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Protocol of Work 

 

Introduction 

Hepatocellular Carcinoma (HCC) is the fifth most common 

tumor worldwide. The epidemiology of HCC exhibits two main 

patterns, one in North America and Western Europe and 

another in non-Western countries, such as those in sub-Saharan 

Africa, central and Southeast Asia. Males are affected more 

than females usually and it is more common between the third 

and fifth decades of life. Hepatocellular carcinoma causes 

662,000 deaths worldwide per year (Kumar et al., 2003). 

 

The rise in incidence and mortality of HCC, most likely 

reflecting the increased prevalence of hepatitis C virus (HCV) 

infection, has recently been observed in most industrialized 

countries (El-Serag et al., 2003).  

 

Egypt has possibly the highest HCV prevalence in the 

world; nearly 10 to 20% of the general populations are infected 

and HCV is the leading cause of HCC and chronic liver disease 

in the country, therefore Egypt has a high risk of development 

of hepatocellular carcinoma (El-Zayadi et al., 2005). 

 

Up to 90% of patients with HCC are neither candidates 

for surgical resection nor for liver transplantation at 

presentation time, because of tumor distribution in both liver 
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lobes, inadequate functional liver reserve associated with co-

morbid cirrhosis or tumor burden, and/or tumor invasion of the 

portal vein (El-Serag et al., 2001). Treatment of inoperable 

HCC is mainly palliative. Many non-surgical treatment 

modalities have been developed and used for the treatment of 

HCC. These include percutaneous ethanol injection (PEI), 

cryotherapy, radiofrequency ablation (RFA), systemic 

chemotherapy, transarterial chemoembolisation (TACE), 

hormonal therapy, immunotherapy, external radiotherapy, and 

radionuclide therapy. PEI and RFA techniques have shown 

some success in the treatment of small HCCs (Iannitti et al., 

2002). The use of cryotherapy, systemic chemotherapy, 

hormonal therapy, immunotherapy, and external beam 

radiotherapy for the treatment of HCC are either ineffective or 

have met with limited success (CLIP Group, 1998). 

 

Transarterial embolization and chemoembolization are 

the most widely used treatments for HCCs which are 

unresectable or cannot be effectively treated with percutaneous 

interventions. Embolizing agents may be administered alone 

(embolization) or after selective intra-arterial chemotherapy 

(generally doxorubicin, mitomycin or cisplatin) or in 

combination with lipiodol (chemoembolization). TACE could 

delay tumor progression and vascular invasion, and prolongs 
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the survival time compared to conservative management 

(Llovet and Bruix, 2004).   

 

The most important aspect is the selection of TACE 

patients, i.e., patients should have preserved liver function 

(Child A) and asymptomatic multinodular tumors without 

vascular invasion or extrahepatic spread (Llovet and Bruix, 

2004). 

 

External radiation plays only a minor role in the 

treatment of primary HCC, selective intra-arterial injection of 

Iodine-131-labeled lipiodol has been performed in some 

patients (Risse et al., 2000) but needs further clinical evaluation 

before a recommendation can be made. Furthermore, high dose 

proton beam radiotherapy and external beam radiation as well 

as Yttrium-90 microsphere treatment have been recently 

explored in clinical trials in patients with unresectable HCC 

(Fuss et al., 2004). These strategies will certainly be further 

explored in clinical studies and may become a treatment option 

in future. 

 

Yttrium-90 glass microsphere is a new hopeful adjuvant 

in treatment of hepatocellular carcinoma, on the base of 

preferential hepatic arterial flow and hypervascularity of tumor 

relative to normal liver parenchyma. Given preferential 

distribution of the Yttrium-90 microspheres to tumor, and the 
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local (β) radiation emitted, high level of radiation beyond that 

possible with external beam radiation can be delivered with 

minimal exposure to normal liver parenchyma (Kulik et al., 

2006; Salem and Thurston, 2006).  

 

Aim of the work 

The purpose is to standardize the indications, techniques and 

treatment approaches to be used for Yttrium-90 glass 

microsphere hepatic brachytherapy. As well as to evaluate the 

radiological response of the tumor and liver state before and 

after treatment according to Child Pugh classification, Okuda 

staging, CLIP classification, Barcelona (BCLC) staging system 

and the Response Evaluation Criteria in Solid Tumors RECIST.  

 

Patients and Methods 

Starting from January 2008, in the Hepatology and 

Gastroenterology department, University of Essen (Germany). 

The diagnosed unresectable hepatocellular carcinoma patients 

will be treated by Yttrium-90 glass microspheres via 

transarterial radioembolization with the following inclusion and 

exclusion criteria. 

 

Planning Procedure 

All selected patients will undergo routine clinical history, 

physical examination, complete blood picture, liver function 

and renal function tests. In addition to serum Alpha-fetoprotien 



Protocol of Work 

 

 �  

(AFP), biopsy from the lesion whenever is recommended, 

radiological diagnostic procedures such as (abdominal 

ultrasound, contrast ultrasound, CT-scan, MRI and Hepatic 

angiography). Three Therasphere specific tests are also 

preformed before treatment, they are: 

 

• CT-scan of chest and abdomen, with algorithm for 

calculation of the volume of each liver lobe, which is 

necessary for determine the dose of Theraspheres to be 

given. 

 

• Planning celiac and hepatic angiography to define the 

vascular anatomy, to determine blood supply arise from the 

right or left hepatic artery to the gallbladder, stomach or 

intestine. To avoid radiation damage by coiling the feeding 

vessels before therapy. 

 

• Technetium-99m-macro-aggregated albumin scan is 

preformed after injecting Tc-99m MAA through the right 

and left hepatic artery at time planning for angiogram, to 

calculate the radiation percent that might go to the lung via 

the artero-venous shunt, after concomitant single photon 

emission tomography (SPECT) scan. Patients with 

calculated lung dose > 16.5 mCi of Yttrium-90 are 

considered to be at higher risk to radiation pneumonitis. 
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Inclusion Criteria: 

• Early cirrhosis in child A and early child B according to 

Child Pugh classification. 

• Diagnosis of hepatocellular carcinoma by pathological 

examination or by one and/or two imaging studies 

(Computed tomography CT, Magnetic resonance imaging 

MRI or PET-scan) with or without elevated Alpha-

fetoprotein (AFP) level. 

• Ineligibility for surgical liver resection or transplantation. 

• Eastern Cooperative Oncology Group (ECOG) performance 

less than 3. 

Patients will not be excluded based on age, presence of portal 

vien thrombosis, vascular invasion, portosystem shunts, 

hepatofugal flow, or limited extrahepatic disease. 

  

Exclusion Criteria: 

After evaluation, patients will not be considered for treatment if 

they have the following data: 

• Biopsy proves non hepatocellular carcinoma lesion confined 

to the liver. 

• Bilirubin more than 2 mg/dl. 

• Creatinine more than 2 mg/dl. 

• Platelets less than 60,000/mm
3
. 

• Absolute granulocytes less than 1,500 /µl. 

• Lung shunt more than 16.5 mCi. 
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Introduction 

 

Yttrium-90 microspheres are 20 – 40 µm particles that emit β-

radiation. Because the microspheres are delivered via the 

hepatic arterial route, the process can be considered as internal 

rather than external radiation.  

 

The treatment algorithm is analogous to that followed 

with transarterial chemoembolization (TACE). Clinical history, 

physical examination, laboratory values, and performance status 

(PS) are evaluated. Patients’ conditions are initially evaluated 

and their disease is staged with cross-sectional imaging 

techniques: computed tomography (CT), magnetic resonance 

imaging (MRI), and/or positron emission tomography (PET). 

When a patient is considered a possible candidate for therapy, 

evaluation with mesenteric angiography followed by treatment 

on a lobar basis is undertaken. Patients are followed up 

clinically to assess toxicities and response before treatment of 

the other lobe is undertaken. 

 

TheraSphere (glass microsphere; MDS Nordion, 

Kanata, ON, Canada) was approved in 1999 by the U. S. Food 

and Drug Administration (FDA) under a humanitarian device 

exemption for the treatment of unresectable hepatocellular 

carcinoma (HCC) in patients who can have appropriately 

positioned hepatic arterial catheters. Medical professionals are 
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directed to the published FDA guidance documents on 

humanitarian device exemptions for uses in diseases other than 

HCC. SIR-Spheres (resin microsphere; Sirtex Medical, Lane 

Cove, Australia) were granted full premarketing approval in 

2002 by the FDA for the treatment of colorectal metastases in 

conjunction with intrahepatic floxuridine. So the use of 

Yttrium-90 for the primary and secondary treatment of liver 

malignancies is not investigational or experimental. Given the 

FDA approval for both devices, their use in HCC and colorectal 

cancer represents their approved indication (Salem et al., 

2006a).  
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Aim of the work 

 

The purpose is to standardize the indications, techniques and 

treatment approaches to be used for Yttrium-90 glass 

microsphere hepatic brachytherapy. As well as to evaluate the 

radiological response of the tumor and liver state before and 

after treatment according to Child Pugh classification, Okuda 

staging, CLIP classification, Barcelona (BCLC) staging system 

and the Response Evaluation Criteria in Solid Tumors RECIST.  

 

Primary End Point: 

The general aim of this study is to determine the efficacy, 

effectiveness and safety/toxicity of the radioembolization of 

Yttrium-90 glass microspheres for the intermediate stage 

(which are not applicable for TACE) and advanced stage HCC. 

Primary objective will be the evaluation of overall survival 

(OS). 

 

Secondary End Points: 

• Time to radiological progression.  

• Over all radiological response. 

• Adverse events and any other safety measures. 
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HEPATOCELLULAR CARCINOMA 

 

Hepatocellular carcinoma (HCC) is the most common form of 

liver cancer in adults. It accounts for about 75% of primary liver 

cancers. It has great heterogeneity with respect to tumor 

behavior and disease of the underlying liver. The main 

difficulties regarding evaluation of tumor responses, assignment 

of severity of disease, and measurement of treatment outcomes 

in HCC relate to the fact that 80% of patients with HCC have 2 

diseases, each of which, independently, may cause death; 

namely the cancer and the underlying cirrhosis (Carr, 2004a). 

 

Epidemiology:  

Hepatocellular carcinoma (HCC) is the fifth most common 

malignancy in the world (El-Serag, 2002) and the second most 

common cancer of the digestive tract, after cancer stomach. An 

estimated 564,000 new cases are diagnosed annually and it 

causes an estimated 1,250,000 deaths every year worldwide. 

HCC constitutes 7.5% of all cancer types in males and is the 

fifth most frequent cancer site for males after lung, prostate, 

stomach and colorectal cancer. For females, it is the eight most 

common, accounting for 3.5% of all cancer types. Its incidence 

is increasing worldwide ranging between 3% and 9% annually 

(Velazquez et al., 2003). The prevalence and geographical 

distribution of HCC have been described in terms of age 
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adjusted incidence rates, mortality and relative frequency i.e. 

the percentage of each type of cancer in total series. Countries 

with highest age-adjusted incidence rates are those of South 

East Asia as 70 percent of HCC cases occur in Asia. HCC is 

fairly common in most countries of central and southern 

Europe. More than 5 cases /100,000/year are reported in Italy, 

Romania, Spain and Portland. Conversely, HCC risk is low, less 

than 3 cases, in all northern Europe countries, North America 

and Australia (Globocan, 2001). 

 

A trend toward higher incidence rates of HCC has been 

documented in several developed countries, mainly as a result 

of increased population exposure to environmental risk factors 

and a decline in serious illnesses that compete with HCC as a 

cause of mortality (Bosch et al., 2004). In United States (USA), 

the incidence of HCC is rising. Nine cancer registries reporting 

via the National Cancer Institute showed a 41% rise in mortality 

from primary liver cell cancer between 1980 and 1995 with a 

70% rise in overall incidence (Taylor-Robinson et al., 1997).  It 

was also reported the overall age-adjusted incidence rates of 

hepatocellular carcinoma in USA increased from 1.4 per 

100,000 in 1975 to 1977 to 3.0 per 100,000 in 1996 to 1998. 

There was a 25% increase during the last 3 years of the study 

compared with the preceding 3 years (1993 to 1995). The 

increase affected most age groups above 40 years, with the 
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greatest increase in the 45- to 49-yearold age group. Much of 

this increase is likely due to hepatitis C infection (El-Serag and 

Mason, 1999).  

 

Similar trends in the incidence of HCC have been 

observed in Italy, France, the United Kingdom, Canada, 

Australia, and Japan (Bosch et al., 2004). The increase in HCC 

incidence in the developed world, perhaps related to the 

prevalence of hepatitis B and C infections, the commonest 

associations of hepatocellular cancer (Sherlock and Dooley, 

2002). Age at diagnosis varies widely according to geographic 

distribution. In the far east and the sub-Saharan Africa, HCC 

often appears as early as the third or fourth decades of life as it 

is most commonly associated with chronic hepatitis B virus 

infection, whereas in the west, it tends to appear later in life and 

to be more often associated with HCV or other causes of 

chronic liver disease (Bosch et al., 2004).  

 

In almost all parts of the world, men are more susceptible 

to HCC than are women. Out of the 564,000 new cases of HCC 

diagnosed each year, 398,000 are estimated to occur in males 

and 166,000 in women (Globocan, 2001). In high-risk areas 

(China, sub-Saharan Africa, Japan), the difference between 

genders is more pronounced, with male-to-female ratios as high 

as 8:1 whereas, the is approximately 2:1 to3:1 in population 

with low incidence of HCC. The causes of the gender 
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differences have not been established, although endocrine 

control of carcinogen metabolism has been suggested (Carr, 

2004a).  

  

 In Egypt, the annual proportion of HCC showed a 

significant rising trend from 4.0% in 1993 to 7.2% in 2002 (El-

Zayadi et al., 2005). 4.7% of chronic liver disease patients in 

Egypt suffer from HCC. The development of HCC is mainly 

due to high rates of hepatitis B and C infections among 

Egyptian patients (El-Zayadi et al., 2005).  

 

 The frequency of HCC cases attending the National 

Cancer Institute steadily increased from 1993 up to 1999 

(Mohmad et al., 2000). There is significant increase in the age 

specific incidence rates starting at the age of 40 years.  It is now 

becoming the 2nd most frequent cancer site for males after 

bladder constituting 13% of all cancers. For females, it is the 6th 

constituting 5.1% of all cancers (National Cancer Institute, 

2004).  

 

 Liver cancer represents the first cancer of the digestive 

system in Egypt being responsible for 45% of cancer related to 

this system (National Cancer Registry, 2002). Liver cancer is 

the number one cause of death from among all other cancer sites 

(Cancer Database, Egypt 2002). 
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STAGING AND SCORING SYSTEMS OF HCC 

 

Child-Pugh Staging System 

The Child-Pugh score is the best established method to predict 

the risk for postoperative liver failure occurring in patients with 

HCC undergoing surgical treatment. But the validity of this 

system has never been established as it cannot be accurate 

because it only considers liver function (Bruix and Shermann, 

2005). 

 

Table (1): Child-Pugh Score (Mor et al., 1998): 

Points 
Criterion 

1 2 3 

Serum bilirubin (mg/dL) 

For PBC or PSC 

< 2 

< 4 

2-3 

4-10 

> 3 

>10 

Serum albumin (g/dL) > 3.5 2.8-3.5 < 2.8 

Ascites None 

Slight or  

easily 

controlled 

Moderate 

or poorly 

controlled 

Encephalopathy None Grade 1-2 Grade 3-4 

Prothrombin time 

Prothrombin concentration 

(INR) 

< 4 sec 

> 60 % 

< 1.7 

4-6 sec 

40-60 % 

1.7-2.3 

> 6 sec 

< 60% 

> 2.3 

 
 

Note: Child-Pugh class A: 5-6 points; Child-Pugh class B: 7-9 

points, Child-Pugh class C: 10-15 points. INR: international 

normalized ratio. PBC: primary biliary cirrhosis. PSC: primary 

sclerosing cholangitis. 
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Okuda staging system 

The first staging system was developed by (Okuda et al., 1985) 

in a study on 850 patients with HCC. The stage of disease is 

based on the number of positive values: Stage I: no positives; 

Stage II:  1 or 2 positives; Stage III: 3 or 4 positives. It allows 

the identification of end stage disease, but is unable to 

adequately stratify patients with early or intermediate stage 

disease (Bruix and Shermann, 2005). 

 

Table (2): Okuda Staging Variables (Okuda et al., 1985) 

 

Staging Criteria Positive Negative 

Tumor size (% of liver volume) ≥ 50% < 50% 

Ascites Detectable Absent 

Serum albumin < 3 g/dL > 3 g/dL 

Serum bilirubin ≥ 3 mg/dL < 3 mg/dL 

 

 

Tumor, Node and Metastases (TNM) Staging System: 

The American Joint Committee on Cancer (AJCC) has 

designated TNM system to describe the stages of liver cancer.   

 

T Stages: T staging takes into account the number of tumors, 

the size of the tumors, whether the tumors invade blood vessels 

(vascular invasion), and whether the tumors invade nearby 

organs. Tx: The primary tumor cannot be assessed. T0: There is 
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no evidence of a primary tumor. T1: Single tumor (any size) 

without vascular invasion (invasion into blood vessels). T2: 

Single tumor (any size) with vascular invasion or multiple 

tumors where none are greater than 5 cm. T3: Multiple tumors 

more than 5cm, or a tumor involving a major branch of the 

portal or hepatic vein(s). T4: Tumor invading a nearby organ 

(other than the gallbladder), or with perforation of visceral 

peritoneum (Vauthey et al., 2002).  

