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AML is a malignancy occurring in adult and mostly in aged person, with the COVID pandemia, we are more convinced of the
need of new molecule less intensive and less toxic to treat such life-threatening pathology and to avoid dangerous complica-

tions.

Introduction

Veino Occlusive Disease (VOD) or recently known as sinusoi-
dal obstruction syndrome (SOS) is characterized by injury of
the sinusoidal wall integrity with subsequent sinusoidal block-
age by embolized sinusoidal lining cells. Impaired sinusoidal
microcirculation leads to metabolic dysfunction and ischemic
damage of adjacent liver cell plates and further hepatocellular
necrosis/ dropout [1,2].

VOD/ SOS is responsible for a considerable morbidity and
mortality in it’s severe to very severe grade (mortality exceed
80% with multiorgan Failure disease) [3] and could however,
with mild to moderate form resolve progressively [4]. VOD/
SOS is well described after allogenic Human Stem Cell Trans-
plant (HSCT) with an incidence varying from 5% to 15% [4,5].
Other causes were less studied [6] and the VOD/SOS diagnosis
in no graft patients was rarely considered which could delay
proper health care. Indeed, with the deployment of new drugs
such as monoclonal antibodies that convey toxins, the ap-
pearance of VOD/SOS due to treatments other than allografts
has taken on all the interest [7]. On the other hand, with the
emergence of the pandemic of COVID attention has shifted
to studying its effect on the liver. Especially that In 2003, in
the SARS-CoV epidemic, approximately 60% of patients de-
veloped liver damage, and phylogenetic similarities suggested
the possibility of the SARS-CoV-2 aggression on the liver [8].
We present here a real clinical and histological proven case
of VOD/SOS in the context of COVID infection following
chemotherapy. Drawing the reader's attention to such compli-
cations makes it possible to ensure appropriate early manage-
ment and therapeutic improvement possibilities in the hope of
ad integrum hepatic tissue recover.

Case Report

A 48 years old male was admitted to our department for acute
myeloid leukemia.

He had no prior history of liver or systemic diseases, he did not

use alcohol and he was not taking any medications or herbal
substances.

At diagnosis, a COVID infection was discovered incidentally
via PCR. The patient was afebrile, no jaundice nor hemorrhage
nor tumor syndrome, he just complained from asthenia. His
biological assessments showed leucocyte at 9670/mm3, ane-
mia and thrombopenia with 28% of blasts on peripheral smear.
Gamma glutamyl transferase (GGT) was elevated (4N). Im-
munologic and Serological tests for hepatitis B, C, VIH and
EBYV were negative.

Ones he has negatived his COVID-19 PCR, the patient re-
ceived AML induction (3+7) therapy with 3 days of daunoru-
bicin (60mg/m2/day) = 360 mg total dose and 7 days of cyta-
rabine (200mg/m2/day) = 2800 mg total dose. On day 28, He
was in cytologic, cytogenetic and molecular remission.

Induction therapy was complicated on day+7 with symptom-
atic COVID infection by fever and curiously early deep pancy-
topenia with transfusion needs.

On 17th day of induction, the patient presented weight gain,
jaundice, ascites, splenomegaly (21cm with ultrasound imag-
ery) and lower limbs oedema. Biological assessments (Figure
1) revealed thrombopenia, hypoalbuminemia, elevated Gam-
ma glutamyl transferase (GGT) level (6N) and bilirubin (130
pmol/l). Transaminases were normal. Prothrombin time (TP)
was low (32%) with prolonged activated thromboplastin time
(TCA). Factor V and VII of coagulation were low too. Immu-
nologic and serological control tests for hepatitis B, C, VIH
and EBV were both negative. Abdominal ultrasound showed
portal hypertension with hepatomegaly and splenomegaly. The
liver biopsy showed centrilobular thrombosis, sinusoidal dila-
tation and necrosis microfocus (Figure 2).

The diagnosis of veino occlusive disease was considered. Phar-
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macology analysis concluded: taking in consideration all the
elements aroused and the severity of the disease (so severe
prognosis: mortality of 17 to 80%), it is recommended for this
patient, to contraindicate the subsequent use of aracytine and to
change with another chemotherapy. It is also recommended to
wait for clinical and biological recovery before administering
another chemotherapy and to avoid other drugs strongly associ-
ated with this syndrome: such as busulfan, cyclophosphamide,
oxaliplatin and any other hepatotoxic drug until recovery.

