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Introduction
The liver is the largest organ in the human body, the second to 

brain in organ complexity. Liver is the main metabolizing organ in 
the body [1] and displays main digestive function for the metabolism 
of substances such as carbohydrates, fats, proteins, vitamins, and 
hormones. In addition to digestion, it functions in the biodegradation 
of xenobiotics, production of various plasma proteins and production 
of red blood cells during embryonic development [2]. It is mainly 
responsible for the immunologic equilibrium hence any disturbance in 
its function will compromise the immune state [3].

Liver failure is one of the major causes of death worldwide and a 
growing health problem. Liver metastasis remains the leading cause 
of death. The liver remains the most common site of metastases in 
colorectal cancer, with 60% of patients with metastatic disease having 
liver involvement [4]. Liver transplantation or Hepatic transplantation 
is the replacement of a diseased liver with a healthy liver allograft. 
Generally the native liver is removed and replaced by the donor organ 
in the same anatomic location as the original liver, the technique called 
orthotopic transplantation. Orthotopic liver transplantation (OLT) 
is a life-saving procedure for end-stage liver failure [5]. Now-a-days 

liver transplantation has been an accepted method to treat many liver 
disorders. Hepatocellular carcinoma (HCC) is one of the most common 
malignant tumors worldwide [6]. Liver Transplantation is the most 
effective treatment for patients with Hepatocellular Carcinoma as it 
removes the tumor and surrounding cirrhotic tissue which is the main 
risk factor for the development of new tumors [7].

Adult-to-adult living donor liver transplantation is generally carried 
out [8]. The transplantation of liver mainly depends on two factors 
first, the employment of a satisfactory operative procedure and second, 
the use of suitable measures to prevent the immunologic rejection of 
the graft [9]. Throughout the history of liver transplantation many 
improvements have been made in the field of surgical technique [10].

Some of the leading reasons for liver transplantation are as follows-

• 	Autoimmune hepatitis, chronic viral hepatitis, alcoholic liver
disease, metabolic diseases, cholestatic liver disorders, severe
acute liver failure due to viral hepatitis, drug-induced hepatitis
etc are the main causes of Liver transplantation [11].

• 	Hepatitis-B patients with decompensated cirrhosis,
Hepatocellular Carcinoma (HCC) and acute liver failure (ALF)
[12].

• 	Drug-induced liver injury (DILI) is the leading cause of ALF
[13].

• 	Hepatitis-C Virus is the common cause of cirrhosis and liver
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Abstract
Liver failure is one of the major causes of death worldwide and a growing health problem. Now-a-days liver 

transplantation has been an accepted method to treat many liver disorders. Orthotopic liver transplantation (OLT) 
is a life-saving procedure for end-stage liver failure. Liver transplantation has some complications involved such 
as immunosuppression, graft rejection and various side effects. Hepatocellular carcinoma (HCC) is one of the 
most frequently occurring malignancies and orthotopic liver transplantation is not recommended for patients with 
Hepatocellular carcinoma. Today, transplantation is entering a new era characterized by a growing interest in novel 
methods for the treatment of disease that do not necessarily require transferring solid organs between patients. 
Radioembolization (RE) with radiolabeled microspheres, generally Yttrium-90 microspheres is one such novel 
method. In this review, a brief emphasis on radioembolization has been described.
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cancer and is the most common reason for liver transplantation 
[14].

•	 	Hepatitis B or C viruses cause liver cancer [15].

•	 	Hepatocellular carcinoma (HCC), the most common liver 
tumor is a leading cause of mortality [7].

•	 	HIV infection [16].

•	 	Liver Fibrosis [17].

•	 	Liver Inflammation [18] - The triggers of chronic inflammation 
increase cancer risk or progression caused by hepatitis viruses 
for liver carcinoma [19].

•	 	Tumors of the liver such as hepatocellular carcinoma (HCC), 
colorectal liver metastasis (CRLMs) and liver metastases from 
neuroendocrine tumors (NLMs) [20]. 

