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Abstract

Gastric varices (GV) have different physiology and clinical characteristics
compared to oesophageal varices (OV). There is little information about the
management of GV. Most part of the recommendations is extrapolated from
studies where the majority of participants had OV. Thus, most recommendations
lack of strong evidence. This is a comprehensive review on all aspects of
management of GV, i.e., primary, secondary prophylaxis and management of
acute bleeding. The papers on which international societies” recommendations
are based are scrutinised in this review and areas of research are identified.
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Core tip: This review focuses on an area in Hepatology which needs updating due to the
recent contradictory recommendations from different international societies, i.e.,
American Association for the Study of Liver Disease, Baveno-VI and United Kingdom
guidelines. Contradiction arises from lack of strong evidence. This comprehensive
review analyses critically the key papers on which recommendations are based, and it
also detects areas needing urgent research. There are also graphs and information which
would help clinicians in their decision-making process.
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INTRODUCTION

Gastric varices (GV) are present in around 20% of patients with cirrhosis, portal
hypertension and varices detected in the endoscopy!l. GV are quite different from
oesophageal varices (OV), they are supplied by the short gastric, left gastric and polar
renal veins and thus, they have different venous afferents compared to OV. GV bleed
less frequently, but they bleed more significantly than OV. Bleeding from GV is less
directly related to the degree of portal hypertension and more related to the size of the
varix and wall tension.

In one large study, including 568 patients, GV were present in 20% at initial
endoscopy with 9% of patients developing GV over a medium follow up period of
24.6 £ 5.3 mo, however this was after eradication of OV’s the authors reported a
mortality rate of 45%!"). In comparison, a more recent study reported the six-week
mortality of bleeding GV as being only 16.7%.

Another study reviewing 117 patients with fundal GV who had never bled showed
that the cumulative risk for GV bleeding at 1, 3, and 5 years was 16%, 36%, and 44%,
respectively with a total of 34/117 patients bleeding!”); this was higher than a later
study of 604 patients which showed a cumulative incidence of GV bleeding at 4.8%,
19.9%, and 23.2% at 1, 3, and 5 years respectively!'l.

Currently, there is much more information on management of OV than on GV.
Hence, most recommendations are based on expert opinions and not on evidence-
based medicine.

CLASSIFICATION OF GV

According to their development before or after endoscopic/surgical intervention
Primary GV are present at the time of the initial endoscopy and before any
endoscopic/surgical intervention, and secondary GV are those which appear after
endoscopic/surgical intervention.

According with their anatomical site

There are four types!'!(Figure 1). Gastroesophageal varices (GOV)-1; gastro-OV type-1
are OV extending beneath the cardia through the lesser curvature. They are the most
common type of GV, comprising around 75% of all GV. They are almost always
associated with large OV (92%).

GOV-2; gastro-OV type-2 are OV extending beneath the cardias through the
fundus. They comprise around 21% of all GV and are associated with the presence of
large OV in 50% of cases.

Isolated gastric varices (IGV)-1; isolated GV type 1 are not connected with OV and
they are located on the fundus. They are seen in only 1.6% of patients with GV.

IGV-2; isolated GV type 2 are not connected with OV and are present in the
stomach but not in the fundus. They are seen in 4.2% of patients with GV. This type of
varices usually develops during or after endoscopic obliteration of oesophageal or
GV, around 85% of the cases. In the other 15% of the cases portal vein thrombosis
with or without liver cirrhosis is found. Most of these cases (59%) have other types of
GV associated. Only 6% of these patients bleed during a mean follow up of 3 years".

A new type has been recently proposed by Singh, around 11% of patients with
oesophageal and GV who cannot be classified in any of the other types, i.e., having
OV and GV in the body, pylorus or antrum!®. Clinical characteristic of this new type
of GV has not been investigated yet.

According to their size

They are classified in small (< 5 mm), medium (5 to 10 mm) and large (> 10 mm). GV
are more common in segmental portal hypertension caused by portal/splenic vein
thrombosis, than in generalized portal hypertension due to cirrhosis/”!. This is
probably due to a more direct transmission of increased portal pressure to the short
and posterior GV. Fundal varices, i.e., IVG-1 and GOV-2 type varices, are developed
by dilation of short and posterior gastric veins and large gastro-renal shunts are
usually present.

DEFINITION OF HAEMORRHAGE FROM GV

Bleeding from GV is diagnosed when (1) active bleeding from a gastric varix is seen in
endoscopy, (2) a clot or ulcer is seen over the gastric varix, (3) in the presence of large
GV, absence of OV, and no other cause for upper gastrointestinal bleeding detected.
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Ectopic varices

1Gv2

Figure 1 Classification of gastric varices according to their anatomical location within the stomach. GOV-1: Gastroesophageal varices type-1; GOV-2:
Gastroesophageal varices type-2; IGV-1: Isolated gastric varices type-1; IGV-2: Isolated gastric varices type-2.

GOV2s bleed more frequently than GOV1s. Secondary GOV2s carry the worst
prognosis, 38% of patients with this type of varices died of bleeding. IGV-1s bleed in a
similar frequency as GOV2s, but are less frequently present!’l.

The main risk factors for bleeding are the degree of liver dysfunction, location, size,
and presence of red spots on the varix*l.

GV bleed less frequently than OV, but it seems GV bleed more severely than OV.
The transfusion requirement is higher in gastric than in oesophageal variceal
bleeding, 4.8 + 0.6 vs 2.9 + 0.3 transfusion unit/person, P < 0.01F.

PRIMARY PROPHYLAXIS

In view of the absence of data GOV1 should follow same guidelines as OV and thus,
we are going to discuss the management of fundal varices only in this section.

There is only one trial assessing primary prophylaxis in patients with GV and it
was a prospective study. Eighty-nine cirrhotic patients with high risk GV, i.e., large (>
10 mm) and located in the fundus (GOV2/IGV1) were included. They had no history
of gastrointestinal bleeding and no OV were present at diagnostic endoscopy. They
were randomized to receive either cyanoacrylate injection until complete obliteration
(Group I), or propranolol with a target heart rate of 55/min or maximal dose of 360
mg/d (Group II), or no treatment (Group III). The median follow-up period was 26
mol"*? (Table 1).

This study showed that cyanoacrylate injection was superior to propranolol and to
no therapy in preventing bleeding. Some experts recommend using non-selective
beta-blockers (NSBB) as primary prophylaxis and avoiding cyanoacrylate injections
because they consider this study very particular since it was conducted in a single
expert centre and thus, it is considered not enough evidence to generalise its
findings!"*'*. Glue injection requires expertise which is not always available and the
low complication rate in the study reflects the high skills of endoscopists who
conducted the study, which is not widely reproducible. Moreover, data suggesting
that carvedilol is more effective in reducing the hepatic venous pressure gradient
(HVPG) may reduce the gap in efficacy between NSBB and cyanoacrylate injection.
On the other hand, it is well known that bleeding from GV does not depend only on
the HVPG, but also on the wall tension and size of the varix. Some experts refrain
from issuing any recommendation in view of the lack of strong evidence!"’l. There is a
clear need for research in this area.
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Table 1 Risk of bleeding, mortality and complication rate according to treatment group! !

Characteristics Cyanoacrylate Group I(n = 30) PropranololGroup Il(n = 29) No treatmentGroup lli(n=30) P value

GV bleed 10% 38% 53% 0.003

Bleed-related mortality 0 10% 24% 0.034

Overall mortality 7% 17% 26% 0.113

Complications 3% 3% 7% 1
SECONDARY PROPHYLAXIS

In view of the absence of data GOV1 should follow same guidelines as OVl and thus,
we are going to discuss management of fundal varices only in this section as well.

There is less evidence supporting prevention of re-bleeding in GV compared to OV.
There have been trials testing NSBB, endoscopic injection of tissue adhesives,
endoscopic band ligation (EBL), Transjugular Intrahepatic Portosystemic Shunt
(TIPS), and Balloon-occluded Retrograde Transvenous Obliteration (BRTO). It is
important to note that these studies included patients at the time of the index bleeding
which could be confusing in terms of overlap with treatment of acute bleeding, but
patients with uncontrolled bleeding were excluded. Therefore, all of participants had
successful treatment of the acute bleeding.

Cyanoacrylate injection and beta-blockers
There are two prospective trials comparing NSBB versus glue injection alone and
versus glue injection plus NSBB!'>'“1.

The first study compared endoscopic injection of cyanoacrylate versus propranolol.
Thirty-two patients were allocated in each group. All patients had portal hypertension
secondary to liver cirrhosis and all had fundal varices, i.e., GOV-2 with eradicated OV
or patients with IGV-1, all of them were large, i.e., at least 10mm in width. These types
of GV have the highest risk of bleeding. Re-bleeding from GV was managed with
TIPS or surgery in the cyanoacrylate group and with cyanoacrylate injection in the
propranolol group. The fact that the two groups received different rescue therapies
may be a bias affecting survival. Patients on the propranolol branch were monitored
daily until the target dose was achieved. Afterwards, they were monitored every three
months. Results showed that rate of re-bleeding and mortality were significantly
lower in the cyanoacrylate group, 10% vs 44%, P = 0.004 and 3% vs 23%, P = 0.023["1.
We must interpret these results with caution because all patients were enrolled
shortly after GV bleeding but 77% of them did not receive endoscopic treatment to
control the acute bleeding. Thus, an important part of the patients allocated to Beta-
blocker group did not receive adequate endoscopic treatment for the episode of index
bleeding while the patients allocated to the glue injection group did. This difference
would be a disadvantage in the Beta-blocker group regarding re-bleeding rate.

The second study compared glue injection alone versus glue injection plus
propranolol. Forty-eight and 47 patients were included in each group, respectively.
The study showed similar re-bleeding rates between both groups, 54% vs 47%, P = NS.
Mortality rate was also similar, 42% vs 47%, P= NSI'"l. Authors stated that these
findings could be explained because portal hypertension may not be as critical as in
OV, and because most patients have segmental portal hypertension or gastro-renal
portosystemic shunting. Patient in the beta-blocker group experienced more asthenia,
60% vs 23%, P < 0.01, but overall side effects were similar in both groups. Experts
recommend eradication with cyanoacrylate injections as first line therapy!.

TIPS and histoacryP injection

Histoacryl® is monomeric n-butyl-2-cyanoacrylate. One prospective study compared
both treatments in patients with cirrhosis and gastric variceal bleeding. Participants
were selected at the time of index bleeding from GV. Patients bleeding from OV were
excluded. Patients with severe decompensation of cirrhosis were also excluded. Acute
bleeding was treated with somatostastin and glue injection initially. Thirty-five
patients were allocated to TIPS and 37 to cyanoacrylate injections. Re-bleeding from
GV was lower in the TIPS group, 11% vs 38%, P = 0.014. Nevertheless, upper GI
bleeding and 2-year survival were similar between both groups: 43% vs 59% and 70%
vs 83%, respectively!’l. The lack of impact on mortality may be attributed to the
increased rate of hepatic encephalopathy and to liver dysfunction in the TIPS group,
two of the patients in the TIPS group developed liver failure. According to the
authors, there was some delay in elective treatment. In fact, two episodes of gastric
variceal bleeding occurred between randomization and elective treatment. Moreover,
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the high rate of re-bleeding in the Histoacryl® group could be related to the non-
compliance of some patients and to the low dose injected at each session.
Furthermore, some of the bleeding episodes attributed to GV were ulcers post glue
injection and not to portal hypertension. Those patients were started on proton pump
inhibitors only when an ulcer was diagnosed during endoscopic follow-up and not as
standard prophylaxis. Finally, half of the patients included in this study had GOV1
which clinical characteristics are similar to OV and not to fundal varices (GOV2 and
IGV1). There is a clear need of research in this area.

Thrombin injection and BRTO have been evaluated only in the acute bleeding
setting, but no as prophylactic treatment.

MANAGEMENT OF ACTIVE BLEEDING

Multiple guidelines are available that discuss the management of active variceal
bleeding, these include the American Association for the Study of Liver Disease 2016
guidelines!”’, the British Society of Gastroenterology (BSG) 2015 guidelines!*), and the
2015 International consensus statement (Baveno VI)I'”.,

The main stay of treatment for gastric variceal bleeding is initially similar to that of
oesophageal variceal bleeding and is based on good fluid resuscitation, correction of
coagulopathies, early pharmacological treatments with antibiotics and vasoactive
medications and early endoscopic intervention. Radiological management, balloon
tamponade and surgical management are typically reserved for those who fail to
achieve haemostasis with endoscopic and pharmacological therapy; although the
early use of interventional radiological procedures is likely to play a greater role in the
management of gastric variceal bleeding!".

Restoration of circulating volume should be achieved whilst avoiding over
transfusion to prevent a rebound of portal hypertension and precipitate re-bleeding.
A recent study showed that a restrictive transfusion policy to a haemoglobin of 7-8
g/dL resulted in better outcomes and less complications!'”). With regards to
coagulopathies the BSG guidelines suggest a platelet transfusion if the count is below
<50 x 10°/L and fresh frozen plasma to be used for patients with a fibrinogen level of
<1 g/L or clotting derangement > 1.5 times greater than normall'’. Although, in
contrast, the Baveno Consensus statement feel that recommendations regarding
coagulopathy and thrombocytopenia could not be made on the basis of currently
available datal"”l. We would suggest that correction of coagulopathies be based on
local guidelines and patient factors such as the severity of the bleeding and their co-
morbidities.

Pharmacological treatments for active gastric variceal bleeding

Initial management of GV bleed should include early use of pharmacological agents
in the form of prophylactic antibiotics and vasoactive drugs and these should be
initiated at an early stagel".

Antibiotics: Prophylactic antibiotics should be given to all patients with variceal
bleeding to decrease the risk of bacterial infections and improve survival and is
recommended in all of the prior mention guidelines and consensus. Antibiotics of
choice are those that are active against enteric bacteria of which Cephalosporins are
the most widely used and studied. Data was first published in 1985 showing
prophylactic antibiotics reduced the rate of infections in patients with cirrhosis and
variceal bleeding™ and multiple studies and meta-analysis since have confirmed
this”l. Moreover, other studies showed that re-bleeding rates are lower after the use
of prophylactic antibiotics®*’. No studies have been published looking specifically at
antibiotic therapy solely in GV haemorrhage but many studies discussed variceal
bleeding without differentiating between OV and GV bleeding.

A 2011 meta-analysis of 12 trials including 1241 patients looked at antibiotic
prophylaxis against placebo/no antibiotic prophylaxis in patients with cirrhosis and
upper gastro intestinal bleeding and reported that antibiotic prophylaxis was
associated with reduced mortality (RR 0.79, 95%CI: 0.63-0.98), reduced bacterial
infections (RR 0.35, 95%CI: 0.26-0.47), reduced re-bleeding (RR 0.53, 95%ClI: 0.38-0.74)
and shorter length of stay (MD -1.91, 95%CI: -3.80-0.02)*’1. No note was made of
whether any of these trials looked purely at GV bleeding and in fact, some trials
included non-variceal haemorrhage.

A current Cochrane review protocol has been published in November 2018 stating
the aim of reviewing the role of antibiotics in patients with cirrhosis and variceal
bleeding™.

The choice of antibiotics should be guided by local microbiology advice and
guidelines and take into account the prevalence of local resistance, the prior use of
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prophylactic antibiotics and other external facts, for example norfloxacin is no longer
available in the United States nor in the United Kingdom.

Vasoactive medications: Vasoactive drugs decrease the portal venous blood flow.
They include vasopressin and its analogue terlipressin, and somatostatin and its
analogue octreotide. Their use is recommended in all major guidelines although
again, it must be noted that no studies have looked purely at the use of vasoactive
medication in GV bleeding!""'*!*.

In 2012, a metanalysis of 30 trials including 3111 patients showed that the use of
vasoactive agents was associated with a significantly lower risk of 7-d mortality (RR
0.74; 95%CI: 0.57-0.95), an improvement in haemostasis (RR 1.21, 95%ClI: 1.13-1.30),
less transfusions requirement (pooled mean difference -0.70 units of blood transfused,
95%CI: -1.01 to -0.38;) and a shorter duration of hospitalisation (pooled mean
difference -0.71 d; 95%CI: -1.23 to -0.19). They reported that studies comparing
different vasoactive agents did not show a difference in efficacy, although the quality
of evidence was very low!™.

Terlipressin is a synthetic analogue of vasopressin that is administered as
intermittent injections. In a meta-analysis it showed lower risk of complications
compared to vasopressin®!. It is currently not licensed for use in the United States but
is the preferred medication of choice outside of the United States. A Cochrane review
in 2003 showed that terlipressin was the only medication to reduce mortality™.

Endoscopic management

Studies reviewing the endoscopic management of GV bleeding are limited compared
to those related to OV bleeding interventions; however, endoscopy intervention is still
the main stay of treatment and should be offered to all patients with suspected severe
variceal bleed immediately after resuscitation or for more stable patients within 24
hi,

Tissue adhesives: Endoscopic therapies that have been studied include tissues
adhesives mainly cyanoacrylate glues but also fibrin and thrombin therapy, EBL and
sclerosants including alcohol; with the use of tissue adhesive being consider as first-
choice treatment in most parts of the world.

Sclerosing agents including alcohol have been used with varying success in GV
bleeding, often with high re-bleeding rates” and the most current ASGE guidelines
on sclerosing agents, whilst focusing mainly on their use in OV’s, suggest their use
should be limited but may be considered in some circumstances such as treating OGV
combined with EBL™!.

Only a small number of studies could be found looking at EBL for active GV
bleeding and often with low numbers of participants. One study reported a series of
27 patients with GV, with active bleeding in 18 patients, EBL achieved haemostasis in
16 of the 18 patients (88.8%). However, recurrent bleeding was noted in five of the 27
patients (18.5%)"". Another study reported 22 patients with active bleeding from GV
treated with EBL; all patients achieved initial haemostasis and there was no
immediate complication; however, four patients (18.2%) developed early re-
bleeding™'l.

One randomised study looked at the use of tissue adhesive versus EBL for acute
GV bleeding and whilst both interventions were as effective at controlling the initial
bleed, the use of glue was associated with lower re-bleeding rates™.

A meta-analysis of tissue adhesive versus EBL for active GV bleeding, only
including three suitable trials with 194 patients, reported that control of bleeding was
achieved in 93.9% of patients treated with tissue adhesive versus 79.5% in the EBL
groups (P = 0.032). Re-bleeding rate was comparable in GOV2 between the 2
interventions (35.7% vs 34.8%, P = 0.895), but cyanoacrylate use was superior at
reducing re-bleeding rates in GOV1 and IGV1P’l They concluded that tissue
adhesives were superior but that in places where it was not available EBL could still
be a useful treatment option.

With regards to tissue adhesives cyanoacrylates glues are the commonest used and
are a group of synthetic glues that solidify rapidly on contact with weak bases i.e.,
water and blood. They are often mixed with lipiodol, any oily emulsion, to slow their
rate of solidification thus reducing the chance of inadvertent adherence to the
endoscope or catheter and also allowing imaging visualisation of the glue after
injection in the case of complications and distal embolization.

ASGE reports that cyanoacrylates use has an initial haemostasis rates in the reign of
80%-90% and that tissue adhesive is superior to sclerotherapy or EBL for control of
GV haemorrhage™!. Higher rates of haemostasis have been reported in many studies
ranging from 91%-100% with re-bleeding rates ranging from 7% to 28%>*°l. The
Baveno consensus and the BSG guidelines recommend the use of tissue adhesives
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such as N-butyl cyanoacrylate in the use of GV bleeding!'*'“l.

Other tissues adhesives include thrombin which is a human or bovine protein that
affects haemostasis by converting fibrinogen to a fibrin clot. There are no controlled
trials looking at its use but one case series looked at 37 patients and reported that
human thrombin was an effective treatment for active GV bleeding but re-bleeding
occurred in 4 patients. Other case series would suggest its use is safe and effective
with low side effect profile but with repeated interventions sometimes needed ..

Hemospray: TC-325 (Hemospray, Cook Medical, Winstom-Salem, North Carolina,
United States) is a haemostatic powder which becomes cohesive and adhesive when
gets in contact with blood or tissue in the GI tract, forming an effective mechanical
barrier covering the bleeding site and thus, achieving quick haemostasis. Its effect
lasts approximately 24 hours, because the haemostatic layer sloughs off. Currently, it
is only licensed for the treatment of non-variceal Upper GI bleed. However, two
recent studies by Ibrahim et al have shown that Hemospray could be employed in
active variceal bleeding as a bridge to a definitive treatment!**'.

The first study!"”! was a single arm prospective study on 38 patients admitted with
acute variceal bleed from oesophageal or GV (GV were present in 10% and IGV2 were
present in 6.6%). Gastroscopy was performed within 6 hours of admission after
hemodynamic stabilization to confirm acute variceal bleeding and Hemospray was
applied as primary measure. Clinical haemostasis was achieved in 29 of 30 (96.7%).
Only 13 of 30 patients (43.4%) had active bleeding at the time of endoscopy. A follow
up endoscopy was performed within 24 h for definitive treatment with either banding
or cyanoacrylate injection.

The second study!"! was a recent prospective, randomized study including 86
patients with active variceal bleeding from oesophageal or GV who were randomly
allocated to early endoscopy (within 2 h) with application of hemospray plus
pharmacological therapy or to a group who received pharmacological therapy alone.
The authors showed higher haemostasis rate at the time of definitive endoscopy
(within 12-24 h) and lower mortality rate in the intervention group. The authors
concluded that hemospray could be employed as a bridge to definitive intervention in
remote centres where the expertise to apply banding/glue injection is not easily
available but the one to apply hemospray is. Probably, this recommendation is
applicable to a minor proportion of centres. Moreover, their findings may suggest that
earlier endoscopic intervention is better, regardless of the type of intervention,
especially if the medical treatment is not the recommended first line option, they used
octreotide instead of terlipressin.

There was also an anecdotic report employing Hemospray as a rescue therapy of
actively bleeding gastric varix after failure of cyanoacrylate injection!*”. Currently,
there is still little evidence to support the routine use of Hemospray in the
management of active variceal bleeding.

Rescue measures

Balloon tamponade: Balloon tamponade is an effective short-term measure to achieve
control of bleeding; however, due to the observed complication rates and the high risk
of re-bleeding once the balloon is deflated this measure should be considered a
temporary measure until definitive control of the bleeding can be achieved.

The use of balloon tamponade was first described as early as 1930 by Westphal but
was named as Sengstaken-Blakemore (SB) tube in after the Sengstaken and Blakemore
paper in 1950. Three tubes are available, the SB tube, which has two balloons, gastric
and oesophageal, and a gastric suction port, the Minnesota tube (a modified SB tube
with the addition of an oesophageal suction port to try and prevent aspiration), and
the Linton- Nachlas tube, which has a single gastric balloon, but of larger volume and
a gastric suction port only. Their use has decreased over time as endoscopic and
pharmacological measures improve outcomes and remove the need for balloon
tamponade!*l.

Most studies regarding balloon tamponade relate to OV bleeding!"! or do not
differentiate between OV and GV bleeding, however one study found initial success
rates of 88% with the use of balloon tamponade in GV (vs 91.5% in OV bleeding)
whilst their reported complication rate was 10% and mainly related to aspiration!*”l.

Complications of balloon tamponade relate normally to misplacement of the tube
or pressure effects from over inflation or the balloon being inflated for too long.
Complications include oesophageal ulceration, necrosis and rupture and aspiration
pneumonial! and consequently their use is recommended to be limited to temporary
control until more definitive management can be put in place!"’l.

TIPS: It is widely used as a salvage option for GV bleeding and is increasingly used as
first line treatment, especially in the United States and Europe whilst BRTO remains
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more commonly used in the Eastern countries.