According to EBMT criteria (Figure 3) it was about a middle
SOS complication form. The treatment was based on support-
ive care (diuretics, blood and platelet transfusion albumin per-
fusion and ursodeoxycholic acid intake).

After 2 months without further chemotherapy treatment the
evolution was characterized by regression of ascites and lower
limbs oedema. Prothrombin time was normal. Albuminemia
level increased to 32 g/lI. Bilirubinemia was in the upper nor-
mal limit, GGT level decreased to three times of the normal
range but thrombopenia persist.

The clinical picture was intricate is it a complicated COVID in-
fection? Or aracytine liver toxicity? Or liver damage to SARS-
CoV-2 worsen by chemotherapy? Or vice versa?

faced to such malignant pathology (AML) with an unfortunate
prognosis, the only way to overcome the imminent risk of re-
lapse and the possibility of patient’s death was to resume treat-
ment at lower doses with PCR COVID negative.

At day 86 induction, still in remission, we started consolida-
tion at intermedium dose of Aracytine at low doses (200mg/
m?2) for five days only associated to Etoposide 100mg/m2. At
the starting therapy he had no symptoms but by the day 12,
he reactivated his VOD with edema, ascites and splenomegaly
and laboratory tests reveal thrombopenia at 4000/mm3, a fall
in Prothrombin Time to 48% and hypoalbuminemia at 23g/1
but no cholestasis.

The patient was proposed for venetoclax- vidaza protocol. And
recuperation ad integrum of his clinical and biological features
occurred by five months later of the former episode.

Discussion

AML and protocol of treatment:

Myeloid malignancies represent 5% of all adult cancers [9,10].
Overall, AML is fatal for the majority of patients (=80%), and
modern cooperative group studies show that patients younger
than 55 to 60 years of age have only about 40% overall survival
at 05 years [10,11]. Until very recently, the standard chemo-
therapy for AML remained largely unchanged for decades, and
the survival improvements over time in younger patients were
attributable mostly to better supportive care [10].

Already half century now, an intensive induction regimen of
cytarabine and anthracycline (commonly called 7+3 regimen)
was developed for the treatment of AML. After receiving in-
duction chemotherapy, patients with favorable risk disease fea-
tures (eg core binding factor (CBF) AML or NPM1 mutation
without high allelic burden FLT3 internal tandem duplication
(ITD) mutation) who achieve remission are generally recom-
mended to continue with consolidative chemotherapy with
HDAC based regimen [11].

Cytarabine or as known Aracytine (AraC) has been a major
drug for acute myeloid leukemia (AML) treatment for decades.

It was observed that high dose AraC(HDAC) maximizesanti-
leukemia effect in AML patients, leading to improve disease
free survive (DFS). HDAC instead of standard dose cytara-
bine multiagent chemotherapy has become a common practice
in the treatment of AML especially in patients younger than
60 years of age in consolidation, based on guidelines of the
NCCN [11,12].

AML and COVID 19:

In recent years, the whole world has been confronted with the
COVID pandemic and scientific papers have wonderfully de-
tailed its pathophysiology and its consequences [13]. It’s now
obvious that COVID19 had a significantly more severe courses
in patients with cancer (including admission to the intensive
care unit, invasive ventilation or death) compared to non-can-
cer patients (p= 0,0003). However, only few comprehensive
reviews provide an overview of the clinical features, preven-
tion and treatment in this particular population. Most of the
literature explicitly describing the clinical course of COVID
19 in adult AL patients’ is based on small case series and single
case reports. Publications on the impact of COVID19 on AL
treatment and recommendations for treatment modifications in
patients with AL are scarce or mostly based on expert opinion.
This gap of knowledge makes it difficult to establish the best
therapeutic strategies for patients with AL and concomitant
SARS-CO-2 infection [14].