•	 	Osteopontin (OPN), a secreted phosphoprotein plays a critical 
role in metastasis of liver cancer [21]

•	 	In children, biliary atresia is the most common cause of liver 
failure and the need for a liver transplant. Biliary atresia (BA) 
is a disease in newborns in which the bile ducts are absent, 
damaged, or blocked. As a result, toxic bile builds up in the 
liver, resulting in cirrhosis. BA is the most common indication 
for pediatric liver transplantation [22].

•	 	The excessive use of paracetamol containing pharmaceuticals 
has a negative influence on the metabolic functions of the liver 
[23].

•	 	Chronic exposure to Cadmium (Cd) is also one of the important 
factors for the liver damage [24].

Various biomarkers on cancer cells of liver include EDDR1 
[25], and CD133, a transmembrane glycoprotein as a tumor stem 
cell marker for liver tumors [26] and increased levels of C-Reactive 
Protein (CRP) [27]. The diagnosis of liver diseases can be supported 
by eosinophilia, elevated liver enzymes and hypergamaglubinemia 
(a type of immunoproliferative disorder, medical condition with 
elevated levels of gamma globulin) [28]. Serum glutamic oxaloacetic 
transaminases (SGOT), serum glutamic pyruvic transaminase (SGPT) 
are the most useful measures for hepatocellular damage [29,30]. Liver-
based in vitro modeling provides a good reflection of the hepatic in 
vivo situation [31]. In mice models, it was found that PHO-S (Synthetic 
Phosphoethalomanine) inhibits metastases to liver, increases survival 
rate and decreases tumor volume [32]. Erythropoietin has a protective 
effect on tissue injury of the liver [33].

Immunosuppression and Graft Rejection
Before split or living donor liver transplantation (LDLT), liver 

grafts were generally checked for graft size mismatching [34]. Recent 
advances in immunosuppressive drug regimens have changed the 
outcome of liver transplantation; however graft rejection remains the 
major problem [35]. Liver rejection may happen any time after the 
transplant. After a liver transplantation, there are three types of graft 
rejection that may occur. They include hyperacute rejection, acute 
rejection and chronic rejection. Hyperacute rejection is caused by 
preformed anti-donor antibodies and it occurs within minutes to hours 
after transplantation. Acute rejection is mediated by T cells and involves 
direct cytotoxicity and cytokine mediated pathways. Acute rejection is 

the most common and the primary target of immunosuppressive agents 
and occurs within days or weeks of the transplant. Chronic rejection 
is the presence of any sign and symptom of rejection after 1 year. Like 
most other allografts, a liver transplant will be rejected by the recipient 
unless immunosuppressive drugs are used. Rejection occurs when a 
person’s immune system recognizes the transplanted liver as “foreign” 
and tries to destroy it. Rejection does not always cause noticeable 
symptoms. Elevated liver enzyme levels in the blood may be the first 
sign that rejection is occurring.

Immunosuppressive medications are used to decrease the activity 
of the recipient’s immune response to prevent and treat rejection. 
Transplant recipients must take immunosuppressive medications for 
the rest of their life to prevent rejection. Most liver transplant recipients 
receive corticosteroids. Calcineurin inhibitors are the most commonly 
used immunosuppressive drugs in liver transplantation [36]. The 
introduction of cyclosporine as an immunosuppressive agent improved 
the results and allowed liver transplantation to become the choice of 
treatment for many patients with end-stage liver disease [37].

Immunosuppressive medications can have significant side effects. 
By suppressing the immune system, the medications can make patients 
more susceptible to infections. Unfortunately, these medications cause a 
variety of side effects such as diabetes, hypertension and nephrotoxicity 
which in turn result in significant morbidity and reduced quality of 
life [38]. Long-term use of immunosuppressive medications can also 
increase a person’s risk of developing cancers of the skin and other sites. 