 

N Stages: N staging describes whether the cancer has invaded 

regional (nearby) lymph nodes. Nx: Regional lymph nodes 

cannot be assessed. N0: No regional lymph nodes metastases. 

N1: Regional lymph nodes metastases (Vauthey et al., 2002).  

 

M Stages: M staging describes whether the cancer has 

metastasized (spread) to distant lymph nodes or to other organs 

in the body. The most common sites of liver cancer spread are 

the lungs and bones. Mx: Distant spread cannot be assessed. 

M0: No distant metastases. M1: Distant metastases (Vauthey et 

al., 2002).  

 

A recent modification of this scoring system was done by 

taking the degree of liver fibrosis into account which was 

applied for patients who will undergo resection. F0: No to 

moderate fibrosis. F1: severe fibrosis to cirrhosis (Vauthey et 

al., 2002; Bruix and Sherman, 2005). 
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Table (3): TNM Staging (Wu et al., 2001; Vauthey et al., 2002). 

Stage Primary tumor Nodal status Distal metastases 

I T1 N0 M0 

II T2 N0 M0 

IIIa T3 N0 M0 

IIIb T4 N0 M0 

IIIc Any T N1 M0 

IV Any T Any N M1 

 

The TNM system still does not have adequate prognostic 

accuracy. In addition, its use is limited because it is based on 

pathological findings and liver function is not considered 

(Bruix and Sherman, 2005).  

 

Cancer of the Liver Italian Program (CLIP) 

 

The Cancer of the Liver Italian Program (CLIP) has proposed a 

new scoring system in 1998, the CLIP score, which includes 

assessment of both tumor characteristics and hepatic functional 

reserve. It is easy to calculate and appears to give more precise 

information than the Okuda system (Levy and Sherman, 2002). 

CLIP score has displayed a unique superiority in predicting the 

tumor early and late recurrence (tumor factors are linked to 

early recurrence, whereas the nontumorous liver status is linked 
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to late recurrence) and prognosis in the patients with HCC after 

resection (Zhao et al., 2002).  

Table (4): CLIP Score (Levy and Sherman, 2002). 

Variable 0 1 2 

Child-Pugh A B C 

Tumor 

morphology 

Uninodular and 

extension < 50% 

Multinodular and 

extension < 50% 

Massive or 

extension > 50% 

AFP < 400 > 400  

PVT No Yes  

CLIP 0, 0 points; CLIP 1, 1 point; CLIP 2, 2 points, up to 6 points. Early stage (0 

point); Intermediate stage (1-3 points); Advanced stage (4-6). PVT: portal vein 

thrombosis. 

 

The Modified Cancer of the Liver Italian Program (CLIP) 

Staging System Using PIVKA-II 

  

In the modified CLIP, scoring of AFP was replaced by that of 

protein induced by vitamin K absence or antagonist II (PIVKA-

II; predictive value, ≥ 400 mAU/ml) (Nanashima et al., 2003). 

PIVKA-II plays an important role in progression of HCC and is 

better than AFP at predicting and reflecting the invasive 

characteristics of HCC. So, PIVKA-II is useful not only as a 

tumor marker but also as a prognostic factor (Ajisaka et al., 

2003). The modified CLIP scoring system provides more 

accurate prognostic information than the CLIP scoring system. 

It may help physicians decide more appropriate clinical and 

therapeutic management (Nanashima et al., 2003). 
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The Barcelona Clinic Liver Cancer (BCLC) staging system: 

 

Table (5): BCLC practical staging of HCC (Llovet, 2005): 

BCLC 

stage 
PST Tumor stage 

Okuda 

stage 
Liver Function 

 Early Stage HCC 

A1 0 Single, <5 cm I 

No portal 

hypertension and 

normal bilirubin 

A2 0 Single, <5 cm I 
Portal hypertension 

and normal bilirubin 

A3 0 Single, <5 cm I 

Portal hypertension 

and abnormal 

bilirubin 

A4 0 
3 tumors 

<3cm 
I-II Child-Pugh A–B 

 Intermediate HCC 

Stage B 0 
Large 

multinodular 
I-II Child-Pugh A–B 

 Advanced HCC 

Stage C 

 
1-2 

Vascular 

invasion or 

extrahepatic 

spread 

I-II Child-Pugh A–B 

 End stage HCC 

Stage D 3-4  III Child-Pugh C 

 

Stage 0: Patients with PS 0, Child-Pugh A, Okuda 1. 

* Very early [stage (0)]: Single nodule < 2 cm 

Stage A-C: Okuda 1-2, PS 0-2, Child-Pugh A-B. 

* Early [stage (A)]: Single or 3 nodules < 3 cm, PS 0.  

* Intermediate [stage (B)]: Multinodular, PS 0. 

* Advanced [stage (C)]: Portal invasion, NI, MI, PS 1-2. 

Stage D: Okuda 3, PS > 2, Chid-Pugh C. 

* Terminal [stage (D)]. 
 



Review of Literature – Chapter 1 

 

 14 

Recently, Marrero et al. and Grieco et al. have compared 

all systems available and validated the BCLC system in U.S. 

and Italian patients, respectively (Grieco et al., 2005; Marrero 

et al., 2005). The Barcelona-Clinic- Liver-Cancer (BCLC) 

system (Bruix et al., 2004) was developed based on the 

combination of data from several independent studies 

representing different disease stages and/or treatment 

modalities. It includes variables related to tumor stage, liver 

functional status, physical status which is assessed by the 

performance status score (PS) of World Health Organization 

and cancer related symptoms (Sorensen et al., 1993).  

 

Treatments for Hepatocellular Carcinoma 
 

An understanding of the natural history and prognostic factors 

in atients with HCC is essential for the design of clinical trials, 

analysis of statistical power, and appropriate patient 

stratification. The natural history and outcomes of HCC 

according to treatment have been previously established by the 

AASLD (Bruix and Sherman, 2005) and the European 

Association for the Study of the Liver (EASL) practice 

guidelines (Bruix et al., 2001).  

 

Those guidelines also established noninvasive diagnostic 

criteria for HCC that the expert panel accepted for trial design. 

Once a diagnosis has been made, patient prognosis will vary 
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according to disease stage and treatment received. The main 

prognostic factors are related to tumor status (defined by the 

number and size of nodules, the presence or absence of vascular 

invasion, and the presence or absence of extrahepatic spread), 

liver function (defined by Child – Pugh class, serum bilirubin 

and albumin levels, and portal hypertension), and general health 

status (defined by Eastern Cooperative Oncology Group 

[ECOG] classification and presence of symptoms). Etiology is 

not an independent prognostic factor. 

 

Several classification systems are available for HCC. The 

Barcelona Clinic Liver Cancer (BCLC) classification (Table 5) 

has emerged during recent years as the standard classifi cation 

that is used for trial design and clinical management of patients 

with HCC (Llovet et al., 2002a; Llovet et al., 2003). This 

classification has been endorsed by an EASL panel of experts 

and the AASLD guidelines (Bruix et al., 2001; Bruix and 

Sherman, 2005) and has been externally validated in European 

and American patient cohorts (Marrero et al., 2005; Cillo et al., 

2006). 

 

The BCLC classification links stage stratification with a 

recommended treatment strategy and defines standard of care 

for each tumor stage. The less frequently used Tumor–Node–

Metastasis (TNM) – American Joint Committee on Cancer 

classification is based on vascular invasion status as defined by 
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pathological examination (Vauthey et al., 1995) and does not 

take into account the functional status of the liver, both of 

which are limitations for widespread clinical use. No 

established clinically applicable biological or genetic markers 

associated with clinical outcomes have been defined to classify 

patients with HCC. The natural history and current therapeutic 

strategies for patients within different BCLC categories are 

shown in Figure 1  (Kamath et al., 2001). 

 

Early Stages 
 

The natural history of early HCC (stage 0 and stage A) is 

unknown because most patients with early-stage HCC are 

treated with potentially curative therapies (resection, liver 

transplantation, or local ablation, either with radiofrequency 

[RF] or percutaneous ethanol injection [PEI]) that are 

associated with 5-year survival rates of 50% – 70%  (Llovet et 

al., 2003; Llovet et al., 2005). The best actual outcome reported 

in untreated patients with Child – Pugh class A disease and with 

single tumors is 20% survival at 5 years (Villa et al., 2000). No 

specific RCTs comparing curative therapies with best 

supportive care have been conducted because it is assumed that 

treatment improves life expectancy. 

 

Direct comparisons between resection and local ablation 

have yielded inconsistent results, whereas comparisons of 
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resection with liver transplantation are based only on cohort 

studies and case series, which are prone to treatment selection 

biases. Although positive results have been reported for 

adjuvant therapies such as retinoids, interferon, and other 

treatments in isolated RCTs, no adjuvant therapies are currently 

accepted as the standard of care for HCC patients who have 

undergone complete resection or local ablation. Furthermore, 

the role of neoadjuvant therapies in patients awaiting liver 

transplantation remains unclear (Bruix and Sherman, 2005). 

These are gray areas of research that represent an unmet clinical 

need. 

Prognostic factors that have been identified in surgical 

case series of patients with early-stage HCC are size of the 

main nodule, multicentricity (single nodule ≤ 2 cm, single 

nodule 2 – 5 cm, two or three nodules ≤ 3 cm), and liver 

function, as assessed by portal hypertension and serum bilirubin 

(Llovet et al., 2005). 

 

 The Child – Pugh classification is used for prognosis 

estimation in patients undergoing percutaneous ablation. 

Patients with early tumors rarely present with cancer-related 

symptoms. In liver transplantation case series, variables related 

to early HCC status (single tumor ≤ 5 cm or three nodules 

≤3cm) — the so-called Milan criteria — define good prognosis 

(Mazzaferro et al., 1996). 



Review of Literature – Chapter 1 

 

 18 

 

 
 
 

 

 



Review of Literature – Chapter 1 

 

 19 

Intermediate to Advanced Hepatocellular Carcinoma 

 

The prognosis of patients with unresectable HCC has been 

assumed to be poor, with median survival of less than 1 year. 

The 1- and 2-year survival rates of untreated patients randomly 

assigned to the control arm in 25 RCTs ranged from 10% to 

72% and from 8% to 50%, respectively (Llovet and Bruix, 

2003). These widely discrepant figures likely reflect the 

inclusion of patients with differing stages of the disease. 

 

Indeed, the BCLC classification further stratifies patients 

with unresectable HCC into three categories: intermediate 

(stage B), advanced (stage C), and end stage (stage D) (Llovet 

et al., 1999; Llovet et al., 2003). Untreated patients with 

intermediate-stage HCC (multinodular asymptomatic tumors 

without vascular invasion or extrahepatic spread) have a median 

survival of approximately 16 months (Llovet and Bruix, 2003). 

Chemoembolization improves median survival to 19 – 20 

months in RCTs and is considered the standard of care (Llovet 

et al., 2002b; Llovet and Bruix, 2003).  

 

Untreated patients with advanced-stage disease (ie, 

ECOG performance status 1 or 2 and/or vascular invasion or 

extrahepatic spread) have a median survival of 6 – 7 months. 

Among this group, outcomes vary according to Child – Pugh 

class. Recently, sorafenib — a multitarget tyrosine kinase 
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inhibitor - was found to improve survival of patients with 

advancedstage HCC (median overall survival was 10.7 months 

for sorafenib vs 7.9 months for placebo, P = .0006) (Llovet et 

al., 2008b). Sorafenib was approved by regulatory agencies 

during 2007 and is likely to become the new standard systemic 

therapy for HCC patients with advanced disease. 

 

End-Stage Hepatocellular Carcinoma 

 

Patients who present with end-stage disease (stage D) have high 

HCC tumor burden associated with an ECOG performance 

status of 3 or 4. These patients have a reported median survival 

of only 3 months (Llovet et al., 2003). Similarly, Child Pugh 

class C patients with HCC who are unsuitable for 

transplantation also have a very poor prognosis. 
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Overview on Radioembolization 

 

Radioembolization is defined as the injection of micron-sized 

embolic particles loaded with a radioisotope by use of 

percutaneous transarterial techniques.  

 

There are two distinct aspects to the procedure. The first 

is the injection of embolic particles (ie, “embolization”) as the 

vehicle; the second is the delivery and administration via this 

embolic vehicle of radiation (“radio-”). Fluoroscopic guidance, 

angiographic endpoints of embolization and stasis, and the need 

to modify this on the basis of angiographic findings make this 

treatment a true embolization procedure.  

 

In addition, dosimetry planning, the administration and 

delivery of radiation, modification of dose on the basis of tumor 

and hepatic volume, and the required knowledge of radiation 

effects on tissue make this a brachytherapy procedure as well.  

 

Although the term “selective internal radiation therapy” 

has also been used to describe this therapy, “radioembolization” 

more accurately describes the actual mode of action of Yttrium-

90 microspheres according to the rationale described.  

 

Hence, for technologies that require embolic particles to 

carry radioisotopes to the targeted tumors, we propose that the 

term “radioembolization” be formally recognized. HCC 
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represents one of the most common forms of cancer, with more 

than 1 million new cases estimated annually worldwide. 

Hepatocellular carcinoma has a high incidence rate all over the 

world. Traditionally, these patients have had few treatment 

options (Salem and Hunter, 2006).  

 

The safety and therapeutic benefit of Yttrium-90 

microspheres for HCC is well documented in the literature (Lau 

et al., 1994; Lau et al., 1998; Cao et al., 1999). The evaluation 

of unresectable HCC is significantly different from that of 

metastatic disease. Curative options include liver transplantation 

and resection (Llovet, 2004).  

 

Unfortunately, only 10%–15% of patients are candidates 

for curative therapy (Llovet, 2004). Ideal candidates for 

treatment with Yttrium-90 microspheres include patients with a 

performance status (PS) of 0–2, intact liver function, and a 

patent portal vein. Unlike patients with metastatic disease to the 

liver, pathologic confirmation of HCC is not always necessary 

and may be established in patients with classic history (ie, 

alcohol or viral hepatitis), imaging findings (ie, hypervascular 

tumors, cirrhosis) and a serum Alpha-fetoprotein level greater 

than 400 ng/mL (Bruix et al., 2001).  
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Patient Screening and Selection 

 

Clinical Presentation and Imaging Correlates in HCC  

The selection process for patients undergoing Yttrium-90 

treatment is multifactorial. Simply put, ideal patients should 

have liver-dominant disease, minimal comorbidities, and 

normal liver function test results. Patients with HCC may have a 

clinical history of viral (hepatitis B or C virus) or alcoholic 

cirrhosis. In rare instances, patients may present with cirrhosis 

of uncertain cause, a condition often referred to as nonalcoholic 

steatohepatitis (Cortez-Pinto and Camilo, 2004). Depending on 

the severity of the disease, patients can manifest other sequelae 

of cirrhosis such as encephalopathy, ascites, and portal 

hypertension with or without portal vein thrombosis. Patients 

with HCC may have varied surgical and therapeutic histories, 

including previous resection, radiofrequency ablation, or TACE. 

 

Evaluation of a patient for possible treatment with 

Yttrium-90 should be driven by the patient’s ECOG PS rather 

than the clinical disease stage. It has been the most reliable 

indicator of a patient’s ability to tolerate Yttrium-90 treatment 

(Jerusalem et al., 2005; Salem et al., 2005).  

 

From a practical standpoint, patients with an ECOG PS of 

0–2 (equivalent to Karnofsky score of ≥ 60%) should be 

considered for therapy (Table 6). For patients who do not fulfill 
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this criterion, the decision to treat should be based on individual 

patient evaluation and clinical judgment. Clinical considerations 

in these patients include the degree of hepatic compromise and 

imaging findings. Hepatocellular Carcinoma findings on 

imaging are quite variable (Kim et al., 2005a). 

 

Table (6): ECOG Performance Status and Karnofsky Score 

ECOG 

Scale 
Characteristics 

Equivalent 

Karnofsky 

Score (%) 

0 Asymptomatic and fully active 100 

1 
Symptomatic; fully ambulatory; 

restricted in physically strenuous activity 
80-90 

2 

Symptomatic; ambulatory; capable of 

self-care; ���� 50% of waking hours are 

spent out of bed 

60-70 

3 
Symptomatic; limited self-care; spends 

���� 50% of time in bed 
40-50 

4 
Completely disabled; no self-care; 

bedridden 
20-30 

 

If ultrasound (US) is the initial diagnostic modality, additional 

cross-sectional imaging should be performed. Other than 

operator dependence, altered hepatic echotexture can result in a 

high false negative rate, especially for smaller lesions. Also, in 

some cases, infiltrative tumors can be misdiagnosed as peliosis 

hepatis (Alobaidi and Shirkhoda, 2004). For patients with 

cirrhosis, any hepatic mass should be considered a 
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hepatocellular carcinoma until proven otherwise, warranting 

further investigation. 

 

Triphase CT is highly sensitive in the detection of 

hepatocellular carcinoma (Lim et al., 2002). Because many of 

these tumors are hypervascular, scanning in the early phases 

allows for detection. Later phase imaging is necessary to detect 

other less vascular lesions and multifocality, as well as to 

identify portal vein patency (Lim et al., 2002). Alternatively, 

MR imaging can also be used to identify and characterize HCC 

lesions, with specific attention to diffusion weighted imaging 

sequences and oxygenation (Kim et al., 2004; Rhee et al., 

2005a).  