In one of the most recent published studies authors report a
cohort of 388 adult AML patients where the chemotherapeutic
program was modified in 45% of patients with delay or discon-
tinuation in 39% and 61% of cases respectively. Interestingly
in this study authors showed that a treatment delay was protec-
tive in multivariate analysis for the clinical course of COVID
19, whereas therapy discontinuation if already started was as-
sociated with worse outcomes [15].

According to the current ASH and ECIL9 recommendations
[14,16]. if possible starting intensive chemotherapy treatment
should be delayed in case of SARS COV2 positivity until PCR
negativity. Of note, the time of SARS COV2 clearance might
be prolonged in AL patients for up to 82 days [17].

Despite the COVID 19 pandemic, consolidation therapy with
cytarabine should be offered to patients in complete remission.
High dose cytarabine should be reduced to 1,5g/m2 and reduc-
tion in the number of consolidation cycles should be consid-
ered. However, to avoid hospitalization and reduce transfusion
frequencies in the case of local outbreaks or a shortage of beds
and blood supplies, low dose therapy with azacytidine in com-
bination with venetoclax may be considered as an alternative,
especially in those patients with reduced performance status
[16-18].

SOS/VOD

Epidemio

Hepatic veino occlusive disease/ sinusoidal obstruction syn-
drome (VOD/ SOS) is a potentially life-threatening complica-
tion. Primarily associated with hematopoietic stem cell trans-
plantation (HSCT), and may occur in allogenic and autologous
HSCT recipients. VOD/ SOS has also been increasingly rec-
ognized to occur as the consequence of high intensity chemo-
therapies in the non-transplant setting. The pathophysiology of
VOD/ SOS is believed to involve an initial toxic injury to the
sinusoidal endothelium that triggers activation of and damage
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to the endothelial cells, resulting in defenestration and gaps n
the sinusoidal barrier [19].

The incidence of hepatic sinusoidal obstruction syndrome var-
ies from 0 to 70% and is increasing. This wide range is at-
tributable to the variation in patient’s characteristics, diverse
criteria for diagnosis, small sample size, variable distribution
of risk factors for HSOS in different series and variations in the
conditioning immunosuppressive regimens used in each center
[2,3,20].

At autopsy, 50% of patients with liver dysfunction who did not
meet clinical diagnostic criteria of SOS had evidence of SOS
lesion on histology. It is likely that some degree of sinusoidal
injury occurs in most patient who receive liver toxic condition-
ing regimens, even in the absence of characteristic symptoms

(2].

Pathophysiology:

Many factors are involved in the pathogenesis of HSOS. These
include SEC glutathione depletion, nitric oxide depletion, in-
creased matrix metalloproteinases, increased Vascular Endo-
thelial Growth Factor (VEGF) and possibly the clotting fac-
tors. The drugs that cause HSOS are more toxic to the hepatic
Sinusoidal Endothelial Cells (SECs) than to hepatocytes [3].
The lesion unit is an endothelial damage that allows the extra
endothelial damage allows the extravascular deposition of red
blood cells, leukocytes, and other debrides into the space of
Disse, which may lead to a pathophysiological lining dissec-
tion downstream embolization, and occlusion of the microcir-
culation [21].

At microscopic level, the definitely emerging morphological
features were characterized by diffuse alterations of intra he-
patic vascular structures (portal branches and sinusoids) and
variable degree of partial/ complete luminal thrombosis; CD34
decorated abnormally sinusoids in all lobar zones. Central
veins did not show significant alteration of lumen caliber and
of wall configuration. Majority of portal fields showed an in-
creased number of portal veins associated with luminal severe
dilatation and wall fibrosis, in a large number of portals veins
the lumen focally herniated in peripheral liver parenchyma and
completely circumscribed by liver cells plates. Kupffer cells
were found extremely activated with large cytoplasm contain-
ing necrotic debrides [22].

Diagnosis:

Clinical picture

According to the Seattle criteria, for the diagnosis of hepatic
VOD two of the three diagnostic clinical manifestations (jaun-
dice, painful hepatomegaly, and fluid retention) must be pres-
ent by day 20 after bone marrow transplantation. According to
the modified Settle criteria that were developed by Mc Donald
et al, two of the following three should be present in order to
diagnose hepatic VOD; hyperbilirubinemia, hepatomegaly or
right upper quadrant pain of liver origin, or unexplained weight
gain> 2% of the baseline body weight. Similarly, according to
the Baltimore criteria hepatic VOD is diagnosed when there is
jaundice (bilirubin>2mg/dl) and two of the following three cri-
teria: hepatomegaly (usually painful); ascites; or >5% weight
gain. Neither the Seattle nor the Baltimore criteria consider
documentation of abnormal hepatic blood flow as required for
diagnosis of VOD, since the obstruction affects only small in-
trahepatic veins [23].