TIPS was first shown to be successful for GV bleeding in a 1998 study that showed
outcomes for TIPS in acute GV versus OV bleeding was equal with haemostasis being
achieved in all but one patient. Re-bleeding occurred in 4/28 patients due to shunt
thrombosis or occlusion, which the authors report was easily diagnosed and
managed. The study therefore established the role of TIPS as a rescue procedure in
management of uncontrolled GVI*l.

Investigating the role of TIPS in GV remains difficult as many studies do not
distinguish OV from GV bleeding and some pivotal studies in TIPS exclude patients
with isolated GV bleeding!*l. Due to severe hepatic dysfunction often patients are not
TIPS candidates and TIPS is not available in all centres thus the use of cyanoacrylate
glue may be the only viable option for control of the haemorrhage.

A single centre study that showed in cyanoacrylate glue vs TIPS there was no
difference in re-bleeding rates but noted that patients treated with glue therapy had
significantly less long-term morbidity then the TIPS patients!”’ and this was again
reported in a retrospective review in 2015 comparing cyanoacrylate glue with TIPS
which noted no difference in re-bleeding rates and mortality®.

BRTO: BRTO is an interventional radiology technique which accessed the GV via a
gastrorenal shunt, which is occluded with a balloon while the sclerosant agent is
injected in the GV. There has been a series of retrospective reports, but no prospective
trial has been conducted so far. Early reports showed it was a feasible procedurel™'l.
Technical success is high and it is an effective method when employed as
prophylaxisi® and also in the acute setting!™”l. The main side effects include the
development of new or progression of pre-existing OV, vascular damage or migration
of the sclerosant agent when the balloon is inadvertently displaced. When BRTO is
compared with TIPS it seems that BRTO is equally effectivel” or even superior than
TIPSP", but the evidence is based only on retrospective series of patients and thus,
these results cannot be generalized. There has been a recent meta-analysis based on
six studies comparing TIPS vs BRTO which showed a decrease in mortality rate in the
BRTO compared to the TIPS group (RR 0.44, 95%CI: 0.35-0.56, P < 0.01). It also
showed BRTO group had lower re-bleeding risk (RR0.38, 95%CI: 0.24-0.59, P < 0.01)
and lower encephalopathy risk (RR: 0.07, 95%CI: 0.03-0.16, P < 0.01)"°l.

The current recommendation for BRTO is to be applied as a rescue therapy when
TIPS is contraindicated, such as in cases of advanced liver failure or hepatic
encephalopathy. Nevertheless, a gastrorenal shunt must be present to use BRTO.

Surgery: It is applicable only in highly specialised centres and consists of selective
shunts in carefully selected patients, with well-preserved synthetic function,
otherwise risk of complications is unacceptably high!™l. In cases of segmental portal
hypertension, splenectomy could be considered”(Figure 2).

CONCLUSION

There is little literature regarding management of GV compared with the abundant
quantity published on OV. Most recommendations for the management of acute
bleeding are extrapolated from trials including mainly patients with OV bleeding and
only a small proportion with GV. In fundal varices (i.e., GOV2 and IGV1)
management with cyanoacrylate injections is the preferred option leaving TIPS or
BRTO as a rescue therapy. With regards to prophylaxis, there is not enough evidence
on secondary prophylaxis and even less on primary prophylaxis to make strong
recommendations. Probably, cyanoacrylate injection has a role in both primary and
secondary prophylaxis, but most experts prefer to suggest NSBB in primary
prophylaxis as they are less invasive and easily accessible. There is still a wide area for
research in GV therapy.
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Primary prophylaxis
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Glue injection could be employed in
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Figure 2 Algorithm of management of gastric varices: Primary prophylaxis, acute bleeding and secondary prophylaxis.'Patients with gastroesophageal
varices (GOV)-1 or GOV2 extending close to the cardias may be treated with endoscopic band ligation if the varix diameter is smaller than the diameter of the cap of
the ligation device. Hb: Haemoglobin; TIPS: Transjugular intrahepatic portosystemic shunt; BRTO: Balloon-occluded retrograde transvenous obliteration.
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Abstract

Liver transplantation is the best treatment option for cirrhotic patients with early-
stage hepatocellular carcinoma, but it faces the problem of scarcity of donors and
the risk of tumor recurrence, which affects between 15% and 20% of the cases,
despite the use of restrictive criteria. The risk of recurrence depends on a number
of factors, related to the tumor, the patient, and the treatment, which are
discussed in this review. Some of these factors are already well established, such
as the histopathological characteristics of the tumor, Alpha-fetoprotein (AFP)
levels, and waiting time. Other factors related to the biological behavior of the
tumor and treatment should be recognized because they can be used in the
refinement of the selection criteria of transplant candidates and in an attempt to
reduce recurrence. This review also discusses the clinical presentation of
recurrence and its prognosis, contributing to the identification of a subgroup of
patients who may have better survival, if they are timely identified and treated.
Development of recurrence after the first year, with AFP levels <100 ng/mL, and
single site capable of locoregional therapy are associated with better survival
after recurrence.

Key words: Hepatocellular carcinoma; Liver transplantation; Recurrence; Risk factors;
Alpha-fetoprotein; Survival; Prognosis

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Recurrence of hepatocellular carcinoma (HCC) after liver transplantation
usually portends a poor prognosis with short survival. Besides well recognized risk
factors for post-transplant HCC recurrence, as tumor staging and vascular invasion, this
review discusses other factors strongly associated with the recurrence risk, such as alpha-
fetoprotein levels, tumor uptake of FDG in Pet scan, response to locoregional therapy
and post-transplant immunosuppression. We present proposals of a screening protocol
for tumor recurrence after transplantation and of criteria to identify patients with good
prognosis after recurrence, who might benefit from aggressive antitumor therapy.
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INTRODUCTION

Liver transplantation (LT) is the treatment of choice for cirrhotic patients with early-
stage hepatocellular carcinoma (HCC), because it concomitantly resects the tumor and
the underlying liver disease, which is the main risk factor for the appearance of new
tumors. The percentage of cases of HCC among patients waiting LT tripled from 2004
to 2015 in the United States, becoming the leading indication of LT in 2015 (23.9% of
registrations)!'l. However, the shortage of organs for transplantation limits the
selection of this therapeutic modality for HCC.

Despite using morphologic criteria, such as the Milan criteria (MC) (single nodule
smaller than 5 cm or two or three nodules of up to 3 cm), to select HCC patients for
LT, tumor recurrence (TR) still occurs in 15% to 20% of cases, being associated with an
unfavorable prognosist™l. Therefore, it is necessary to identify other risk factors for TR
to refine patient selection and to identify modifiable factors that may reduce the
incidence of TR.

RISK FACTORS FOR TUMOR RECURRENCE

There are numerous studies that have sought to identify the risk factors for HCC
recurrence after LT. We shall classify these factors according to the tumor, the patient,
or the treatment (Table 1).

Factors related to the tumor
Staging, number and size of the nodules: After 15 years of using the MC in clinical
practice, a systematic review showed that with the compliance of these criteria, cases
of well-differentiated tumors were selected, without vascular invasion and with
similar 5-year survival rate to that of the transplanted patients for nontumor causes!’.
The increased risk of TR with the higher number of nodules is not linear, because,
from three nodules and above, the increase in risk tends to be attenuated!®l. Another
meta-analysis showed that the risk of TR was proportional to the diameter of the
larger nodule, with no association with the number of nodules, probably because
multiple nodules, however small, did not present higher frequency of vascular
invasion”l. These findings were confirmed in a retrospective cohort study that showed
an increase of 36% in the risk of TR for each extra centimeter in the diameter of the
larger nodule, with no association with the number of nodules!"’.

Vascular invasion: Macrovascular tumoral invasion can be identified by imaging
exams and is considered a contraindication to the realization of LT. In turn,
microvascular invasion (mIV) can only be detected by the analysis of the explant,
being, therefore, unavailable in the preoperative period.

However, mlIV tends to be associated with tumor staging, being observed in 16.6%
of the tumors within the MC, and in 50.2% of those beyond the Up-to-seven criteria
group (sum of the diameter of the largest node with the number of nodules smaller
than seven)!l.

The mlV is a determining factor in the risk of TR and survival, doubling the risk of
death!. The presence of micro- and macrovascular invasion in the explant was
associated with a significant increase in the TR [relative risk (RR), 2.42 and 7.82,
respectively] and decreased 5-year recurrence-free survival (RFS) (44% and 13%,
respectively, compared to 64% in patients without vascular invasion)!"'l.

Degree of differentiation: Poorly differentiated tumors are found in 11% to 25% of
patients who underwent LT®"-"], and this frequency seems to increase as we expand
the morphological selection criterial. Poorly differentiated tumors entail higher risk
of TR (39.3% vs 13%) and reduction of RFS by 5 years (39.9% vs 57.7%)!"”l. However, a
percutaneous biopsy presents low sensitivity (29%) and positive predictive value
(35%) in the identification of poorly differentiated tumors, not improving the accuracy
of the selection of candidates for LT, when associated to the MCIl'4,
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Table 1 Factors possibly associated with the recurrence of hepatocellular carcinoma after liver

transplantation
Related to the tumor Related to the patient Related to the treatment
Tumor staging Obesity Pretransplantation:
Vascular invasion Viral etiology Percutaneous tumor biopsy
Differentiation’s grade HCV treatment Waiting time
NAFLD Bridging therapy
Peri-transplantation:
Alpha-fetoprotein Donor’s age
Neutrophil-lymphocyte ratio Ischemia time
Surgical technique
Posttransplantation:
Enhanced uptake in PET scan Immunosuppression

Adjuvant sorafenib
MRI findings with gadoxetic acid

Response to LRT

MRI: Magnetic resonance imaging; LRT: Locoregional therapy; HCV: Hepatitis C virus; NAFLD: Non-
alcoholic fatty liver disease.

Alpha-fetoprotein: Alpha-fetoprotein (AFP) levels are high in approximately 60% of
the HCC cases!"”l. Although losing diagnostic value, its role in the prognosis of HCC is
relevant. A retrospective analysis, based on the United Network for Sharing Organs
(UNOS) data, observed an inverse relationship between the level of AFP (from 16
ng/mL) and survival post-LT'l.

Duvoux ef all'l have proposed a simple scoring system, associating the levels of
AFP with the size and number of nodules. Using a cutoff value of two points to
differentiate low- and high-risk patients, they found the following rates of TR: 8.8%
and 50.6%, respectively, after LT.

A recent study reported that in patients with tumors within the MC, a monthly
increase in the level of AFP greater than 7.5 ng/mL, in spite of locoregional therapy
(LRT), was associated with the presence of mIV [odds ratio (OR) 6.8] and a greater
risk of TR [(hazard ratio (HR), 3.9]".

Several authors have reported that the reduction of AFP levels after LRT is
associated with a good prognosis!'®'”'*?’l. Merani et al”"! showed that patients who
achieved AFP levels below 400 ng/mL after LRT were less excluded by tumor
progression and attained a higher survival rate than those who already had low
values from the onset. Even patients with initial levels of AFP above 1000 ng/mL
attained good survival, as long as the AFP levels were reduced with less than 400
ng/mL after LRT.

Some authors proposed the exclusion of patients with AFP levels higher than 1000
ng/mL from undergoing LT, found in 4.7% of the cases with tumors within the MC,
which was strongly associated with mIV (OR, 6.8) and 5-year TR (47.3%)!""). A recent
study, based on the UNOS database, included 407 patients with HCC who underwent
LT with AFP levels > 1000 ng/mL, which corresponded to 3.8% of the total number of
cases. Of these, 23.9% achieved a reduction of AFP to less than 500 ng/mL with LRT,
which was associated with a marked reduction of TR (13.3% vs 35%) and 5-year
mortality rate (33% vs 51, 2%)".

Neutrophil-lymphocyte ratio: Some tumors induce an inflammatory response that
induces the release of cytokines and inflammatory mediators, increasing the risk of
metastasis by inhibition of apoptosis, promotion of angiogenesis, and DNA damage.
The neutrophil-lymphocyte ratio (NLR) in the peripheral blood can be a marker of
inflammatory response, and its association with the poor prognosis of various tumors
has already been demonstrated™!. Some authors have studied the association between
the NLR, calculated based on the immediate preoperative exams, and the risk of
recurrence of HCC after LT. Halazun et al*! found NLR =5 in 9% of the individuals
transplanted for HCC, who presented a 5-year RFS of only 25%. They proposed a
score by associating the NLR to the diameter of the larger nodule and observed a
median survival of only 3 mo in patients with NLR > 5 and tumor diameter > 3 cm. A
meta-analysis confirmed the association of the NLR with mIV, multifocality, size,
poor tumor differentiation, and shorter survival®!.
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Enhanced uptake in positron emission tomography scan: The diagnostic sensitivity
of positron emission tomography scan (Pet scan) for HCC is only 50%, since well-
differentiated tumors have comparable glycolytic activity to that of nontumor liver
cells. [18F] FDG uptake by the tumor has been used as a marker of HCC
aggressiveness, based on the association with mIV and poor tumoral differentiation,
greater risk of dropout, greater risk of TR, and lower RFS and overall 5-year
survivall**,

Findings from magnetic resonance imaging with gadoxetic acid: A recent
publication described the development of significantly higher TR in patients with
satellite nodules (HR, 3.97) and peritumoral hypointensity in the hepatobiliary phase
(HR, 4.24). The positive predictive value of these findings in predicting mIV in the
explant was 84%, and the difference in RFS over 3 years was significant (27.5% vs
84.6%)1.

LRT response: LRT response may be a marker of the biological behavior of the tumor.
LRT can be used pretransplant in the following two scenarios: (1) in tumors beyond
MC, with the goal of reducing tumor mass and thus enabling the inclusion criteria
(downstaging), or (2) in patients with tumors within the MC, as neoadjuvant therapy
[bridging therapy (BT)], to prevent the removal of the patient from the list due to
tumor progression (dropout). The treatment modalities that can be performed for LRT
are transarterial chemoembolization (TACE), radiofrequency ablation, alcoholization,
and radioembolization, depending on the characteristics of the tumor and the
patient™!.

Otto et al" observed that the response to TACE allows a better selection of
candidates for LT than pathological data, such as tumor size, vascular invasion, and
degree of differentiation. Patients who reached downstaging obtained a lower rate of
TR (3.3%), while those who presented some degree of tumor progression presented a
significantly lower 5-year RFS (22 vs 92%; RR, 21.7).

The University of California’s group prospectively included patients with tumors
beyond CM in a downstaging program provided they did not present macrovascular
invasion and met one of the following criteria: (1) Single nodule less than or equal to 8
cm; (2) two or three nodules smaller than 5 cm, with a sum smaller than 8 cm; or (3)
four to five nodules smaller than 3 cm with a sum smaller than 8 cm. About 65% of
the cases achieved effective downstaging and were enrolled for LT after 3 mo. When
compared to patients with MC tumors from the start, they had a greater 2-year
dropout risk (34.2 vs 25.6%), but the RFS was similar”!l. A recent meta-analysis
confirmed the good results with the downstaging process”, so much so that the
American Association for the Study of Liver Diseases (AASLD) recommends the
inclusion of such patients in the LT list!™l.

Factors related to the patient

Obesity: In one sample, 25% of patients with HCC who underwent LT were obese
and had twice the risk of death, a higher frequency of mIV, and tendency for a higher
rate of TR, suggesting that the increased expression of vascular endothelial growth
factor (VEGF) induced by the adipose tissue may stimulate tumor angiogenesis!™l.
Another group has confirmed the increased risk of TR, with smaller RFS among
overweight patients, suggesting that obesity induces a pro-oncogenic state, via
reduction of adiponectin and increase of leptin, which would stimulate HCC
proliferation, migration, and invasion™.

Viral etiology: A study from Taiwan described a strong association between the
failure of prophylactic therapy against reactivation of hepatitis B in the posttransplant
period and the risk of TR, both of which are related to the presence of a specific
mutation of the virus, which seems to induce a pro-carcinogenic state*". Another
study found a 2.45-fold higher risk of TR in patients with hepatitis B and viral load
above 5 log, also finding an association between the reactivation of hepatitis B in the
post-LT period and the risk of TR

There are controversial reports on the influence of hepatitis C on the risk of TR after
LT due to HCC. Bozorgzadeh et al**! compared a small group of transplanted HCC
patients with and without hepatitis C and reported an association of viral infection
with lower 5-year RFS. A group from Taiwan, in turn, found lower RFS in the
subgroup of hepatitis C patients who evolved with rapid development of liver fibrosis
after living-donor LT,

Hepatitis C virus treatment: There are few reports on the impact of HCV treatment in
the post-LT period on the risk of TR. Small case series have suggested that treatment
with interferon-based schemes could be associated with a lower risk of TRI*.

Data on the use of direct-acting antivirals (DAAs) to treat HCV in patients with
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HCC who underwent LT are still scarce. In the CUPILT cohort, 314 patients
transplanted for HCC were treated with DAAs after ca. 67 mo of transplant, attaining
96.8% sustained virological response (SVR), with only 2.2% of TRI*!l.

Some authors have reported preliminary results regarding antiviral treatment in
patients with HCC during the waiting time for transplantation. Yang ef all*’] observed
a tendency for a higher risk of TR in 18 patients treated with DAAs in pre-LT, who
presented a surprisingly low rate of virologic response (50%), observing an
association with histological features of poor prognosis, early TR, and extrahepatic
metastases.

On the other hand, an Italian cohort achieved 94% SVR after treatment during the
waiting time, with TR being observed in only 8.5% of them after 20 mo of follow-up!*.
Another study compared patients treated or not with DAAs while awaiting
transplantation, with no difference in dropout risk, characteristics of the explant, or
TR,

Non-alcoholic fatty liver disease: Recently, some authors have described a more
indolent biological behavior in HCC associated to non-alcoholic fatty liver disease
(NAFLD). Lewin et all*! analyzed the UNOS database and observed that the cases
with HCC secondary to NAFLD presented a 32% lower rate of high-risk
characteristics for TR. A study from the University of Toronto and University of San
Francisco noted that among patients with tumors beyond MC, bearers of NAFLD
showed a 80% lower rate of TRl

Factors related to treatment

Percutaneous tumor biopsy: Although the current consensus allows the diagnosis of
HCC by imaging methods in most of the cases, percutaneous biopsy may still be
necessary in cases with atypical radiological pattern®. In 2005, a Spanish group
reported that the accomplishment of percutaneous biopsy was associated with a
higher risk of TR, especially extrahepatic!”l. Lopez et al’! studied patients with HCC
who underwent biopsy and radiofrequency ablation before LT, finding no tumor
implant in the needle path in patients who underwent the two procedures at the same
time, while 16.7% of those who underwent radiofrequency after biopsy showed TR in
the thoracic wall.

Time to transplantation: Studies based on the UNOS database reported an
association between a short time to transplantation and increased risk of TR in the
post-LT, with decreased survival. The authors suggested that the rigorous image
monitoring during the waiting time could select the tumors with more favorable
biological behavior*~"l. A multicenter study found a dropout rate of 3.2% and 12.4%
when the time between HCC diagnosis and LT was greater than 6 and 18 mo,
respectively, despite the completion of LRT. The risk of 5-year TR was greater in
patients transplanted before 6 mo or after 18 mo of diagnosis of HCCP'.

BT: There are controversial reports on the benefits of BT, but an international
conference recommended it when the likely waiting time is longer than 6 mo %, and
the AASLD suggests BT in patients with tumors within the MCF’l. In their meta-
analysis, Kulik et al® found no significant reduction in the risk of dropout after LRT
in patients within the MC, while no impact on the risk of TR and RFS was observed.

A multicenter study examined 3601 transplanted patients with HCC, of which
79.3% received LRT, and did not observe difference in TR and RFS compared to those
without these therapies. However, a greater risk of TR in those who developed only
partial necrosis of the nodule was seen when compared to those without LRTF.

Another group confirmed the similarity of TR rates in patients within the MC who
underwent LRT or did not and the higher risk of TR in patients with partial necrosis
of the tumor, when compared to those with complete necrosis and without necrosis.
They also found an association between partial necrosis of the tumor and increased
risk of lymph node metastases, demonstrating that the partial necrosis was
accompanied by greater density of peritumoral lymphatic vessels and increased
expression of VEGF. These authors raised the hypothesis that tumor necrosis
stimulates the production of growth factors and neoangiogenesis, facilitating the
progression and lymphatic dissemination of the remaining tumor cellst™!.

A recently published retrospective cohort study found a 64% reduction in the risk
of TR in patients undergoing TACE when adjusted by the initial size of the lesion, not
observing this association in patients who underwent radiofrequency, suggesting that
the greatest benefits would be achieved in patients with tumors with a diameter
greater than 4 cm['l.

Donor’s age: One study observed higher median age of the donor among patients
who evolved with TR after LT, which remained significant after multivariate analysis,
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which led them to speculate if older livers would have less tolerance to the
preservation injury and increased susceptibility to cold ischemial™. A similar result
was observed in a survey of the UNOS database, in which a 70% higher risk of TR
was found in patients who received grafts from donors older than 60 years, regardless
of the etiology of liver diseasel*".

Ischemia time: Warm and cold ischemia times are related with the intensity of
ischemia-reperfusion injury, which stimulates immune and inflammatory
phenomena. Nagai ef all’””! observed a gradual increase in the risk of TR with the
increase of the ischemia time, with a significant difference after 10 h of cold ischemia
and 50 min of warm ischemia. A German group found an association between a warm
ischemia time greater than 50 minutes and the risk of TRF’. It is speculated that
ischemia-reperfusion injury can accelerate growth and implantation of HCC
micrometastases present at the time of LT.

Surgical technique: The preservation of the vena cava in piggyback procedures
reduces the hemodynamic instability and the warm ischemia time. On the other hand,
the preservation of the cava theoretically could increase the risk of persistence of
tumor-affected margins, and the greater manipulation of the patient’s liver could
increase the spread of tumor cells. Mangus et al®! found no difference in the
frequency of TR nor RFS according to the technique of venous reconstruction, while a
Polish study found a higher risk of TR in patients undergoing the conventional
techniquel®.

The technique of living-donor LT implies piggyback anastomosis between the
receiver and the partial graft of the donor. A meta-analysis reported ca. 60% greater
RFS in patients who underwent cadaver LT than those who underwent living-donor
LT The possible explanations for the worse prognosis of living-donor LT in the
treatment of HCC would be the following: (1) Shorter waiting list, which would
prevent the identification of more aggressive tumors; (2) greater surgical
manipulation, which could contribute to the spread of neoplastic cells; and (3) rapid
hepatic regeneration after living-donor LT, which would release growth factors and
cytokines that could contribute to the TR

Immunosuppression: In the transplantation scenario for the treatment of a neoplasia,
a balance must be sought between immunological risks (graft rejection) and
oncological risks (TR). The association between the serum level of tacrolimus in the
first month after LT with the risk of TR has already been demonstrated, and it was
observed that patients with a level above 10 ng/ml presented a 2.8-fold higher risk of
TR,

As mTOR inhibitors (sirolimus and everolimus) inhibit cell proliferation and
angiogenesis, it has been postulated that these drugs could reduce the risk of TR after
LT. A meta-analysis of five cohort studies found 70% lower risk of TR in patients who
used sirolimus associated to a calcineurin inhibitorl®l. Another meta-analysis
including 42 studies showed a lower frequency of TR among patients treated with an
mTOR inhibitor, although this difference was only significant among patients with
tumors within the MC*”l. However, both meta-analyses assumed that these studies
were of low quality.

A randomized, prospective, multicenter trial (SILVER trial) included 525 patients
transplanted for HCC, associating or not sirolimus, from 4 to 6 weeks of LT, with the
traditional immunosuppression scheme of each participating center. Although the 5-
year TR rate was similar between the groups, those treated with sirolimus showed a
higher percentage of RFS in the first 4 years, and from the end of the first year, the risk
of TR was 50% lower. When an analysis of subgroups was performed, the addition of
sirolimus was beneficial in patients with tumors within the MC. In general, the
addition of sirolimus to the immunosuppressive regimen was associated with a gain
of 6.4 mo in the RFS"1.