 

The diagnosis of HCC can be confirmed by invasive 

means (ie, fine needle aspiration or core biopsy) or non-invasive 

means (ie, imaging criteria, Alpha-fetoprotein level ≥ 400 

ng/mL) (Bruix et al., 2001). If HCC can be diagnosed 

according to imaging and biochemical criteria, biopsy should be 

avoided, given the risk of tract seeding after percutaneous 

needle aspiration or biopsies (Llovet et al., 2001). CT and MR 

imaging are useful in the post-treatment identification of 

necrosis and cell death, allowing assessment of tumor response 

to Yttrium-90 therapy (Geschwind et al., 2000; Bruix et al., 

2001). 
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 On the basis of a retrospectively performed review of 

historical data, Okuda et al (1985) developed a staging system 

for patients with HCC. From this, historical controls were 

developed, and median survival for untreated HCC was 

estimated to be 3–6 months. The variability results in part from 

the late stage of disease with which many of these patients 

present. With proper screening of patients at high risk, it is 

possible to detect hepatocellular carcinoma at the point at which 

adequate hepatic reserve is present. The ideal patient for 

Yttrium-90 therapy has less than 50% tumor burden, no ascites, 

normal bilirubin level, and albumin level greater than 3 g/dl, 

translating into Okuda stage I.  

 

 Although the lobar treatment approach increases the 

safety profile of Yttrium-90 therapy, patients with increased 

liver function test results should be treated cautiously. In these 

patients, if the tumor can be isolated angiographically, 

segmental/subsegmental infusion (just as with TACE) should be 

undertaken to provide therapeutic benefit (such as downstaging 

for transplantation, radiofrequency ablation, or resection) while 

minimizing the risk of hepatic decompensation (Rhee et al., 

2005b). Recently, other staging systems have supplanted the 

Okuda system, such as the Cancer of the Italian Liver Program, 

Child-Pugh, or Barcelona Clinic Liver Cancer systems (Toyoda 

et al., 2005).  
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 HCC should be staged appropriately to provide valuable 

prognostic information. The patient’s condition should be 

quickly assessed for possible resection or transplantation. If not, 

it is possible that the patient might be a candidate for down-

staging of HCC. Because the majority of HCC patients have 

unresectable disease, palliative options such as TACE, drug-

eluting microspheres, and Yttrium-90 treatment may be 

considered (Kulik et al., 2006). 

 

Hepatic angiography and its vascular anatomy 

Given the propensity for arterial variants and hepatic tumors to 

exhibit arteriovenous shunting, all patients being evaluated for 

Yttrium-90 must undergo pretreatment mesenteric angiography 

(Salem et al., 2002; Liu et al., 2005; Rhee et al., 2005b). A 

meticulous, detailed, and power-injection imaging of the hepatic 

and visceral vasculature should be performed in all patients 

before treatment. Vessels that must be interrogated include the 

celiac artery, common and proper hepatic arteries, 

gastroduodenal artery (GDA), and right and left hepatic arteries. 

Knowledge of the arterial anatomy allows for the administration 

of Yttrium-90, with one treatment to each target vascular bed 

(usually the hepatic lobe or segment) at 30- to 60-day intervals. 

However, when variants are present, treatment plans must be 

tailored to ensure safe and accurate delivery of Yttrium-90 

microspheres. For instance, in some cases, a middle hepatic 
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artery may be present, usually arising from the right hepatic 

artery. Despite accurate catheter placement, this anatomy may 

preclude delivery of Yttrium-90 to the segment supplied by the 

middle hepatic artery, given the flow dynamics. Therefore, three 

treatments (one each to the right, middle, and left hepatic 

arteries) may be necessary to cover the entire liver. Another 

example might include a patient with an accessory right hepatic 

artery, necessitating a third treatment (left hepatic [segments 2–

4], right hepatic [segments 5/8], and accessory right hepatic 

[segments 6/7]) (Liu et al., 2005).  

 

 Pretreatment angiography allows for accurate 

calculation of the target volumes which deserve special 

attention. Irrespective of the Yttrium-90 agent used, it is 

imperative that dosimetry calculations be based on the volume 

of the target vascular bed supplied by the artery to be 

catheterized. For instance, the simplest scenario might include a 

patient with standard anatomy, with single right and left hepatic 

arteries. In this case, if the lesions to be treated are located 

within the right lobe, the target volume includes the entire right 

lobe, with the middle hepatic vein (or gallbladder) as the 

separator between the right and left lobes. In the case of a 

patient with right and accessory right hepatic arteries, 

techniques in target volume calculations will have to be altered. 

Usually, the accessory right hepatic artery will supply the 
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posterior segment of the right lobe (segments 6/7). The right 

hepatic artery branching off the proper hepatic artery will 

supply the anterior segment of the right lobe (segments 5/8), 

and the left hepatic artery will supply the left lobe (segments 2–

4). Knowledge of this vascular anatomy permits accurate lobar 

volume calculations for prescribing the correct activity to 

deliver the optimal Yttrium-90 dose (Liu et al., 2005). 

 

Lung Shunt and Technetium-99m Macroaggregated 

Albumin Scanning 

  

In contrast to metastatic tumors to the liver, one of the 

angiographic characteristics of HCC is the detection of direct 

arteriovenous shunting bypassing the capillary bed (Chen et al., 

1999). As a result, one of the concerns with administration of 20 

- 40 µm Yttrium-90 microspheres is direct shunting to the lungs, 

possibly resulting in radiation pneumonitis (Ho et al., 1996). 

When the catheter is placed in the proper hepatic artery, 4 – 5 

mCi Tc-99m macroaggregated albumin (MAA) is administered 

intraarterially. Because the size of Tc-99m MAA particles 

closely mimics that of Yttrium-90 microspheres, it is assumed 

that the distribution of the microspheres will be identical with 

that of Tc-99m MAA, and this distribution is used in the 

planning process. Lung shunting is assessed with planar and/or 

single photon emission CT (SPECT) γ-cameras (Schillaci and 

Simonetti, 2004). 
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 Planar and fixed dual-head image acquisition techniques 

are used to assess shunting immediately after injection. Single 

projection anterior planar techniques have the advantage of 

speed and ease of use. SPECT γ-camera techniques in two or 

three projections have the theoretical advantage of higher 

resolution and sensitivity. However, for SPECT to be 

performed, patients must be transferred from the angiography 

suite to the nuclear medicine department. The transfer time may 

allow for the normal degradation of Tc-99m MAA with time 

and may falsely increase the degree of shunting to the lungs. 

There is no clinically significant difference in the degree of lung 

shunting as measured by planar or SPECT techniques (Schillaci 

and Simonetti, 2004). 

 

 Either technique with the use of a portable γ-camera or 

fixed dual-head SPECT imaging in the nuclear medicine 

department is acceptable for the accurate assessment of 

shunting. Lung shunting fraction is described in the package 

inserts for glass and resin microspheres and is determined by 

the following equation (Salem and Thurston, 2006a): 

Lung shunt fraction = total lung counts / (total lung + liver counts) 

 

However, there are several technical nuances to the assessment 

of shunting. If a patient has a solitary HCC and if only one 
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treatment is planned, injection of the Tc-99m MAA into the 

artery that is planned for injection is indicated (in lobar or 

segmental infusion). However, if the diagnosis is multifocal 

bilobar HCC, Tc-99m MAA injection and lung shunting should 

be assessed before each treatment at the lobar level. This is 

because HCC tumors located in different lobes may shunt to 

varying degrees. Without this information, the total cumulative 

pulmonary dose may be inadvertently exceeded (Schillaci and 

Simonetti, 2004). 

 

 Approximately, the incidence of significant lung shunting 

with HCC or metastatic disease occurs in less than 10%. As a 

result, it has now been adopted injection of the Tc-99m MAA 

within the proper hepatic artery for all HCC patients, unless 

gross arteriovenous/portal shunting is noted angiographically. If 

angiographic shunting is observed, lobar Tc-99m MAA imaging 

is performed (Schillaci and Simonetti, 2004). 

 

 Timing of imaging after injection of Tc-99m MAA is also 

important. There are three potential causes of the overestimation 

of lung shunt. First, given that Tc-99m MAA represents a 

radioisotope/ protein structure; there is a time dependent 

breakdown into smaller particles of the proteinaceous Tc-99m 

MAA, with subsequent migration of these smaller fragments via 

the normal capillary bed to the lungs. This may be a problem if 

too much time elapses between the injection of Tc-99m MAA 
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in the angiography suite and the time of imaging in the nuclear 

medicine department. As a result, it is important that patients 

undergo imaging as quickly as possible after injection of Tc-

99m MAA. Second, although the normal manufactured size of 

Tc-99m MAA particles is 30 - 90 µm, statistically, a small 

percentage of these particles will fall outside of this range. 

Particles that are initially manufactured smaller than 8–10 µm 

will shunt through the normal capillary system, which will 

result in an increase in perceived lung shunt. According to most 

manufacturers, fewer than 10% of the MAA particles are 

smaller than 10 µm. Third, free technetium may result in an 

inaccurate estimation of lung shunt. The interpretation of the 

lung shunt fraction and gastrointestinal uptake must take into 

consideration the presence of Tc-99m MAA. Uptake in the 

thyroid and salivary glands and kidneys, as well as diffuse 

gastric mucosal uptake, should not be considered shunting. 

Uptake in the gastric mucosa, the small bowel, or pancreas in 

the absence of salivary and thyroid uptake should be interpreted 

with caution because it may represent true gastrointestinal 

shunting (Hung et al., 2000). 

 

 Finally, it should be stated that the injection of Tc-99m 

MAA should be used to absolutely determine lung shunting 

fraction only. An authorized user should not rely solely on the 

SPECT images of the upper abdomen tract to absolutely 
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exclude gastrointestinal shunting. Rather, it should be 

considered an adjunctive imaging modality of the 

gastrointestinal tract. Exclusion of gastrointestinal flow should 

be accomplished by use of the combined information obtained 

from meticulous hepatic angiography, three dimensional CT 

angiography, and SPECT imaging. Fusion of CT and Tc-99m 

MAA SPECT images may also be helpful in the identification 

of extrahepatic flow of Tc-99m MAA. The lungs can tolerate 30 

Gy per treatment session and 50 Gy cumulatively (Ho et al., 

1997). Therefore, when treatment planning is undertaken and 

lung shunting is identified, the total cumulative pulmonary dose 

must be calculated. Patients may be treated if their cumulative 

pulmonary dose will not exceed 50 Gy for all planned infusions 

of Yttrium-90. However, in patients with compromised 

pulmonary function, such as that resulting from chronic 

obstructive pulmonary disease or previous lung resection, 

caution must be taken as total cumulative doses are approached. 

In these instances, the decision to treat must be individualized 

and based on overall clinical status.  

  

 In some Yttrium-90 treatment practices, conservative 

values of 15 Gy per treatment and 30 Gy cumulatively are used 

as dose limitations. Gastrointestinal Flow via Extrahepatic 

Vessels The final consideration in the angiographic evaluation 

of HCC is the presence of flow to the gastrointestinal tract. 
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During each step of visceral angiography, assessment for 

potential gastric or small-bowel flow must be made. The celiac 

arteriogram is used to detect the presence of arterial variants 

such as replaced left hepatic artery or double hepatic arteries, as 

well as parasitisation of blood flow to the liver tumors (Kim et 

al., 2005b; Liu et al., 2005; Murthy et al., 2005a). 

 

 Depending on the proximity of the left gastric branch to 

the other hepatic branches (such as with a gastrohepatic trunk), 

coil embolization of this vessel may be warranted, because this 

will minimize the risk of reflux during Yttrium-90 infusion. The 

GDA should be identified and prophylactically embolized, 

particularly if the more embolic SIR-Spheres are being 

considered. The right gastric artery should also be identified 

during angiography. Although this vessel is often seen to arise 

from the left hepatic artery, it can also arise from the common, 

proper, or right hepatic artery as well as the GDA (Liu et al., 

2005; Murthy et al., 2005a). Depending on the anatomic 

location of this vessel and the relative ease with which distal 

catheterization may be achieved for infusion, prophylactic coil 

embolization should be undertaken to minimize inadvertent 

deposition of Yttrium-90 into the gastric bed. Other vessels that 

should be searched for such as: the cystic, supraduodenal, 

retroduodenal, falciform, accessory left gastric, and right and 
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left inferior phrenic arteries (Liu et al., 2005; Murthy et al., 

2005a). 

  

 Given all the complexities of angiographic assessment 

and the absolute requirement for the prevention of 

gastrointestinal flow of microspheres, the threshold for 

prophylactic embolization of the GDA, right gastric artery, and 

other extrahepatic arteries should be low, irrespective of the 

proximity of the intended infusion site (Liu et al., 2005). 

 

 The use of balloon occlusion techniques for liver-directed 

therapy has been described previously (Nakamura et al., 1991). 

This approach to Yttrium-90 infusion should be discouraged for 

several reasons. First, balloon occlusion techniques were used 

historically, given catheter size and fluoroscopic imaging 

limitations. Imaging techniques have improved significantly 

since then, and microcatheters and microcoils are now available. 

Second, the use of relatively large balloon occlusion systems 

may cause vessel injury, spasm, or dissection.  

 

 Also, administration of Yttrium-90 is a flow-dependent 

therapy. If the vessels flowing to tumor are patent, tumor 

hypervascularity will permit the microspheres to be “absorbed.” 

When balloon occlusion is used, hypervascular tumor flow 

dynamics are eliminated, and microspheres are “pushed” within 
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the target tissue and tumor. This may result in inadequate 

distribution (Nakamura et al., 1991).  

 

Selection of Treatment Approach in HCC Patients:  

It has been adopted a simplified approach to the treatment of 

patients with unresectable HCC who are not candidates for 

transplantation or resection. This approach involves two 

variables: tumor presentation (ie, unifocal or multifocal/bilobar 

disease) and total bilirubin level. In patients with unifocal 

tumors and normal bilirubin levels, treatment may be conducted 

via a lobar or angiographically isolatable vessel(s) (ie, 

segmental infusion). Table (7) illustrates the different 

probabilities between HCC patients with different tumor burden 

and the state of liver diease presented mainly in serum bilirubin. 

 

Table (7): Treatment decision matrix for HCC patients. 

Tumor Burden 

Multifocal / 

Bilobar 

Unifocal / 

Unilobar 

Normal Scenario (A) Scenario (B) Total 

Bilirubin Elevated Scenario (C) Scenario (D) 

 

This table displays a simplified 2-by-2 decision matrix that has been created to 

simplify and guide the user on the use of Yttrium-90 in unresectable HCC. This 

simple table describes the most commonly encountered clinical scenarios in patients 

with HCC. 
 

 In patients with multifocal tumor and normal bilirubin 

levels (Scenario A) in (Table 7), staged and lobar infusions 
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should be undertaken, analogous to the classical TACE 

paradigm, because this will allow for optimal and complete 

tumor coverage.  

 

 In patients with normal bilirubin and localized or 

unifocal disease (scenario B), a lobar or segmental infusion is 

appropriate. However, in this scenario, the authorized user must 

realize that performing a lobar infusion in a case in which a 

segmental infusion could technically be performed will result in 

the unnecessary irradiation of normal parenchyma. Given the 

propensity for new tumors to develop in cirrhotic liver, 

segmental infusions should be preformed when possible, 

sparing the normal parenchyma and thereby allowing for future 

Yttrium-90 infusion to nonirradiated parenchyma (Salem and 

Thurston, 2006a).  

 

 In patients with multifocal disease and increased 

bilirubin levels (Scenario C) (Table 7), the management of 

this category of patients with end-stage liver disease is clearly 

the most difficult. Patients with multifocal disease and increased 

bilirubin level are clearly at high risk for hepatic 

decompensation after any treatment. In such cases, and in the 

recognition that an infusion of Yttrium-90 microspheres will 

irradiate some normal parenchyma and may further worsen the 

liver failure, therefore treatment should probably be withheld 

(Salem and Thurston, 2006a). 
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 In patients with unifocal tumor and increased bilirubin 

levels (Scenario D), treatment with Yttrium-90 should proceed 

only if a segmental feeding vessel may be isolated, resulting in 

a high dose delivered to the tumor and no radiation to the 

normal parenchyma. The intent in these patients would be 

definitive therapy or down-staging of disease to permit 

transplantation. Therefore, these patients should be assessed for 

possible treatment with use of a segmental approach only. The 

increased bilirubin level implies intrinsic hepatocyte 

dysfunction, with a tumor that has developed within the 

diseased liver. In such a case, if angiographic factors permit and 

a segmental feeding vessel is identified, a patient may be a 

candidate for palliative therapy with Yttrium-90 without injury 

to normal parenchyma (Kulik et al., 2006).  

 

 In some cases, patients may have liver failure with a liver 

tumor that exceeds the size criteria for liver transplantation. 

Those patients should, at least, undergo diagnostic mesenteric 

angiography in a search for a segmental vessel to the tumor. If 

such a vessel is found, these patients can undergo 

segmental/subsegmental infusion without risk of nontarget 

radiation or alteration in Child- Pugh score (Rhee et al., 2005b). 

Treatment with Yttrium-90 in such cases may result in 

sufficient downstaging of disease to allow transplantation 

(Kulik et al., 2005). 
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The Interdisciplinary Team:  

 

The development and establishment of an interdisciplinary team 

is crucial to the success of a radioembolization with Yttrium-90 

brachytherapy program. The team should be well represented 

with members from interventional radiology; medical, radiation, 

and surgical oncology; transplant surgery; nuclear medicine; 

hepatology; medical physics; and radiation safety. Patients may 

be referred for therapy from various sources. In patients with 

hepatocellular carcinoma, the initial diagnosis may be made by 

the hepatologist (Salem and Thruston, 2006a). 

  

Clinical and Diagnostic Evaluation 

 

The first step in the evaluation of patients for therapy includes 

collecting a history and conducting a physical examination. 