Increases 1n spleen size correlate with increasing grade of he-
patic sinusoidal injury and can serve as a simple method for
identifying patients at risk for this toxicity. Increases in spleen
size is recognized as a potential etiology of persistent VOD/
SOS related thrombocytopenia [24].

Splenomegaly and thrombocytopenia have been shown to cor-
relate with the number of cycles of chemotherapy adminis-
tered, but no direct relationship has been established between
the dose of administered chemotherapy and severity of VOD/
SOS [2].

Clinically, It should be noted that the diagnosis of HSOS can
be difficult to establish especially when only one clinical cri-
terion is present, the timing of events is unusual, or there are
clinical data suggesting another cause [3].

Biomarkers/biology:

High serum bilirubin level is a sensitive index of HSOS, but
is nonspecific as it may also be indicative of a number of oth-
er disorders in the transplant setting. Serum (ASAT) levels>
750U1/1 indicates poor prognosis.

Diverse biomarkers for potential prediction and early detection
of VOD/ SOS have been proposed, which may prove useful,
although they are not yet widely accepted. Of these, increased
plasminogen activator inhibitor 1 antigen level is perhaps, the
most well studied and supported.

Also, early cases of HSOS showed elevated serum levels of
procollagen III, or its N-terminal propeptide (P-III-P) even be-
fore the appearance of any clinical or laboratory sign, and can
be considered as an early marker for HSOS in children. P-I1I-P
values in adults are probably useful in predicting and monitor-
ing the clinical course of HSOS [3,7].

Indeed, some researches have suggested using a panel of as-
sociated and interactive biomarkers, rather than just 1 or 2, for
risk prediction. Biomarkers of VOD/ SOS have been identified
for both the HSCT setting and for risks associated with primary
chemotherapies, such as oxaliplatin [21].

Other explorations:

Researchers have also investigated the potential for various
biomarkers to constitute reliable diagnostic criteria for VOD/
SOS, as well as indicators of risk. From a hematologic per-
spective; thromboelastography is a functional assay that can
assess the balance of procoagulant and anticoagulant proteins
in blood vessels, and thus determine the risk for thrombosis
leading to SOS/ VOD [21].

Novel hepatic diagnostic criteria for VOD/ SOS that have been
investigated include liver stiffness, measured with ultrasound
or acoustic radiation force impulse shear wave elastography, as
an indication of veinous congestion and fibrosis [21,25].

MRI has recently demonstrated patent hepatic veins and patchy
signal enhancement compatible with sinusoidal congestion in
two patients with HSOS [3].

Etiologies:

BMT related VOD/ SOS as well-known etiology and best doc-
umented cause in the literature. The incidence of SOS/ VOD
reported in the contemporary literature ranges from 10 to 20%
after allogenic HSCT using MA conditioning (and has a higher
as 60% in a subset of pediatric patients) [5,25,26].

Aggressive chemotherapy is usually applied to eradicate can-
cer. This may explain the higher risk of HSOS in patients with
malignancies. Other risk factors include metabolism individual
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variability and some virus infection was also reported as HCV,
CMV [3].

Our case detailed the occurrence of VOD/ SOS in non-trans-
planted AML associated to COVID infection. A focus on these
two circumstances, means chemotherapy for AML treatment
and COVID infection, their role in VOD/ SOS is well docu-
mented.

COVID and VOD

histological study shows pictures compatible with vascular al-
terationswere characterized by diffuse lesions of intra hepatic
vascular structures (portal branches and sinusoids) and vari-
able degree of partial/ complete luminal thrombosis; CD34
decorated abnormally sinusoids in all lobar zones. Central
veins did not show significant alteration of lumen caliber and
of wall configuration. Majority of portal fields showed an in-
creased number of portal veins associated with luminal severe
dilatation and wall fibrosis, in a large number of portals veins
the lumen focally herniated in peripheral liver parenchyma and
completely circumscribed by liver cells plates. Kupffer cells
were found extremely activated with large cytoplasm contain-
ing necrotic debrides [22,27].