Another study using a historical control group evaluated the use of everolimus
from the third week after LT on the risk of TR, with no significant difference between
the groups!“l.

Adjuvant sorafenib: Sorafenib is a multiple tyrosine kinase inhibitor that exerts an
antiangiogenic effect through the inhibition of VEGF and platelet-derived growth
factor and was the first drug to provide increased survival for patients with advanced
HCC™. Its use as an adjuvant therapy after LT in order to reduce the risk of TR began
to be described from 2010 in small case-control studies, with varying results, but at
the expense of toxicity that required a reduction of dose in 75% to 82% of cases!”'l.
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MONITORING OF THE PATIENT AFTER LT FOR HCC

There is no consensus on the protocol for monitoring TR after LT, without definition
on the modality of exams to be performed and frequency or duration of follow-up.
Most authors monitored the patients with thoracic-abdominal computed tomography
(CT) and AFP levels with 3- to 6-mo intervals in the first 2 or 3 years, increasing the
interval between exams from that date. Bone scintigraphy is usually reserved for
those cases that present with symptoms or TR. There is also no consensus on the
duration of screening of TR*7>71. A consensus conference published a vague
recommendation of a combination of imaging exams (CT or magnetic resonance
imaging), and AFP every 6 to 12 mo™’l.

A multicenter study has proposed a protocol of postoperative monitoring, stratified
according to the risk of TR, which would be estimated by the RETREAT score,
calculated according to the following three simple data: AFP on the occasion of the
LT, vascular invasion, and sum of diameter with the number of viable nodules (Table
2)r,

CLINICAL PRESENTATION OF HCC RECURRENCE AFTER LT

The recurrence of HCC after LT usually occurs early, with a median RFS of 12 to 16
mo. In most cases, TR is of poor prognosis with a median survival after recurrence of
7 to 16 mol**7>7,

Approximately 75% of the TR occur during the first 2 years after the LT, and only
10% of them are detected after the fourth year!”.. Most authors consider early TR the
one that develops during the first year after LT. From a pathophysiological point of
view, early TR occurs due to pretransplantation staging failure, which fails to identify
existing metastases, or by implantation and growth of circulating tumor cells in
another organ. On the other hand, late TR would arise as a result of late seeding of
cells that remained latent and in less number for a long time after LT"L.

The clinical course of TR after LT tends to be dramatic, because it involves tumoral
dissemination in immunosuppressed patients. TR after LT must be considered a
systemic event, because it is restricted to the graft in only 30% of cases!”™. The organs
most commonly involved in TR are the lungs, liver, bones, lymph nodes, and adrenal
glands. Involvement of more than one organ is observed in more than 50% of the

casesl’l.
RFS has a strong impact on survival after TR, since the early TR usually denotes
greater tumor burden and more aggressive biological behavior®*”l. Other factors

seem to impact survival after TR including the following: nutritional status on the
occasion of the TRM, bone metastases!®’?, level of AFP after TR, lymphopenia®, the
involvement of multiple organs!, and impossible treatment with curative intent of
TREL

The use of therapy with curative intention, such as surgical resection or ablation by
radiofrequency, is usually possible in patients with TR with less aggressive behavior,
represented by late TR, lower levels of AFP, lower number and size of tumor nodules,
and single TR site, which is associated with a significantly higher survival rates (22 vs
9 mo)!".

A Euro-American study developed a prognostic score after TR, based on the
presence of the following three signs of poor prognosis: TR during the first year after
LT (HR, 1.6), AFP level higher than 100 ng/mL at TR (HR, 2.1), and tumor not
susceptible to curative therapy (HR, 4.7). Patients without any of these poor
prognostic factors achieved a 5-year survival rate of 50% (Table 3)P. This score was
recently validated in another multicenter study, which confirmed its usefulness in
predicting survival after TR

CONCLUSION

LT is the best treatment option for cirrhotic patients with early-stage HCC, but it faces
the problem of scarcity of donors and the risk of TR, which affects between 15% and
20% of the cases, probably because morphologic criteria do not predict the tumor
biological behavior. Besides well recognized risk factors for HCC recurrence after LT,
as tumor staging and vascular invasion, some other factors are strongly associated
with the recurrence risk, such as AFP levels, tumor uptake of FDG in Pet scan and
response to LRT. Some therapy-related risk factors may be modified to reduce
recurrence risk, as waiting time and post-transplant immunosuppression. Tumor
recurrence after transplantation usually portends a poor prognosis with a median
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Table 2 RETREAT score to estimate the risk of tumor recurrence after liver transplantation in patients with tumors within the Milan

criteria and proposed protocol for tumor recurrence screening! !

Risk factor Score

Alpha-fetoprotein level before LT

0-20 ng/mL 0

21-99 ng/mL 1

0-999 ng/mL 2

>1000 ng/mL 3

Microvascular invasion 2

Sum of the diameter of the largest viable tumor and the number of viable

nodules

0 0

1.1-4.9 1

5.0-9.9 2

>10 %)

RETREAT Score Screening Protocol

0 points Screening not needed

1-3 points Screening every 6/6 mo for 2 yr

4 points Screening every 6/6 mo for 5 yr

>5 points Screening every 3-4 mo for 2 yr Exams every 6 mo between the 2nd and 5th
year

TR: Tumor recurrence; LT: Liver transplantation.

survival of 7 to 16 mo. Although there are no structured studies on the treatment of
HCC recurrence after LT, it is important to modify the paradigm that TR is always
fatal. The implementation of a regular screening protocol may allow the establishment
of diagnosis at an early stage, which might provide effective treatment for some
patients, improving the dismal prognosis of this clinical condition.
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Table 3 Prognostic score for the prediction of survival after hepatocellular carcinoma recurrence after liver transplantationt !

Poor prognostic variables

Early tumor recurrence (during the first year after transplantation)
AFP 2100 ng/mL at the time of the TR

Tumor not susceptible to curative therapy

Score Prognostic score 1st year survival after TR
No variable Good prognosis 73%
1 or 2 variables Moderate prognosis 55%
3 variables Poor prognosis 17%

TR: Tumor recurrence.
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Abstract

BACKGROUND

Severe acute liver failure (SALF) is a rare, but high-mortality, rapidly evolving
syndrome that leads to hepatocyte degeneration with impaired liver function.
Thioacetamide (TAA) is a known xenobiotic, which promotes the increase of the
formation of reactive oxygen species. Erythroid 2-related factor 2 (N1f2) activates
the antioxidant protection of cells. Studies have evidenced the involvement of
inflammatory mediators in conditions of oxidative stress.

AIM
To evaluate the antioxidant effects of glutamine on Nrf2 activation and NFxB-
mediated inflammation in rats with TAA-induced IHAG.

METHODS

Male Wistar rats (1 = 28) were divided into four groups: control,
control+glutamine, TAA, and TAA + glutamine. Two TAA doses (400 mg/kg)
were administered intraperitoneally, 8 h apart. Glutamine (25 mg/kg) was
administered at 30 min, 24 h, and 36 h. At 48 h, blood was collected for liver
integrity analysis [aspartate aminotransferase (AST), alanine aminotransferase
(ALT), and alkaline phosphatase (ALP)]. The liver was harvested for histology
and assessment of oxidative stress [thiobarbituric acid-reactive substances
(TBARS), catalase (CAT), glutathione peroxidase (GPx), glutathione S-transferase
(GST), glutathione (GSH), Nrf2, Kelch-like ECH-associated protein 1 (Keap1),
NADPH quinone oxidoreductasel (NQOL1), superoxide dismutase (SOD)] and
inflammatory process.

RESULTS
TAA caused disruption of the hepatic parenchyma, with inflammatory
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infiltration, massive necrosis, and ballooning degeneration. Glutamine mitigated
this tissue damage, with visible regeneration of hepatic parenchyma; decreased
TBARS (P < 0.001), GSH (P < 0.01), IL-1p, IL6, and TNFa levels (P <0.01) in
hepatic tissue; and decreased blood levels of AST, ALT, and ALP (P <0.05). In
addition, CAT, GPx, and GST activities were restored in the glutamine group (P
<0.01, P <0.01, and P <0.001, respectively vs TAA alone). Glutamine increased
expression of Nrf2 (P < 0.05), NQO1, and SOD (P < 0.01), as well as levels of IL-10
(P <0.001), while decreasing expression of Keapl, TLR4, NFxB (P < 0.001), COX-2
and iNOS, (P < 0.01), and reducing NO, and NO, levels (P < 0.05).

CONCLUSION

In the TAA experimental model of IHAG, glutamine activated the Nrf2 pathway,
thus promoting antioxidant protection, and blunted the NFxB-mediated
pathway, reducing inflammation.

Key words: Thioacetamide; Cytokines; Oxidative stress; Inflammation; Liver failure;
Chemical and drug induced liver injury; Glutamine

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Severe acute liver failure (SALF) is a rare syndrome characterized by rapid
deterioration of liver function, usually in patients without underlying liver disease; the
only effective treatment is transplantation. In this study, we used thioacetamide (TAA), a
known xenobiotic hepatotoxicant, to induce SALF in rats. This was followed by
administration of glutamine in an attempt to activate antioxidative defenses via the
erythroid 2-related factor 2 (Nrf2) pathway and mitigate liver injury. Glutamine
successfully activated Nrf2 and inhibited TLR4/NFkB-mediated inflammation, allowing
restoration of parenchymal architecture and recovery of several parameters to near-
control levels.
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INTRODUCTION

Severe acute liver failure (SALF) is a complex and rare syndrome characterized by
rapid deterioration of liver function, usually in patients without underlying liver
diseasel'”. Management includes intensive and comprehensive supportive care, but
the only effective treatment to date is liver transplantation!’.

The xenobiotic thioacetamide (TAA) has been used to induce hepatic damage in
animals, and constitutes an effective experimental model to study the mechanisms
involved in the pathophysiology of SALF and investigate potential therapies thereof.

Several studies have implicated oxidative stress and inflammation as critical events
involved in experimental SALF!*.

Reactive oxygen species (ROS) are generated during the process of oxygen
metabolism and play several important physiological roles, including signal
transduction, defense against microbial pathogens, and gene expression to support
cell growth or cell death signaling pathways!>'’l. Reactive nitrogen species (RNS), in
turn, are derived from nitric oxide (NO), which is produced via inducible nitric oxide
synthase (iNOS) activity‘l. Because of their unique chemical characteristics, ROS and
RNS can trigger lipid peroxidation and cause DNA strand breaks and protein
oxidation, resulting in cellular injury. Oxidative and nitrosative stress represents an
imbalance in the production and elimination of these reactive species and a decrease
in the production of antioxidants™'?l,

The antioxidant defense system is essential for cell protection. Antioxidant enzymes
such as superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase
(GPx), as well as non-enzymatic electron receptors such as glutathione (GSH), are
affected by oxidative stress conditions!'**’l. The nuclear factor erythroid 2-related
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factor 2 (Nrf2) is an important regulator of redox balance. Under physiological
conditions, Nrf2 is stores in the cytoplasm in inactivated form, bound to Kelch-like
ECH-associated protein 1 (Keapl). Under stress conditions, Nrf2 dissociates Keapl
and is translocated to the nucleus, where it promotes expression of cytoprotective
target genes, such as NADPH quinone oxidoreductasel (NQO1), antioxidant
enzymes, and phase-II detoxification enzymes such as glutathione S-transferase
(GST)[?,[ Hh].

Inflammation is a key component of several liver diseases. The inflammatory
process leads to parenchymal damage, which progresses to fibrosis, liver cancer, and,
occasionally, SALF!"l. Metabolites of hepatotoxic drugs bind to a toll-like receptor 4
(TLR4) complex that activates nuclear factor kappa B (NFxB), triggering the
production of pro-inflammatory cytokines, such as tumor necrosis factor-a (TNF-a),
interleukin (IL)-1p, and IL-6, and modulation of anti-inflammatory cytokines such as
IL-1001%17151 " Furthermore, it can stimulate production of the enzymes
cyclooxygenase-2 (COX-2) and iNOS, both of which act as inflammatory mediators!'”.

Many isolated compounds have been investigated for their potential to eliminate
oxidative stress and mitigate the inflammatory process in liver diseases. Within this
context, glutamine (GIn) has been investigated due to its important role in a wide
range of metabolic pathways. It is indispensable for nucleotide, glucose, and protein
synthesis. It is a precursor of GSH and plays a key role in the immune defense of the
gut mucosal barrier, participating in immunoglobulin formation*!l. Several studies
in humans have shown that Gln modulates the expression of genes related to the
activation of pathways involved in several disease states” . Furthermore, studies
conducted in different experimental models have demonstrated beneficial effects of
Gln on the rat liver, bowel, and stomach!*>,

Within this context, the present study aimed to evaluate the effect of Gln as an
antioxidant and its role in the inflammatory process in an experimental model of
IHAG induced by TAA.

MATERIALS AND METHODS

Ethical considerations

This study was conducted at the Animal Experimentation Unit and the Laboratory of
Experimental Hepatology and Gastroenterology, Hospital de Clinicas de Porto
Alegre, after approval from the Institutional Animal Care and Use Committee
(opinion no. CEUA 15-0175).

Animal handling followed the ethical principles for animal experimentation
mandated by current Brazilian legislation (Law no. 11794/2008), the standards of the
Brazilian Council for the Control of Animal Experimentation (CONCEA), the State
Code for Animal Protection, and established local procedures for the care and use of
animals in experimental research.

Experimental procedures

Twenty-eight male Wistar rats (mean weight 300 g) were used in this study. During
the experiment, the animals were housed in boxes (47 cm % 34 cm x 18 cm) lined with
wood shavings, in a 12-h light/dark cycle, and a controlled temperature of 18 to 22
°C. Water and feed were given ad libitum. The animals were randomized in four
groups (n =7 each): control (CO), control plus glutamine (CO + G), TAA, and TAA
plus glutamine (TAA + G).

IHAG was induced by intraperitoneal administration of two doses of TAA, 400
mg/kg in normal saline solution (0.9% NaCl), with an 8-hour interval between
doses”l. The glutamine-treated groups received intraperitoneal Gln (Sigma Chemical®,
St. Louis, MO, United States), 25 mg/kg in 1 mL 0.9% NaCl. The first dose was
administered 30 min after the last dose of TAA; the second and third doses of GIln
were administered 24 and 36 h, respectively, after the start of the experiment.

At 48 h, the animals were weighed and anesthetized by intraperitoneal injection of
a mixture of ketamine hydrochloride (95 mg/kg) and 2% xylazine hydrochloride (8
mg/kg). Blood was then collected from the retro-orbital plexus with a glass capillary
tube and placed into a heparin-containing test tube to prevent coagulation.

After blood sampling, animals were euthanized by anesthetic overdose (three times
the therapeutic dose, as per CONCEA guidelines)”". Upon confirmation of death, the
abdominal region was shaved and disinfected, a midline ventral laparotomy was
performed, and the liver was removed in sections for storage and subsequent
analysis. One liver fragment was submerged in 10% formaldehyde solution for 24 h
for histological examination, while another fragment was frozen —80 °C for other
analyses.
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Histological examination of hepatic tissue

Tissue samples were fixed in 10% formalin and embedded in paraffin. The resulting
paraffin blocks were then placed in a Leitz® 1512 microtome and cut into sections 3
pm thick. The slides were then dipped in hematoxylin and eosin (HE) for 5 min each
and placed in a running water bath. For dehydration, the slides were run through a
graded ethanol series, followed by two xylol baths. Finally, coverslips were mounted
with Canada balsam. Slides were examined under a light microscope coupled to a
digital camera. Images were captured using Image-Plus software (Media
Cybernetics®, Bethesda, United States) at a magnification of 200x. Hallmarks of acute
liver injury were scored on a scale of 0 to 3, where 0 = normal hepatic tissue; 1 = mild
damage with scant inflammatory infiltration; 2 = moderate damage and infiltration;
and 3 = severe damage with infiltration and loss of hepatic architecture.

Spectrophotometric analysis of biochemical parameters

Hepatic integrity was assessed by measurement of the liver enzymes aspartate
aminotransferase (AST), alanine aminotransferase (ALT), and alkaline phosphatase
(ALP) in plasma, using the commercially available Liquiform Labtest® kit (a kinetic
spectrophotometric assay). Protein content in liver homogenate was determined by
Bradford’s method"™!. Lipid peroxidation was investigated by the thiobarbituric acid-
reactive substances (TBARS) method™!. Levels of GSH were evaluated™, as well as
activity of the antioxidant enzymes catalase (CAT)""! and glutathione peroxidase
(GPx)I and of the phase-II detoxification enzyme glutathione S-transferase (GST)"".
Production of nitric oxide metabolites (NO,/NO,) was measured indirectly by the
Griess reaction™l.

Western blot analysis of protein expression

Cytoplasmic and nuclear extracts were prepared from liver homogenates!””. The
supernatant fraction was collected, aliquoted, and stored at —80 °C. Protein content
was determined by Bradford’s method!™. Lysed proteins were separated by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and transferred to
polyvinylidene fluoride (PVDF) membranes!*’*l. The membranes were then blocked
with 5% skim milk in Tris buffer containing 0.05% Tween (TTBS) for 1 hour at room
temperature and probed overnight at 4 °C with anti-Nrf2 (57 kDa), anti-Keap1 (69
kDa), anti-NQO1 (31 kDa), anti-SOD (32 kDa), anti-TLR4 (95 to 120 kDa), anti-NFxB
(65 kDa), anti-COX-2 (21 kDa), and anti-iNOS (120 kDa) antibodies (Santa Cruz
Biotechnology, Santa Cruz, CA, United Staes), diluted 1:200 to 1:1000 with TTBS in
dehydrated milk at 5%. Primary antibodies were detected with HRP-conjugated anti-
rat IgG, anti-rabbit IgG, or anti-goat IgG secondary antibodies (Santa Cruz
Biotechnology, Santa Cruz, CA, United States). Protein detection was performed with
a commercially available electrochemiluminescence kit (Amersham Pharmacia
Biotech, Little Chalfont, Bucks, England)!"?l. Density of the specific bands was
quantified with imaging densitometry software (Scion Image, Scion Corporation,
Frederick, MA, United States).

Multiplex analysis

Levels of IL-1, IL-6, IL-10, and TNF-a were measured in hepatic tissue homogenates
using a MILLIPLEX™ MAP Rat Cytokine bead-based multiplex assay kit (RCYTO-
80K, Millipore, Billerica, MA, United States). The MILLIPLEX™ MAP method is based
on Luminex® xMAP™ technology. All procedures were performed in accordance with
manufacturer recommendations. Tissue specimens were diluted 1:5 in sample diluent
and incubated in duplicate overnight with TNF-a, IL-1, IL-6, and IL-10 capture beads.
The beads were subsequently washed and incubated for 2 h with biotin-conjugated
detection antibody, and then for 30 min with streptavidin-phycoerythrin. Bead
fluorescence was read in a Luminex 100 IS Multiplex BioAssay analyzer. Cytokine
concentrations were determined from these readings using four standard curves.
Results were expressed as pg/mL.

Statistical analysis

Quantitative data were expressed as mean *+ SE. Groups were compared by one-way
analysis of variance (ANOVA). Differences in means were located by the
Student-Newman-Keuls procedure. Data were analyzed in program GraphPad
InsTat 3.1, and significance was accepted at P < 0.05. The statistical methods of this
study were reviewed by Ceres Andréia Vieira Oliveira, from the Regional Statistical
Council of Rio Grande do Sul and Santa Catarina, Brazil.

RESULTS
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Histopathological analysis

On histological examination of H&E-stained slides at 200x magnification (Figure 1),
disruption of the hepatic parenchyma was observed in the TAA group, with
inflammatory infiltration, massive necrosis, and ballooning; none of these features
occurred in the CO or CO + G groups. Photomicrographs of liver tissue from rats in
the TAA + G group show regeneration of the hepatic parenchyma, with a decrease in
inflammatory infiltration and a substantial reduction in ballooning and spotty
necrosis.

Assessment of hepatic cellular integrity
Liver function tests (Table 1) showed increased levels of liver enzymes in TAA group
animals, which decreased significantly when Gln was administered (P < 0.05).

Assessment of oxidative stress

Assessment of lipid peroxidation by the TBARS method (Figure 2) revealed a
significant increase in the TAA group in relation to the CO and CO + G groups (P <
0.001). Again, significant reductions were observed in the TAA + G group (to which
GIn was administered) as compared with the TAA group (P < 0.001).

Nuclear expression of Nrf2 (Figure 3A) was decreased in the TAA group as
compared with the CO and CO + G groups (P < 0.01), and increased in the TAA + G
group as compared with the TAA group (P < 0.05). Conversely, expression of the
inhibitory cytoplasmic protein Keapl (Figure 3B) was increased in the TAA group as
compared to both control groups (P < 0.001) and significantly reduced in the TAA + G
group when compared to the TAA group (P<0.01).

Expression of both NQO1 (Figure 4A) and SOD (Figure 4B) was decreased in the
TAA group compared to the CO and CO + G groups (P<0.001 and P < 0.05,
respectively) and increased in the TAA + G group as compared to the TAA group
(P<0.01).

GSH levels (Figure 5) were statistically lower in the TAA group than in both control
groups (P < 0.01), but increased significantly in the TAA + G group (P < 0.01).

Table 2 shows the findings of analysis of activity of the antioxidant enzymes CAT
and GPx and the detoxification enzyme GST. GPx enzyme activity was increased in
the TAA group as compared with the CO and CO + G groups (P < 0.001), and
decreased in the Gln-treated group as compared with the TAA group (P < 0.01). CAT
activity exhibited the inverse behavior; it was lower in the TAA group than in the
control groups (P < 0.01) and higher in the TAA + G group than in the TAA group (P
<0.01). GST activity increased in the TAA group (P < 0.001) and decreased in the GIn-
treated group (P < 0.001), which is consistent with its detoxifying role.

Assessment of the inflammatory process

Cytoplasmic expression of TLR4 (Figure 6A) and nuclear expression of NFxB (Figure
6B) were significantly increased in the TAA group as compared with control groups
(P <0.001), and significantly decreased in the TAA + G group vs the TAA group (P <
0.001).

Levels of the proinflammatory cytokines IL-1p, IL-6, and TNFa (Table 3) were
higher in the TAA group than in both control groups, CO and CO + G (P < 0.001).
These levels decreased significantly in the TAA + G group vs the TAA group (P <
0.01). In contrast, levels of the anti-inflammatory cytokine IL-10 were decreased in the
TAA group in relation to the CO and CO + G groups (P < 0.001) and increased in the
TAA + G group vs the TAA group (P < 0.001).

Expression of both COX-2 (Figure 7A) and iNOS (Figure 7B) was increased in the
TAA group compared to the CO and CO + G groups (P < 0.001) and decreased in the
TAA + G group as compared to the TAA group (P < 0.01).

Assessment of NO levels through their metabolites (nitrites and nitrates) (Figure 8)
revealed a significant increase in the TAA group vs the CO and CO + G groups (P <
0.001) and a significant decrease in the TAA + G group as compared with the TAA
group (P < 0.05).