Patients should be able to tolerate treatment, as best assessed by 

Okuda, ECOG, and Karnofsky score evaluation. Total bilirubin 

level and prothrombin time are important predictors of which 

patients will tolerate treatment. Relevant information to be 

elicited includes a history of renal or hepatic failure, as well as 

pulmonary compromise such as chronic obstructive pulmonary 

disease. Tumor markers such as Alpha-fetoprotein should be 

measured and may be used in the assessment of treatment 

response. 
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 From a diagnostic imaging standpoint, careful review of 

recent CT or MR imaging (with 2 - 4 weeks) is warranted. 

Controversy exists about the diagnostic pathway of a patient 

with cirrhosis and a liver mass. In many institutions, a biopsy 

for the diagnosis of hepatocellular carcinoma is usually 

performed. Although bypassing this step might prevent 

bleeding, tract seeding, and false-negative results, these 

potential complications have not been observed clinically 

(Llovet et al., 2001). When the cross-sectional imaging 

modality has been reviewed and the patient has been deemed a 

candidate, liver volume calculations are obtained. 

 

Calculation of Liver Volumes in Lobar Approach 

 

Triple-phase CT provides the fastest and most reproducible 

imaging of the liver for volume (TheraSphere) and tumor 

burden (SIR-Spheres) calculation. Because the treatment 

approach for Yttrium-90 is most commonly lobar, proper 

imaging and volume calculation is essential for dosimetry 

purposes. The ability to understand hepatic anatomy relies on 

the sound understanding of the hepatic segments (Fischer et al., 

2005).  

 

 Anatomically, the middle hepatic vein separates the right 

and left lobes. When regions of interest are drawn and lobar 

volumes are calculated, it is the middle hepatic vein that should 
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be used as the anatomic delineator between the right and left 

lobes. If the middle hepatic vein cannot be seen, the gall bladder 

fossa and its axis relative to the liver may be used. This 

technique assumes standard arterial anatomy with single right 

and left hepatic arteries. If variants are observed 

angiographically (eg, an accessory right hepatic artery), 

accurate angiographic correlations must be performed when the 

regions of interest for lobar or segmental volumes are drawn. 

This will ensure that accurate volumes are obtained and three or 

more treatments are administered. 

 

 Regions of interest around the right and the left lobes in 

the same patient who received intravenous contrast medium are 

depicted in Figures (2) and (3). This demonstrates conclusively 

the location of the middle hepatic vein and its role as separator 

between the right and left lobe by CT.  

 

 Figures (4) and (5) represent coronal maximum-intensity 

projection views of the three-dimensional reconstruction of the 

right and left lobes, with each respective calculated volume 

which are used to calculate the activity used in Therasphere. 

 

 On the other hand, the dosimetry for SIR-Spheres is 

based on (i) body surface area and percentage tumor burden or 

(ii) percentage tumor burden alone. The latter dosimetry model 

is based on tumor burden with respect to the entire liver. 
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Figure 2: Regions of interest drawn around the right lobe to calculate 

volume of (segments 5,6,7,8 and a portion of segment 1). The middle 

hepatic vein is used as the delineator between the right and left lobes.  

 

 

 

Figure 3: Regions of interest drawn around the left lobe to calculate 

the volume (segments 2, 3, 4 and portion of segment 1) in patients with 

standard hepatic arterial anatomy, the middle hepatic vein separates 

the right and left hepatic lobes. 

 



Review of Literature – Chapter 3 

 

 43 

 

Figure 4: Three dimensional CT reconstructions following regions of 

interest around the right lobe determine the right lobe volume 

(1,398.4 ml). This volume is now used to calculate the activity of 

Therasphere required. 

 
 

 

Figure 5: Three-dimensional CT reconstructions following regions of 

interest around the left lobe determine the left lobe volume (484.0 ml). 

This volume is now used to calculate the activity of Therasphere 

required. 
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As an example, Figures (6) and (7) illustrate the right (937.3 

ml) and left (972.6 ml) lobe volumes for a patient to be treated 

with SIR-Spheres. Figure (8) demonstrates three-dimensional 

reconstruction of tumor volume (311.2 ml). If tumor burden 

model is used, SIR-Spheres dosimetry is then based on a whole 

liver tumor burden of 16.3% (311.2 / [937.3 + 972.6]). 

 

  In this example, the TheraSphere dose calculation would 

be based on the lobar volume to be infused (937.3 ml) and 

would be independent of tumor burden. For TheraSphere 

dosimetry, the following statement is always true and should be 

remembered when dosimetry calculations are performed: the 

volume that is entered in the formula is the volume of liver 

tissue that is perfused by the vessel that will be infused.  

 

 In other words, it is the volume of the liver segments 

being perfused by the vessel of interest. For example, if the 

right lobe is to be infused with standard hepatic arterial 

anatomy, the volume to be entered is that of segments 1, 5, 6, 7, 

and 8. If the middle hepatic artery is the vessel to be infused, the 

volume to be entered is that of segment 4. If the accessory right 

hepatic artery is to be infused, segments 6 and 7 represent the 

volume to be entered (Salem and Thurston, 2006a). 
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Figure 6: Right lobe volume in a patient being treated with SIR-

Spheres. 

 

 

 

 

Figure 7: Left lobe volume in a patient being treated with SIR-

Spheres. 
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Figure 8: Three-dimensional reconstruction outlining volume of 

tumor burden. 

 

Dose Calculation and Ordering 

 

In TheraSphere, as described in the product insert, TheraSphere 

consists of insoluble glass microspheres in which Yttrium-90 is 

an integral constituent of the glass (Erbe and Day, 1993). The 

mean sphere diameter ranges from 20 to 30 µm. Each milligram 

contains 22,000–73,000 microspheres. TheraSphere is supplied 

in 0.05 ml of sterile, pyrogen-free water contained in a 0.3-ml v-

bottom vial secured within a 12-mm clear acrylic vial shield. 

TheraSpheres are dispensed weekly by the manufacturer (MDS 

Nordion) on Wednesdays, are calibrated for 12:00 noon 

(Eastern Standard Time) of the following Sunday, and are 

available in the following six activity sizes: 3 GBq (81 mCi), 5 
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GBq (135 mCi), 7 GBq (189 mCi), 10 GBq (270 mCi), 15 GBq 

(405 mCi), and 20 GBq (540 mCi). The corresponding number 

of microspheres per vial is 1.2 million, 2 million, 2.8 million, 4 

million, 6 million, and 8 million, respectively. The activity per 

microsphere is approximately 2,500 Bq (Kennedy et al., 2004). 

 

 The recommended activity of TheraSphere that should be 

delivered to a lobe of the liver-containing tumor is between 80 

Gy and 150 Gy. This wide range exists to give the treating 

physician clinical flexibility. Patients with significant cirrhosis 

should be treated more conservatively (80–100 Gy), whereas 

patients without cirrhosis may be treated more aggressively 

(100–150 Gy). The most commonly used dose range is 100–120 

Gy, a range that balances safety and efficacy (Salem and 

Thurston, 2006a). 

 

 If there is any uncertainty as to the tolerability of 

treatment, the approach of dose fractionation should be 

considered, such as two doses of 50–75 Gy rather than a single 

dose of 100–150 Gy. Dose fractionation is a well-accepted 

principle in radiation oncology and should be considered as one 

of the treatment options for patients undergoing treatment with 

Yttrium-90. The one caveat to repeat infusion is the principle of 

augmentation of hepatopulmonary shunting after treatment with 

Yttrium-90 (Salem and Thurston, 2006a). It has been observed 

that relative shunting may increase after treatment with 
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TheraSphere or SIRSpheres. Therefore, if treatment according 

to a fractionation model is to be followed, repeat assessment of 

lung shunting should be undertaken before the second treatment 

to ensure that the dose to the lung will remain below the 

threshold of 50 Gy cumulative absorbed dose (Ho et al., 1996).  

 

 Assuming that TheraSphere Yttrium-90 microspheres 

distribute in a uniform manner throughout the liver and 

Yttrium-90 undergoes complete decay in situ, radioactivity 

required to deliver the desired dose to the liver can be calculated 

according to the following formula: 

 

TheraSphere: A (GBq) = [D (Gy) x M (kg)]/50, or 

Activity required (GBq) =  

 [Desired dose (Gy)] x [target liver mass (kg)]/50 

 

Given that a fraction of the microspheres will flow into the 

pulmonary circulation without lodging in the arterioles, when 

lung shunt fraction (LSF) and vial residual is taken into account, 

the actual dose delivered to the target volume after the vial is 

infused will be: 

 

D (Gy) = [A (GBq) x 50 x (1 - LSF - R)]/M (kg), or 

Dose (Gy) = 50 [measured pre-infusion activity (GBq) x (1 - 

LSF) x (1 - R)]/target liver mass (kg) 
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where A is activity infused to the target liver, D is the absorbed 

delivered dose to the target liver mass, and M is target liver 

mass. Liver volume (in cm
3
) is estimated with CT and then 

converted to mass with a conversion factor of 1.03 mg/ml 

(Salem et al., 2002). 

 

 For example, an authorized user wishes to treat a patient 

with TheraSphere with the following characteristics: standard 

hepatic arterial anatomy, target vascular volume (ie, right lobe, 

segments 1, 5, 6, 7, and 8) of 1,000 ml (1.030 kg), desired dose 

of 120 Gy, LSF of 5%, and vial residual of 2%. The tumor(s) is 

in the right lobe. 

 

 Activity required for treatment = (120 x 1.030)/50 = 2.47 

GBq The patient receives an infusion of 2.47 GBq to the target 

volume. Given 5% LSF and 2% residual in the vial, the actual 

delivered dose to the target liver (right lobe) would be: 

D (Gy) = [2.47 x 50 x (1 - 0.05) x (1 - 0.02)]/1.030 = 112 Gy 

The lung dose calculation is as follows: 

D (lung) =50 x infused activity corrected for residual in vial 

x LSF 

D (Gy) = 50 x (2.47 [1 - 0.02] x 0.05) = 6.1 Gy 

 

Note that the dosimetry for TheraSphere is independent of 

tumor burden and is dependent on the mass of the 

targeted/infused liver tissue (in this case, 1.030 kg). In this 
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scenario, the dose received by the left lobe was 0 Gy and the 

dose received by the right lobe (segments 1, 5, 6, 7, and 8) was 

112 Gy. 

 

 Finally, because the LSF is a known variable, it is 

possible to use the aforementioned formulas to compensate for 

this and to prescribe a higher overall dose that will correspond 

to 120 Gy to the targeted liver tissue. In this case, prescribing 

129 Gy, assuming the same 5% LSF and 2% residual would 

result in the desired dose to the right lobe of 120 Gy. The lung 

dose would be 6.5 Gy. 

 

TheraSphere administration/physics. Because TheraSphere is 

not shipped as a specific patient unit dose, the appropriate vial 

must be ordered and the activity decayed to the required 

treatment activity. The usable shelf life of a TheraSphere dose is 

7 days from the dose calibration date. Doses are scheduled to 

arrive on the day before the scheduled treatment date (Salem 

and Thurston, 2006a).  

 

 This possession limit allows for the storage of the highest 

dose ordered and the residual activity from administrations. A 

clinical treatment dose range of 80–150 Gy also allows for a 12-

hour flexible schedule for most patients. Most patients can be 

treated earlier in the week with the lower-activity vials (3, 5, or 

7 GBq) or later in the week with higher-activity vials (7, 10, 15, 
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or 20 GBq). Before administration, the vial activity can be 

verified with two different techniques. The dose can be 

measured in a standard dose calibrator. The dose calibrator must 

be calibrated for the TheraSphere vial configuration, which 

includes the acrylic shield. Assaying the first dose and adjusting 

the reading until it is equal to the manufacture’s decayed 

activity is the standard method of obtaining the calibration 

correction factor. The other method confirms the dose vial 

activity by measuring the dose rate with a portable ionization 

chamber (ie, a “cutie pie”) that is placed at a calibrated distance 

in such a manner that 1 mrem/h is equal to 1 GBq. The center of 

the portable ionization chamber is positioned approximately 30 

cm from the center of the acrylic-shielded vial. Again, the 

reading is only accurate at best to within 10%. If the facility has 

multiple dose vials at hand, it is crucial to use both methods just 

before infusion to avoid a potential misadministration or 

medical event caused by confusion with dose vials. Because 

human error is a possibility, an individual other than the one 

using the ionization chamber for dose verification should 

measure the dose in the dose calibrator (Salem and Thurston, 

2006a). 

 

 The TheraSphere administration set consists of one inlet 

set, one outlet set, one empty vial, and two interlocking units 

consisting of a positioning needle guide, a priming needle 
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guide, all contained behind a Lucite shield. A Monarch 30-mL 

syringe (Merit Medical, South Jordan, UT) is used to infuse 

saline solution through the system. The saline solution 

containing the TheraSphere Yttrium-90 microspheres is infused 

through a catheter placed in the hepatic vasculature. When the 

catheter is positioned at the treatment site and the authorized 

user verifies the integrity of the delivery system, the catheter is 

connected to the outlet tubing. Delivery of TheraSphere is 

accomplished by pressurizing the Monarch syringe. For 3-Fr 

catheter systems, the infusion pressure should range from 20 to 

40 psi, whereas for 5-Fr systems, the infusion pressure usually 

should not exceed 20 psi. It is essential that, irrespective of the 

infusion pressure used, the flow of microspheres must closely 

mimic that observed angiographically. This can be 

accomplished with a gentle hand injection of contrast medium 

followed by a column of saline solution. At this point, it is 

important that the authorized user become familiar with the 

actual flow dynamics of the vessel being infused and use a 

correspondingly lowered TheraSphere infusion pressure where 

necessary, such as might be seen in patients with decreased 

cardiac output. Given the small volume of microspheres 

contained in a given dose of TheraSphere, the volume of saline 

solution required to infuse a vial of TheraSphere is low; the 

majority of the microspheres have been infused after the first 20 

mL of saline solution. In addition, given the low number of 
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microspheres infused with TheraSphere (typically 1.2– 4.0 

million), the entire vascular bed is never completely saturated. 

Hence, although the infusion must be performed in the 

interventional radiology catheterization laboratory, continuous 

and live fluoroscopic guidance while the infusion is occurring is 

not necessary. A complete infusion usually requires 20–60 mL 

and usually requires 5 minutes to complete (Salem and 

Thurston, 2006a). 

 

Pros and cons of TheraSphere dosimetry and physical 

characteristics. there are several advantages to the TheraSphere 

empiric dosimetry model and the physical characteristics of the 

delivery system. First, the microspheres are shipped in a v-

bottom vial that contains a fixed volume of sterile water. The v-

bottom vial containing the microspheres is sealed within an 

acrylic shield with a removable cap for septum access.  

 

 This configuration ensures that most of the microspheres 

are confined to a fixed volume within the sealed vial. Because 

the activity of the microspheres is determined with use of a dose 

calibrator that measures the Bremsstrahlung radiation produced 

by the β-interaction with the shielding, the accuracy of the 

measurement depends on the volume of the microspheres. For 

the TheraSphere dose vials, the shielding is fixed and the 

volume of the suspended microspheres is limited to less than 0.5 

mL. Both these conditions ensure that the accuracy in dose 
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calibrator calibration and the dose assay will be reproducible 

from one facility to another. Moreover, this configuration 

requires no physical manipulation, such as decanting, thereby 

reducing the potential of a dosing error caused by staff 

transferring the dose from one vial to another. The fixed 

shielding and lack of manipulation of the microspheres reduces 

the radiation exposure to staff who assay the dose vials (Salem 

and Thurston, 2006a).  

 

 Second, because the target radiation absorbed dose is 

dependent on the target vascular volume, which is calculated 

with three-dimensional software, dosimetry calculations among 

different users for any given volume are reproducible. That is, 

this dosimetry is independent of tumor burden, further 

simplifying the determination of the required activity. The 

relatively low number of microspheres results in more than 95% 

delivery in nearly all cases without reaching stasis or complete 

vessel occlusion, allowing the administration of extremely high 

radiation dose or radioactivity (2,500 Bq per sphere) with 

(relatively) few microspheres. Because embolic effects are 

limited to only the smallest capillaries within the target tissue, 

high oxygenation is maintained and radiation dose responses are 

improved (Liu et al., 2005; Sato et al., 2006). Moreover, this 

lack of significant embolic effect suggests potentially safe 

applications in patients with compromised portal venous flow or 
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portal vein thrombosis, and also correlates with low clinical 

toxicities compared with embolic therapies (Salem et al., 2004). 

 

 The shelf life of a TheraSphere dose vial is 7 days, 

further adding to the clinical flexibility of patient treatment and 

scheduling. Given this shelf life, the same activity may be 

administered with different numbers of microspheres infused. 

Therefore, this device may be used and altered with various 

degrees of desired embolic effect. Finally, the manufacturer has 

appropriately recommended that, in cases of very high tumor 

burden (>70%), treatment should likely be with held (Goin et 

al., 2005a; Goin et al., 2005b). 

 

 This guidance is consistent with other types of liver-

directed treatments. There are also several disadvantages of 

TheraSphere glass microspheres. The dosimetry model lacks a 

variable for tumor burden. By considering only the target 

volume, one ignores the fact that more activity (and hence 

microspheres) may be required to treat greater tumor burden. 

Moreover, the high specific activity per microsphere may result 

in radiation dosages that prevent dose fractionation if maximum 

hepatic radiation tolerance is reached. The specific gravity of 

TheraSphere microspheres is high compared with SIR-Spheres 

and may theoretically limit microsphere distribution. 

