworthy.

Physical examination
In the right breast on the border of the upper quadrants the solid lesion was revealed, 50 mm in size.

Laboratory examinations
Laboratory testing showed any clinically significant abnormalities.

Imaging examinations

In April 2021, histology and immunohistochemistry studies showed tumor macroscopical size 50 mm
with thick fibrous capsule, with histologically negative margins (Figure 3); microscopic examination
showed predominantly epithelioid type with focuses of spindle cell that occupied 15% of the square,
with prominent hyperchromatic nuclei, high mitotic index (72 mitoses per 50 HPF), small foci of
necrosis and large hemorrhagic areas; immunohistochemistry study showed immunophenotype typical
for GIST: Strong cytoplasmic expression CD34, membrane-cytoplasmic expression CD117 and DOG-1
(Figure 4).

MULTIDISCIPLINARY EXPERT CONSULTATION

The clinical situation was estimated as local progression: increase of breast lesion and stable of the liver
lesions. Because of growth of the breast metastasis the treatment was changed twice: The patient
received double dose of imatinib and sunitinib. Taking into account that the patient had local
progression we decided to remove increasing lesion.

FINAL DIAGNOSIS

The final diagnosis was local progression: Increase of breast lesion and stable of the liver lesions.

TREATMENT

In April 2021 right breast resection with partial resection of large pectoral muscle was done. The patient
had undergone surgery in 2012, 2013 and 2016 in different clinics, unfortunately histology materials
were lost and we had no opportunity to compare histological specimens.

Molecular analysis was performed on the breast metastasis by direct Sanger sequencing and revealed
a KIT exon 11 mutation, with a consequent 557-559 deletion.

After surgery we decided to resume imatinib. Previously we changed treatment because of the
growth of breast lesion (increased imatinib dose, prescribed sunitinib) and then we removed increased
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Figure 1 Breast magnetic resonance imaging. Heterogeneous lesion 47 mm (orange arrows) on the border of the upper quadrants of the right breast with
central zone of necrosis and peripheral vascularization. A: Axial; B: Frontal.
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Figure 2 Positron emission tomography-computed tomography. A: Computed tomography (CT) on September 2020; B: CT on February 2021
demonstrated progression in the right breast lesion (orange arrows), size increased from 39 mm to 48 mm.
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Figure 3 Macroscopic examination. A, B: Macroscopical size 50 mm, thick fibrous capsule.

metastasis that is why we decided to return to less toxic treatment.

OUTCOME AND FOLLOW-UP

From April 2021 until now patient has been taking imatinib for 19 mo without progression, PET-CT was
done in November 2022. By November 2022 the live duration with metastatic GIST is 77 mo (Figure 5).
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Figure 4 Microscopic examination. A: Histology, original magnification x200, hematoxylin-eosin stain; B: Immunohistochemistry original magpnification x200,
CD34 positive stain; C: Immunohistochemistry x200, CD117 positive stain, D: Immunohistochemistry original magnificationx200, DOG-1 positive stain.
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Figure 5 Treatment timeline.

DISCUSSION

We made a literature review, breast metastases from GIST have been previously described only in one
case[9]. Hasbay et al[9] reported the clinical case of 46-year-old women with metastases of GIST to liver,
bone, abdominal lymph nodes and left breast. We reported the second case of GIST metastases to the
breast.

In this case we came across with diagnostic challenges because the most common metastatic sites of
GIST are the liver and the peritoneum and at the same time metastasis to the breast from extra-
mammary carcinomas is extremely rare and varies between 0.4% and 1.5% of all breast malignancies
[10]. We usually deal with primary breast cancer because that is the most common female malignancies
[13].

Recently, there is an increasing evidence regarding the association of sporadic GISTs with second
neoplasia. In a systematic review and meta-analysis conducted the rate of secondary tumors with GISTs
was reported to be 20%[14]. Breast cancers are the most common malignancies together with GISTs.

Taking into account that breast metastasis from GISTs are extremely rare and that second tumors
including breast cancer are common, at first in this clinical situation it is obligatory to exclude breast
cancer that we have done.

Our patient had a local progression, growth only lesion in the breast, we removed increased
metastasis that allowed us to return to less toxic treatment, the patient resumed imatinib. The critical
question of whether surgery provides additional benefit over remaining on tyrosine kinase inhibitors
(TKIs) therapy alone without surgical resection is unanswered. Randomized trials failed to recruit
quickly enough to meet target accrual. In the absence of randomized trials, single-institution and multi-
institutional retrospective studies document long-term disease control and longer overall survival for
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selected patients who undergo metastasectomy of increased lesions while other lesions under control
(local progression) on imatinib therapy. Removal of increased metastases let to continue imatinib
therapy and not to change the TKIs that have less efficacy and not so favorable profile of toxicity. The
median time to progression on sunitinib therapy is 6 mo, on regorafenib only 4 mo. Fairweather et al[15]
published the largest series of patients with metastatic GIST treated with TKI undergoing surgical
resection (1 = 323). The median time to progression during imatinib therapy on local progression was 47
mo from the start of imatinib and 11 mo from cytoreductive surgery, removal increasing lesions[15].
These data are consistent with the result of treatment of our patient; the duration of imatinib therapy
after surgery is 19 mo that is more than four times higher than the median PFS on regorafenib therapy.

CONCLUSION

In conclusion, breast metastases from GISTs are very rare, but it is clinically very important to
distinguish primary from metastatic breast lesions.
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