DISCUSSION

SALF is a syndrome that causes a marked decline in hepatocyte function, leading to
multiple organ failure and leads to an extremely high mortality rate due to several
etiologies: drug-induced liver injury (DILI), xenobiotics, viral hepatitis, diseases
metabolic, vascular and autoimmune. In many situations the cause remains unknown.
The therapeutic armamentarium available to prevent or treat SALF is still very
limited!"". Studies using TAA as an inducer of tissue damage have shown that this
xenobiotic leads to different degrees of liver injury depending on the dose and timing
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Figure 1 Effect of glutamine on liver injury in animals exposed to an experimental model of severe acute liver failure. Representative photomicrographs;
original magnification, 200 x. Hematoxylin and eosin (HE) stain. In the Thioacetamide (TAA) group, there is visible disruption of the hepatic parenchymal architecture,
with inflammatory infiltration, hemorrhage, ballooning, and massive necrosis. The glutamine-treated group (TAA + G) exhibits a reduction of these parameters and
restructuring of the hepatic parenchyma. There were no visible tissue changes in the CO and CO + G groups. CO: Control; G: Glutamine; TAA: Thioacetamide. If:
Inflammatory infiltrate; h: Hemorrhage; b: Ballooning; n: Necrosis. Values expressed as mean + SE. *P < 0.001, TAA group vs groups CO and CO + G; 9P < 0.01,

TAA + G group vs the TAA group.

of administration. This study aimed to evaluate the damage caused by acute
administration of TAA in rats and assess the effects of GIn on the Nrf2-mediated
antioxidant pathway and on chemical mediators of inflammation.

We observed extensive destruction of the hepatic parenchyma with necrosis, spotty
hemorrhaging, leukocyte infiltration, and ballooning in the group of animals
administered TAA. These findings are consistent with previous studies that reported
hepatic tissue damage in experimental models using TAA"-*1. In the present study,
GIn was able to mitigate changes in the parameters of interest, thus restoring the
hepatic parenchyma. Sellmann et al. showed that GIn contributed to a reduction of
inflammatory infiltration in the livers of mice with non-alcoholic steatohepatitis
induced by a liquid Western-style diet (WSD)®!. Hartmann et al. found that Gln
reduced hemorrhagic spots, necrosis, and inflammatory infiltration in the liver of rats
subjected to intestinal ischemia-reperfusion injury™l.

Similar results were found on analysis of hepatic cell integrity. GIn reduced serum
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Table 1 Effect of glutamine on hepatic integrity levels in rats with severe acute liver failure

Enzyme co CO+G TAA TAA+G
AST (U/L) 38.25+5.82 44.96 +5.69 623.58 + 51.66" 269.38 + 33.26°
ALT (U/L) 29.65 % 4.65 33.45+3.12 326.27 +33.65° 66.54 +9.49°
ALP (U/L) 21.36 +2.69 19.64 +0.96 7149 +4.22° 29.64 +3.33°

P <0.05, TAA, COvs CO +G;
‘P <0.05, TAA + G vs TAA. Values expressed as mean * SE. CO: Control; G: Glutamine; TAA: Thioacetamide;
AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; ALP: Alkaline phosphatase.

levels of AST, ALT, and ALP, while significantly increased levels of these enzymes
were found in animals in the TAA group, suggesting massive hepatic impairment
after exposure to the xenobiotic. In other studies, GIn was also able to decrease serum
levels of these enzymes, thus corroborating our findings!"'**l.

We also observed an increase in TBARS levels in the livers of animals in the TAA
group, which is indicative of increased lipid peroxidation. Other authors found
similar increases in TBARS in studies that used TAA to induce liver damage!*”*l.
Again, Gln administration was able to reduce these levels in our animals,
corroborating the findings of several other studies that have demonstrated its
protective effect in different experimental models***#.,

Cellular stress mediators activate Nrf2, which is translocated to the nucleus and
binds to DNA through a region known as the antioxidant response element (ARE).
This promotes expression of cytoprotective target genes, including antioxidant and
detoxification enzymesll. In the present study, Gln promoted increased nuclear
expression of Nrf2, whereas cytoplasmic expression of its inhibitory protein Keapl
was downregulated. Gln also promoted increased expression of the NQO1 protein
and the antioxidant enzyme SOD. Similar results were reported in a study that
evaluated expression of the Nrf2/Keap1 antioxidant pathway, NQO1, and SOD in the
liver of rats subjected to intestinal ischemia and reperfusion!*.

GSH is considered an important marker of the antioxidant defenses of the cell.
High doses of TAA lead to liver damage because it is biotransformed into a rapidly
reacting metabolite that causes an imbalance of the glutathione redox cycle!*!. In this
study, GIn was able to increase GSH levels in liver tissue, demonstrating its protective
role. Similar results were observed by Cruzat et al., who studied the antioxidant
effects of GIn in endotoxemic animals®’.

The first line of antioxidant defense is represented by the antioxidative enzymes,
such as CAT and SOD. In this study, CAT activity was decreased in the TAA group in
relation to both control groups. This reduction may reflect the redox imbalance
induced by stress resulting from xenobiotic administration. Conversely, CAT activity
was increased in the group which received Gln treatment. Other studies using TAA-
induced liver damage models have demonstrated increased CAT activity in animals
treated with berberine and a-lipoic acid!**l.

GPx enzyme activity was increased in the TAA group and decreased in the GIn-
treated group. The proper balance of antioxidative enzyme activity plays an
important role in cellular protection against oxidative stress. GPx acts in an attempt to
reduce molecules with oxidative potential, especially hydrogen peroxide and
hydroperoxides, which may explain its increased activity in the group of animals that
received TAA. Similar results regarding GPx activity were reported in other studies
that used the experimental model of TAA-induced SALF and evaluated the
antioxidant action of vitamin E and melatonin/*’.

GST is an important cellular detoxification enzyme that works in tandem with GSH
to remove toxic metabolites. In this study, GST was increased in the TAA group, and
GlIn treatment was able to reduce its activity. Other authors have reported similar
increases in GST in other hepatotoxicity models!”*l. The protective action of Gln in
this experimental model may be due to the fact that it is a precursor for GSH
synthesis.

The link between oxidative stress and inflammation has been recognized in many
disease states, including those which affect the liver. ROS stimulate signaling
molecules such as TLR4 to activate inflammatory mediators, including NFxB, which
upregulates the production of inflammatory cytokines (such as IL-1B, IL-6, and TNFa)
and other mediators of inflammation (such as iNOS and COX-2)i1.

In this study, expression of TLR4 and NF«B in the TAA group was increased in
relation to both control groups. Similar results were reported in another study that
evaluated TLR4 signaling pathways in a model of TAA-induced hepatic fibrosis and
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Figure 2 Assessment of lipid peroxidation in the liver of rats with severe acute liver failure. Values expressed as mean + standard error. P < 0.05 TAA group
vs groups CO and CO + G; 9P < 0.01 TAA + G group vs the TAA group. CO: Control; G: Glutamine; TAA: Thioacetamide.

liver carcinogenesis*’ and in a study that evaluated NFxB activity in an LPS-induced
model of SALF'"*l. GIn was able to reduce TLR4 and NFkB expression, thus
demonstrating its effectiveness in blunting the inflammatory process. A decrease in
inflammatory modulators was also observed in other experimental studies that used
allopurinol and GIn as treatments!"****!1,

In the present study, levels of the proinflammatory cytokines IL-1f3, IL-6, and TNFa
increased while those of the anti-inflammatory cytokine IL-10 declined in animals that
received TAA as a hepatotoxicant. Gln reversed the inflammatory process, as
demonstrated by a decrease in levels of IL-1p, IL-6, and TNFa and an increase in
levels of IL-10 in liver tissue after its administration. A previous study using the TAA
model of liver injury also demonstrated an increase in levels of proinflammatory
cytokines in animals that developed TAA-induced liver damage!“’l. Another study
reported a similar anti-inflammatory action of Gln in the liver of animals subjected to
experimental endotoxemial’l.

Activation of the TLR4/NFxB pathway promotes COX-2 production. In this study,
COX-2 expression was increased in the group that received TAA and decreased in the
group that received TAA followed by GIn as treatment. In another study of TAA-
induced hepatotoxicity, the authors observed a similar increase in COX-2 expression,
followed by decreased expression after treatment with allopurinol™.

As a hepatotoxicant, TAA may induce production of iNOS and, consequently, NO
synthesis, which further increases inflammation in the liver. In this study, we
observed overexpression of iNOS and an increase in NO (as measured by levels of its
nitrite and nitrate metabolites) in the liver of animals with TAA-induced SALF. Gln
was able to reverse these parameters, reducing iNOS expression and nitrite and
nitrate levels. In a study using the intestinal ischemia-reperfusion model, the authors
observed a similar pattern of iNOS expression and NO levels in the liver of animals
which GIn treatment!*l.

Gln is an essential amino acid for several cell types, including hepatocytes. The
mechanisms underlying the protective effects promoted by Gln include the
antioxidant of GSH, which is dependent on a supply of glutamate — this, in turn, is
synthesized from Gln. In addition, its protective role in the inflammatory process has
been widely reported!. GIn can attenuate oxidative stress and inflammation,
consequently protecting against a variety of mechanisms of cell and tissue injury. In
humans, GIn supplementation has been used in clinical practice especially in diseases
of the gastrointestinal tract with daily doses that can reach 20 g, being administered
preferably parentenally.

In conclusion, the results of this experimental study demonstrate that Gln
administration had a protective role on the Nrf2-mediated antioxidant pathway and
on inflammation activated by the TLR4/NFxB pathway in rats with TAA-induced
SALF. As the molecular pathways involved in the pathophysiology of SALF are
manifold and complex, further experimental studies are warranted to investigate
other potential mechanisms of Gln action in this setting.
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Table 2 Effect of glutamine on enzyme activity of catalase, glutathione peroxidase, and glutathione S-transferase in rats with

experimental severe acute liver failure

Enzyme co CO+G TAA TAA+G

catalase (pmol/min/mg prot) 0.47 £ 0.04 0.51 +0.02 0.24 +0.06" 0.38 +0.03¢

glutathione peroxidase (nmol/min/mg prot) 0.31+0.05 0.36 +0.07 0.99 +£0.11° 0.72 + 0.09"

glutathione S-transferase (umol/min/mg prot) 231.64 +11.25 249.65 + 26.38 769.75 + 55.69° 326.81 + 41.25¢
P <0.01,

‘P <0.001, TAA, COuvs CO+G;
dp< 0.001, TAA + G vs TAA. Values expressed as mean * SE. CO: Control; G: Glutamine; TAA: Thioacetamide.

Table 3 Effect of glutamine on levels of proinflammatory cytokines in the liver of rats with experimental severe acute liver failure

Cytokine co CO+G TAA TAA+G
IL-1B (pg/mL) 6110+ 1.81 62.19+1.32 465.96 + 15.90° 104.69 +8.57°
IL-6 (pg/mL) 73.22+0.98 7821+ 0.88 359.40 + 12.62° 155.93 + 6.93"
IL-10 (pg/mL) 145.69 + 0.99 136.25 +1.23 58.28 + 4.55° 99.25 +3.11"
TNF-a (pg/mL) 0.68+0.23 0.71+0.25 2.98 +0.64° 145+041°

bp < 0.001, TAA, CO vs CO + G; 9P < 0.01, TAA + G vs TAA. Values expressed as mean + SE. CO: Control; G: Glutamine; TAA: Thioacetamide.
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Figure 3 Effect of glutamine in experimental severe acute liver failure. Western blot analysis of protein expression of (A) Nrf2 and (B) Keap1. Values expressed
as mean + standard error. ®P < 0.01 TAA group vs groups CO and CO + G; °P < 0.05 TAA + G group vs the TAA group; fP < 0.001 TAA group vs groups CO and CO
+G."P<0.01 TAA + G group vs the TAA group. CO: Control; G: Glutamine; TAA: Thioacetamide.
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Figure 4 Effect of glutamine in experimental severe acute liver failure. Western blot analysis of protein expression of (A) NQO1 and (B) SOD. Values expressed
as mean * SE. P < 0.05 TAA group vs groups CO and CO + G. ®P < 0.01 TAA group vs groups CO and CO + G; 4P < 0.01 TAA + G group vs the TAA group. CO:

Control; G: Glutamine; TAA: Thioacetamide.
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Figure 5 Assessment of glutathione (GSH) levels in the liver of rats treated with glutamine after induction of severe acute liver failure. Values expressed as
mean + standard error. ®P < 0.001 TAA group vs groups CO and CO + G; 4P < 0.01 TAA + G group vs the TAA group. CO: Control; G: Glutamine; TAA:

Thioacetamide.
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Figure 6 Effect of glutamine in experimental severe acute liver failure. Western blot analysis of protein expression of (A) TLR4 and (B) NFkB. Values expressed
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as mean + SE. ®P < 0.001 TAA group vs groups CO and CO + G; 4P < 0.001 TAA + G group vs the TAA group. CO: Control; G: Glutamine; TAA: Thioacetamide.
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Figure 7 Effect of glutamine in experimental severe acute liver failure. Western blot analysis of protein expression of A: iNOS and B: COX-2. Values expressed
as mean % SE. °P < 0.001 TAA group vs groups CO and CO + G; 9P < 0.01 TAA + G group vs the TAA group. CO: Control; G: Glutamine; TAA: Thioacetamide.
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Figure 8 Effect of glutamine on levels of nitric oxide metabolites (nitrites and nitrates) in the liver of rats with severe acute liver failure. Values expressed as
mean + SE. ®P < 0.001, TAA group vs groups CO and CO + G; °P < 0.05, TAA + G group vs the TAA group. CO: Control; G: Glutamine; TAA: Thioacetamide.

ARTICLE HIGHLIGHTS

Research background

Severe acute liver failure (SALF) is a serious disease that does not have an effective treatment
and liver transplantation is the only viable alternative. The mechanisms intrinsic to the
pathophysiology of the disease are still not well understood and therefore, experimental studies
are of fundamental importance in the attempt to elucidate the mechanisms and therapeutic
agents. Glutamine is an amino acid used in the treatment of various diseases of the
gastrointestinal tract and has been shown to be promising in previous studies of liver diseases.
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Research motivation

In a previous study, the authors developed the experimental model of thioacetamide-induced
SALF across different times. From the obtained data the best model to be studied was defined. It
was evaluated the antioxidant action of glutamine that presented promising data. With the
continuity of the research, we evaluated in this work the pathways of oxidative stress and
inflammatory process at the molecular level, involved in the SALF. The results of this research
are important indicators of the restorative role of glutamine in the SALF experimental model and
will certainly provide a basis for a better understanding of the evaluated mechanisms
contributing to the continuity of the studies.

Research objectives

The objective of this study was to investigate the action of glutamine on parameters of oxidative
stress and inflammatory process in the experimental SALF. It is known that such parameters are
implicated in the pathophysiology of various diseases. The understanding of the routes studied
offers a basis for further studies that may evaluate other pathways involved in the disease, as
well as the action of other therapeutic agents.

Research methods

To induce SALF in wistar rats the xenobiotic thioacetamide was used. The animals were
randomized into different groups. In the treatment groups, the animals received doses of
glutamine intraperitoneally. Blood tests were performed to evaluate hepatic integrity through a
commercial kit. Liver portions were used for histopathological evaluation through hematoxylin
and eosin staining. Techniques based on spectrophotometry were performed through protocols
for the analysis of oxidative stress and inflammatory process. Protein expression was performed
by Western Blot and cytokine analysis was done using multiplex technology based on magnetic
beads through commercial kit.

Research results

Glutamine reduced hepatic integrity enzymes and restored the liver of the animals evidenced by
decreased necrosis, balloonization and inflammation in the histopathological analysis. In
addition, glutamine reduced lipid peroxidation and restored antioxidant enzyme activity. It was
evidenced the decrease of the expression of proteins of the oxidative system and of the
inflammatory process. Glutamine was able to increase the levels of interleukin 10, an important
anti-inflammatory cytokine and also the expression of Nrf2, NQO1 and GSH levels, important
proteins of the antioxidant protection system.

Research conclusions

When evaluating mechanisms implicated in the experimental SALF, studying parameters of
oxidative stress and inflammatory process, it was possible to observe the protective action of
glutamine in the liver of the animals. It is possible to confirm with this study that the oxidative
stress and the inflammatory process play a primordial role in the progression of the disease,
evidenced by the study of the molecular aspects. Glutamine has been shown to be effective by
activating the antioxidant system and minimizing damage from the inflammatory process.
Therefore, it presents as a viable alternative in the treatment of patients with severe hepatic
insufficiency. Still, new studies confirming the efficacy of glutamine are needed so that in the
future it may be part of the routine in the medical clinic.

Research perspectives

In this study the efficacy of the experimental model proposed by the authors in a previous study
was confirmed. The pathophysiological mechanisms involved in SALF are diverse and complex.
For further clarification of these mechanisms, other molecular routes should be investigated in
an attempt to elucidate the aspects involved. We present the details of the involvement of the
oxidative stress and the inflammatory process in this research and we hope that further studies
can provide technical and theoretical data for the development of viable and effective strategies
in the treatment of patients with SALF.
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Abstract

BACKGROUND

Sickle cell disease (SCD) is a disorder that results in increased hospitalizations
and higher mortality. Advances in management have resulted in increases in life
expectancy and led to increasing awareness of sickle cell hepatopathy (SCH).
However, its impact in patients on the natural history and outcomes of SCD is
not known. Our study aims to describe the prevalence of extreme
hyperbilirubinemia (EH), one form of SCH, its effect on morbidity and mortality,
and correlations between sickle cell genotype and SCH type. We hypothesize that
EH is associated with higher morbidity and mortality.

AIM
To investigate the effects of EH on morbidity and mortality among patients with
SCD.

METHODS

This retrospective cohort study was performed using a database of patients with
SCD treated at Grady Memorial Hospital between May 2004 and January 2017.
Patients with EH (defined as total bilirubin above 13.0 mg/dL) were identified. A
control group was identified from the same database with patients with total
serum bilirubin < 5.0 mg/dL. Electronic medical records were used to extract
demographic information, laboratory values, radiology results, current
medications, need for transfusions and mortality data. Two samples T-test, chi-
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squared test and Fisher’s exact test were then used to compare the parameters
between the two groups.

RESULTS

Out of the database, fifty-seven charts were found of patients with bilirubin > 13
mg/dL. Prevalence of severe SCH as defined by EH was 4.8% (57/1172). There
were no demographic differences between patients with and without EH.
Significant genotypic differences existed between the two groups, with
hemoglobin SS SCD being much higher in the EH group (P < 0.001). Patients with
severe EH had a significant elevations in alanine aminotransferase (157.0 + 266.2
IU/Lvs19.8+21.31U/L, P <0.001), aspartate aminotransferase (256.5 + 485.9
U/Lwvs282+14.7U/L, P <0.001) and alkaline phosphatase (218.0 £176.2 IU/L
vs 85.9 £ 68.4 IU/L, P < 0.001). Patients with EH had significantly higher degree
of end organ failure measured with quick Sequential Organ Failure Assessment
scores (0.42 + 0.68 vs 0.01 £ 0.12, P < 0.001), increased need for blood products
(63% vs 5%, P < 0.001), and exchange transfusions (10.5% vs 1.3%, P = 0.022).

CONCLUSION

Among patients with SCD, elevated levels of total bilirubin are rare, but
indicative of elevated morbidity, mortality, and need for blood transfusions.
Large differences in sickle cell genotype also exist, but the significance of this is
unknown.

Key words: Sickle cell disease; Sickle cell hepatopathy; Liver diseases; Extreme
hyperbilirubinemia; Mortality

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Sickle cell hepatopathy is a rarely studied complication of sickle cell disease.
Little is known about prognostic factors related to it. In our study, we identified patients
with one indicator of sickle cell hepatopathy, extreme hyperbilirubinemia, and analyzed
outcomes related to their clinical state. High levels of bilirubin are indicative of elevated
morbidity and need for blood transfusion among patients with sickle cell disease.
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INTRODUCTION

Sickle cell hepatopathy (SCH) encompasses a wide range of hepatic pathologies
arising from variety of pathophysiologic insults!"? in patients with sickle cell disease
(SCD). The hepatobiliary manifestations are most commonly seen in patients with
hemoglobin SS (Hb SS) anemia as compared to patients with sickle cell trait,
hemoglobin SC disease and hemoglobin S-beta thalassemia. Multiple pathways
contribute to the development of SCH and result in a myriad of different conditions
including hepatic sequestration®*, cholestasis and biliary obstruction®’], and
complications related to the transfusions that patients with SCD frequently receive!“.
The impact of SCH on morbidity and mortality in SCD patients is often
underrecognized. With evolving treatment strategies in SCD, improvements have
been made in morbidity and mortality, resulting in higher longevity in SCD patients!’.
As a result, some of the previously rare clinical scenarios, such as hepatobiliary
complications of SCD, are more commonly encountered. Sickle cell related liver
disease is associated with higher rates of morbidity. Previous studies have shown that
factors such as hyperbilirubinemia, elevated ferritin, and alkaline phosphatemia are
factors independently associated with mortality!”. However, several of these studied
have been limited by small sample size. Mortality typically results due to
complications related to sepsis or vascular complications. Some studies have
estimated that acute liver failure was the primary cause of death for between 8%-
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10.7% of patients with SCDP'l. Despite this, liver failure and end stage liver disease
are seldom identified as the immediate cause of death!""l.

Abnormal liver markers are frequently found in patients with SCD, but these are
often limited to mild elevations in total bilirubin without rise in alanine
aminotransferase (ALT) or aspartate aminotransferase (AST)!'“l. As compared to
isolated rise in serum bilirubin, SCH has a variety of possible presentations and the
absence of stable definitions of the individual conditions within the spectrum of SCH
possesses a unique challenge in clinical management as well as research on SCH!'.

Our study aims to describe the prevalence of extreme hyperbilirubinemia (EH), one
of the key indicators of severe SCH and its effect on morbidity, mortality and
healthcare expenditures related to SCH. We also want to better understand the risk
factors related to it in a large cohort of patients with SCD seen at the Grady Memorial
Hospital Sickle Cell Clinic. Third, we aim to identify whether there is any correlation
between SCD genotype and severe SCH identified through EH.

MATERIALS AND METHODS

Identification of cases and controls

This retrospective cohort study was performed using a database of patients with SCD
treated at Grady Memorial Hospital between May 2004 and January 2017. With
institutional review board approval, the database was queried for patients with EH
(defined as total bilirubin above 13.0 mg/dL). A control group was identified from the
same database with patients with total serum bilirubin < 5.0 mg/dL. Patient inclusion
criteria included adults older than 18 years old, hemoglobin electrophoresis
confirmation of SCD, and absence of biliary obstruction identified on abdominal
ultrasound. Exclusion criteria also included patients with known infection with
hepatitis A, B or C; diagnosis of autoimmune hepatitis; alcoholism; cirrhosis of
different etiologies; follow-up less than one year and patients for whom a complete
set of required data was unavailable.

Data analysis

Associations between laboratory results, hydroxyurea dosing, quick Sequential Organ
Failure Assessment (qSOFA) scorel”! and rate of blood transfusions were assessed
with two-sample T-tests. Chi-square testing was performed to compare the frequency
of sickle cell genotypes. Fisher’s exact test was used to compare rates of death within 1
year. Level of significance for all tests was set at 0.05. Patients were identified as
having EH if total bilirubin was chronically elevated over the course of a
hospitalization or for at least 6 wk as an outpatient to levels > 13.0 mg/dL with direct
bilirubin > 50% of total bilirubin. This level of hyperbilirubinemia was selected
because of previous usage in the literature and findings that published cases in the
literature all had levels greater than 13.0 mg/dL".

RESULTS

Patient populations

A total of 1172 patients with SCD were identified, out of which fifty-seven charts were
found of patients with bilirubin greater than 13 mg/dL. 4.8%(57/1172) of patients
were identified to have severe SCH as defined by EH. The control group consisted of
99 patients. There were no demographic differences between patients with and
without EH (see Table 1). After data collection, 15 patients were removed from the
case-arm due to inadequate patient records, leaving 42 patients.

Lab Abnormalities

Patients with severe EH had increased levels of ALT (157.0 £ 266.2 1U/L vs 19.8 + 21.3
IU/L, P <0.001), AST (256.5 +485.9 U/L vs 28.2 £ 14.7 U/L, P < 0.001) total bilirubin
(18.41 + 6.74 mg/dL vs 1.29 + 0.19 mg/dL, P < 0.001) direct bilirubin (11.73 + 6.03
mg/dL vs 0.28 + 0.07, P < 0.001) and alkaline phosphatase (AP; 218.0 + 176.2 IU/L vs
85.9 £68.4 IU/L, P < 0.001) compared to controls (see Table 2). Given limited data,
comparisons were not performed for prothrombin time or lactate
dehydrogenase(LDH). There was insufficient data for comparison of prothrombin
time or LDH.