TheraSphere doses have a relatively low number of 

microspheres compared with SIR-Spheres that may result in 
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inadequate tumor coverage for large tumors (Salem and 

Thurston, 2006b).  

 

 SIR-Spheres, as described in the product insert, SIR-

Spheres consist of biocompatible resin-based microspheres 

containing Yttrium-90 with a size between 20 - 60 µm in 

diameter. SIR-Spheres constitute a permanent implant and are 

provided in a vial with water for injection. Each vial contains 3 

GBq of Yttrium-90 (at the time of calibration) in a total of 5 mL 

water for injection. Each vial contains 40–80 million 

microspheres. Consequently, the activity per microsphere for 

SIR-Spheres is much lower than that of TheraSphere (50 Bq vs 

2,500 Bq) (Kennedy et al., 2004).  

 

 SIR-Spheres are dispensed three times per week by the 

manufacturer (Sirtex) and are calibrated for 6:00 PM (Eastern 

Standard Time) on the date of treatment. The shelf-life is 24 

hours after the calibration date and time. Just as with 

TheraSphere, assuming SIR-Spheres Yttrium-90 microspheres 

distribute in a uniform manner throughout the liver and undergo 

complete decay in situ, radioactivity delivered to the liver can 

be calculated by one of two available methods; The first method 

incorporates body surface area and estimate of tumor burden, as 

follows (Van et al., 2004): 
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SIR-Spheres: A (GBq) =  

 Body surface area (m
2
) - 0.2 + (% tumor involvement/100) 

 The second method is based on a broad estimate of tumor 

burden as described in Table 8. The larger the tumor burden, 

the higher the recommended activity in increments of 0.5 GBq 

per 25% tumor burden. For either SIR-Spheres dosimetry 

model, A (in GBq) is decreased depending on the extent of LSF 

(<10% LSF, no reduction; 10% - 15% LSF, 20% reduction; 

15% - 20% LSF, 40% reduction; >20% LSF, no treatment). 

 

Table (8) SIR-Spheres Dosimetry Based on Tumor Burden 

Tumor Involvement in the Liver 

(%) 

Recommended Activity 

(GBq) 

�  50 3.0 

25-50 2.5 

˂ 25 2.0 
 

As an example, an authorized user wishes to treat a patient with 

qthe following characteristics: total weight of 91 kg, height of 

1.83 m, liver volume of 1,000 mL, tumor volume of 300 mL, 

LSF of 5%. According to the first method, the formula for BSA 

is as follows: 

 

Body surface area = 0.20247 x height0.725
 (m) x weight0.425

 (kg) 

 

Therefore: A (GBq) = 2.13 - 0.2 + (30/100) = 2.23 GBq 
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So, 2.23 GBq would be required according to the body surface 

area formula. Alternatively, given the tumor burden of 25%–

50%, the patient could be prescribed 2.5 GBq in activity, on the 

basis of the calculations described. 

 

 Given the 5% LSF, no reduction in activity would be 

required. It should be noted that, for SIR-Spheres, the dosimetry 

described in the product insert is based on whole liver infusion. 

If a lobar infusion is intended, the infused activity should be 

calculated assuming whole liver volume and then “corrected” to 

the proportional volume of the target lobe that is to be infused. 

For example, if the right lobe is the target and represents 70% of 

the entire liver volume, the calculated activity (in this case 2.23 

GBq) to be delivered should be multiplied by (0.7). Correcting 

SIR-Spheres dosimetry that is based on whole liver infusion and 

applying it to lobar therapy requires an understanding of 

percentage mass of the right and left lobes as well as the 

differing tumor burdens in each lobe. Note that SIR-Spheres 

body surface area dosimetry is based on tumor burden and liver 

mass (larger liver mass with higher body surface area). Empiric 

SIR-Spheres dosimetry is dependent only on tumor burden and 

is independent of liver mass (Salem and Thurston, 2006a). 

 

SIR-Spheres administration  

Before administration, the SIRSpheres dose is assayed in a dose 

calibrator but should be verified with a different technique. The 
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dose calibrator must be calibrated for the vial configuration and 

the volume of the dosing vial as well as the shipping vial. The 

standard method for obtaining the calibration factors for 

Yttrium-90 requires obtaining a National Institute of Standards 

and Technology–calibrated source in the smallest volume of 

sterile water that will be used for patient dosing. This vial will 

be assayed and the reading adjusted until it agrees within 10% 

of the decayed activity. To obtain the calibration factor for 

greater volumes, simply add the desired amount of sterile water 

and repeat the measurements. Because this technique is based 

on the Bremsstrahlung radiation, it is important to use a vial for 

the calibration source that is constructed of the same material 

used for the shipping vial and the v-bottom vial. It is also 

important to use a vial of the same shape, such as a v-bottom 

vial or a flat surface bottom vial. The manufacturer recommends 

that the activity of the dose vial be determined from the 

difference between the assays of the shipping vial before and 

after decanting (Liu et al., 2005). 

 

 The dose vial activity should be confirmed by assaying 

the acrylic shielded dose vial in the dose calibrator with the 

calibration factors for a shielded dose. This reading should be 

within 10% of the reading obtained according to the 

manufacturer’s method. Readings that differ by more than 10% 

indicate that a significant amount of the SIR-Spheres may be in 
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the transfer needle. The dose should also be verified by 

measuring the dose rate with a portable ionization chamber that 

is placed at a calibrated distance in such a manner that 1 mrem/h 

is equal to 1 GBq (Kennedy et al., 2004). 

 

 The center of the portable ionization chamber is 

positioned approximately 30 cm from the center of the acrylic 

shielded vial. Again, the reading is only accurate at best to 

within 10%. If the facility has multiple dose vials at hand, it is 

crucial to use both methods just before infusion to avoid a 

potential misadministration or medical event caused by 

confusion with dose vials. Because human error is possible, an 

individual other than the one using the ionization chamber for 

the dose verification should measure the dose in the dose 

calibrator. Because the treatment vial does not have a label, a 

label describing the contents, radioactive sign, activity, and 

procedure or patient identification should be placed on the 

shield or vial. This label must not obscure the view of the 

contents. The SIR-Spheres administration set consists of a 

Perspex shield, the dose vial, and inlet and outlet tubing with 

needles. Standard 10 or 20 ml injection syringes preloaded with 

sterile water are required to infuse the microspheres into the 

delivery catheter (Salem and Thurston, 2006a). 

 

 Pressure gauges are not available when SIR-Spheres are 

infused. Usually, slow and deliberate hand-injection of the SIR-
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Spheres through the 3-Fr or 5-Fr catheter systems is adequate. 

Care should be taken when performing the infusion because the 

infusion setup is composed of several connection tubings in 

series, thereby increasing the pressure required to infuse the 

microspheres. Care should be taken to avoid vigorous injection 

rate, because this may result in leaks at points of potential 

weakness (eg, septum, tubing connections). Just as with 

TheraSphere, the infusion rate used must closely mimic the 

blood flow rate observed angiographically. The blood flow 

dynamics should dictate the pace at which infusion occurs. If 

the authorized user is not an interventional radiologist, the 

proper communication of this information to the authorized user 

becomes crucial. Depending on the activity infused, an amount 

of 20–40 ml is usually sufficient for infusion of the intended 

dose (Salem and Thurston, 2006a). 

 

Pros and cons of SIR-Spheres dosimetry and physical 

characteristics. There are advantages to the SIR-Sphere 

dosimetry model and the characteristics of the resin 

microspheres. The dependence of activity required for treatment 

on tumor burden is inherently logical. The activity vial may be 

manipulated and the specific activity decanted in the nuclear 

medicine pharmacy tailored for the patient. The infusion may be 

done with alternating injections of sterile water and contrast 

medium, thereby allowing monitoring specifically with the use 
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of fluoroscopy to ensure that stasis is not reached. The lower 

specific gravity theoretically makes for better suspension. The 

lower specific activity per microsphere (50 Bq per microsphere) 

allows for the possibility of dose fractionation. Dose 

fractionation is a well-accepted principle in radiation oncology 

(Deutsch and Huguet, 2005). 

  

 Finally, the administration kit is simple. There are 

limitations to the dosimetry and physical characteristics of resin 

microspheres. The shelf-life of the device is 24 hours, 

restricting clinical flexibility and patient scheduling. The need 

to physically decant although, on the surface, potentially 

advantageous introduces further human technical manipulation 

that may result in spills requiring radiation containment or, 

more critically, result in the wrong activity administered. There 

are several formulas for dose calculation, potentially resulting in 

several different prescribed doses for the same patient. This lack 

of uniformity makes interuser variability very high. If one were 

to use the tumor burden formula as described before, a patient 

with 1% tumor burden would receive the same prescribed 

activity as someone with 24% tumor burden. A patient with 

51% tumor burden would receive the same activity as someone 

with 99% tumor burden. Unlike the dosimetry for glass 

microspheres, this dosimetry model does not account for 

patients with the highest tumor burdens. Withholding treatment 
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from patients with extremely high tumor burdens should be 

considered (Goin et al., 2005a).  

 In addition, vessel stasis and premature termination of the 

infusion has been described in 35% of cases, bringing into 

question the reproducibility of dosimetry and the ability to 

administer sufficient radiation (Murthy et al., 2005b). 

  

 Embolic effect may cause hypoxia, potentially limiting 

the effect of the radiation (Koukourakis, 2001; Das, 2002). 

Also, given the large number of microspheres, it is difficult to 

determine whether any therapeutic effect is a result of radiation 

or embolic effects. 

 

Comparison between TheraSphere and SIR-Spheres 

 

TheraSphere and SIRSpheres are distinctly different products. 

Although both are Yttrium-90 embolic brachytherapy devices 

(ie, radioembolization devices), the differences far exceed the 

similarities.  TheraSphere is a minimally embolic brachytherapy 

device consisting of 20 – 30 µm particles with specific activity 

of 2,500 Bq, higher specific gravity, and lower number of 

microspheres (approximately 2–4 million microspheres per 

treatment). The infusion can proceed without concern for 

vascular stasis, given the lower embolic load (Sato et al., 2006).  
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 Because of these characteristics, the median percentage 

activity infused per vial is well above 95%. This is in direct 

contradistinction with SIR-Spheres, which are a moderately 

embolic brachytherapy device consisting of 20- to 60- µm 

particles with specific activity of 50 Bq, lower specific gravity, 

and higher number of microspheres (approximately 40–80 

million microspheres per treatment) (Table 9). 

 

Table (9) Comparison between Theraspheres and SIR-Spheres 

Characteristics 
Theraspheres

 

(MDS Nordion) 

SIR-Spheres
 

(SIRTeX) 

Isotope Yttrium-90 Yttrium-90 

Half life (h) 64.2 64.2 

Time complete decay 

(days) 
13 13 

Particles’ Size (µm) 20 – 30 20 – 60 

Range of spheres per 

vial 
1.2 – 8.0 million 40 – 80 million 

Activity of sphere (Bq) 2500 50 

Specific gravity High Low 

Available activities 

(GBq) 
3, 5, 7, 10, 15, 20 3 

Embolic Effect Mild Moderate 

Indication for use 
Hepatocellular 

Carcinoma 

Colorectal metastases 

with intrahepatic 

Floxuridine 

Applied activity 

Depending on target 

volume of the treated 

vessel 

Depending on body 

surface and tumor size 
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Given these characteristics, it is not unusual for the vascular bed 

to become saturated and angiographic stasis to be reached 

(Murthy et al., 2005b). Hence, the median percentage of 

microspheres infused is usually lower in comparison with 

TheraSphere. 

 

Misconceptions about TheraSphere and SIR-Spheres. 

With both microsphere devices, fluoroscopic guidance is used, 

no blind infusions are performed, individually determined 

patient-specific doses are used, and patients are treated in a 

lobar fashion. The idea that resin spheres suspend better than 

glass, resulting in better tumor coverage, has never been 

validated. In fact, a previous report has described the opposite, 

in which no difference in tumor distribution was found between 

glass and resin microspheres (Kennedy et al., 2004). 

Gravitational flow to more dependent areas has been 

documented (Hakim et al., 1988; Kosuda et al., 2000).  

 

 Also, studies have correlated distribution of microspheres 

with blood flow (Beck, 1987). Hence, flow in a dependent 

region is likely the result of normal physiologic flow and 

gravity, not the specific gravity of the microsphere infused. It 

should therefore be assumed that the distributions of glass and 

resin microspheres are comparable until this is proved 

otherwise. The other major misconception is that the idea of 

dosimetry work has not been completed on either agent. This is 
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misleading, given that many authors have performed validation 

of the dosimetry models (Nakamura et al., 1991; Ho et al., 

1996; Ho et al., 1997; Chen et al., 1999; Geschwind et al., 

2000; Hung et a., 2000; Kim et al., 2005b; Kulik et al., 2005; 

Liu et al., 2005; Murthy et al., 2005a; Song et al., 2006). 

Although dosimetry remains a work in progress for both 

Yttrium-90 devices, sufficient data are available to allow 

widespread use of Yttrium-90 with clinical benefit.  

 

Calculation of Lung Dose 

Radiation pneumonitis is a theoretical concern with Yttrium-90 

treatment. Previous preclinical and clinical studies with 

Yttrium-90 microspheres demonstrated that as much as 30 Gy 

to the lungs could be tolerated with a single injection, and as 

much as 50 Gy could be tolerated for multiple injections (Ho et 

al., 1996). For this reason, patients with Tc-99m MAA evidence 

of potential pulmonary shunting resulting in lung doses greater 

than 50 Gy should not be treated. The absorbed lung radiation 

dose is the total cumulative dose of all treatments (Berger, 

1971):  

Cumulative absorbed lung radiation dose = 50 x lung mass 

Σi
n

- l = Ai x LSFi 

 

where Ai represents activity infused (correcting for residual in 

vial), LSFi represents LSF during infusion, n represents number 

of infusions, and approximate lung mass (for both lungs, 



Review of Literature – Chapter 3 

 

 67 

including blood) is 1 kg. This dose should not exceed the limit 

of 30 Gy per single infusion and 50 Gy cumulatively. In 

patients who require more than two treatments to achieve tumor 

coverage or in patients being treated repeatedly in the same 

target volume after progression, repeat Tc-99m MAA LSF 

assessment may be necessary (Kennedy et al., 2004). 

 

Variations in Activity in Relation to Number of 

Microspheres 

 

TheraSphere. As described previously, TheraSphere doses are 

dispensed weekly by the manufacturer on Wednesdays and are 

calibrated for Sunday, 4 days later, at 12:00 noon Eastern 

Standard Time. All microspheres carry the same specific 

activity. The only difference between the various activities at 

the moment the different vials are dispensed is the number of 

microspheres per vial. The numbers of microspheres per vial are 

3 GBq (1.2 million), 5 GBq (2 million), 7 GBq (2.8 million), 10 

GBq (4 million), 15 GBq (6 million), and 20 GBq (8 million). 

Knowledge of radiation physics, activities, number of 

microspheres per vial, and required volume for microspheres is 

important in the ordering and treatment planning process. The 

fact that the microsphere number alone differentiates the various 

activities dispensed by the manufacturer must be taken into 

consideration when dosimetry calculations are performed.  
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 Figure 9 illustrates the dose decay curves of the 

manufactured activity vials to a certain activity. An example 

best illustrates this principle. An authorized user wishes to treat 

a patient with a 971-ml right lobe volume with a dose of 120 

Gy. Assuming zero lung shunt, this would imply the need for 

the following of activity to treat the patient: (971 ml x 1.03 

g/mL x 0.001 kg/gm x 120 Gy)/50 = 2.4 GBq 

 

 

Figure (9): Decay curve of 3-, 5-, 7-, and 10-GBq vials of Therasphere. 

The day of the week and time at which each vial has decayed to 2.4 

GBq is illustrated. 
 

This would translate into 2.4 GBq of activity generated by a 3-

GBq vial Monday at 08:40 AM, a 5-GBq vial Wednesday at 

07:58 AM, a 7-GBq vial Thursday at 15:08 PM, or a 10-GBq 

vial Saturday morning 12:10 AM (Figure 9). 

Hence, depending on the dose selected and patient treatment 

scheduling, different numbers of microspheres would be 
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administered. If treatment is scheduled for Monday, a 3-GBq 

vial decayed to 2.4 GBq Monday at 08:40 AM will be required, 

and the patient will receive 1.2 million microspheres. If the 

same patient receives a 5-GBq vial decayed to 2.4 GBq on 

Wednesday at 07:58 AM, 2 million microspheres will be 

administered. A treatment with a 7-GBq vial decayed to 2.4 

GBq will be performed on Thursday at 3:08 PM, translating into 

2.8 million microspheres. The use of a 10-GBq vial is unlikely 

in this example, because this would require a Saturday 12:10 

AM injection time. An understanding of this principle is 

extremely important when dosimetry with TheraSphere is 

considered, because the authorized user may want to take into 

account tumor size and vascularity. For example, a tumor with 

densely packed vascularity (eg, HCC or neuroendocrine tumor) 

may best be treated with a higher number of spheres than one 

without such dense vasculature. In addition, large bulky lesions 

may also be better treated with higher-activity vials later in the 

week, translating into a higher number of microspheres 

administered and enhanced tumor coverage. Therefore, it is 

encouraged that this flexibility in microsphere number for any 

given activity be recognized and factored in treatment planning. 

In summary, it is important that authorized users recognize the 

significant difference in number of microspheres depending on 

the vial manufactured. Larger, more vascular lesions may be 

treated later during the week to enhance coverage, whereas 
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smaller tumors may be treated with lower-activity vials early in 

the week (Salem and Thurston, 2006a). 