Implications of Liver Transplantation
There are many possible complications of a liver transplant surgery. 

•	 	Massive blood loss and associated blood transfusion remains 
one of the most important factors of perioperative morbidity 
and mortality in orthotopic liver transplantations.

•	 	A massive transfusion of blood and coagulation factors is 
required to compensate rapidly developing acute anemia [39].

•	 	The donors must be checked for the presence of Human T-cell 
Lymphoma Virus (HTLV) before transplantation [40].

•	 	Infections can be one of the causes of morbidity and 
mortality in postoperative liver transplantation (LT), and 
immunosuppression therapy can increase a patient’s risk of 
infection [41].

•	 	New onset diabetes mellitus after transplantation (NODAT) 
is a serious and common complication following solid organ 
transplantation [42].

•	 	NODAT has an adverse impact on patient and graft outcomes 
[42].

•	 	Graft rejection.

•	 	Liver diseases can lead to Breast cancer [43], chronic urticaria, 
and carcinoid syndrome with liver metastases [44].

•	 	Atrazine, a chorotriazine herbicide has been known to cause 
liver damage in humans [45].

•	 	Sometimes Deaths of living liver donors can occur [46].

•	 	Massive pulmonary hemorrhage and other serious 
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cardiopulmonary diseases in patients with fulminant hepatitis 
result not only in graft failure but also mortality after Liver 
Transplantation [47].

There are various novel therapies for the treatment of Liver disorders 
such as Nanotherapy, Stem cell therapy and Radioembolization. In 
this review few drawbacks of Nanotherapy and Stem Cell therapy are 
described and more emphasis is given on Radioembolization.

Nanotherapy- Now-a-days the bioavailability of the nanozyme for 
liver is substantially increased [48]. Larger nanoparticles might be too 
big to pass through small capillaries for drug delivery. In the case of 
particle size, the clearance rate of very small nanoparticles might be high, 
and most of these nanoparticles might end up in the liver making the 
use of targeted nanoparticles impractical and ineffective. Thus selecting 
the right materials and particle size is an important aspect in targeted 
nanoparticles for cancer therapy [49]. The body attempts to remove the 
offending material from circulation through various routes such as the 
various cells and components of the mononuclear phagocyte system 
(MPS) found in the liver [50]. The in vivo biodistribution and urinary 
excretion of spherical PEGylated mesoporous silica nanoparticles 
(MSNs) showed liver distribution [51].

Stem Cell Therapy- Various in vitro and in vivo studies have evaluated 
the safety, feasibility and efficacy of transplanting Mesenchymal Stem 
Cells (MSCs) for clinical trials. Cellular transplantation into animal 
models has demonstrated that MSC can engraft into organs like liver, 
bone, lung and kidney after infusion [52]. Embryonic stem cells have 
the Ethical issues and concerns like Embryo destruction and fetal injury 
to extract the embryonic stem cells as a source to generate new cells 
in the laboratory [53]. Ethical issues and concerns make the reduced 
use of embryonic stem cells as a source to cure liver diseases when 
compared to adult stem cells.

Radioembolization, as a Novel Method
Primary liver cancer is the fifth most common cancer worldwide 

and the third most common cause of cancer mortality. Hepatocellular 
carcinoma (HCC) is one of the most frequently occurring malignancies 
[54]. Orthotopic liver transplantation is not recommended for 
patients with Hepatocellular carcinoma [55]. The use of external beam 
irradiation has historically played a limited role in the treatment of HCC 
due to the radiosensitive nature of normal hepatic tissue [56,57]. Early 
detection of hepatocellular carcinoma (HCC) through surveillance 
programmes allows potentially curative therapies such as resection, 
liver transplantation [58]. The treatment of liver malignancies has 
evolved over recent decades while the patients with liver tumors were 
considered incurable previously. Long term survival and even cure of 
liver tumors has become possible with the advent of safer surgery and 
adjuncts such as radiospheres [20]. 