At the molecular level, p38 MAPK pathway may also be criti-
cal in promoting vaso constrictive and inflammatory phenom-
ena, its activation is described in SCD, COVID 19 and also as
a result of conditioning regimen included endothelial damage
in BMT [28].

In fine, post BMT syndromes, vaso occlusive organ dysfunc-
tion in SCD and COVID 19 associated endothelitiis share com-
mon pathological mechanisms including:

- Dysregulation of homeostasis of the endothelial mi-
lieu toward a pro inflammatory and prothrombotic phenotype
with thrombotic microangiopathy

- Hyperproduction of inflammatory cytokines such as
IL6, IL8 AND TNFa

- Small vessel endothelitis and endothelial barrier dys-
function, leading to oedema of the

microvascular bed, protein and fibrin accumulation and subse-
quent fibrotic shift

All these conditions if untreated irremediably lead to MOF and
display similar microscopic and macroscopic features in target
organs upon pathological examination [28].

VOD drug induced

Risks of VOD/ SOS outside of HSCT setting have become
more broadly recognized in recent years. For example, of 1137
patients enrolled in the expanded access (T-IND) study who
developed VOD/ SOS and were treated with defibrotide, 137
(12%) had SOS/ VOD associated with primary chemotherapy
(non HSCT related). The most commonly administered che-
motherapeutic agents were cyclophosphamide (53,7%), cy-
tarabine (51,2%), vincristine (47,6%), methotrexate (34,1%)
and thioguanine (30,5%). Gemtuzumab Ozogamicin (GO) was
used in 2 patients including 1 patient with MOD [6].

SOS is caused by toxic injuries to SECs and loss of sinusoidal
wall integrity with subsequent sinusoidal blockage by emboli-
zed sinusoidal lining cells. Impaired sinusoidal microcircula-
tion leads to metabolic dysfunction and ischemic damage of
adjacent liver cell plates and further focal hepatocellular necro-
sis/ dropout. Because drugs and toxins that cause SOS/ VOD
are selectively toxic to SECs than to hepatocytes, the disease

Table 1: Histologic grading of sinusoidal obstruction syn-
drome.

Table 1: Histologic grading of sinusoidal obstructive syndrome

I- Sinusoidal injury (51):

0- No sinusoidal dialatation or congestion

1- Patchy/ confluent areas of sinusoidal dilatation/congestion without
hepatocyte atrophy

2-  Patchy/ confluent areas of sinusoidal dilatation/congestion with associated
mild hepatocyte atrophy

3-  Patchy/ confluent areas of sinusoidal dilatation/congestion with associated
maoderate to severe hepatocyte atrophy

- Nodular Regenerative Hyperplasia (NRH)
0- Absent

1- present

- Veinous Obstruction (VO)

0- Absent

1- Present, partial obstruction of central venule(s)

2- Present, total occlusion of central venule(s)
Adapted from Rubbia-Brandtet al (1)

is initiated by damage at the sinusoidal level. If present, pro-
longed loss of normal SEC with capillarization permits HSC
(hepatic stem cell) activation and perisinusoidal fibrosis and
fibrous occlusion of central venules in severe cases. Thus, ab-
errant CD34 expression by SECs and increase in SMA positive
HSCs seem to present the pathogenic consequences of sinu-
soidal endothelial injury, and the altered distribution pattern of
GS-expressing hepatocytes may represent an adaptative pro-
cess reflecting impaired sinusoidal microcirculation.

A CSI score deduced calculates using an immunohistochemi-
cal panel consisting of CD34, SMA and GS may serve as an
objective marker of chemotherapy induced sinusoidal injury
and could help diagnose this peculiar form of liver injury [1].