Outcomes

Patients with EH had worse outcomes compared to the control group. They
experienced higher rates of end organ failure measured with qSOFA scores (0.42 +
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Table 1 Demographics differences in sickle cell disease patients with and without severe

extreme hyperbilirubinemia

SCD with EH SCD without EH P values
Gender: Male (percent) 21 (50%) 35 (35%) 0.11
Age in yr (mean + SD) 29.5£11.20 32.6 £13.20 0.19
Race (African American) 41 (98%) 97 (98%) 0.89

SCD: Sickle cell disease; EH: Extreme hyperbilirubinemia.

0.68 vs 0.01 £ 0.12, P < 0.001), increased need for blood products (63% vs 5%, P <
0.001), and exchange transfusions (10.5% vs 1.3%, P = 0.022). There were 2 deaths in
the EH arm and 0 deaths in the control arm, so Fisher’s exact test was used. While the
results trended towards significance, they were not significantly different (4.7% vs 0%,
P =0.09). Two deaths occurred within the severe SCH group, and were due to acute
chest syndrome and septic shock.

Hydroxyurea usage

Usage and dosage of hydroxyurea was analyzed between the two groups. Prescribing
rates (34% vs 25%, P = 0.27) and average daily doses (278 + 469 mg vs 288 + 602 mg, P
= (0.95) were not different between the two groups.

Sickle cell genotypes

There were significant differences among the genotype breakdown between those that
experienced EH and the control groups. There were five types of genotypes identified:
Hb SS, hemoglobin S beta thalassemia, hemoglobin S beta null thalassemia,
hemoglobin SC and hemoglobin S beta thalassemia status undetermined (see Table 3).
The EH group almost entirely consisted of Hb SS SCD, while the control group had a
predominance of hemoglobin SC and sickle beta thalassemia. Fisher’s exact test was
done on the genotypes and showed significant differences between the two groups (P
<0.0001).

Correlations

There were weak correlations between total bilirubin levels and other liver enzymes.
When plotted in relation to total bilirubin, Pearson coefficients were r = 0.28 for AP, r
=0.24 for ALT, r = 0.29 for AST, and r = 0.23 for LDH.

DISCUSSION

In this case-control study of sickle cell liver disease, we observed that patients with
SCD who developed SCH as defined by EH had higher rates of other liver enzyme
elevations as well as higher rates of morbidity, defined by end organ damage and
need for blood transfusion. SCH is an under-diagnosed disease state, and one that
will become more prominent in practice as patients with SCD live longer. It can often
be difficult to diagnose because of the chronic hemolytic state that SCD patients are in,
causing chronically elevated bilirubin levels and occasionally, mild elevations in
transaminases. Previous studies!"”! have used a total bilirubin level of 13 mg/dL as a
specific cutoff for a condition termed “EH” and used as a metric for SCH. We chose to
use this same level as a definition of EH to maximize specificity, at the expense of
potentially excluding milder cases of SCH.

These findings are consistent with our hypothesis that severe SCH, like other
secondary complications of SCD, is associated with higher rates of morbidity.
Mortality was higher in the EH group but was not statistically significant between the
two samples given the absence of death among the control group and low number of
deaths among the EH group. Surprisingly, there were no differences between the
groups in regard to hydroxyurea usage or duration. While there are very limited
studies evaluating hyperbilirubinemia or SCH as a predictor of mortality, our
findings are consistent with other small analyses that showed associations between
direct hyperbilirubinemia and increased mortality™'*l. Our mortality rates are lower
than that seen in Feld ef al®! although our length of follow-up was much shorter than
used in their study. Additionally, Feld et al®®! did not perform subgroup analysis on
patients with very high levels of hyperbilirubinemia.

The differences in genotype identified between the two groups were a finding that
was not expected originally. Although Hb SS disease is associated with more crises,
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Table 2 Lab values and outcomes in sickle cell disease patients with and without severe sickle cell hepatopathy

SCD with severe SCH SCD without SCH P values

Alkaline Phosphatase (IU/L; mean * SD) 218.0 £176.2 85.9 + 68.4 <0.001
Alanine Aminotransferase (IU/L; mean * SD) 157.0 £ 266.2 19.8+21.3 <0.001
Aspartate Aminotransferase (U/L; mean * SD) 256.5 +485.9 28.2+14.7 <0.001
Direct Bilirubin (mg/dL; mean + SD) 11.73 £ 6.03 0.28 £ 0.07 <0.001
Total Bilirubin (mg/dL; mean + SD) 18.41 £ 6.74 1.29+0.19 <0.001
qSOFA (mean + SD) 0.42 +0.68 0.01+0.12 <0.001
Need for blood transfusion (number, percent) 24 (63%) 4 (5%) <0.001
Need for Exchange Transfusion (number, percent) 4 (10.5%) 1(1.3%) 0.022

Mortality within 1 yr (number, percent) 2 (4.7%) 0(0%) 0.09

SCD: Sickle cell disease; SCH: Sickle cell hepatopathy; gSOFA: Quick Sequential Organ Failure Assessment.

Hb SC disease is associated with higher rates of thromboembolic disease. The results
may suggest that patients with Hb SS SCD are at increased risk for SCH. However, it
may also indicate that patients with lesser variants of SCD, including Hb SC or sickle
thalassemia, experience more mild variants of SCH and would not be identified using
a relatively specific EH cutoff. Further study is needed to identify whether hepatic
markers other than EH are reliable identifiers of SCH. Additionally, creation of a large
database that also includes laboratory data prior to the onset of SCH may help in
identifying predictive factors that aid in diagnosis.

Among patients with SCD, hydroxyurea is the only approved disease modifying
therapy!"”l. A large randomized controlled study that prompted the drug’s approval,
the Multicenter Study of Hydroxyurea for Sickle Cell Anemial, showed a significant
reduction in rates of crises, rates of acute chest syndrome and need for blood
transfusion. However, there was not a difference of rates of hepatic sequestration or
hepatic failure between the groups, and it is unknown whether hydroxyurea use is
protective against SCH. One case report showed improvement in chronic hepatic
sequestration with long-term hydroxyurea usel'”, but there is little else published
regarding hydroxyurea use and liver function. In our study, we did not see a
difference in hydroxyurea use between the two groups but we could not reliably track
the compliance of hydroxyurea use in our patients.

Our study has several limitations including small sample size, lack of analysis by
genotype, and lack of exclusion of outpatient visits. The use of both inpatient and
outpatient encounters did not allow us to accurately compare length of stay between
the groups, which was hypothesized to be longer among the EH group. These
limitations are balanced by the strengths of this study, including the novelty of data
about SCH and the large database queried for this study.

In summary, our manuscript has identified SCH as a secondary complication of
SCD that is associated with increased morbidity and higher healthcare utilization.
Further study is needed to identify the longitudinal course of the disease, including
whether there are predictive factors that precede the clinical presentation of SCH,
whether sickle cell genotype is predictive of the likelihood of SCH, and whether there
are protective factors that reduce the likelihood of developing SCH.
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Table 3 Hemoglobin genotype breakdown between the extreme hyperbilirubinemia and control groups

. . Hemoglobin S Beta
+
Hemoglobin SS (n) Hemoglobin S Beta+ Hemoglobin S !Beta (unknown) Hemoglobin SC (n)
Thalassemia (n) null Thalassemia (n) .
Thalassemia (n)

Extreme 40 2 0 0 0
hyperbilirubinemia

Control 33 11 2 2 51

EH: Extreme hyperbilirubinemia.

ARTICLE HIGHLIGHTS

Research background

Sickle cell hepatopathy is a category of pathologies that occur among patients with sickle cell
disease, and has been rising in incidence as lifespan has increased. Additionally, based on
autopsy studies, sickle cell hepatopathy is felt to be underreported and likely contributes to
mortality in more cases than in realized. Previous studies have tried to identify risk factors
associated with sickle cell hepatopathy but have been limited by small size.

Research motivation
With the increasing incidence of sickle cell hepatopathy, understanding risk factors and
improving its recognition are important to its early diagnosis and treatment.

Research objectives

The main objectives of this study were to describe the prevalence of extreme hyperbilirubinemia,
its effect on morbidity and mortality, and any association between sickle cell genotype and sickle
cell hepatopathy.

Research methods

We used a retrospective observational cohort study to evaluate the epidemiology and outcomes
behind extreme hyperbilirubinemia, a form of sickle cell hepatopathy. This was conducted at a
hospital with a large population of patients with sickle cell disease.

Research results

About 5% of patients in our sickle cell disease database developed extreme hyperbilirubinemia.
This cohort was associated with higher rates of systemic illness, measured by quick Sequential
Organ Failure Assessment scores, higher rates of blood transfusions and higher rates of exchange
transfusions. There was not a higher mortality rate in the extreme hyperbilirubinemia group.
There were higher rates of patients with hemoglobin SS sickle cell disease among the extreme
hyperbilirubinemia group compared to a control group, compared to other genotypes.
Additionally, there were not significant differences in hydroxyurea use between groups.

Research conclusion

Our study highlights the increased morbidity and use of blood products seen among patients
with extreme hyperbilirubinemia, a form of sickle cell hepatopathy. It also identifies different
rates of sickle cell hepatopathy depending on the sickle cell genotype present. Finally, it shows
that reported hydroxyurea doses did not have an effect on development of sickle cell
hepatopathy.

Research perspective

Our study highlights the need for further study into types of sickle cell hepatopathy, whether
strategies other than hydroxyurea can mitigate the risk of development of sickle cell
hepatopathy, and whether there are any identifiable risk factors to increase rates of early
diagnosis.
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Abstract

BACKGROUND
Although hepatocellular carcinoma (HCC) is one of the most vascular solid
tumors, antiangiogenic therapy has not induced the expected results.

AIM
To uncover immunohistochemical (IHC) aspects of angiogenesis in HCC.

METHODS

A retrospective cohort study was performed and 50 cases of HCC were randomly
selected. The angiogenesis particularities were evaluated based on the IHC
markers Cyclooxygenase-2 (COX-2), vascular endothelial growth factor (VEGF) A
and the endothelial area (EA) was counted using the antibodies CD31 and
CD105.

RESULTS

The angiogenic phenotype evaluated with VEGF-A was more expressed in small
tumors without vascular invasion (pT1), whereas COX-2 was rather expressed in
dedifferentiated tumors developed in non-cirrhotic liver. The CD31-related EA
value decreased in parallel with increasing COX-2 intensity but was higher in
HCC cases developed in patients with cirrhosis. The CD105-related EA was
higher in tumors developed in patients without associated hepatitis.

CONCLUSION

In patients with HCC developed in cirrhosis, the newly formed vessels are rather
immature and their genesis is mediated via VEGF. In patients with non-cirrhotic
liver, COX-2 intensity and number of mature neoformed vessels increases in
parallel with HCC dedifferentiation.
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Core tip: In this paper we showed a possible role of morphological and
immunohistochemical features of Hepatocellular carcinoma (HCC) in predicting the
individualized antiangiogenic therapy of HCC. Based on the results and literature data, it
seems that dedifferentiated HCCs developed in non-cirrhotic liver are predominantly
driven via Cyclooxygenase-2 axis, whereas vascular endothelial growth factor-A induces
hepatocarcinogenesis in patients with HCCs developed on the cirrhosis background.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the most common type of hepatic primary
malignant tumor (over 70% of cases) which globally ranks fifth in terms of cancer
frequency and second in terms of cancer mortality!~’.. It is a well-vascularized tumor
in which angiogenesis plays an important role in development, invasion and
metastasis!l. HCC cells can synthesize angiogenic factors such as vascular endothelial
growth factor (VEGF) A, Cyclooxygenase-2 (COX-2) and Basic Fibroblast Growth
Factor (bFGF). At the same time, they might produce antiangiogenic factors such as
angiostatin and endostatin. Thus, tumor angiogenesis depends on a local balance
between these positive and negative regulators®.

Cyclooxygenase-2 (COX-2) is an enzyme encoded by the PTGS2 gene, which
belongs to the group of endogenous tumor factors that might stimulate genesis and
progression of HCCUL. There are three isoforms: constitutive COX-1, inducible COX-2,
and COX-3P71. If COX-1 is present in nearly all types of tissues, being responsible for
the synthesis of prostaglandins in normal conditions, COX-2 is induced by cellular
stress or tumor promoters, being responsible for the synthesis of prostaglandins
involved in inflammation, cell growth, tumor development and progression™**l.
Although the therapeutic inhibition of COX enzymes and prostaglandins was
supposed to be linked to lower risk and better survival of HCCI], the exact
mechanism of inhibition and criteria of identification of those cases that can benefit by
anti-COX therapy are still unknown.

VEGF is a glycoprotein with an important role in both physiological and
pathological angiogenesis. It is located on the 6p chromosome, contains 8 exons!"”! and
encodes five variants: VEGF-A, -B, -C, -D and PIGF (Placental Growth Factor)F. VEGF
is the key mediator of formation of new vessels from pre-existing vesselsll.

Microvessel density (MVD) and endothelial area (EA) values are parameters used
as prognostic factors in many tumors and can be assessed using
immunohistochemical (IHC) markers such CD31 and CD105!"""’l, To determine the
MVD, the number of vessels are counted, whereas EA can be semiautomatically
quantified and take into account the area of endothelial cells versus total tissue areal".

CD31 or PECAM-1 (Platelet endothelial cell adhesion molecule-1) is a receptor
expressed by cells of the hematopoietic system, such as platelets, monocytes,
neutrophils and lymphocytes, but also by endothelial cells!"“. In the liver, CD31 is
diffusely expressed in sinusoids, as opposed to CD34 which is expressed only in
hepatic periportal areas!”l. CD31 marks neoformed and preexistent vessels!'’l.

CD105 or endoglin is a co-receptor for TGF (transforming growth factor)-betal and
-beta3'"”l. Tt is a marker of proliferating activated endothelial cells!">'**l.

As the antiangiogenic therapy did not show encouraging results in patients with
HCC, the aim of this paper was to perform an IHC study and try to identify those
cases that might benefit by anti-VEGF-A or anti-COX-2 drugs therapy. The angiogenic
phenotype of tumor cells was evaluated with VEGF-A and COX-2, and the value of
EA was semiautomatically quantified with CD31 and CD105.
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MATERIALS AND METHODS

Clinicopathological features

From 2004-2014, in a period of 11 years, all of the 113 cases of HCC were evaluated
and 50 cases were randomly selected for angiogenesis quantification. The agreement
of the Ethical Commitee of University of Medicine and Pharmacy of Tirgu-Mures,
Romania, was obtained for retrospective assessment of the cases.

The clinicopathological characteristics of the cases (Table 1) were correlated with
the angiogenic parameters. We reassessed the microscopic slides in order to establish
the tumor grade (G) and tumor stage (pT) according to AJCC Cancer Staging Manual,
8th Edition™. No preoperative radiochemotherapy was done in any of the included
cases.

Immunohistochemistry

The THC stains, with antibodies used for examination of the angiogenic
immunophenotype of tumor cells (VEGF-A and COX-2) and assessment of the
endothelial area (CD31 and CD105), were performed using 5-pm thick sections from
formalin-fixed paraffin-embedded tissues. For heat-induced antigen retrieval the
sections were subjected to incubation with high-pH buffer (pH 9.0) for 30 min. The
developing was performed with DAB solution (diaminobenzidine, Novocastra) and
counterstaining was done with Mayer’s hematoxylin (Novocastra). For negative
controls, incubation was done with omission of specific antibodies. The characteristics
of the antibodies are summarized in Table 2.

Immunohistochemistry assessment

For COX-2 and VEGF-A, the intensity of the IHC reaction was quantified in the
cytoplasm of tumor cells, based on the cytoplasmic staining intensity and percentage
of positive cells, as follows (Figure 1): negative (no stain or weak positivity < 5% of
cells); score 1+ (weak diffuse cytoplasmic staing in 5%-10% of tumor cells); score 2+
(moderate positivity in 10%-70% of cells); score 3+ (strong positivity >70% of tumor
tumor cells)!"l. Each slide was independenlty evaluated by three pathologists (SG, 1]
and ST).

For the semiautomated assessment of endothelial area (EA), marked with CD31
and CD105, the "hot spot" method was used. Using Nikon E800 microscope, equipped
with a digital camera, the areas with the highest vascular density were identified at a
magnification of 100x. We discarded the areas with necrosis or rich in inflammatory
infiltrate as well as those in which the antibodies have marked nonspecific other
elements besides the endothelial cells. We digitally captured the images from "hot
spot" areas at 400x high power fields, of intra- and peritumoral regions, performing 5
JPEG format photos per each region!"*'‘.

The EA was quantified using NIH's Image] software. We manually selected the
vessels, with or without lumen, that were marked positive, then the software
automatically determined the EA, respectively the positive endothelial cells, with or
without lumen, and reported it to the total tissue areal"”'‘l. For statistical purposes, the
median value of EA, using the 5 hot-spot pictures, was used.

Statistical analysis

The statistical assessment was done using the GraphPadInStat 3 statistical software
(free access). We calculated the mean + SD. A P-value < 0.05 with 95% confidence
interval was considered statistically significant. We also turned to correlations,
Fisher’s Exact Test, using frequency tables for obtaining numerical data and
percentage, as well as the ANOVA test and multivariate regressions.

RESULTS

Clinicopathological parameters

In a period of 11 years, 113 patients were diagnosed with HCC: 81 males and 32
females (M:F = 2.5:1). They showed a median age of 66.11 * 9.98 years (ranging from
31 to 94 years), slightly lower (P = 0.05) in females (64.56 £ 11.18 years) than males
(66.71 £ 9.47 years). All of the cases were diagnosed in stages pT1 (n = 52; 46.01%) or
pT2 (n = 61; 53.99%). Regarding the tumor grade, 14 cases (12.38%) were diagnosed as
G1, 64 (56.63%) as G2, 31 cases (27.43%) as G3, the other 4 cases (3.53%) being
classified as G4 carcinomas. As for the associated hepatic lesions, we identified 47
cases (41.59%) developed in patients with cirrhosis, 39 patients (34.51%) had chronic
persistent hepatitis, 23 (20.35%) showed Mallory bodies in absence of hepatitis, 34
(30.08%) were associated with steatosis, and 19 (16.81%) with cholestasis. From the
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Table 1 Clinicopathological parameters of the cases used for quantification of angiogenesis

Variable Number of cases (n = 50) Percentage
Gender

Male 36 72
Females 14 28
Age (mean * SD, yr) 64.66 £ 9.6

Age groups

31-50 yr 2 4
51-60 yr 12 24
61-70 yr 21 42
71-80 yr 15 30
Tumor size (mean + SD, cm) 40.12 +40.58

Tumor aspect

Single nodule 36 72
Multifocality 14 28
Tumor grade

G1 8 16
G2 24 48
G3 17 34
G4 1 2

Tumor stage

T1 23 46
T2 27 54
Cirrhosis

Without 32 64
With 18 36
Mallory bodies

Without 36 72
With 14 28
Hepatitis

Without 26 52
With 24 48
Cholestasis

Without 41 82
With 9 18
Steatosis

Without 33 66
With 17 34

113 cases, 50 were randomly selected for angiogenesis assessment (Table 1).

Angiogenic immunophenotype

Evaluation of COX-2 and VEGF-A expression in the 50 cases with HCC, revealed that
the angiogenic immunophenotype of tumor cells, independently by the used
antibody, was not correlated with the gender or age of the patient (Table 3). More
than half of the cases showed a moderate (score 2+) expression of VEGF-A but COX-2
intensity was distributed in a similar manner, each third part of the cases revealing
1+, 2+ or 3+ intensity. No negative cases were identified.

Regarding tumor stage, COX-2 intensity did not show correlation with tumor size
or multifocal aspect (pT stage). In solitary tumors smaller than 2 cm (pT1), VEGF-A
presented a higher intensity (20 of the 23 cases showed 2+ or 3+ score of VEGF-A)
than tumors with vascular invasion or multifocal aspect (pT2) (Table 3).

On the other hand, VEGF-A intensity was not correlated with tumor grade or the
associated hepatic lesions. In contrast, COX-2 high intensity (score 2+ and 3+) was
rather observed in dediferentiated carcinomas (G3+G4), whereas the G1+G2 cases
showed an oscillating pattern of COX-2. The COX-2 expression was slightly elevated
in patients that developed HCC in absence of premalignant lesions such hepatic
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Table 2 Antibodies used for quantification of angiogenesis

Antibody Clone Company, town, country Dilution External control

COX-2 4H12 Novocastra, NewCastle Upon Tyne, United Kingdom 1:100 Brain-multipolar neurons; renal tubes
VEGF VG1 LabVision, Fremont, CA, United States 1:50 Renal tubes

CD31 JC70A DAKO,Glostrup, Denmark 1:40 Renal glomerules

CD105 SN6H LabVision, Fremont, CA, United States 1:50 Tonsils

VEGEF: Vascular endothelial growth factor; COX-2: Cyclooxygenase-2.

cirrhosis or Mallory bodies (Table 3 and Figure 1).

Endothelial area

Evaluation of EA showed that, independently of the antibody used for quantification
of this angiogenic parameter (CD31 or CD105), it was not correlated with gender of
patient, tumor stage or grade of differentiation (Table 4).

Regarding the associated lesions, a slightly elevated CD31-related EA was observed
in tumors developed on the background of cirrhosis, whereas CD105-related EA was
rather increased in cases without associated hepatitis (Table 4 and Figures 2 and 3).

COX-2 intensity increased in parallel with decreasing CD31-related EA. No
correlation between CD105-EA value and CD31-EA, or COX-2 either VEGF-A
intensity was observed (Table 5).

DISCUSSION

The stepwise process of angiogenesis consists of releasing proteases by the activated
endothelial cells, basal membrane degradation of the existing vessel, migration of the
endothelial cells into the interstitial space, endothelial cells proliferation, and lumen
formation!’'!. However, the mechanism of formation of new vessels is still
insufficiently known!'l.

In HCCs, the pro-angiogenic VEGF-A is supposed to influence proliferation of
tumor cells and endothelial cells**1. At the same time, proliferated hepatocytes can
release VEGF-A which binds to receptors (VEGF-R1/Flt-1, VEGF-R2/KDR, and
VEGF-R3/Flt-4) that are localized within the tumor cells or on the surface of activated
endothelial cellst"*!. Despite this supposed mechanism, the anti-VEGF drugs such as
bevacizumab (anti-VEGF-A) and ramucirumab (anti-VEGF-R2) or multi-tyrosine
inhibitors such as sorafenib, regorafenib, lenvatinib or tivatinib, did not show
encouraging results in all cases of HCC!'#'2¢?l. Morphological explanation of
resistance is still unknown. It was recently supposed that angiogenesis might induce
epithelial-mesenchymal transition of HCC cells*), as a possible explanation of
resistance to antiangiogenic drugs!'’l.

Regarding anti-COX therapy, in a meta-analysis published in 2018 it was shown
that only 11 representative studies have been published about the controversial role of
nonsteroidal anti-inflammatory drugs (NSAIDs) in the occurrence and prognosis of
HCCPL The conclusion of this meta-analysis was that NSAIDs decrease the risk of
HCC occurrence and induce a better disease-free survival and overall survival,
compared with non-NSAIDs users!’l. There were not differences between aspirin and
non-aspirin NSAIDs users!’. Moreover, in patients with HCC, aspirin did not increase
the risk of bleeding!”. However, it would be useful to identify morphological criteria
of HCC cells that might select patients that could benefit by anti-VEGF versus anti-
COX therapy. The commonly used dose of aspirin was 100 mg/d, for at least 90
consecutive dayst.