Today, transplantation is entering a new era characterized by a 
growing interest in novel methods for the treatment of disease that do 
not necessarily require transferring solid organs between patients [59]. 
Radioembolization (RE) with radiolabeled microspheres, generally 
Yttrium-90 microspheres is one such modality. The hepatic artery 
administration of beta-emitting particulate radiopharmaceuticals is an 
attractive approach to deliver therapeutic irradiation to the liver and to 
tumors within the liver [60].

External beam radiotherapy has limited application for the 
treatment of Hepatocellular Carcinoma because of the risk of radiation-

induced liver disease. Transarterial radioembolization with 90Y glass 
microspheres allows selective lobar, segmental or subsegmental 
treatment [61]. Selective internal radiation therapy (SIRT), otherwise 
known as radioembolization is now becoming a common procedure 
performed for those patients with primary hepatic neoplasia such 
as hepatocellular carcinoma and liver dominant metastatic diseases 
such as colorectal liver metastasis (CRLMs) and liver metastases from 
neuroendocrine tumors (NLMs) [62,63].

Radioembolization (RE) is defined as the intra-arterial delivery of 
micron-sized microspheres embedded with a radioisotope that become 
permanently embedded preferentially in a tumor than to normal 
tissues [64] and delivers high dose of radiation to the liver tumors. 
The principle of radioembolization involves the intended deposition 
of radioactivity into microvascular bed of a biologically active tumor 
using a carrier-based delivery mechanism [65]. It is usually offered 
to patients with advanced liver cancers who donot respond for local 
ablation, surgical resection, liver transplantation (LT) or have failed 
other previous treatment as Trans Arterial chemoembolization (TACE) 
or chemotherapy [66]. Radioembolization is used to treat tumors that 
began in the liver or have spread, or metastasized to the liver from 
another part of the body.

RE with Ytrium-90 microspheres is a technique that has been 
developed to target multiple sites of disease within the liver as a form of 
brachytherapy. Unlike most organs, the liver has a dual blood supply: the 
hepatic artery and the portal vein [67]. The tumor derives the majority of 
its blood supply from the hepatic artery and this characteristic ensures 
that the injected microspheres lodge in the tumor microvasculature, 
whereas the normal liver tissue receives its blood supply from the portal 
venous system [68]. SIRT with Y-90 Spheres is useful in reducing or 
stabilizing multiple liver metastases from a variety of tumors [69,70] 
and to treat patients with Hepatocellular Carcinoma [71].

There are few drawbacks and limitations of radioembolization 
technique-

•	 	Chance of infection or allergic reaction at the site of injection of 
the catheter.

•	 	Risk of microspheres being lodged in the wrong place.

•	 	Allergic reactions to contrast material.

•	 	Not recommended for patients with severe liver or kidney 
dysfunction, abnormal blood clotting or blockage of bile ducts.

Adequate patient selection and treatment planning is an important 
criterion for a safe and cost-effective administration of selective internal 
radiotherapy (SIRT) of malignant liver disease using 90Y-labelled 
microspheres [72]. Computer simulation of 90Y-microsphere transport 
in the hepatic arteries is a powerful tool that can determine appropriate 
conditions for the preferential directing/targeting of 90Y-microspheres 
to the tumor sites [73].

Conclusion
Recent advances in diagnosis and treatment of liver disorders have 

improved the mode of liver transplantation. Radioembolization is a 
novel method of treatment for liver malignancies. It is a combination 
of radiation therapy and embolization that helps in effective transfer of 
microspheres to the site of tumor. Microspheres filled with radioactive 
Y-90 isotope become lodged at the tumor site where they deliver a high 
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dose of radiation. It does not cure the disease but helps to slow down 
the growth of the disease. Hence, Radioembolization has become the 
main option for patients where surgery or even liver transplantation 
is not desirable. Now-a-days it is the most common method for the 
treatment of Hepatocellular Carcinoma.
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