Management/ treatment:

Better comprehensive of the molecular events underlying che-
motherapy associated hepatic injury [7] might also be a source
of potential medical prevention, several options are beginning
to emerge from studies in animal models. In the rat, admin-
istration of MMP-2/9 inhibitors or infusion of glutathione
prevented the development of SOS by reducing SEC damage.
In hematopoietic stem cell transplantation, preserved hepatic
function was seen in patients treated with glutamine a possible
inducer of glutathione synthesis. These approaches could be
therapeutically viable strategies for prevention of OX- associ-
ated liver injury. Aspirin intake has been associated with re-
duced risk for sinusoidal lesions. Targeted biologic molecules
are increasingly being used for systemic treatment of CRLM.
Bevacizumab has a protective effect against Ox induced sinu-
soidal injury. The suggested mechanism is that VEGF block-
ade by Bevacizumab may lead to downregulation of MMP-9
production and release thus may attenuate endothelial lesions

[2].

However, none of these modalities reduced the incidence of
fatal HSOS. Although, the ursodeoxycholic acid appears to
be promising and well tolerated. The only available policy to
avoid HSOS is the use of less intensive regimen [3,5,18].

As 70 to 85% of patients with HSOS recover spontaneously,
the treatment is mainly supportive. Ascites treated with sodium
restriction, diuretics and therapeutic paracentesis for discom-
fort or shortness of breath with oxygen therapy [3,5].

Two molecules of interest have been largely discussed and
considered in clinical trials.

Heparin: heparins have been the most widely used drugs for
the treatment and prevention of endothelial cell disorders. Sev-
eral animal studies and clinical trials have suggested that in
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addition to its well-known anticoagulant effects, heparin also
processes anti-inflammatory properties, mainly mediated by
inhibition of IL6 release and its activity, a phenomenon also
demonstrated in patients with COVID 19 treated with Low
Molecular Weight Heparin.

Defibrotide: It is currently approved for the treatment of pediat-
ric and adult hepatic VOD/ SOS with MOF. In this setting, DF
has demonstrated efficacy (pro fibrinolytic, anti-thrombotic,
anti-ischemic and anti-inflammatory activity) and safety (neg-
ligible hemorrhagic risk) in critically ill patients with MOF, as
well as a significant reduction in PAI-1 and other markers of
endothelial stress in patients with VOD/ SOS and MOF suc-
cessfully treated with DF [28].

Evolution:

It seems difficult to predict the future of SOS/ VOD second-
ary to COVID, considering that the diagnosed reported cases
result mainly from post mortem autopsy [27-29] and the true
incidence of its occurrence is unknown and sure lot of not diag-
nosed ones had well or bad progressed in silence.

The potential for regression of chemotherapy associated liver
injury, notably SOS remains unknown, as does the time frame
for this regression and weather delayed hepatic complications
can arise [2].

The course of SOS/VOD induced by chemotherapy is un-
known, including cytarabine induced ones. Published series
concerning SOS/ VOD due to oxaliplatin reported an incidence
of OC-induced SOS varies between 8,3 and 54%. Patient with
OX-induced SOS in the setting of CRLM have significantly
impaired functional hepatic reserve and are predisposed to in-
crease blood transfusions and higher morbidity after hepatic
resection. Recent studies have demonstrated that SOS induced
by Ox based chemotherapy might diminish the response to
chemotherapy in patients with CRLM. SOS may also compro-
mise liver regeneration in patients undergoing hepatectomy
[1,2,30].

Splenomegaly which is associated to Ox-induced SOS, re-
gressed in 35% of patients 6 months after the end of chemo-
therapy, in 85% at one year, and in all patients at 18 months
[24]. And histologic lesion regressed only after nine months
without chemotherapy, whereas steatosis and steatohepatitis
persist. Patients with interval time between chemotherapy and
surgery more than 270 days had a significantly lower preva-
lence of grade 2-3 SOS (19,4% VS 40%, p=0,022) [30].

Conclusion

SOS/VOD etiologies concern any endothelial aggressive agent
as radiotherapy in TBI, chemotherapy in HSCT or AML induc-
tion and even virus could induce and worsen this complication.
Both pathologist and clinician should be aware of this syn-
drome as it has a relatively prevalence and may affect patients’
outcomes.

Diagnosis needs a bundle of signs, new biologic biomarker and
ultrasound exam could help noninvasive recognition of SOS/
VOD.
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