SIR-Spheres. Variation in microsphere number also exists with 

SIRSpheres. SIR-Spheres are always delivered in 3-GBq 

activity vials. According to the package insert, a 3-GBq vial 

might contain between 40 and 80 million microspheres. Given 

this variation, a patient receiving the entire 3-GBq vial might 

receive 40 million microspheres, whereas the following week, 

an identical patient might receive 80 million microspheres with 

less specific activity. Given this variation and the inability to 

reliably estimate the number of microspheres being infused, the 

necessity for slow and deliberate infusion of the microspheres 

with continuous fluoroscopic observation is further reinforced. 

In addition, given the need for constant fluoroscopic 

observation during the infusion, the assessment for an 

angiographic endpoint (ie, stasis), the infusion of Yttrium-90 

(especially SIR-Spheres) represents a true embolization 

procedure (Kennedy et al., 2004). 
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The Treatment Procedure 

 

Room preparation. Standard room preparations for 

interventional procedures are used. A large 6-foot x 6-foot drape 

should be placed on the floor near the fluoroscopy unit in such a 

manner that when the Yttrium-90 delivery system is brought in 

proximity to the patient, any potential contamination or leak on 

the floor will be contained. For the administration of Yttrium-90 

microspheres, at least two different radiation detectors should 

be available in the room. A survey meter with a thin window 

Geiger-Mueller detector capable of detecting radiation levels 

less than 0.1 mR/h should be available near the exit from the 

room. This meter will be used to detect possible radioactive 

contamination of the staff, in the waste, and on the fixed 

equipment in the room. A portable ionization chamber capable 

of detecting radiation doses as low as 1 mrem/h should be 

available. This survey meter is used to measure the radiation 

doses emanating from the Bremsstrahlung within the patient. A 

surface measurement with the ionization chamber will give a 

crude estimate of the dose delivery site. The ionization chamber 

is also used to measure residual activity that may be in the dose 

vial. To locate TheraSphere microspheres along the catheter and 

tubing connected to the dose vial, a high count rate ionization 

chamber with a thin-window β-detector is very useful (eg, 

Eberline R07). Because the TheraSphere delivery system has 
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two solid-state radiation detectors to determine radiation levels 

at the dose vial and the catheter connection point, the high count 

rate ionization chamber is not necessary to deliver 90% of the 

dose. To ensure delivery of the SIR-Sphere, a visual indicator 

should be confirmed with a radiation level measurement of the 

dose vial. Use of the exposure rate at a fixed distance from the 

device before and after infusion provides a positive 

determination of the dose delivered in addition to surface 

measurements of the patient (Salem and Thruston, 2006a). 

 

 In addition to the supplied TheraSphere and SIR-Sphere 

administration sets, a Nalgene container and an acrylic Nalgene 

shield are required. The dose vial, attached tubing, and the 

catheter are placed in the Nalgene container immediately after 

infusion of the spheres. Residual activity is determined with use 

of the ionization chamber and the shielded Nalgene in the same 

geometry as the ionization chamber and dose vial before 

administration. 

 

Administration set preparation (Thera-Sphere, SIR-Sphere). 

It is crucial to assemble the microsphere delivery kit carefully 

because any error during the setup may lead to incorrect 

administration. Significant errors during critical steps in the 

setup and delivery of microspheres should be addressed at dose 

termination points. To increase consistency and limit errors, 
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three individual team members should check all steps. For 

TheraSphere infusions, it is very important to ensure that the 

connections to the saline solution bag, syringe, and inlet and 

outlet catheters are tight to ensure that the system is sealed and a 

constant pressure can be maintained as shown in figure (9). For 

SIR-Spheres infusions, it is very important that needles are 

within the septum and that the septum has not been damaged 

during setup and manipulation (eg, excessive punctures). The 

microsphere administration kits for TheraSphere and SIR-

Spheres should be assembled according to objective, 

reproducible, and repeatable checklists. The manufacturers 

routinely provide these checklists (Salem and Thruston, 

2006a). 

 

Figure (9): Radioembolization Infusion Set 
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Microsphere infusion technique. 

The technical aspects of radioembolization are quite complex 

and should not be undertaken lightly. The infusion technique 

varies depending on the Yttrium-90 agent being used, the size 

and location of the catheter, and the vessel undergoing infusion. 

In addition, the deliveries of TheraSphere and SIR-Spheres are 

distinctly different. Given this, it is recommended that 

institutions beginning a Yttrium-90 program commit to having 

the same authorized user and/or interventional radiologist 

perform the first 10–15 cases. This allows for the learning curve 

to be reached quickly, as well as allowing individual 

institutional inefficiencies to be identified and remedied rather 

than repeated with different authorized users. Unlike SIR-

Spheres, the embolic effects of 20 - 30µm TheraSphere 

Yttrium-90 particles are angiographically minimal (Sato et al., 

2006).  

 

 The presence of unrecognized collateral vessels with 

consequent infusion of radioactive microspheres is certain to 

result in clinical toxicities if proper angiographic techniques are 

not adopted (Liu et al., 2005; Murthy et al., 2005a; Murthy et 

al., 2005b). These might include gastrointestinal ulceration, 

pancreatitis, skin irritation, and other nontarget radiation. For 

this reason, aggressive prophylactic embolization of vessels 

before therapy, in such a manner that all hepaticoenteric arterial 
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communications are completely eliminated, is highly 

recommended. These vessels include the GDA, right gastric 

artery, esophageal artery, accessory phrenic artery, falciform 

artery, and variant arteries such as the supra- or retroduodenal 

artery. 

 

 

Figure (10): Therasphere Infusion Set 

 

TheraSphere infusion technique.  

After building up the administration set as shown in figure (10). 

Most infusions should be performed with use of 3-Fr systems. 

This includes standard lobar infusions as well as cases with 

difficult anatomy, small vessels (eg, left hepatic artery), and 

subselective catheterizations. In these instances, the required 
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pressures are greater, usually 20–40 psi. The delivery of 

TheraSphere is dependent on blood flow through the hepatic 

vasculature distal to the catheter tip. Therefore, it is necessary to 

make certain that the catheter does not occlude the vessel in 

which it is placed, because doing so will result in vessel spasm 

and reflux as the infusion proceeds. Flushing should be 

continued until optimal delivery of TheraSphere is achieved 

(Murthy et al., 2005a).   

 

 A minimum flush of 60 ml is recommended with 3-Fr 

systems. Although discouraged, the use of 4-Fr or 5-Fr systems 

should allow for constant low-pressure (10–20 psi) infusion 

throughout the administration. The radioactivity is monitored as 

the spheres travel through the blue stopcock. It is possible for a 

very small percentage of the microspheres to remain lodged in 

the potential spaces that exist at catheter connection sites (eg, in 

three-way connections), necessitating a tapping process that will 

resuspend the spheres as the injection proceeds. Flushing should 

be continued until optimal delivery of TheraSphere is achieved. 

A minimum flush of 60 ml is recommended with 4-Fr or 5-Fr 

catheter systems. Irrespective of the size of the catheter system, 

it is necessary to ensure that the rate of infusion mimics the rate 

of hepatic arterial flow (Murthy et al., 2005b). This rate is 

assessed by visual inspection of a test dose of contrast material 

infused before TheraSphere administration. In some patients 
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(eg, elderly patients with diminished cardiac function or celiac 

stenoses), slower hepatic arterial flow may be apparent. In such 

cases, the infusion rate of TheraSphere must mimic this slower 

flow. Patients who have recently received chemotherapy have 

vessels prone to dissection and spasm (Liu et al., 2005).  

 

 A typical TheraSphere infusion requires less than 5 

minutes to complete. Radiation monitoring of the TheraSphere 

administration set and catheter must be used to establish the 

timing of optimal delivery. It is important to correlate the flow 

of TheraSphere generated by the syringe with the normal blood 

flow through the hepatic artery. The interventional radiologist 

best estimates flow through the vessel being treated. Therefore, 

if the authorized user is not an interventional radiologist, it is 

essential that the interventional radiologist clearly communicate 

to the authorized user the vessel size and flow dynamics. The 

individual tailoring of the administration process is dependent 

on the information obtained from the interventional radiologist. 

Injecting TheraSphere at an infusion rate faster than the vessel 

will tolerate can result in reflux and administration to nontarget 

sites (Salem and Thruston, 2006a). 

 

SIR-Sphere infusion technique. 

In figure (11), the SIR-Sphere infusion set is build up as with 

TheraSphere, most SIRSpheres infusions should be performed 

through 3-Fr catheter systems. Although the use of smaller 
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catheter systems results in the need to generate higher pressures 

for microsphere delivery, they create a safety mechanism to 

prevent the forceful and unimpeded advancement of 

microspheres that might occur with larger 5-Fr catheters. There 

is no pressure gauge on the SIR-Spheres delivery kit, and hence 

pressure cannot be monitored. The delivery of SIR-Spheres is 

also dependent on blood flow through the hepatic vasculature 

distal to the catheter tip. Given the embolic load of SIR-

Spheres, it is even more necessary to make certain that the 

catheter does not occlude the vessel in which it is placed to 

prevent reflux. Flushing should be continued until optimal 

delivery is achieved. A minimum flush of 60 ml is 

recommended (Salem and Thruston, 2006a). 

 

 

Figure (11): SIR-Spheres Infusion Set 
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The technique of SIR-Spheres infusion involves the alternating 

infusion of sterile water and contrast medium, never allowing 

direct contact between the SIR-Spheres and contrast medium. 

This allows the authorized user to adequately monitor the 

injection and ensure that vascular saturation has not been 

reached. In cases in which unrecognized vascular saturation 

occurs and microsphere infusion continues, reflux of 

microspheres and nontarget radiation becomes a distinct 

possibility. The infusion is complete if (i) the entire intended 

dose has been infused without reaching stasis or (ii) stasis has 

been reached and only a portion of the dose has been infused. 

Given the risk of reflux and nontarget radiation after stasis has 

been reached, the continued infusion of SIR-Spheres is not 

recommended. Monitoring of the SIR-Spheres infusion, as well 

as estimation of the percentage infused at any time, may be 

performed with use of an ionization chamber (minimum 

detection, 1 mrem/h) placed adjacent to the SIR-Spheres kit. 

Keeping the ionization chamber at a fixed distance from the vial 

and measuring baseline preinfusion dose can provide a live 

assessment of percentage infused. The dose reading should 

decrease as the infusion percentage increases. This may be 

helpful in cases in which an authorized user wishes to infuse a 

certain portion of the microspheres in one vascular territory, 

move the catheter position, and continue the infusion. The use 

of the ionization chamber can provide this information. 
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Assessing percentage infused by visual estimates is fraught with 

error and is not recommended (Salem and Thruston, 2006a). 

 

 The final 1 - 2% of SIR-Spheres may be expelled from 

the tubing by loading the 20-ml injection syringe with air. 

Pressuring the system with a column of air will result in the 

slow expulsion of the remaining microspheres. When this air 

column reaches the three-way valve, it should be turned off to 

prevent the intraarterial injection of air. A typical SIR-Sphere 

infusion requires 10–20 minutes to complete. The technical 

aspects of SIR-Spheres infusion for HCC deserve special 

mention. Unlike colorectal cancer, HCC has a propensity for 

unifocality and significant hypervascularity, despite being 

bilobar. Given this, the usual cirrhotic nature of patients with 

HCC, and the high embolic load of SIR-Spheres, administration 

of microspheres in these patients require a delicate approach. In 

such cases, segmental/subsegmental infusion and dose reduction 

is recommended to (i) minimize the risk of reflux into nontarget 

organs, (ii) minimize the risk of microsphere flow into the 

normal parenchyma, (iii) minimize the risk of radiation-induced 

liver disease, and (iv) maximize the concentration of 

microspheres into the tumor bed (Salem and Thruston, 2006b). 

 

General Radiation Safety Considerations 

Radiation safety is an important consideration in this procedure, 

given the potentially high exposure from handling therapeutic 
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amounts of Yttrium-90. It is a β-emitter radioactive isotope; 

therefore, the primary concern is exposure to the eyes, skin, and 

hands. β-emissions from Yttrium-90 can travel more than a 

meter in air but are significantly reduced by less than 

1centimeter of acrylic. Although the dose vial is shielded in 

acrylic, the inlet and outlet catheters are not shielded (Goin et 

al., 2005a). 

 

 Because Yttrium-90 microspheres are not metabolized, 

they are registered as a sealed source. However, the 

microspheres are delivered with use of saline solution or sterile 

water and should therefore be handled by the same techniques 

as those for radiopharmaceuticals. If the system becomes 

compromised, radioactive contamination is a concern, and steps 

should be taken to prevent the spread of contamination. 

Yttrium-90 microspheres (resin and glass) contain trace 

amounts of long-lived radioactive contaminants. If significant 

amounts of residual dose are present (>1% of the dose), these 

contaminants may be detected with a GM meter after 30 days of 

decay. Disposal of this radioactive material should be addressed 

according to the facilities governing regulations (ie, Agreement 

State, Environmental Protection Agency, Nuclear Regulatory 

Commission). Typical surface radiation dose rates from the 

patient range between 4 and 12 mrem/h. This dose range is well 

within the accepted radiation levels for outpatient radiation 
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treatments. Regardless of whether the patient is an inpatient or 

an outpatient, no special precautions are necessary (Goin et al., 

2005b).  

 

 In summary, to avoid inaccurate dose administration or 

termination, the following are recommended during treatment:  

(i) procedural checklist,  

(ii) two or three dose verification techniques,  

(iii) team approach with defined roles for individuals from 

radiation oncology, nuclear medicine, interventional 

radiology, and medial physics or radiation safety 

departments.  

Both manufacturers provide authorized users with strict 

procedural checklists. This checklist allows for the deliberate 

setup and infusion of microspheres, thereby minimizing human 

error. Any portion of the checklist that cannot be completed 

during the setup should be considered an abort point. In such 

instances, rather than risk a misadministration, the procedure 

should be terminated. When the infusion is complete, 

authorized users should be aware of the possibility of 

contamination and microsphere deposition in the base catheter 

while the microcatheter is being removed. Hence, if 

backbleeding is observed from the base catheter on 

microcatheter removal, contamination is a possibility. Caution 

should therefore be exercised during removal and handling of 



Review of Literature – Chapter 4 

 

 83 

the base catheters. Although this can occur with glass and resin 

microspheres, we have observed this more commonly with the 

resin microspheres. In accordance with basic radiation safety 

precaution, all personnel in the room at the time of Yttrium-90 

infusion must be measured for any possible contamination on 

their exit (Salem and Thruston, 2006a). 

 

Postprocedural Care and Follow-up 

Because Yttrium-90 therapy has a low toxicity profile, the 

treatment can be performed on an outpatient basis. Given the 

possibility of small unrecognized arterial vessels coursing to the 

gastrointestinal system, it is recommended to use prophylactic 

antiulcer medications in all patients at the time of discharge to 

minimize the risks of gastrointestinal irritation (Yip et al., 

2004). Gastric coating agents may also be used. In some cases, 

unless contraindicated, a tapering 5-day steroid dose pack is 

also given to counter act fatigue. After the procedure, patients 

recover and are discharged within 6 hours. There are selected 

and idiosyncratic reactions that may occur in the immediate 

postprocedural time period. Aside from the transient temporary 

burning that patients may experience during Yttrium-90 

injection, they may also experience transient, sudden-onset 

chills, shaking, and fever. These symptoms are short lived and 

respond to meperidine, diphenhydramine, and acetaminophen. 

They may occur immediately after the procedure and through 
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the first week. Because Yttrium-90 is a β-emitter, most patients 

will have surface readings of less than 1 mrem/h after 

implantation. Therefore, standard biohazard precautions are 

sufficient to protect from exposure to others after they have 

been discharged. With resin microspheres, trace amounts (25–

50 kBq/L per GBq) of urinary excretion are a possibility in the 

first 24 hours after implantation (Lewandowski et al., 2005).  

 

Follow-up care and side effects. 

The most common side effect of treatment is fatigue. The 

majority of patients will experience transient fatigue with vague 

flulike symptoms. This is likely be related to the effects of 

short-lived, low-dose radiation on the normal hepatic 

parenchyma (Lewandowski et al., 2005; Murthy et al., 2005a; 

Salem et al., 2005).  

 

 It is also not unusual for shaking, chills, and fever to 

occur days after treatment. One possible explanation for delayed 

shaking, chills, and fever is the paraneoplastic fever syndrome, 

with the release of various pyretic agents and acute phase 

reactants such as tumor necrosis factor and C-reactive protein. 

This is not unlike what may be observed after TACE, and it is 

common in patients with neuroendocrine and other highly 

vascular tumors such as HCC. The majority of these symptoms 

resolve on their own. However, if they persist, infection should 

be a concern, and proper steps should be undertaken to exclude 
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an infectious cause. Other possible side effects include 

abdominal pain, nausea, vomiting, and radiation cholecystitis. If 

the patient presents with chronic abdominal pain, nausea, 

vomiting, or bleeding, endoscopic evaluation may be indicated 

to exclude gastrointestinal ulceration. Despite the use of 

prophylactic drug regimens, the patient may experience 

radiation gastritis and ulceration, both of which may require 

surgery for definitive treatment (Murthy et al., 2005a). 

 

 Radiation-induced liver disease is a possibility, 

particularly in patients with compromised liver function at 

initial treatment. Response to steroids in this condition is 

variable. Early clinical follow up is highly recommended by day 

14, particularly for the treating physician during the early phase 

of the Yttrium-90 program, because it provides the treating 

physician with a clinical assessment and rapid learning curve of 

the patient’s tolerance for the treatment. The clinician can also 

evaluate the patient for a second treatment to the other lobe at 

30–60 days follow-up if required. In addition, this clinic visit 

permits monitoring of adverse sequelae such as fatigue (most 

common); tumor lysis or paraneoplastic syndrome; or hepatic, 

gastrointestinal, or pulmonary toxicity. 