The morphological studies showed that, in peritumoral hepatocytes, both VEGF-A
and COX-2 expression is higher than in tumor cells**!. In our material, an oscillating
pattern of VEGF-A was found in the HCC, independently from the tumor grade. In
smaller tumors and those without vascular invasion, we also proved high VEGF-A
intensity. The intensity decreased in parallel with tumor size and was also lower in
cases with multiple nodules. Although hepatitis C virus (HCV) can upregulate VEGF-
AP, we did not find differences between VEGF expression in patients with or without
hepatitis.

Regarding COX-2 expression, the literature data even indicates that COX-2 does
not mediate the process of fibrosis!®**", or, contrary, COX-2 plays roles in fibrogenesis
and hepatocarcinogenesis via metalloproteinases/mismatch repair proteins MMP-2
and MMP-9 or through activation of B-catenin!, one of the mediators of epithelial

Raishidengs WJH | https://www.wjgnet.com 298 March 27,2019 | Volumel1l | Issue3 |



Fodor D et al. Angiogenesis and HCC

Figure 1 Angiogenic phenotype of hepatocellular carcinoma cells. A: Vascular endothelial growth factor (VEGF) A shows a low intensity (score 2+) in aggressive
cases with vascular invasion; B: VEGF-A is well expressed (score 3+) in well differentiated carcinomas; C: Cyclooxygenase-2 (COX-2) presents low intensity (score
1+) in well-differentiated carcinomas; D: COX-2 becomes upregulated (score 3+) in dedifferentiated tumors.

mesenchymal transition"”l. Although COX-2 stimulates HCV replication and HCV
stimulates COX-2 expression via oxidative stress’], we did not find differences
between COX-2 expression in patients with or without hepatitis. We proved that
COX-2 induced tumor dedifferentiation in patients without cirrhosis and/or Mallory
bodjes.

The endothelial cells can be marked by CD31 but CD105 is more specific and marks
only the activated cells. A high EA value is the expression of immature vessels,
whereas predominance of mature vessels is quantified as a lower EA®!,

In our cases, mature vessels (low CD31-related EA) were predominant in COX-2
positive dedifferentiated HCCs, except those cases developed on a background of
cirrhosis, which mostly showed immature vessels, and respectively a higher EA
valuel”l. In line to our data, it was experimentally shown that, although CD31
injection promotes migration of endothelial cells and HCC metastasis, it does
influence intrahepatic metastases (pT stage)*). CD31 expression is higher in patients
with associated cirrhosis and is mostly seen in tumor-derived endothelial cells™.
CD31 reflects the rate of endothelization of sinusoids and extent of capillarization,
which are characteristic features of HCCP'l,

In contrast, the CD105-positive activated endothelial cells, mostly found in
immature vesselst™*’], were more frequent in HCCs developed in the absence of
hepatitis. Lack of correlation of EA/MVD with cirrhosis and tumor grade has also
been observed by other authors™l. As HCV might disturbe angiogenesis pathways
and promotes hepatocarcinogenesis!”, it can be supposed that HCV might induce
activation of endothelial cells and genesis of CD105 positive mature neoformed
vessels.

As HCC is a heterogenous and frequent multifocal tumor, correlation with
clinicopathological factors is difficult to be proved and literature data are
controversial. Decreased MVD is supposed to be an indicator of poor prognosis*-l.
Similar to our study, a lower MVD, respectively predominance of mature vessels, was
shown in dediferentiated HCCI**l. The idea is not agreed by all authors, in some
studies being showed that MVD is increased in dedifferentiated tumors of large sizes
and in those associated with cirrhosis™.

This study has some limitations. Firstly, the authors examined a small number of
cases (n = 50). Although higher number of cases (but below 100) were analyzed in
other studies”!], they were mostly performed using tissue microarrays slides. We
have analyzed the angiogenesis in classic (full) slides, that confers the reproductibility
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Table 3 Assessment of COX-2 and VEGF-A expression in HCC

Parameter COX-2 intensity VEGF-A intensity P
\'
P value al
1+ 2+ 3+ 1+ 2+ 3+
n (%) 14 (28) 18(36) 18 (36) 12(24) 28(36) 10
(20)
Gender
Males 10 12 14 0.75 8 22 6 0.
Females 4 6 4 4 6 4 A;
Age groups (yr)
31-50 0 0 2 0.47 0 1 1 0.
51-60 4 4 4 5 4 3 z
61-70 5] 10 6 4 12 5,
71-80 5 4 6 3 11 1
Tumor grade
G1+G2 13 7 12 0.006 6 19 7 0.
G3+G4 1 11 6 6 9 3 g
Tumor stage
pT1 7 6 10 0.38 3 12 8 0.
pT2 7 12 8 9 16 2 g
Associated lesions
With cirrhosis 8 3 7 0.05 5 9 4 0.
Without cirrhosis 6 15 11 7 19 6 i;
With Mallory bodies 7 5 2 0.05 4 7 3 0
Without Mallory bodies 7 13 16 8 21 7 g
With hepatitis 7 9 8 0.93 6 14 4 0.
Without hepatitis 7 9 10 6 14 6 g

VEGE: Vascular endothelial growth factor; COX-2: Cyclooxygenase-2.

character. Secondly, other cytokines and markers of epithelial mesenchymal
transition!"”! have been reported to be associated with HCC. The interaction of
angiogenesis with these biomarkers should be explored in future studies.

In conclusion, based on the literature data and the present study, we can affirm
that, in HCC, angiogenesis has an oscillating pattern but some specific features can be
emphasized. In patients with cirrhosis, the newly formed vessels are rather immature,
are syntesized via VEGF, and COX-2 is downregulated. The VEGF-A expression is
rather high in first steps of carcinogenesis, respectively in small tumors that do not
show vascular invasion. VEGF-A intensity decreases in advanced stages. In
dedifferentiated HCCs, which were developed in absence of cirrhosis, COX-2
overexpression and predominance of mature vessels is characteristic.
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Table 4 Endothelial area assessment, using CD31 and CD105 antibodies in hepatocellular carcinoma

Parameter

Number of cases CD31-EA(median and range values) Pvalue CD105-EA(median and range values) P value

Gender

Males

Females

Tumor grade
G1+G2

G3+G4

Tumor stage

pT1l

pT2

Associated lesions
With cirrhosis
Without cirrhosis
With Mallory bodies
Without Mallory bodies
With hepatitis
Without hepatitis

36
14

32
18

23
27

18
32
14
36
24
26

7.35 +2.16 (2.57-11.18)
8.06 + 2.30 (4.17-11.85)

7.69 +2.22 (2.57-11.69)
7.29 £2.21 (3.34-11.85)

7.85 +2.33 (2.57-11.69)
7.71 +2.11 (3.34-11.85)

829 +1.68 (5.64-11.85)
7.13 +2.37 (2.57-11.69)
8.01 +1.39 (5.56-10.53)
7.37 +2.44 (2.57-11.85)
7.28 +1.99 (2.57-10.53)
7.80 +2.39 (3.07-11.85)

0.31

0.53

0.59

0.07

0.36

0.40

8.91 +2.64 (4.06-15.53)
9.59 +3.28 (4.23-16.56)

9.28 + 2.64 (4.06-16.56)
8.78 +3.17 (5.77-15.53)

9.47 +3.15 (4.06-16.56)
879 +2.51 (5.47-14.91)

912 +2.51 (4.23-14.33)
9.09 +3.01 (4.06-16.56)
9.86 +2.89 (5.85-15.53)
8.81 +2.77 (4.06-16.56)
8.26 +2.25 (4.23-12.28)
9.88 +3.09 (4.06-16.56)

0.44

0.55

0.39

0.97

0.23

0.04

EA: Endothelial area.

Table 5 Correlation of the angiogenic inmunophenotype, quantified with VEGF-A and COX2, with endothelial area values

COX-2 intensity P value VEGF-A intensity P value
1+ 2+ 3+ 1+ 2+ 3+
EA-CD31 8.66+1.41 747 £2.29 6.76£2.34 0.04 723152 7.53 £ 2.4 8.01+232 0.72
EA-CD105 9.22+1.83 9.58 +3.56 8.53+2.64 0.53 845+1.74 8.95+3.02 10.31+3.15 0.28

EA: Endothelial area; VEGF: Vascular endothelial growth factor; COX-2: Cyclooxygenase-2.

Figure 2 Particular features of neoangiogenesis of hepatocellular carcinoma, revealed by CD31 stain. A: Endothelization of the cirrhotic synusoids; B: High
endothelial area and immature vessels in the peri-cirrhotic tumor tissue; C: Rare mature vessels can be intratumorally seen, in cases developed in patients without
cirrhosis. 20 x.
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Figure 3 Particular features of neoangiogenesis of hepatocellular carcinoma, revealed by CD105 stain. A and B: High microvessels density of normal
parenchyma, compared with tumor tissue; C: Mature activated neoformed vessels, in a G1 carcinoma; D: Mature vessels, in a G2 carcinoma; E: Low endothelial area,
in a G3 carcinoma; F: Small neoformed vessels, in a case with high endothelial area.

ARTICLE HIGHLIGHTS

Research background

Although hepatocellular carcinoma (HCC) is one the most vascular solid tumors, mechanisms of
angiogenesis are still unknown. Moreover, angiogenesis is not properly inhibited by the
currently used chemotherapics. For these reasons, new data are necessary to be published
regarding the angiogenesis background.

Research motivation
The aim of the study was to perform a complex immunohstochemical assessment of angiogenic
immunophenotype pf HCC cells.

Research objectives

In this paper, we aimed to correlate the angiogenic immunophenotype of tumor cells with the
values of endothelial area (EA). To reach the aim of the paper and understand the angiogenesis
mechanisms, these two parameters were necessary to be examined.

Research methods

The angiogenic immunophenotype of tumor cells was examined with the immunohisto-
chemically antibodies Cyclooxygenase-2 (COX-2), vascular endothelial growth factor (VEGF) A,
whereas the values of EA were quantified using the antibodies CD31 and CD105. To increase the
study reliability, the EA was digitally counted, using a semi automatically method.

Research results

The immunohistochemical study performed in this paper showed that the VEGF-A-related
angiogenesis is more intense in small tumors, without vascular invasion, which were classified
as pT1 HCCs. In the dedifferentiated and aggressive tumors, COX-2 was more expressed and
CD31-related EA decreased, as result of proliferation of mature neoformed vessels. In patients
with associated cirrhosis, CD31-related EA was higher, as result of proliferation of immature
vessels. In patients without associated hepatitis, CD105-related EA was higher, as result of
activated endothelial cells.

Research conclusions

The original data identified in the present study showed that the antiangiogenic therapy do not
show the expected results for several reasons: angiogenesis has an oscillating pattern, the
mechanisms of inducing angiogenesis depend on the tumor size and grade of differentiation and
the EA is not always a reflection of the angiogenesis intensity. Based on these data, it can be
concluded that a targeted antiangiogenic therapy should be considered in patients with HCC,
based on the pathways of induction angiogenesis in specific cases.

Research perspectives

Before performing clinical trials with antiangiogenic/antityrosine-kinase drugs, the
immunohistochemical and molecular background of the tumor tissue is mandatory to be
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checked in any patient. It should be tested, in experimental study, the theory of predominance of
VEGF-A-induced angiogenesis in small differentiated HCCs and COX-2 induced angiogenesis
and vascular maturation in dedifferentiated cases.
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Abstract

BACKGROUND

Preoperative supplementation with immunonutrients, including arginine and n-3
fatty acids, has been shown in a number of systematic reviews to reduce
infectious complications in patients who have undergone gastrointestinal
surgery. Limited information, however, is available on the benefits of nutritional
supplementation enriched with arginine and n-3 fatty acids in patients
undergoing liver resection.

AIM

To evaluate the effects of preoperative nutritional supplementation enriched with
arginine and n-3 fatty acids on inflammatory and immunologic markers and
clinical outcome in patients undergoing liver resection.

METHODS

Thirty-four patients undergoing liver resection were randomized to either five
days of preoperative Impact® [1020 kcal/d, immunonutrition (IMN) group], or
standard care [no supplementation, standard care (STD) group]. Nutritional
status was measured at study entry by subjective global assessment (SGA).
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Functional assessments (grip strength, fatigue and performance status) were
carried out at study entry, on the day prior to surgery, and on postoperative day
(POD) 7 and 30. Inflammatory and immune markers were measured at study
entry, on the day prior to surgery, and POD 1, 3, 5, 7, 10 and 30. Postoperative
complications were recorded prospectively until POD30.

RESULTS

A total of 32 patients (17 IMN and 15 STD) were analysed. All except four
patients were SGA class A. The plasma ratio of (eicosapentaenoic acid plus
docosahexaenoic acid) to arachidonic acid was higher in IMN patients on the day
prior to surgery and POD 1, 3, 5 and 7 (P < 0.05). Plasma interleukin (IL)-6
concentrations were elevated in the IMN group (P = 0.017 for POD7). No
treatment effect was detected for functional measures, immune response (white
cell count and total lymphocytes) or markers of inflammation (C-reactive protein,
tumour necrosis factor-a, IL-8, IL-10). There were 10 patients with infectious
complications in the IMN group and 4 in the STD group (P = 0.087). Median
hospital stay was 9 (range 4-49) d in the IMN group and 8 (3-34) d in the STD
group (P = 0.476).

CONCLUSION
In well-nourished patients undergoing elective liver resection, this study failed to
show any benefit of preoperative immunonutrition.

Key words: Liver cancer; Partial hepatectomy; Fish oil; Arginine; Nutritional status;
Inflammation

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Whether immunonutritional supplementation provided preoperatively to
patients undergoing liver resection can reduce postoperative inflammation and improve
clinical outcome compared to standard care remains unclear. We conducted a
prospective randomized trial to clarify this. We found no significant suppression of
postoperative inflammation or reduction in infectious complications or length of hospital
stay post-surgery through providing preoperative immunonutrition.

Citation: Russell K, Zhang HG, Gillanders LK, Bartlett AS, Fisk HL, Calder PC, Swan PJ,
Plank LD. Preoperative immunonutrition in patients undergoing liver resection: A prospective
randomized trial. World J Hepatol 2019; 11(3): 305-317
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DOI: https://dx.doi.org/10.4254/wjh.v11.i3.305

INTRODUCTION

Immunonutrition, the provision of specific nutrients in supra-physiological doses, is
suggested to provide vital substrates that act to modulate immune and metabolic
responses and improve clinical outcomel'l. Nutrients that have been identified to offer
immunological benefit include n-3 polyunsaturated fatty acids, arginine, glutamine
and nucleotides. A number of systematic reviews have shown that immunonutrition
provided as a preoperative supplement to patients undergoing elective
gastrointestinal surgery leads to significant reductions in postoperative infectious
complications!”’l. Benefit has been demonstrated in both malnourished"! and normally
nourished patients!”! and is thought to be due to the down regulation of the
inflammatory responses to surgery and amelioration of the postoperative immune
depression.

Despite the reported benefits of this therapy, we are aware of only two published
randomized, prospective studies investigating the effect of preoperative
immunonutrition on postoperative inflammation and clinical outcome in liver
resection patients®”l. Mikagi et all¥! randomized 41 patients but only 26 were analysed.
Some evidence for reduction of inflammation [interleukin-6 (IL-6)] on postoperative
day (POD) 1 was seen and only one infectious complication was reported. Uno et al”!
randomised 40 patients, 83% of whom had surgery for (presumably perihilar) bile
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duct carcinoma, a relatively rare condition. Significant reductions in IL-6 on POD1,
infectious complications and length of hospital stay were reported.

The primary objective of the present study was to investigate postoperative
inflammatory and immunologic responses in patients undergoing liver resection who
were randomized to either preoperative treatment with an immunonutritional
supplement (IMN) or standard care (STD). Secondary objectives included clinical
outcomes and physiological function.

MATERIALS AND METHODS

Patients

Patients over 16 years of age scheduled for non-laparoscopic elective hepatic resection
for primary or secondary liver cancer between December 2012 and April 2014 were
recruited from the hepaticopancreaticobiliary outpatient clinic at Auckland City
Hospital. Exclusion criteria included immunosuppression, cirrhosis (biopsy proven or
fibroscan result), chemotherapy within 3 wk prior to study entry, taking fish oil
supplements, and pregnancy. Ethics approval was granted by the Northern A Ethics
Committee. Each patient provided written informed consent.

Surgical procedure

Hepatic resection was performed by an open technique through a right subcostal
incision. All patients received intra-thecal opiate and general anaesthesia.
Parenchymal resection was performed without inflow occlusion by anatomical
dissection. Drains were routinely placed at completion and removed post-operatively
depending upon volume and character of effluent. All patients received antibiotic
prophylaxis (cefoxitin 1 g) given intravenously at induction of anaesthesia.

Study protocol

This was a prospective, randomized, assessor-blinded, clinical trial. At recruitment,
patients were allocated to IMN or STD groups in a 1:1 ratio using opaque sealed
envelopes prepared according to a computer-derived random sequence with variable
block sizes. In addition to their usual intake, IMN patients were prescribed for each of
the 5 consecutive days preceding surgery 3 x 237 mL tetra packs of IMPACT
Advanced Recovery® (Nestle) providing 1020 kcal energy, 54 g protein, 12.6 g
arginine, 1.3 g nucleotides, and 3.3 g eicosapentaenoic acid (EPA) + docosahexaenoic
acid (DHA) per day. Patients were telephoned to remind them to commence taking
the supplement and asked to keep a daily record of the timing and volume of Impact
consumed, as well as all other oral intake over this period. Those randomized to the
STD group were advised to continue with their usual oral intake. Patients in this
group assessed as having malnutrition were provided with a standard nutritional
supplement (Fortisip®, Nutricia) twice daily (providing 600 kcal energy, 24 g protein),
in addition to their usual intake, for the period preceding and including 5 days prior
to surgery. At recruitment, blood samples were taken for inflammatory and immune
status markers and measurement of plasma fatty acids. These measurements were
repeated on the day prior to surgery (D-1) and on POD 1, 3, 5 and 7. An additional C-
reactive protein (CRP) measurement was taken on POD30. CRP and full blood count
were determined by the hospital accredited laboratory. Remaining blood was
centrifuged at 4 °C and plasma separated and frozen at -80 °C until analysis.
Nutritional status was assessed at study entry and functional status at study entry
and on D-1, POD7 and POD30.

Plasma phosphatidylcholine fatty acids

Using methods described in detail previously!'’, total lipids were extracted,
phosphatidylcholine (PC), the major phospholipid in plasma, was isolated, and gas
chromatography was performed to determine the fatty acid composition of PC.

Immune and inflammatory markers

An immunoturbidimetric method (Roche Diagnostics) was used for high-sensitivity
CRP assay. Simultaneous quantification of plasma tumour necrosis factor (TNF)-a, IL-
6, IL-8 and IL-10 was carried out using a high- sensitivity multiplex immunoassay kit
(Milliplex®, Millipore Corp, Billerica, MA, United States) and a micro-beads system
following the manufacturer’s instructions (Luminex Corp., Austin, TX, United States).

Nutritional and functional status

Nutritional intake was assessed using the 24 hour diet recall techniquel'!. Body
weight to the nearest 0.1 kg was measured using electronic scales and an estimated
clothing weight was subtracted. Height was measured using a stadiometer. Subjective
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global assessment (SGA) of nutritional status was performed as described by Detsky
et all”l. The Christensen Fatigue Scale was used to quantify subjective feelings of
fatigue!”. The Karnofsky Performance Scale was used to quantify general well-being
and ability to complete activities of daily living!'?l. Physiological function was
measured by maximum voluntary grip strength in the dominant hand as the best of
three attempts using a spring loaded analogue dynamometer (model 78010, Lafayette
Instrument Co., Lafayette, IN, United States).

Clinical outcome

Patients were assessed daily while in hospital for infectious and other complications.
Clinical notes were reviewed post-discharge to ensure no complication was missed.
Patients were monitored for 30 days for complications. Postoperative complications
were assessed and graded according to the Clavien-Dindo system!’l. A bacterial
infection was defined by administration of antibiotics when signs and symptoms of
sepsis were evident, indicating possible chest, urinary, line or wound infection.
Infectious complications were categorised according to the Centers for Disease
Control Classification System!"’. The surgical team in charge of each patient had sole
discretion over adjudication of complications and determination of date of hospital
discharge and were blinded to group allocation.

Statistical analysis
Sample size calculations demonstrated that 15 patients per group would provide >
90% power for detecting a significant difference in plasma IL-6 concentrations on
PODY1, based on the results of Braga ef all'’! in gastrointestinal surgery patients.
Repeated measures data were analysed by the general linear mixed model.
Inflammatory markers were log-transformed prior to analysis. Between-group
comparisons used Student’s t test or Mann-Whitney U test for normally distributed
and non-normally distributed data respectively. Fisher’s exact test was used for
categorical data. Time-to-event data were compared between groups using the log-
rank test. All analysis was performed on an intention-to-treat basis. Data are
presented as mean * SE or median (range). P values of less than 0.05 were considered
to indicate statistical significance. Statistical analyses were performed using SAS
release 9.4 (SAS Institute, Cary, NC, United States).

RESULTS

Patients

Thirty-four patients were randomized to IMN or STD groups between November
2012 and April 2014 (Figure 1). Two STD patients were withdrawn after
randomization, one undergoing laparoscopic instead of open surgery and the other
did not proceed to resection because of unexpected disease at laparotomy. Baseline
characteristics for the remaining 32 patients are summarised in Table 1.

Plasma phosphatidylcholine fatty acids

The ratio of EPA + DHA to arachidonic acid differed significantly between the groups
over time (P < 0.0001; Figure 2). No difference was seen at baseline (P = 0.36) but the
ratio was higher in the IMN group on D-1 (P < 0.0001) and on POD1 (P < 0.0001),
POD3 (P < 0.0001), POD5 (P = 0.003) and POD7 (P = 0.014). In the IMN group,
compared with the preoperative period, plasma PC EPA+DHA (as percent of total
fatty acids) increased more than two-fold.

Functional status

Baseline dietary assessment showed no significant differences between the groups for
consumption of energy (P = 0.27), carbohydrate (P = 0.11), protein (P = 0.37), total fat
(P =0.93), PUFAs (P = 0.47), MUFAs (P = 0.88), or fibre (P = 0.12). Compliance with
the full preoperative course of immunonutrition was 100% in 16 out of 17 patients
with one patient consuming one less tetra pack than prescribed. As shown in Table 2,
changes over time did not differ between the groups for fatigue score (P = 0.342),
performance status (P = 0.810) or grip strength (P = 0.849). Compared to D-1, patients
were more fatigued on POD7 (P < 0.0001) and performance status (P < 0.0001) and
grip strength (P = 0.009) deteriorated. Over the subsequent 3 weeks fatigue and
performance improved (P < 0.0001) but no change in grip strength was seen (P =
0.802).

Immune and inflammatory markers

There were no differences in white cell count (P = 0.201) or total lymphocytes (P =
0.575) between the groups over the study period (Table 3). White cell count was
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Table 1 Demographics and operative characteristics of patients who received either

immunonutrition or standard care preoperatively

Immunonutrition Standard care
n 17 15
Male/Female 11/6 10/5
Age (yr) 61 (28 - 76) 63 (31-79)
SGA grade (A/B/C) 15/1/1 13/2/0
Indication for surgery
Metastatic disease 15 13
Hepatocellular carcinoma 2 1
Granulomatous liver disease 0 1
Hepatectomy
Major resection ( 2 3 segments) 14 10
Minor resection ( < 3 segments) 3 5
ASA grade (I/11/11I) 1/9/6 0/8/6
Tissue removed (g) 815+123 610 + 94
Duration of surgery (min) 173 (104-337) 155 (128-246)

Data are number of patients, mean + SE or median (range). SGA: Subjective global assessment; ASA:
American Society of Anaesthesiologists physical status classification.

elevated and lymphocyte count was depressed over the first 10 postoperative days
before returning to preoperative levels by POD30. Plasma concentrations of CRP,
TNF-a, IL-6, IL-8 and IL-10 to POD7 are shown in Figures 3 and 4 for the two groups.
Except for IL-6 (P = 0.034), there were no significant differences between the groups
for the profiles over time for these markers. Circulating IL-6 concentrations were
higher in the IMN group on POD7 (P = 0.017) and tended to be higher on POD1 (P =
0.087) and POD5 (P = 0.088). In both groups on POD7, IL-6 concentrations were
elevated (P < 0.0001) compared to baseline.

Clinical outcome

Postoperative complications are summarized in Table 4. Postoperative complications
occurred in 12 patients in the IMN group and 11 patients in the STD group (P = 0.598).
Ten patients in the IMN group and 4 in the STD group developed infectious
complications (P = 0.087). The median length of hospital stay (LOS) was 9 (range 4-
49) d in the IMN group and 8 (3-34) d in the STD group (P = 0.476). Seven patients in
the IMN group developed a major postoperative complication (Clavien-Dindo grade
>III) as did one patient in the STD group (P = 0.047). However, no association was
seen between the severity of postoperative complications and whether the surgery
was major or minor (Table 5).

DISCUSSION

In this study, preoperative nutritional supplementation enriched in n-3 fatty acids and
arginine did not result in suppression of postoperative inflammation compared to
standard care. The primary measure of inflammatory response was IL-6 and this
marker was persistently elevated in the IMN group, significantly so on POD?7, in
comparison to the STD group. The pattern of changes for other markers of
inflammation did not differ between the groups but also tended to be elevated in the
IMN group on POD?. Similarly, there were no differences in immune markers
between the groups. While the study was not powered for clinical outcome, the
results for infectious complications and length of stay were consistent with a failure of
preoperative immunonutrition to dampen the postoperative inflammatory response.
The incidence of infectious complications was 59% and 27% in the IMN and STD
groups, respectively. Notably, there was a higher incidence of major complications in
the IMN group.

These results contrast with those in colorectal, pancreatic and gastric surgery where
reductions of around 50% in infectious complication rates and 2-3 d in length of
hospital stay were seen in meta-analyses of studies where supplementation with
arginine and n-3 fatty acid based formulas were provided only preoperatively®-..
Studies included in these meta-analyses that have examined inflammatory and
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Assessed for eligibility (7 = 72)

Excluded (7 = 38)

Declined to participate (7 = 6)

Missed at clinic (7 = 8)

Not meeting inclusion criteria (7 = 24)
Taking fish oil (7 = 1)
Cirrhosis (7 = 10)
Laparoscopic surgery (7 = 7)
Cholangiocarcinoma (7 = 2)

Other (n = 4)
Randomized (n = 34)
IMN (7 = 17) STD (n = 17)
Received allocated intervention (7 = 17) Received allocated intervention (7 = 17)

Excluded (7 = 2)
Laparoscopic (7 = 1)
No resection (7 = 1)

Analysed (7 = 17)

‘ ‘ Analysed (7 = 15)

Figure 1 Disposition of patients in the study. IMN: Inmunonutrition; STD: Standard care.

immune responses after preoperative feeding with IMN have reported reduced IL-6
concentrations on POD1!"l and increased total lymphocyte numbers
postoperativelyl. Limited published work is available in patients undergoing liver
resection with only two published randomized trials of immunonutrition. Mikagi et
all administered IMPACT at 750 kcal/d for 5 d preoperatively in the
immunonutrition group. A drop-out rate of 37% was reported with no significant
reductions in infectious complications, non-infectious complications or length of
hospital stay in the 26 patients analysed. Uno ef al’! carried out an intention to treat
analysis on 40 patients and reported a significant reduction in infectious
complications, no difference in non-infectious complications and a significant
reduction in length of stay. However, case-mix differed markedly from the present
study. Patients largely underwent surgery for bile duct carcinoma compared to
metastatic colorectal cancer in the current study and the differing pathologies may
have contributed to the contrasting results, as infectious complications in their control
group were much higher (75%) than in the current study (27%).

Liver resections were included in recently published randomized trials from
Hubner et al"! (28 of 145 patients) and Giger-Pabst ef al® (11 of 105 patients) but
subgroup analyses were not conducted. In a non-randomized, propensity score
matched case-control study!®! of 49 patients receiving immunonutrition and 49
controls, most of whom were well nourished, IMPACT was provided preoperatively
in the same dose as the current study (3 x 237 mL, 1020 kcal) for 7 d. Definition and
grading of severity of complications were identical to the current study and the
authors reported no significant difference in infectious complications (38.7%
immunonutrition vs. 28.5% control) or median length of stay (10 d in both groups).
This evident lack of benefit also extends to liver transplantation where perioperative
administration of IMPACT did not result in improved clinical outcomel*’..

In contrast to the studies of Mikagi ef al¥! and Zacharias et al”'l, major hepatectomy
was performed in 75% of our patients compared to 8% and 21% in the respective
earlier studies. This may account, at least in part, for the higher incidence of major
complications in our study (25%) compared to the Zacharias study (11%). The
markedly higher number of non-infectious complications in the immunonutrition
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Figure 2 Ratio of eicosapentaenoic acid plus docosahexaenoic acid to arachidonic acid (mean * SE) measured at baseline, day prior to surgery (day-1)
and on postoperative days 1, 3, 5, 7 and 30 in patients who received IMPACT preoperatively (solid symbols) compared with patients who received standard
care (open symbols).?P < 0.05 vs standard care.

group in the current study may have been a chance effect rather than a result of the
treatment. A larger study is required to confirm this. This finding however may have
contributed to the greater and more sustained inflammatory response postoperatively
in the immunonutrition group, predisposing those patients to infection. One patient
in the IMN group contributed 3 of the 15 infectious and 10 of the 40 non-infectious
complications observed in that group having suffered aspiration pneumonia and
acute respiratory distress syndrome.

The majority of patients in the current study were well-nourished with two patients
in each group assessed as malnourished preoperatively (SGA B + C). Malnourished
patients experience significantly longer LOS and more major postoperative
complications!®’!, which are attributed to malnutrition associated immune
depression!”’l. Consequently, it has been hypothesized that by providing
immunonutrition containing key nutrients with the ability to minimise the early
inflammatory response to surgery a more substantial benefit may be seen in
malnourished patients™!. If this is the case it might explain, at least in part, the lack of
any indication of improved clinical outcomes in the present study. Uno et al! did not
report nutritional status of their patients and a high prevalence of malnutrition in
their cholangiocarcinoma patients may help explain the significant benefits seen with
immunonutrition. To date, there are no published meta-analyses evaluating the
impact of nutritional status on the treatment effect of immunonutrition. Published
meta-analyses have pooled data from randomized trials that include both well-
nourished and malnourished patients, with a number of studies not reporting on
baseline nutritional status.

Dose and timing of preoperative immunonutrient supplementation are not well-
defined. Our protocol conformed to the 500-1000 kcal/d recommended by Waitzberg
et al”l and the consensus guidelines from ASPEN™! and ESPEN™!. Giger-Pabst et al*’!
investigated the effect of immunonutrition administered for only 3 days
preoperatively based on the findings of a prior study suggesting that the anti-
inflammatory effect of immunonutrition starts after only two days™*l. However, 3 days
of IMPACT supplementation preoperatively was insufficient to provide any benefit in
terms of infectious complications or LOS. The authors concluded based on their own
findings and review of the literature that at least five days of preoperative
supplementation are required to achieve benefit.

Limitations of the current study include its small size, given it was focused on
inflammatory and immune parameters rather than clinical outcome. It was also not
placebo-controlled and double-blinded, the latter being less important for endpoints
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Table 2 Fatigue score and performance status measured at study entry, Day-1, POD 7 and POD 30 and grip strength measured at Day-1,

POD7 and POD30 in patients who received either inmunonutrition or standard care preoperatively

P value!
Study entry Day -1 POD 7 POD 30
Group Time GroupxTime

Fatigue score
STD group 4208 40+0.6 7105 5407 0.121 <0.0001 0.342
IMN group 43+0.6 27+04 6.7+0.5 35+0.8
Performance status
STD group 84.0+3.9 85.7+28 59.3+4.2 735+39 0.867 <0.0001 0.810
IMN group 81.9+28 86.8+3.1 57.7+48 75.0%£6.9
Grip strength (kg)
STD group - 37.8+27 354+26 33.8+23 0.825 0.019 0.849
IMN group - 38.9+3.4 36.5+33 332+24

'Repeated measures analysis using the linear mixed model. Data are mean  SE. POD: Postoperative day; IMN: Immunonutrition; STD: Standard care.

based on blood assays. However, there was potential for bias in the reporting of
complications, most especially for those occurring after hospital discharge. In-hospital
complications were assessed by clinicians who were blinded to the group allocation.
After discharge, patients were contacted or assessed at clinic visits to monitor
complications over the first postoperative month. However, not all complications may
have been captured. Up to 25% of postoperative infections, which are largely surgical
wound infections, may occur after discharge!'’l. We did not perform dietary
assessments during or at the end of the period of nutritional supplementation so
cannot comment on any difference in caloric load between the groups prior to surgery
and impact on outcome.

Strengths of the study include: measurement of EPA and DHA plasma
concentrations which support likely cell membrane incorporation®! and resultant
biological effects””; the near-perfect compliance with the immunonutrition product,
verified by the EPA+DHA levels in plasma; hospital discharge determination by staff
independent of the study; operations performed by the same surgeon using the same
surgical technique in all except one patient; and assessment of inflammatory and
immune markers in the very early postoperative period (from POD1).

In conclusion, this study failed to show any evidence for suppression of
postoperative inflammation or improvement in clinical outcome through providing
immunonutrition to well-nourished patients undergoing liver resection. There
remains no large scale double-blind trial in liver resection on which to base more
definitive conclusions and such a trial, particularly in patients having major
resections, is warranted.
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Table 3 Total lymphocyte and white cell counts over the pre-and postoperative periods in patients who received either immunonutrition

or standard care preoperatively

Preoperative Postoperative P value!
. Groupxt
Study entry  Day-1 POD 1 POD 3 POD 5 POD 10 POD30 Group Time ime

Total lymphocytes (x10°/L)

IMN group 141+£013  154+012 093+0.09 096+0.10 095+0.09 119£0.09 147+0.13  0.091 <0.001 0.
5
7
5

STD group 1.66+016 1.78+013 112+015 1214009 1.07+013 138+0.12 147+0.10

White cell count (x10°/L)

IMN group 580+0.60 7.05+0.78 1278+110 9.81+129 740+091 1228+227 680+0.86 0416 <0.001 0.
2
0
1

STD group 6.86+083 675+054 1279+132 899+0.77 9.65+098 1353+1.63 7.40+0.68

Repeated measures analysis using the linear mixed model. Data are mean * SE. POD: Postoperative day; IMN: Immunonutrition; STD: Standard care.

Table 4 All complications in patients who received either immunonutrition or standard care preoperatively

IMN STD P value

Infectious complications
Urinary tract

Surgical site

Blood stream

Gastrointestinal

LW NN W
WL Rk O N O

Lower respiratory tract

Non Infectious complications
AF/Bradycardia/Tachycardia
Acute kidney injury
Aspiration pneumonia

Acute respiratory distress syndrome
Atelectasis

Bowel obstruction

Diarrhoea

Electrolyte derangement
Encephalopathy

Hypotension

Ileus

Ischaemic optic neuropathy
Leak

Nausea and vomiting

Pleural effusion

Pain requiring epidural
Pneumothorax

Non infected collection

= T S S T S e i N S S e T = T = TS N

Wound dehiscence

A © O © O W N ©O ©O N O ©O W o W oo © © N

Juy
@l

Total infectious complications

'S
o
N
=

Total non-infectious complications

a1
a1
N
N

Total complications

Ju
o
IS

0.087
0.445
0.598

Patients with an infectious complication

Juny
juny
Juny
juny

Patients with a non-infectious complication

Juy
N
Juy
jay

Patients with any complication
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Severity of complication 0.047
Patients with major complication (Clavien-Dindo Grade > III) 7 1

Patients with minor complication (Clavien-Dindo Grade < III) 5 10

Patients without any complication 5 4

Fisher’s exact test. AF: Atrial fibrillation; IMN: Immunonutrition; STD: Standard care.

Table 5 Severity of complications with major and minor surgery

Severity of complication P value!

Major Minor No complication

Major surgery 6 11 7 1.000

Minor surgery 2 4 2

IFisher’s exact test.
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Figure 3 Plasma C-reactive protein concentrations (geometric mean * SE) measured at baseline, day prior to surgery (day-1) and on postoperative days 1,
3, 5,7 and 30 in patients who received IMPACT preoperatively (solid symbols) compared with patients who received standard care (open symbols).
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Figure 4 Plasma concentrations (geometric mean * SE) of interleukin-6 (IL-6) (A), TNF-a (B), IL-8 (C) and IL-10 (D) measured at baseline, day prior to
surgery (day-1) and on postoperative days 1, 3, 5, and 7 in patients who received IMPACT preoperatively (solid symbols) compared with patients who
received standard care (open symbols).?P < 0.05 vs standard care.
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ARTICLE HIGHLIGHTS

Research background

Immunonutrients provided pre- and perioperatively to patients undergoing major
gastrointestinal surgery have been shown in a number of studies to reduce postoperative
morbidity. Nutritional supplementation enriched in n-3 long-chain fatty acids and arginine has
been used in the majority of these studies and these nutrients are thought to modulate the
inflammatory and immune responses to surgery leading to improved clinical outcome.

Research motivation

We were motivated to design and implement a randomized trial of immunonutrition in patients
undergoing liver resection given that only one such prospective trial had previously been
reported. That trial had a high dropout rate and we considered further work was needed.

Research objectives

The main objective of this study was to evaluate the effect of preoperative supplemental
immunonutrition, enriched in n-3 fatty acids and arginine, on postoperative inflammatory and
immune markers. A secondary objective was to examine effects on clinical outcome.

Research methods

Patients scheduled for non-laparoscopic elective hepatic resection for primary or secondary liver
cancer were randomized in an assessor-blinded prospective trial to preoperative
immunonutrition (IMPACT Advanced Recovery®, 1020 kcal/d) for 5 consecutive days or to
standard care. Blood samples were obtained at recruitment, on the day prior to surgery and on
postoperative day (POD) 1, 3, 5 and 7 for measurement of plasma fatty acids and markers of
inflammation and immune status. Patients were monitored for 30 POD for infectious and other
complications.

Research results
Immune markers did not differ between the groups. Postoperative inflammatory response, as
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assessed by interleukin-6 concentrations, was more pronounced in the immunonutrition group.
Ten patients in the immunonutrition group and 4 in the standard care group developed
infectious complications. Major postoperative complications were more common in the
immunonutrition group.

Research conclusions

In this study, provision of a preoperative immunonutritional supplement was not associated
with post-surgery suppression of inflammation nor with improved clinical outcomes. The higher
incidence of major complications in the immunonutrition group may have contributed to these
findings.

Research perspectives

Since completion of this study a similar preoperative immunonutrition regime was reported in a
randomized trial demonstrating reduced postoperative inflammatory response and improved
clinical outcome with immunonutrition. The majority of patients in that study had a relatively
rare indication for liver resection. Future efforts should be directed at double-blind trials of
immunonutritional formulae, in patients undergoing major liver resections for commonly seen
indications, that are adequately powered to assess postoperative infectious complications.
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Abstract

BACKGROUND

Most patients with hydatid cysts are asymptomatic, and they are diagnosed
incidentally during radiological evaluations performed for other reasons.
However, some patients develop symptoms and complications due to cyst size,
location, and the relationship between the cyst and adjacent structures. The most
serious complications that can occur are rupture of the cysts into the biliary tract,
vascular structures, hollow viscus, and peritoneal cavity. We aimed to describe
the management of four cases of intraperitoneal rupture of hydatid cysts.

CASE SUMMARIES

Four patients aged between 27 and 44 years (two men and two women) were
admitted to our clinic with sudden abdominal pain (n = 4), hypotension (n = 3),
and anaphylaxis (1 = 2). Three of the perforated cysts were located in the liver,
and one was located in the spleen. Two patients developed cyst rupture after
minor trauma, and the other two developed spontaneous rupture. Enzyme-
linked immunosorbent assay IgG results were positive for two patients and
negative for the other two. All patients received albendazole treatment after
surgical intervention (range: 2-6 mo). Two patients developed hepatic abscesses
requiring drainage; one of these patients also developed hydatid cyst recurrence
during postoperative follow-up (range: 25-80 mo).

CONCLUSION

Intraperitoneal rupture is a life-threatening complication of hydatid cysts. It is
important to manage patients with surgical intervention as soon as possible with
aggressive medical treatment for anaphylactic reactions.

Key words: Hydatid cyst; Complication; Inraperitoneal rupture; Spontaneous rupture;
Traumatic rupture; Anaphylactic reactions; Case report
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Core tip: Spontaneous or traumatic intraperitoneal hydatid cyst rupture is a rare but life-
threatening complication. Therefore, hydatid cyst rupture should be considered as a
differential diagnosis in patients who have sudden onset abdominal pain and allergic
reactions like urticaria, especially those in regions endemic to the disease. Deteriorated
hemodynamic parameters due to anaphylactic reactions should be corrected quickly with
subsequent emergent surgery for a life-saving procedure. Herein, we aimed to present the
management algorithm of four patients diagnosed with intraperitoneal hydatid cyst
rupture.
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INTRODUCTION

Hydatic disease is a zoonotic disease caused by the echinococcus parasite, which is a
member of the Taeniidae family. Most common echinococcus species that cause
hydatid disease in humans are Echinococcus granulosus (cystic echinococcosis) and
Echinococcus multilocularis (alveolar echinococcosis). Cystic echinococcosis, also known
as hydatid cysts, constitute 95% of all hydatid diseases !'’l. Hydatid diseases can
develop in almost all organs and tissues of the human body, but the most frequently
involved organs are the liver (50%-77%), lungs (15%-47%), spleen (0.5%-8%), and
kidneys (2%-4%) U'*). Humans, who have no role in the biological life cycle of
echinococcosis, can accidentally become intermediate hosts by ingesting tapeworm
eggs [*. Hydatid cysts can grow at an average of 10-50 mm/year depending on the
location of the cyst, so most patients remain asymptomatic for years 7. Usually,
asymptomatic patients are diagnosed incidentally by radiological evaluations that are
performed for other reasons. Nevertheless, some patients have signs and symptoms,
including mild or severe abdominal pain, nausea, vomiting, jaundice due to size,
location, and/or involvement of the adjacent structures and organs of the cystic
lesions!'l. The most frequently reported complications are rupture (perforation),
bacterial infection, anaphylactic reaction, compression of the vascular and biliary
structures, and compression of the neighboring organs'’.. Hydatid cyst rupture can be
internal (cysto-biliary fistula, rupture into the hollow viscus, broncho-biliary fistula,
bronchopleural fistula, intrapericardial rupture, intrapleural rupture, intraperitoneal
rupture) or more rarely, it can be external (cysto-cutaneous fistula)’l. Intraperitoneal
rupture is a rare but life-threatening, severe complication of hydatid cyst diseasel’l.
We aim to describe the cases of four patients who developed intraperitoneal rupture
and review the medical literature.

CASE PRESENTATION

The summary information of the four cases described below is given in Table 1.

Case 1: Chief complaints

A 44-year-old man was admitted to the emergency department with sudden onset
abdominal pain, skin flushing at some areas of the abdomen and hypotensive shock
without any history of trauma.

History of present illness

The patient was diagnosed with obstructive jaundice complicated by a hydatid cyst
approximately one month ago. The connection between the biliary tract and hydatid
cyst was visualized by radiological examinations. Endoscopic retrograde
cholangiopancreatography (ERCP) was performed to decompress the biliary tract
before surgical intervention. Albendazole treatment was initiated before the surgery.

History of past illness
The patient had no medical disease other than the hydatid cyst.

Laboratory examinations
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Table 1 Demographic and clinical characteristics of four patients with hydatid cyst perforation

Parameters Case 1 Case 2 Case 3 Case 4
Age 44 37 27 40
Gender Male Male Female Female
Cause of perforation Spontaneous Trauma Spontaneous Trauma
Clinical presentation Pain (sudden) Pain (sudden) Pain (sudden) Pain (sudden)
Hypotension Hypotension Hypotension Anaphylaxis
Anaphylaxis Anaphylaxis Not clear
Serology ELISA IgG (+) ELISA IgG (+) Negative Negative
History of HD Known Unknown Unknown Known
Cyst location Liver (Bilobar) Spleen Liver (Bilobar) Liver (Bilobar)
Retroperitoneum
Retrovesical
Perforated cyst location Liver (VI) Spleen Liver (IIT) Liver (II-VI)
Cysts size (mm) 165 x 100 x 80 50 x 45 80 x 75 110 x 85
130 x 100 x 95 50 x 40 40 x10 30 x 25
85 x 70 x 65 60 x 50
Preop antihelmintic ALBZ (1 mo) No No ALBZ (? mo)
Postop antihelmintic ALBZ (6 mo) ALBZ (2 mo) ALBZ (2 mo) ALBZ (2 mo)
Diagnostic tools UsS+CT us US+CT CT
Surgical approach Partial Cystectomy+ Splenectomy+ Partial Cystectomy+ Partial Cystectomy+
CBD exploration+ Retroperitoneal+ Omentopexy Omentopexy
T-tube insertion+ Retrovesical
Omentopexy Cystectomy
Recurrence Yes No No No
Postop complication Liver abscess Bleeding No Liver abscess
Follow up (mo) 80 34 25 36

HD: Hydatid disease; ALBZ: Albendazole; US: Ultrasonography; CT: Computed tomography; CBD: Common bile duct.

Complete blood count (CBC) was as follows: White blood cells (WBCs): 12900/ mL,
neutrophils: 80%, and eosinophils: 0.9%. Test results for biochemical analysis were as
follows: Aspartate aminotransferase (AST), 152 (5-34 U/L); alanine aminotransferase
(ALT), 58 (5-34 U/L); alkaline phosphatase (ALP), 260 (40-150 U/L); gamma-glutamyl
transferase (GGT) 125, (12-64 U/L); and total bilirubin, 1.03 (0.2-1.2 mg/dL).

Imaging examinations
Abdominal ultrasonography (US) and contrast-enhanced abdominal computed
tomography (CT) showed that multiple cystic lesions compatible with hydatid cyst
disease (largest size 165 mm % 100 mm x 80 mm) were localized in the liver. CT scans
also showed that the ruptured cystic lesion was localized in the VI segment of the
liver (Figures 1 and 2).

FINAL DIAGNOSIS

The final diagnosis of the present case was intraperitoneal liver hydatid cyst rupture.

TREATMENT

Fluid resuscitation, antihistaminic, and corticosteroid treatment was initiated at the
emergency department. Laparotomy was performed due to the patient’s general
condition. Intraoperatively, the cyst located in the liver ruptured, and 2500 mL of
fluid containing cyst material was aspirated from the peritoneal cavity. The peritoneal
cavity was washed with saline solution and partial cystectomy, omentoplasty, and
common bile duct exploration with T-tube placement were performed.
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Figure 1 Coronal reformatted contrast-enhanced computed tomography shows that fluid collection and
daughter vesicles adjacent to the hydatid cyst located in segment VI of the liver. This finding is consistent with
a perforated hydatid cyst.

OUTCOME AND FOLLOW-UP

The patient developed an abscess that required drainage in the postoperative period.
Six albendazole treatments with 3-wk cycles were administered as medical treatment.
The T-tube was removed when normal biliary tract anatomy was visualized during
cholangiography, approximately three weeks postoperative.

Case 2: Chief complaints
A 37-year-old man presented in our emergency unit with severe abdominal pain and
anaphylactic shock signs/symptoms, such as hypotension and allergic reaction.