 

 Ultimately, the visit is most important to confirm that the 

patient’s ECOG PS has not deteriorated. Significant worsening 

in PS should be taken seriously and warrants delay in further 
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therapy. If patients tolerate the first treatment, they should be 

scheduled for the second administration as required. Performing 

laboratory tests in patients in clinically stable condition during 

the 14-day visit is left to the discretion of the treating physician, 

as most patients will exhibit a transient increase in 

aminotransferase (Salem and Thruston, 2006a). 

 

 The majority of patients do experience a sustained 

lymphopenia that is not associated with opportunistic infections 

(Salem et al., 2005). This phenomenon appears to occur more 

frequently with glass than with resin microspheres. 

 

Assessment of Radiological Response after Therapy 

 

Cautions regarding interpretation 

The clinical treatment of patients with metastatic cancer 

receiving Yttrium-90 is different from that for patients with 

HCC. Patients with metastatic liver cancer usually do not have 

those predisposing factors and no intrinsic hepatocyte 

dysfunction. In other words, patients with metastatic cancer to 

the liver have normal liver parenchyma with tumor contained 

within, whereas patients with hepatocellular carcinoma have 

abnormal liver parenchyma, some portions of which have 

undergone malignant degeneration. The degree of background 

cirrhosis may prevent tumor shrinkage after successful Yttrium-

90 therapy. The initial imaging of the patient with metastatic 
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cancer is identical with that in the patient with hepatocellular 

carcinoma, with one exception. Given the difficulty in 

evaluating tumor response by CT or MR imaging, positron 

emission tomography (PET) has emerged as an integral imaging 

modality in the assessment of treatment response to Yttrium-90. 

Whereas CT provides anatomic information of tumor burden, 

PET is better at characterizing the functional status of the tumor 

before and after treatment. In several studies published by 

Traditional methods for the evaluation of tumor response to 

therapy have been size reduction on CT through the application 

of the WHO or Response Evaluation Criteria in Solid Tumors 

(RECIST) criteria (Therasse et al., 2000; Bruix et al., 2001).  

 

However, some pitfalls may occur when methods based on CT 

dimensional changes are applied to Yttrium-90 therapy. First, 

RECIST or WHO criteria do not allow for the use of PET 

scanning in the follow-up evaluation, and the functional nature 

of the residual tissue is thereby ignored. In addition, because 

Yttrium-90 treatment is a highly targeted form of radiation 

therapy, it may at times lead to tumor necrosis, edema, and 

peritumoral hemorrhage, resulting in an increase in tumor size. 

By RECIST or WHO criteria, this might suggest stabilization of 

tumor or progression rather than response. However, on closer 

analysis and correlation to PET findings, Wong et al (2002) 

found the reverse to be true. In addition, some have shown that 
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traditional CT techniques can be misleading and underestimate 

the true metabolic response associated with Yttrium-90 

administration (Wong et al., 2004; Bienert et al., 2005a; 

Bienert et al., 2005b).  

 

 In fact, the conclusions of the Barcelona 2000 European 

Association for the Study of the Liver conference (Bruix et al., 

2001) noted that extensive tumor necrosis is not typically 

paralleled by a reduction in tumor diameter. The 

recommendations from this expert panel suggested that the 

estimation of tumor response after ablative therapies should 

include necrosis and lack of enhancement. This is also true for 

radioembolization. Therefore, in patients being treated with 

Yttrium-90, standard evaluation and follow-up should include 

liver function, tumor marker measurement, and CT or MR 

imaging with assessment of lack of enhancement and necrosis 

(Deng et al., 2006). 

 

Long-Term Follow-Up 

Standard treatment response is assessed and reviewed with the 

patient 3 months after treatment. At that time, a repeat series of 

laboratory tests is performed, including liver function, tumor 

marker measurements, and complete blood count. Cross-

sectional imaging including CT or MR imaging, as well as PET, 

is repeated to assess overall response on the basis of changes in 

lesion size, enhancement characteristics, or reduction in 
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standard uptake values (Wong et al., 2002; Wong et al., 2004). 

Although transient changes in cytokines have been identified 

after treatment with Yttrium-90, they have not been shown to 

correlate with response (Wickremesekera et al., 2001). In cases 

of significant tumor shrinkage and down-staging, other 

treatment options may be considered for the patient, such as 

surgical resection or RF ablation. Some oncologists prefer the 

advantage of minimally embolic Yttrium-90 therapy compared 

with TACE, because the vascular supply to the tumor is not 

obliterated. Theoretically, this may enhance the ability of 

subsequently administered intraarterial chemotherapy to reach 

the tumor bed. Synergistic effects have been noted in patients 

receiving chemotherapy after Yttrium-90 therapy (Gray et al., 

2001; Van et al., 2004).  

 

 Finally, some patients may wish to attempt TACE as an 

alternative method of treatment for hepatic malignancy if 

clinical benefit was not obtained from Yttrium-90 therapy. 

Imaging follow-up should be performed with techniques that 

take into account the localized nature of Yttrium-90 as well as 

the potential lack of tumor reduction that may be observed after 

locoregional therapy. As previously mentioned, PET has 

emerged as an integral tool in the assessment of response after 

Yttrium-90 therapy (Wong et al., 2002; Wong et al., 2004; 

Bienert et al., 2005a; Bienert et al., 2005b; Wong et al., 2005). 
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However, these strategies should also include well-accepted and 

validated measures of tumor response, such as RECIST and 

WHO criteria (Therasse et al., 2000). Ultimately, on the basis 

of the discussion herein and the abundant inconsistencies in the 

literature, investigators should follow the standards previously 

published and explicitly state their definition of response after 

the application of a therapy (Goldberg et al., 2005). This would 

include reporting dose, drug, device, and clinical endpoints (eg, 

survival from first treatment or diagnosis, response rate 

according to RECIST, WHO, or European Association for the 

Study of the Liver criteria). Such standardization will help 

improve the quality of research of interventional oncology and 

permit comparisons among therapeutic modalities (eg, TACE, 

RF ablation, Yttrium-90 therapy, drug-eluting microspheres), 

investigators, and centers. 
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Complications of Radioembolization 

  

Other than the mild postembolization symptoms that may occur 

after administration of Yttrium-90, the most common 

complications of radioembolization include nontarget radiation 

(ie, gastrointestinal ulceration, pancreatitis), radiation 

pneumonitis, and radiation- induced liver disease (ie, radiation 

hepatitis) (Ingold et al., 1965; Ho et al., 1996; Thamboo et al., 

2003; Steel et al., 2004; Yip et al., 2004; Salem et al., 2005). 

The incidence of nontarget radiation should be minimized if the 

technical principles described earlier are followed, including 

aggressive embolization of collateral vessels and the use of 

fluoroscopic guidance. Aggressive prophylactic embolization is 

recommended because Yttrium-90 induced ulcers may be 

refractory to medical therapy (Lewandowski et al., 2007). 

 

Postembolization Syndrome 

 

Given the embolic load of SIR-Spheres (Sirtex Medical, Lane 

Cove, Australia), it is not uncommon for patients to experience 

abdominal pain in the target organ. This often resolves within 

30–60 minutes with the use of narcotics (Murthy et al., 2005a; 

Murthy et al., 2005b). This acute abdominal pain does not 

usually occur with TheraSphere (MDS Nordion, Kanata, ON, 

Canada) (Salem et al., 2004). Postembolization syndrome may 

occur in as many as 50% of patients. This syndrome is not as 
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severe as that observed with TACE and is usually dominated by 

fatigue and constitutional symptoms (Salem et al., 2004; 

Murthy et al., 2005b; Kennedy et al., 2006). 

 

Radiation Gastritis, Gastrointestinal Ulcers & Pancreatitis 

 

Attenuated radiation to adjacent structures is another theoretical 

concern of Yttrium-90 therapy. For example, segment 4, 5, or 6 

lesions may impart a radiation effect to the right side of the 

colon or gallbladder after treatment. Also, treatment to the left 

lobe of the liver may cause radiation gastritis as a result of its 

proximity to the stomach. One final example of attenuated 

radiation effect is right pleural effusion, which is occasionally 

seen after right lobe treatment. Gastrointestinal ulceration and 

nontarget administration of microspheres should be minimized 

with use of angiographic techniques previously described (Yip 

et al., 2004; Liu et al., 2005; Murthy et al., 2005a; 

Lewandowski et al., 2007). Nontarget administration of 

microspheres can result in pancreatitis. 

 

Radiation Pneumonitis 

 

Proper lung shunting studies and incorporation of this 

information in dosimetry models should be practiced 

universally. The risk of radiation pneumonitis is mitigated if 

cumulative lung dose is limited to 50 Gy (Ho et al., 1997). 
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Radiation Hepatitis 

 

Another possible complication of radioembolization is radiation 

hepatitis. This mechanism involves the irradiation of normal 

parenchyma beyond that which is tolerated. Ingold et al (1965) 

published the landmark series on radiation hepatitis in a cohort 

of patients treated with whole-abdomen external- beam 

radiation for gynaecologic malignancies. The classical findings 

of anicteric ascites, increased alkaline phosphatase levels, 

thrombocytopenia, and venoocclusive disease occurred in 

patients who received doses of more than 30 Gy to the liver. 

More recently, investigators studied the tolerance of liver to 

external-beam radiation. Patients with HCC were able to 

tolerate 39.8 Gy, whereas patients with liver metastases could 

tolerate 45.8 Gy without the occurrence of radiation hepatitis 

(Dawson et al., 2002). 

 

 Although the mechanism and dosimetry of selective 

“internal” microsphere radioembolization is distinctly different 

from that of external-beam radiation, liver failure in this unique 

form of radiation hepatitis is a possibility despite the previously 

published explanation of the safety of hepatic doses of 100–150 

Gy (Yorke et al., 1999). When radioembolization with 

microspheres is undertaken, the objective is to administer the 

microspheres to the tumor without affecting the normal 

parenchyma. However, if the normal parenchyma receives a 
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threshold dose greater than a yet-undetermined amount for this 

mode of therapy, irreversible liver failure may ensue. Systemic 

steroid treatment may control the progression of radiation 

hepatitis. It must be stated that the true mechanism of radiation 

hepatitis from radioembolization is not currently understood. 

Any evidence of radiation hepatitis (eg, anicteric ascites and 

increased alkaline phosphatase and aminotransferase levels) 

represents an extension of the knowledge gained from 

externalbeam radiation (Cheng et al., 2002; Murthy et al., 

2005a). 

 

Lymphopenia 

 

Lymphopenia is another possible clinical sequela of Yttrium-90 

infusion. This is not surprising, given the exquisite sensitivity of 

lymphocytes to radiation. Although lymphopenia tends to occur 

more commonly in patients treated with glass microspheres, 

opportunistic infection has not been reported (Carr, 2004b; 

Salem et al., 2005). 

 

Biliary Injury 

 

It is well known that biliary complications may occur as a result 

of radiation therapy to the upper abdomen (Cherqui et al., 

1994; Nakakubo et al., 2000). Very little has been reported on 

biliary complications after treatment with Yttrium-90 
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microspheres. Theoretically, given that the microsphere size of 

20–60 µm is quite similar to the blood supply to the peribiliary 

plexus, microspheres may lodge in this plexus and cause 

microscopic injury (Liu et al., 2005). Possibilities include 

abscess formation, biliary necrosis, biloma, and radiation 

cholecystitis. Further investigation in this uncharted territory is 

warranted. 

 

Hepatic Fibrosis and Portal Hypertension 

 

The injection of Yttrium-90 into the hepatic arterial system may 

cause hepatic fibrosis, resulting in portal hypertension. 

Investigators have reported this as a possible complication of 

Yttrium-90 therapy (Ayav et al., 2005) after surgical exploration 

before and after Yttrium-90 infusion. At repeat laparotomy, 

increased portal pressures and venous congestion was noted. 

The authors concluded that Yttrium-90 therapy might have 

contributed to this surgical finding (Ayav et al., 2005). 

  

 It is important to note that the finding of hepatic fibrosis 

is not unique to Yttrium-90 therapy. Systemic chemotherapies 

may also result in the same clinical findings of sinusoidal 

obstruction, perisinusoidal fibrosis, and venoocclusive disease 

of the normal hepatic parenchyma (Rubbia-Brandt et al., 2004). 

These systemic chemotherapies may also cause steatohepatitis, 
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resulting in higher perioperative mortality rates in patients who 

subsequently undergo hepatic resection (Vauthey et al., 2006). 

 

 For Yttrium-90, the findings of hepatic fibrosis seen in 

metastatic disease after treatment should not be referred to as 

cirrhosis. The hepatic parenchymal changes are a result of 

radiation effect and scarring to the hepatic interstitium, not a 

direct injury to the hepatocyte with the development of 

cirrhosis. Liver function in these patients is usually preserved, 

possibly supporting this explanation (Brock et al., 2006). 

 

Radiation Cholecystitis 

 

Radioembolization may cause radiation cholecystitis. Although 

clinically relevant radiation cholecystitis requiring 

cholecystectomy is not common, imaging findings of 

gallbladder injury (ie, enhancing wall, mural rent) are quite 

common (Murthy et al., 2005a). Patients who do not experience 

acute cholecystitis may have symptoms of chronic right upper 

quadrant pain and biliary dyskinesia. 

 

Miscellaneous Imaging Findings 

 

Investigators may observe many imaging findings after 

radioembolization, which include tumor necrosis, ring 

enhancement, transient perivascular edema, biliary injury, 

hepatic fibrosis, pleural effusion, perihepatic fluid, and 
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posttreatment lobar hypertrophy (eg, caudate) (Marn et al., 

1993; Murthy et al., 2005a). 

 

Idiosyncratic Reactions 

 

Investigators should refer to the product inserts for a list of all 

possible adverse events and idiosyncratic reactions. These 

include periinfusional shaking or chills that can be seen in 

patients with HCC being treated with glass microspheres, and 

changes in gustatory sensation that may last for weeks or 

months (Salem and Thurston, 2006b). 
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Radiation Safety Considerations in Patients Undergoing 

Transplantation or Surgical Resection 

 

In several instances, patients undergoing Yttrium-90 

microspheres therapy become candidates for surgical resection 

or liver transplantation. Although investigators should follow 

their own institutional guidelines for elapsed time from 

Yttrium-90 treatment to time of surgery or transplantation, this 

should be balanced against the medical needs of the patient. It is 

recommended to monitor the patient surface dose rate to 

determine what precautions should be followed at the time of 

surgery. 

 

 Generally, a patient skin surface dose rate of less than 20 

µSv/h does not require special handling by the surgeon at the 

time of operation. That is, lead gloves, special instruments, and 

extremity radiation monitors (eg, ring badge) are not necessary. 

Radiation safety personnel should be notified for transportation 

and storage of the explanted specimen (Salem and Thurston, 

2006b). 

 

 After resection or transplantation surgery, the explanted 

liver should be placed in a formaldehyde solution for storage in 

a leak-proof container. The container should be refrigerated 

while in storage. Because the explanted liver may contain 

radioactive microspheres, the container should be monitored 
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with an energy-compensated Geiger-Mueller detector or a 

portable ionization chamber. If the dose rate at the surface of the 

container exceeds 50 µSv/h, the container should be placed 

behind lead shielding for decay in storage. While in storage, the 

explanted liver container should be labeled as radioactive 

material following the radiation safety guidelines (Salem and 

Thurston, 2006b).  

 

 Institutions should also follow guidelines for room 

posting of areas containing radioactive material or designated 

radiation areas. After the container has decayed for 60 days, the 

surface exposure rate will usually be less than 5–10 µSv/h with 

the use of a portable ionization chamber. At that time, the 

specimen may be handled by the pathologist in the laboratory 

according to standard precautions and techniques. However, 

when pathologic analysis is complete, all tissue should be 

placed in the original storage container and returned to 

radioactive material storage. All areas in which the liver 

specimen was handled should be surveyed with a radiation 

detection instrument such as a Geiger-Mueller thin-window 

detector. Readings should be less than 0.1 mR/h (Salem and 

Thurston, 2006b).  

 

Treatment of the Second Lobe 

Follow-up Evaluation of the First Lobe. Thirty days after the 

first treatment, assessment of response to the first infusion must 
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be undertaken, and overall clinical status of the patient must be 

assessed. Liver function tests, complete blood count with 

differential, tumor marker analysis, and cross-sectional imaging 

are performed. In the majority of cases, overall liver function 

(ie, total bilirubin) should be unchanged. Depending on the 

presence or absence of extrahepatic disease, tumor marker 

levels may increase, remain unchanged, or decrease compared 

with baseline, making interpretation difficult. If they are 

increased, tumor lysis, tumor progression in the liver, or the 

presence of extrahepatic disease sites may be implicated. If they 

are unchanged, an argument could be made that there has been 

interval stabilization and/or improvement in tumor burden. As a 

result of the uncertainty in interpretation of tumor markers at 30 

days, their use in the assessment of clinical response should be 

reserved for long-term follow-up. Finally, because radiation 

may be implicated in thrombocytopenia and bone marrow 

suppression, it is important to obtain a complete blood count 

with differential. Lymphocyte suppression without clinical 

sequelae has been observed in many patients undergoing 

Yttrium-90 therapy (Carr, 2004b). The follow- up imaging 

modality used to assess tumor response should be consistent 

with that used for baseline imaging. If MR imaging is used, 

diffusion-weighted imaging permits the documentation of 

necrosis and cell death (Geschwind et al., 2000). CT may limit 

the ability to definitively document tumor necrosis. 
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 However, other indirect criteria can be used, such as size 

of the lesion and relative alterations in vascularity and 

enhancement. Follow-up functional imaging such as MR 

imaging or PET may be helpful (Geschwind et al., 2000; Wong 

et al., 2002; Wong et al., 2004; Wong et al., 2005). The 4-week 

follow-up scan has a different purpose depending on whether 

primary or metastatic disease is treated. For HCC, the 4-week 

scan determines the degree of tumor shrinkage and necrosis. 