History of present illness

The patient suddenly felt sharp abdominal pain after playing with and tossing his
nephew and simultaneously felt like something was leaking inside him.
Subsequently, dizziness and diffuse flushing occurred.

Laboratory examinations

CBC analysis revealed leukocytosis (18800/mL), with predominant neutrophils
(86.4%) and normal eosinophils (0.1%). Biochemical blood test results were within
normal limits except for total bilirubin (1.5 mg/dL).

Imaging examinations

US showed massive intraabdominal fluid collections in the perihepatic and
perisplenic area. Additionally, a ruptured and degenerated cyst with a germinative
membrane collapse near the spleen was visualized.

FINAL DIAGNOSIS

The final diagnosis of the present case was intraperitoneal splenic hydatid cyst
rupture.

TREATMENT

Fluid resuscitation, antihistaminic, and corticosteroid treatment was initiated at the
emergency department. The patient was then taken to the operating room, and
laparotomy was performed with a midline incision. An exophytic, ruptured hydatid
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Figure 2 Axial plane computed tomography of the same patient shows exophytic extension of the giant
hydatid cyst located in the right lobe of the liver.

cyst originating from the spleen, which had adhesions to adjacent structures, was
identified. Total splenectomy was required (Figures 3 and 4). An iatrogenic left
diaphragm injury due to intraabdominal adhesions occurred during surgery. A left-
sided chest tube was inserted after the primary repair of the diaphragm. Additionally,
other cystic lesions located at the posterior side of the urinary bladder (60 mm x 50
mm) and at the retroperitoneum (50 mmx 40 mm) were completely excised. A chest
tube was removed postoperatively on the fourth day.

OUTCOME AND FOLLOW-UP

The patient had an uneventful postoperative clinical course. Pneumococcus vaccination
was administered 14 d after surgery. Continuous albendazole treatment was
administered for two months after surgery.

Case 3: Chief complaints

A 27-year-old woman experienced sudden onset abdominal pain at another medical
center. She was diagnosed with a ruptured hydatid cyst and was referred to our
medical center. She had hypotension during her first evaluation at the emergency
unit.

History of present illness
She had no history of hydatid cyst.

Laboratory examinations
CBC analysis showed leukocytosis (24100/mL) with predominant neutrophils (94.5%)
and normal eosinophils (0.2%). Biochemical blood tests were within normal limits.

Imaging examinations

Contrast-enhanced abdominal CT revealed that one lesion was compatible with a
hydatid cyst in the anterior sector of the liver (80 mm x 75 mm x 70 mm) and another
one at segment III (40 mm x 10 mm). Additionally, several daughter cystic lesions
(largest diameter 130 mm x 60 mm x 50 mm) secondary to the rupture of the cystic
lesion near segment III were observed in the pelvic cavity (Figure 5).

FINAL DIAGNOSIS
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Figure 3 Intraoperative appearance of the hydatid cyst compatible lesion that originated and ruptured from
the spleen. This image was taken after aspiration of the hydatid cyst fluid in the abdominal cavity.

The final diagnosis of the present case was an intraperitoneal liver hydatid cyst
rupture.

TREATMENT

Fluid resuscitation was initiated at the emergency department. The patient was then
taken to the operating room. The anterior wall of the cyst located in the anterior sector
of the liver was excised, and the cystic components were completely evacuated. Three
bile ducts that opened into the cystic cavity were closed with polypropylene sutures.
Afterwards, the hydatid cyst wall localized next to segment III was excised, and the
cyst components were completely evacuated. Cholecystectomy was performed to
place high pressure saline solution into the common bile duct via cystic duct; there
was no bile leak. Daughter vesicles located in the pelvic cavity were also removed,
and the peritoneal cavity was washed with hypertonic saline solution.

OUTCOME AND FOLLOW-UP

The patient had an uneventful postoperative clinical course. Postoperative
albendazole treatment was administered for two months.

Case 4: Chief complaints

A 40-year-old woman was suffering from abdominal pain for one month, and her
pain became aggravated for two days prior to admission. Physical examination
revealed widespread tenderness in all quadrants of the abdomen.

History of present illness
The patient stated that she had received antihelmintic medical treatment several
times.

Laboratory examinations

CBC analysis showed leukocytosis (WBC: 23400/ mm?, neutrophils: 90.6%, and
eosinophils: 0.4%). Biochemical results were not altered except for ALP and GGT
levels (AST: 18 U/L, ALT: 18 U/L, ALP: 197 U/L, GGT: 114 U/L, and total bilirubin
0.87 mg/dL).

Imaging examinations

Contrast-enhanced abdominal CT revealed several hydatid cysts (largest diameter 10
mm X 85 mm % 60 mm) in the left lobe of the liver. Cysts located in the left lobe of the
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Figure 4 Apearance of the spleen and ruptured cyst specimens obtained from the same patient.

liver compressed the main bile duct, causing dilation of the intrahepatic bile ducts of
the left liver lobe (Figure 6). Several cystic lesions were also observed in the pelvic
cavity.

FINAL DIAGNOSIS

The final diagnosis of the present case was intraperitoneal liver hydatid cyst rupture.

TREATMENT

There were several adhesions secondary to the ruptured cyst, and they were
diagnosed during laparotomy as sclerosing encapsulated peritonitis (Figure 7). After
adhesiolysis, the perforated wall of the cyst was excised, and the cyst components
were completely evacuated (Figure 8). Additionally, cystic components located in the
pelvic cavity were removed.

OUTCOME AND FOLLOW-UP

The patient had an uneventful postoperative clinical course and was treated with
continuous albendazole for two months. The patient developed left lobe liver abscess
in the third postoperative year, which required percutaneous drainage.

DISCUSSION

About 5%-40% of the hydatid cysts located in the liver and other organs of the body
may cause various complications. The most common complications related with
hydatid cysts include superinfection, cysto-biliary fistula (obstructive jaundice,
cholangitis), allergic reactions, rupture into the gastrointestinal system (duodenum,
small intestine, colon), Budd Chiari syndrome, portal hypertension, gastric outlet
obstruction, membranous glomerulonephritis, broncho-biliary fistula, bronchopleural
fistula, intrapericardial rupture, intrapleural rupture, and intraperitoneal rupture!’*7“.
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Figure 5 Coronal reformatted images of the venous phase of computed tomography shows perforated
hydatid cyst located in segment V of the liver. This image also shows fluid collection in the right paracolic area.

Intraperitoneal hydatid cyst rupture may result from trauma or may spontaneously
occur due to increased intracystic pressure /%'l Sometimes, iatrogenic hydatid cyst
rupture may occur during elective surgery. Some studies have concluded that most
intraperitoneal ruptures develop after trauma; nevertheless, other studies pointed out
that spontaneous ruptures may develop more frequently ['2.

Intraperitoneal rupture is the third most common complication (0.9%-16%) after
intrabiliary rupture (5%-25%) and allergic reactions (1%-25%)!"*7l. Most studies
regarding intraperitoneal hydatid cyst rupture have been published as case reports.
To our knowledge, four or more cases were reported in a limited number of
studiesl***** (Table 2). Risk factors for rupture include young age, cyst diameter (>
10 cm), and superficial localization *"1. Hydatid cysts are more common in younger
individuals because they are exposed to traffic accidents more often than older
individuals. Intracystic pressure increases with increasing cyst dimension. When
intracystic pressure increases to more than 50 cmH,O, spontaneous or traumatic
rupture risk also increases [*'"l. Most superficial cyst walls are not protected by the
liver parenchyma. This is a facilitating factor for rupture of the cyst into peritoneal
cavity or hollow gastrointestinal organs ['*l. The aims of emergent surgical treatment
include prevention or minimization of anaphylactic reactions in the early term and
prevention of the development of long-term secondary peritoneal hydatidosis 1.

Clinical signs and symptoms of intraperitoneal cyst ruptures may vary widely
among patients. The most frequent symptoms are mild or severe abdominal pain,
vomiting, nausea, and some allergic reactions that span a wide range. If the content of
the ruptured cyst is purulent or associated with the biliary tract, it may cause
peritoneal irritation. Therefore, clinical signs of acute abdominal pain may occur [. A
wide spectrum of life-threatening immunologic reactions, such as allergic reactions
and/or anaphylactic shock, develop against the cyst content, which spread into the
peritoneal cavity U“l. Therefore, some patients may have complaints such as
hypotension, tachycardia, and respiratory distress ['l.

While 16.7%-25% of patients with hydatid cyst rupture develop minor allergic
reactions, such as urticaria and macular eruption, 1%-12.5% of patients develop more
severe allergic reactions such as peripheral edema, syncope, and anaphylaxis ["°l. The
life-threatening anaphylactic shock incidence rate is approximately 1.4%. Allergic
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Figure 6 Two different coronal reformatted contrast-enhanced computed tomography images of the same patient show a perforated hydatid cyst located
in segment lll of the liver and fluid collection in the perihepatic/pelvic area.

reactions may develop in macroscopic ruptures or when the cyst contents pass into
the biliary tract after trauma, iatrogenic interventions, or spontaneously. Even allergic
reactions may occur after direct communication when the cyst contents enter systemic
circulation [, Anaphylactic reactions during cyst hydatid surgery may develop in
0.2%-3.3% of patients who do not experience rupture ['l.

Most patients who have intraperitoneal rupture are admitted to the emergency unit
with symptoms such as severe abdominal pain, hypotension, tachycardia, and allergic
reactions!"'*'!l. Therefore, US is the most common radiologic tool for diagnosis. If
patients are hemodynamically stable, contrast-enhanced CT may be used. The
sensitivity of US and CT is 85% and 100%, respectively ['*],

Medical treatment should be initiated as soon as possible at the emergency unit
after confirming the diagnosis of intraperitoneal rupture. Moreover, it should be
continued during surgery. To minimize morbidity and mortality, patients should be
hemodynamically stabilized before surgery, and they should undergo surgery as soon
as possible. Medical treatment is aimed at stabilizing hemodynamic status with fluid
resuscitation and treating anaphylactic reactions with corticosteroids, antihistaminic,
and vasopressor drugs.

There is no consensus in the literature about surgical treatment options for
intraperitoneal cyst rupture "'?l. We suggest that each case should be evaluated
separately in accordance with the general principles of hydatid cyst surgery. Simply
summarized, hemodynamically stable patients should undergo either laparoscopic or
open surgery as soon as possible, and hemodynamically unstable patients should
undergo open surgery. Cyst contents that trigger anaphylactic reactions should be
removed from the abdominal cavity as soon as possible ['*7l. The peritoneal cavity
should be washed with scolicidal solutions such as formaldehyde, hypertonic saline
(3%-10%-15%-30%), silver nitrate (0.5%), cetrimide, chlorhexidine, cetrimide plus
chlorhexidine (1.5%/0.15%), hydrogen peroxide (1.5%-3%), povidone iodine (10%-
50%), or ethyl alcohol (70%-95%). Each solution has a different time frame for possible
scolicidal effects ['*7]. We prefer hypertonic saline or cetrimide plus chlorhexidine to
wash the peritoneal cavity at least two times within 10 min for 10-15 min each .
Allergens that lead to anaphylactic reactions can be removed in this manner.
Perforated cystic cavities should be carefully evaluated. Remaining cystic contents
should also be evacuated, and the free edges of the cystic cavity should be widely
excised. Perforated cysts that are located in the liver should be examined via a leakage
test, which can be performed with a saline solution administered through the
common bile duct/cystic duct to observe the relationship between the cyst and the
biliary tract. Bile duct orificies that lead to bile leakage should be repaired with
different suture materials. Common bile duct and T-tube placement for high flow
output bile fistulas can be performed simultaneously. Sometimes, ERCP can be
selected instead of T-tube application to complete the surgery as soon as possible. The
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Figure 7 Intraoperative appearance of severe adhesions similar to sclerosing encapsulating peritonitis in the
abdominal cavity secondary to hydatid cyst perforation.

biliary tract can be visualized via ERCP. If possible, spleen-preserving surgical
interventions should be preferred l. Abdominal drains should be placed both into the
cystic cavity and in the abdomen before surgery completion. Next, we would like to
discuss the question ““do we need any intervention for other unperforated cystic
lesions identified during emergency surgery?”’

Antihelmintic treatment should be administered as soon as possible for patients
diagnosed with intraperitoneal rupture to prevent disease recurrence due to
overlooked cystic contents during surgery. The most preferred antihelmintic agent is
albendazole (10-15 mg/kg per day). According to the literature, the treatment period
should last between 1 and 12 mo ["**"l. Patients diagnosed with intraperitoneal
hydatid cyst rupture should be followed-up more frequently than patients without
complications. Morbidity and mortality rates after intraperitoneal rupture are 10-
35.3% and 0-23.5%, respectively "“I. Clinical follow-up should be performed monthly,
especially during the early period after surgery and once a year in the long-term. US,
echinococcus IgG enzyme-linked immunosorbent assay, indirect hemagglutination,
and CT can be selected during follow-up. If there is no recurrence after five years,
clinical follow-up can be terminated. The recurrence rate after intraperitoneal hydatid
cyst rupture is reported between 0-28.6%!"""). There was only one case of recurrence
in our series.

CONCLUSION

Intraperitoneal hydatid cyst rupture is a life-threatening complication because it
causes serious hemodynamic instability and allergic reactions. Therefore, hydatid cyst
rupture should be considered a differential diagnosis in patients who have sudden
onset abdominal pain and allergic reactions, like urticaria, especially in regions
endemic for the disease. Deteriorated hemodynamic parameters due to anaphylactic
reactions should be quickly corrected so that emergent surgery can be life-saving.
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Table 2 Short analysis of studies that published four or more cases of intraperitoneal hydatid cyst rupture

Authors Years Country City Study period Perforated HC Total HC surgery Rate (%)
Toumi 2017 Tunusia Monastir 1990-2015 12 1350 0,9
Sakcak 2015 Turkey Ankara 1996-2013 16 756 21
Ozturk 2007 Turkey Erzurum 1979-2004 20 653 3,1
Mougqait 2013 Morocco Fes 2008-2012 14 306 4,6
Derici 2007 Turkey Izmir 1988-2005 17 306 5,6
Unalp 2010 Turkey Izmir 2000-2009 21 368 57
Kurt 2003 Turkey Istanbul 1995-2001 7 99 71
Akcan 2010 Turkey Kayseri 1990-2008 28 372 VZ5
Bozdag 2016 Turkey Diyarbakir 2005-2015 16 NA NA
Ozturk 2016 Turkey Izmir 2008-2012 13 NA NA
Dirican 2010 Turkey Malatya 2003-2008 10 NA NA
Rami 2009 Morocco Fes NA 4 NA NA
Gunay 1999 Turkey Istanbul 1985-1997 16 NA NA

NA: Not available; HC: hydatid cyst.

Figure 8 Intraoperative image obtained after evacuating the cystic contents.
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Abstract

Serum levels of cartilage oligomeric matrix protein (COMP) has been presented
as a biomarker of liver fibrosis in several cross-sectional studies. COMP is also an
essential mediator in carcinoma development and has also been associated with
hepatocellular carcinoma. We present a prospective analysis of this biomarker in
38 patients with chronic hepatitis C who were subject to eradication therapy with
direct acting antivirals. We confirm previous studies associating COMP elevation
with liver cirrhosis. We also show how viral levels are correlated with COMP at
baseline. In our prospective analysis, we report that successful eradication of
hepatitis C results in improvement in liver stiffness and laboratory liver function
tests at 1 year follow-up. In contrast, median COMP-levels remain unchanged
during the study period. We conclude that the biomarker potential of COMP in
the prospective evaluation of liver diseases, remains to be elucidated.

Key words: Hepatitis C; Chronic; Cartilage oligomeric matrix protein; Fibrosis
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Core tip: Cartilage oligomeric matrix protein (COMP) is a biomarker of fibrosis that has
recently been introduced in the field of hepatology. COMP has also been associated with
tumor development. This is the first prospective study of COMP in chronic liver disease.
We confirm previous findings, relating S-COMP to liver cirrhosis. Eradication of
hepatitis C was associated with improvements of liver function test and liver elasticity.
In contrast, and unexpectedly, S-COMP remained unchanged in this cohort. We argue
that the biomarker potential of COMP in chronic liver diseases needs further exploration,
especially in reference to carcinoma development.
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TO THE EDITOR

Chronic hepatitis C (CHC) is a widespread disease caused by infection with hepatitis
C virus (HCV). It is associated with significant mortality and morbidity due to liver
cirrhosis, liver decompensation and hepatocellular carcinoma (HCC). During the last
decade, direct acting antiviral agents (DAA) have been introduced for the eradication
of HCV infection. These treatments are usually successful in eradication of the virus,
resulting in sustained virologic response (SVR) in over 90% of the cases!'l. SVR have
been associated with improvements in liver stiffness and biomarkers of CHC,
including fibrosis specific biomarkers such as hyaloronic acid and type IV collagen!”,
suggesting reversal of CHC induced inflammation and fibrosis.

Cartilage oligomeric matrix protein (COMP) is a pentameric molecule first
identified in cartilage and later characterised in fibrotized tissues in tendons, skin and
lung. It is readily measurable in serum with a commercially available ELISA.
Increased levels have been associated with arthritis and fibrotic states including
systemic sclerosis, wound healing, and Crohn’s disease!>*. COMP has also been
associated with malignancies including breast, prostate and HCCP7\. In World Journal
of Hepatology, in 2015, Norman et al”! published the first report suggesting that S-
COMP has biomarker potential in chronic liver diseases. S-COMP was associated with
both cirrhosis and HCC development. They concluded that “The present exploratory
study has provided intriguing results and may assist enhanced management of
hepatic fibrosis, in particular the assessment of regression or progression of fibrosis
before and after specific therapeutic treatments”. In independent cross-sectional
studies, we and others have confirmed that S-COMP is associated with fibrosis stage
based on liver biopsy and liver elastography in CHCF "l These findings have been
corroborated by experimental studies of liver fibrosis in which COMP originating
from hepatocytes was essential for fibrosis development!''l.

In order to further explore the biomarker potential of S-COMP in liver fibrosis, we
have conducted the first prospective study aimed to investigate the biomarker
potential of S-COMP following successful therapy of CHC with DAA.

Consecutive patients with CHC infection eligible for antiviral therapy between
August 2015 and April 2017 at the Infectious Clinic, Skane University Hospital Lund,
were included in this study. Patients with concomitant rheumatic disease, organ
transplant recipients and patients with documented alcohol abuse were excluded.

Serum levels of COMP were measured with ELISA (Anamar, United Kingdom),
together with aspartate aminotransferase (AST) and platelet levels at baseline, after 4
weeks of treatment, at end of treatment and 1-2 year post-treatment follow-up. Viral
genotype and HCV-RNA levels before treatment start were noted. Liver stiffness was
measured by transient elastography (TE) at baseline and at 1-2 years post-treatment
follow-up. Liver cirrhosis was defined as TE > 12.5 kPa. Non-parametric statistics
were consequently used including Wilcoxon signed rank test when comparing
repeated measurements within the cohort, and median [interquartile range (IQR)] for
descriptive measures. Figures were made with BoxPlotR!"”. The study was approved
by the Regional Ethics Board Lund (2017-471) and conducted in accordance with the
declaration of Helsinki. All study participants gave informed consent.

This study comprised 38 subjects with CHC who were infected with the following
viral subtypes; subtype 1 (n = 24), subtype 2 (n = 3), subtype 3 (1 = 11). All received
DAA including sofubusvir (n = 37), ledipasvir (n = 25), ribavirin (n = 7), daclatasvir (n
= 5), velpatasvir (n = 1), elbasvir (n = 1) and grazoprevir (n = 1). Baseline median
(IQR) age, viral levels and liver stiffness were 58 (43-63) years, 2.0 x 10° (9.7 x 10°-4.7 x
10°) and 8.3 (6.9-11.1) kPa, respectively.

Six patients had a TE measurement indicating liver cirrhosis at baseline. These
subjects had higher AST to platelet ratio index (APRI)-scores and S-COMP levels
compared to the other patients (0.91 vs 0.55; P = 0.008 and 13 vs 9 U/L; P = 0.036,
respectively). Median (IQR) treatment duration was 84 (60-95) days, and all study
participants reached SVR. TE was performed at baseline and at follow up, 517 (468-
639) days later. Liver stiffness decreased significantly during this period (from 8.3
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(6.9-11.1) to 5.4 (4.4-6.6) kPa; P < 0.001; Figure 1A). Also, APRI decreased
significantly, from 0.62 to 0.29; P < 0.001, Figure 1B. In contrast, S-COMP levels did
not decrease from baseline 9.5 (8.0-13) versus 10.5 (9.8-13) U/L at follow up; P = 0.14.
Similar levels of S-COMP were measured at 4 wk of treatment 9.0 (8.0-12) and at end
of treatment 10 (6.8-12) U/L (Figure 1C). Furthermore, change in S-COMP over time
was not associated with any disease characteristics (data not shown).

There was a significant relationship between baseline S-COMP and viral levels
(r,=0.45, P = 0.005) at baseline. In contrast, there was no association between viral
levels and liver stiffness or APRI at baseline. Baseline S-COMP was not associated
with virus subtype, body mass index, and it was unable to predict change in liver
stiffness (data not shown).

One patient developed HCC prior to the inclusion in this study. This patient had an
estimated liver elasticity of 6.1 and liver function tests within reference range. This
patient exhibited the highest (21 U/L) level of S-COMP in this study.

As previously described in this journal, we show that S-COMP is associated with
liver cirrhosis. We also show that S-COMP correlates to viral levels in serum, an
established risk factor for HCC development, which to our knowledge have not
previously been described. In this prospective study, we also report how DAA
induced SVR is associated with improvements in liver function as measured by TE
and APRI, which is in agreement with previous studies. In contrast however, S-COMP
remained unchanged during the study period.

Magdaleno et all'! have in detail explored the significance of COMP in the
hepatocyte pathology of liver fibrosis, ultimately suggesting that COMP is a mediator
of inflammation and fibrosis originating from the hepatocytes. In other diseases, S-
COMP has been suggested to reflect a mixture of both synthesis and degradation of
extracellular matrix*l. In malignant and premalignant diseases, COMP expression
has been associated with tumor invasiveness. We suggest that the origin of elevated S-
COMP in CHC to be multifactorial. The results from this study indicate that the
biomarker potential of COMP in the longitudinal follow up of chronic liver diseases is
yet to be determined. Further studies encompassing a larger number of patients are
needed. In such studies, S-COMP should ideally be compared with other fibrotic
biomarkers such as hyaluronic acid. Compared to currently available biomarkers of
CHC, COMP correlates poorly with other surrogates of disease severity following
DAA induced SVR. This finding does however not invalidate COMP’s potential as a
biomarker for HCC, as previously suggested in this journal”.

In conclusion, our study indicates that this biomarker’s dynamics in the context of
CHC and possibly also other chronic liver diseases, must be further explored if S-
COMP is to be used in a prospective clinical setting!"’l. The role of S-COMP in relation
to chronic liver disease and the risk of HCC development needs further investigation.
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Figure 1 Direct acting antiviral agents-induced sustain viral response is associated with improvements in liver stiffness, aspartate aminotransferase

platelet ratio index but not in S-cartilage oligomeric

matrix protein. Box-plots on measurements of liver stiffness (A), aspartate aminotransferase platelet ratio

index (B) and S-cartilage oligomeric matrix protein (C), made at baseline (A-C), 4 wk of treatment (B and C), at end of treatment (B and C) and at 1-2 years follow up
(A-C). Center lines show the medians; box limits indicate the 25th and 75th percentiles as determined by R software!'?!; whiskers extend 1.5 times the interquartile
range from the 25th and 75th percentiles, outliers are represented by dots; data points are plotted as open circles. n = 38 for all measurements. APRI: Aspartate

aminotransferase platelet ratio index; COMP: Cartilage

oligomeric matrix protein; EOT: End of treatment.
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