Progression to the point of alteration of the clinical liver-

directed therapy plan is unusual in HCC at 30 days after the first 

treatment. Tumor progression in the untreated lobe does not 

represent a reason for discontinuation of treatment with 

Yttrium-90 if a positive result of the first treatment has been 

achieved. 

  

 Positive results that support continued Yttrium-90 

treatment to the other lobe at day 30 include (i) stability in 

tumor size, (ii) tumor shrinkage, (iii) necrosis within the tumor 

with or without tumor shrinkage, (iv) improvement on PET in 

the treated area, (v) improvement in liver function test results, 

(vi) improvement in PS or pain, and (vii) improvement in tumor 

markers if applicable. Results at day 30 that may result in the 

discontinuation of Yttrium-90 treatment include (i) progression 

in the treated area implying radiation resistance, (ii) 

development of significant extrahepatic disease, (iii) worsening 



Review of Literature – Chapter 6 

 

 102 

in liver function test results precluding further treatment, and 

(iv) worsening of PS (Salem and Thurston, 2006b). 

 

Treatment of the second (or additional) lobe(s). 

From an angiographic and technical standpoint, the 

administration to the second (or other) lobe should be 

straightforward, because it is the patient’s third (or more) 

catheterization. Therefore, optimal catheters and guide wires 

will have been established during the planning visceral 

arteriography and first treatment session. If the first treatment 

was performed with lobar Tc-99m MAA evaluation, a second 

Tc-99m MAA administration and calculation of shunting may 

be required. If whole-liver Tc-99m MAA was performed during 

planning mesenteric angiography, a repeat Tc-99m MAA scan 

is not necessary. 

 

 The cumulative dose of Yttrium-90 administered must 

not exceed a total lung exposure of 50 Gy (Ho et al., 1997). 

Clinically, patients tolerate the second treatment similarly as 

they do the first, although there is usually less fatigue. This may 

simply be a phenomenon of the smaller left lobes being treated 

second. Therefore, the degree of fatigue varies, most of this 

effect occurring during treatment of the larger lobe, usually the 

right. There may also be a relationship between dose received 

and the manifestation of fatigue. Interestingly, the sensation of 
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burning, fever, and chills is often reproduced in the same patient 

(Ho et al., 1997). 

 

Repeat treatment of a lobe/segment.  

Repeat injection of Yttrium-90 may be necessary in a 

previously treated vascular bed (ie, lobe), such as recurrent 

disease or incompletely treated disease. However, it is 

important to recognize that the mode of action of Yttrium-90 is 

distinctly different from that of embolic type therapy such as 

TACE or drug eluting microspheres. TACE involves the 

infusion of high-dose chemotherapy, followed by ischemia-

inducing particles at the 300- to 700-µm level. When ischemia 

is induced, hepatocytes may still recruit blood flow from the 

portal vein or extrahepatic arterial vessels such as the right 

inferior phrenic or intercostal and thereby maximize the chance 

of cellular viability. Repeat treatment with TACE is therefore 

possible because this mechanism of hypoxia induction is 

independent of tumor presence and hypervascularity. 

 

 Normal hepatocytes will continue to recruit vascularity 

with each embolization procedure. The mechanism of Yttrium-

90 involves absorption of the microspheres by hypervascular 

tumors. The greater the hypervascularity, the more 

microspheres are absorbed in the tumor, and the lower the 

corresponding dose to normal parenchyma. Theoretically, if 

blood flow to a lobe were 100% to tumor and zero to normal 
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parenchyma, the entire Yttrium-90 dose would be absorbed by 

the tumor and normal parenchyma would receive no exposure. 

Given this mechanism of action, hypervascular tumors become 

necrotic and obliterated from an angiographic standpoint after 

treatment (Salem and Thurston, 2006b).  

 

 This mechanism of action breaks down if retreatment is 

undertaken and tumor hypervascularity is not present, given the 

significant reduction in tumor blood flow that occurs after 

treatment with Yttrium-90. Therefore, during subsequent 

treatments, if tumor hypervascularity is not present, fewer 

microspheres are absorbed by tumor, and the corresponding 

normal parenchymal dose is increased. The limitation described 

herein lies in the inability to definitively calculate normal 

parenchymal dose with Yttrium-90 microspheres. Therefore, 

until this limitation is corrected, repeat treatment with Yttrium-

90 should be considered only when tumor hypervascularity 

persists after initial treatment, and in such cases, segmental 

infusions should be performed if angiographically feasible. 

Little phase I/II work has been done with repeated treatment of 

Yttrium-90; caution should be exercised in such cases. In cases 

in which repeat treatment is initiated, several steps should be 

undertaken to minimize the risks of radiation hepatitis and 

pneumonitis. First, it is essential that repeat Tc-99m MAA 

shunting fraction be evaluated. This is necessitated by the 
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principle of hyperaugmentation of pulmonary shunting. 

Previously treated segments or lobes of liver may have altered 

microvascularity flow dynamics at the tumor level, requiring a 

repeat Tc-99m MAA scan. If shunting is not re-evaluated, the 

actual lung shunting may be underestimated, placing the patient 

at undue risk for lung injury (Salem and Thurston, 2006b).  

 

  Second, depending on the angiographic findings of 

tumor vascularity, a lowered dose should be considered until 

phase I/II dose-escalation studies are complete. Finally, unless 

contraindicated (eg, in cases of diabetes), we advocate the use 

of a 14-day low-dose steroid regimen as well as 

antiinflammatory drugs in patients undergoing repeat treatment 

for HCC. This may theoretically reduce the risk of radiation- 

induced liver disease. Caution should be exercised in the use of 

nonsteroidal antiinflammatory drugs in patients with cirrhosis 

who have esophageal varices (De V et al., 1999). 

 

 In summary, as long as there is significant tumor 

hypervascularity acting as a receptacle and sump for 

microspheres, repeat treatment may be considered if all other 

factors are appropriate (eg, repeat lung shunt fraction, etc..). If a 

large avascular necrotic lesion was created after initial 

treatment, repeat treatment should be considered with caution 

because microspheres will no longer be absorbed by tumor but 

will rather result in the irradiation of normal parenchyma. If 
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significant tumor hypervascularity persists after an initial course 

of Yttrium-90, the cautionary note regarding repeat treatment 

become less valid. As long as there is tumor vascularity to 

absorb the microspheres, repeat treatment may be considered, 

provided the precautions listed earlier (eg, hyperaugmentation 

of lung shunt) are recognized. 

 

Patient Selection for Yttrium-90 versus TACE in HCC 

Patient selection is one of the most frequent areas of debate. The 

question often arises how to select a patient who might benefit 

from Yttrium-90 versus TACE. For years, TACE was assumed 

to provide a survival advantage over supportive care despite 

several randomized trials with results to the contrary (Lin et al., 

1988; Pelletier et al., 1990; Madden et al., 1993; Bruix et al., 

1998). Secondary outcomes such as tumor response, lack of 

enhancement, and promising survival in comparison with 

historical untreated control individuals justified the use and 

adoption of this treatment modality for HCC. In 2002, two 

landmark articles were published supporting the statistical 

survival benefits of TACE in patients with unresectable HCC 

(Llovet et al., 2002b; Lo et al., 2002). Both studies established 

TACE as the treatment of choice and standard of care for 

selected patients with unresectable HCC. From these studies, 

the use of TACE has been definitively accepted as the treatment 

of choice for HCC. However, several observations should be 
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made concerning the selection criteria, techniques, control 

groups, and conclusions of these studies. 

 

Lo et al (2002) performed a study randomizing patients into a 

TACE or control arm. Exclusion criteria included increased 

bilirubin level (3 mg/dL), increased creatinine level (2 mg/dL), 

previous treatment for HCC, previous rupture, increased 

prothrombin time by 4 seconds, capsular rupture, presence of 

extrahepatic disease, arterial invasion, main portal vein 

thrombosis, history of encephalopathy or variceal bleeding, and 

performance status of 4. Patients were then randomized into a 

treatment group and a control group. The control group received 

only supportive care, whereas those in the TACE arm received a 

mixture of cisplatin and iodized oil administered with standard 

transarterial techniques. Gelfoam pledgets (Pharmacia & 

Upjohn, Kalamazoo, MI) soaked in gentamycin were then 

injected. The angiographic endpoint was one at which 

retrograde flow was avoided during the infusion. Patients were 

treated again on a predetermined schedule at 2–3 months unless 

a contraindication to treatment developed or disease progression 

occurred. An intent-to-treat analysis was conducted, with 

survival from randomization as the primary endpoint and tumor 

response (World Health Organisation [WHO] criteria), patient 

tolerance, and hepatic toxicity as secondary endpoints. Eighty 

percent of the patients showed positive test results for hepatitis 
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B surface antigen. Although the cutoff point for baseline 

bilirubin level was 50 µmol/L by protocol, none of the patients 

recruited in the study had bilirubin levels greater than (1.3 

mg/dL). The TACE cohort received a median of 4.5 treatments 

(range, 1–15). Half the patients received at least four treatments, 

and one patient received 15 treatments (Lo et al., 2002). 

 

 Forty-nine percent of the patients (49%) received TACE 

with a right or left lobe injection, which implied that the 

remaining 51% had whole-liver TACE. The median duration of 

hospitalization for limited postembolization syndrome was 2 

days (range, 1–21 d). Of the 192 treatments given to the 40 

patients in the treatment arm, there were 145 events of fever 

(76%) and a 38.5% incidence of abdominal pain or vomiting. 

Interestingly, the majority of patients were symptomatic at time 

of treatment (57 of 79). There was statistically significant 

improvement in survival in patients who underwent TACE 

compared with the untreated control group. Tumor progression 

was the cause of death in 20 of 31 patients (65%) and 34 of 37 

patients (92%) in the treated and control groups, respectively. 

 

 The estimated 1-, 2-, and 3-year actuarial survival rates 

were 57%, 31%, and 26%, versus 32%, 11%, and 3% for the 

treated and untreated arms, respectively. Survival times for 

patients with Okuda I and II disease, respectively, were 25.4 

and 9.2 months in the TACE arm and 11.5 and 5.2 months in 
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the untreated arm. The tumor response rates (WHO criteria) 

were 39% and 6% for the treated and untreated groups, 

respectively. Alpha-Fetoprotein response rates were 72% and 

10% for the treated and untreated groups, respectively (Lo et 

al., 2002). 

 

 Llovet et al (2002b) performed a study randomizing 

patients to receive TACE, bland embolization, or supportive 

care. Rather than wait for disease progression for repeat 

treatment to be performed, patients were treated at regularly 

scheduled intervals (similarly to systemic chemotherapy), a 

deviation from previous TACE treatment protocols. Exclusion 

criteria included age greater than 75 years, Child-Pugh class C 

disease, encephalopathy, ascites, vascular invasion (including 

branch portal vein thrombosis), extrahepatic spread, 

portosystemic shunt, hepatofugal flow, and serum bilirubin 

level greater than (5.0 mg/dL). Patients were then randomized 

into TACE, bland embolization, and control groups. The control 

group received only supportive care, whereas those in the 

TACE and bland embolization arms received treatment at 

baseline, at 2 and 6 months, and every 6 months thereafter. 

Treatment was discontinued if any exclusion criteria developed. 

The TACE group received an emulsion of doxorubicin and 

iodized oil adjusted to bilirubin levels, followed by gelatin 

sponge particles.  
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 The bland embolization group received gelatin sponge 

embolization until flow stagnation was reached. Whole-liver 

embolization was performed at each session. No antibiotic 

prophylaxis was used. The primary endpoint was survival, and 

the secondary endpoint was tumor response. The majority of 

patients had hepatitis C cirrhosis (> 81%). Although the cutoff 

level for baseline bilirubin measurements was 85.5 µmol/L 

according to the protocol, none of the patients recruited in the 

study had bilirubin levels greater than (1.7 mg/dL). Although 

the only difference between the groups in baseline 

characteristics was in serum bilirubin level, it did not reach 

significance. The mean numbers of treatments were 3.08 (range, 

0–7) and 2.8 (range, 1–8) for the embolization and TACE 

groups, respectively. Tumor response rates were 35% in the 

TACE arm (14 of 40 patients) and 43% in the bland 

embolization arm (16 of 37 patients). Compared with the bland 

embolization arm, only TACE resulted in lower frequency of 

vascular invasion. One- and 2-year survival probabilities in the 

TACE arm were 82% and 63%, respectively; those in the bland 

embolization group were 75% and 50%, respectively; and those 

in the control arm were 63% and 27%, respectively. Hence, 

TACE demonstrated a statistical improvement in survival 

compared with control. Given the early stoppage of the trial, the 

investigators were unable to undertake a proper analysis or to 

test the rejection of the null hypothesis in the bland 
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embolization group. The authors concluded that TACE should 

become the standard approach for a select group of candidates 

termed to have intermediate-stage disease (ie, unresectable HCC 

and preserved liver function) (Llovet et al., 2002b).  

 

 It is clear from these two investigations (Llovet et al., 

2002b; Lo et al., 2002) that TACE appears to extend survival 

compared with supportive care in patients who meet the strict 

entrance criteria. However, since the publication of these two 

studies, patient selection criteria for TACE in clinical practice 

appear to have softened, and the survival benefits incurred by 

TACE are being assumed to exist not only for intermediate-

stage disease but for all cases of HCC (despite precautions 

against this generalization by the authors of these studies) 

(Llovet et al., 2002b). TACE has now evolved into use for the 

treatment of cases that differ significantly in baseline 

characteristics from those in the two randomized reports (Llovet 

et al., 2002b; Lo et al., 2002). Patients are treated in a 

segmental/lobar (rather than whole liver) fashion, despite 

increased bilirubin levels, portal vein thrombosis, and minimal 

extrahepatic disease; without reaching stasis, with the use of 

triple (not single) drug regimens in addition to permanent 

embolic particles (instead of Gelfoam). In addition, the most 

common treatment model in clinical practice is that of initial 

treatment followed by repeat treatment only if progression 
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occurs. This is in direct contradistinction to the treatment 

paradigm being advocated by these two excellent studies 

(Llovet et al., 2002b; Lo et al., 2002). In terms of the “bland” 

embolization group, controversy exists as to whether the 

mechanism of Gelfoam is comparable to that of true bland 

particle embolization. Finally, the longterm outcome of the 

patients undergoing bland embolization is not discussed in 

detail. 

 

 In summary, for the select cohort of patients with 

intermediate-stage disease in these two studies (Llovet et al., 

2002b; Lo et al., 2002), TACE imparts a survival advantage 

compared with supportive care provided TACE is practiced as 

advocated by the randomized studies. However, for patients 

whose disease is categorized outside those selection criteria, 

there are no randomized data supporting the use of TACE. This 

having been said, it is important to state that, without question, 

TACE is the worldwide standard for the treatment of HCC. The 

amount of data on Yttrium-90 does not rival that of TACE. 

With TACE, the goal has been achieved to establish the proof 

of principle of arterial therapy to deliver therapy to tumors. 

Because of the introduction and adoption of TACE, technical 

and angiographic considerations have been perfected; 

microcatheter systems have been developed, allowing for the 

highly selective delivery of therapeutic agents. The proof of 
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principle of arterial-based therapy has now been conclusively 

demonstrated since its introduction in 1982, setting the stage for 

the next generation of innovative therapies, such as drug-

eluting, drug-coated, biodegradable, and radioactive 

microspheres, as well as other products currently in 

development (Kato et al., 1981). 

 

 Ultimately, given the similar response rates, the 

differences between TACE and Yttrium-90 therapy may be in 

the incidence of postembolization syndrome and clinical 

toxicities. Also, several analyses have shown that tumor 

response is the one variable that most consistently translates 

into a survival advantage (Llovet and Bruix, 2003). Hence, the 

39–47% response rates obtained with Yttrium-90 treatment 

suggest a trend toward survival benefit (Carr, 2004b; Salem et 

al., 2005). Just as with TACE, proper selection of patients who 

may benefit from Yttrium-90 therapy is important. Investigators 

are directed to several recent studies that have demonstrated that 

selected patients may benefit from Yttrium-90 therapy (Lau et 

al., 1998; Kulik et al., 2005; Salem et al., 2005; Kulik et al., 

2006). 

 

Increased Bilirubin Levels: Yttrium-90 versus TACE 

It can be quite difficult to predict clinical toxicities that might 

be observed in a patient undergoing TACE. Although risk 

factors have previously been described, patients who have 
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normal biochemical parameters may still experience treatment 

toxicities. This is also true of radioembolization. In the absence 

of metabolic abnormalities, drug toxicities, or biliary 

obstruction, patients with increased bilirubin levels, by 

definition, have compromised hepatocyte function. In patients 

with HCC, this dysfunction may be a result of cirrhosis. In 

patients with metastatic disease, this dysfunction may be a 

result of tumor infiltration or chemotherapy toxicity (Salem and 

Thurston, 2006b). 

 

 The mechanism of embolic type therapy (ie, bland 

embolization or TACE) consists of the injection of 300- to 700- 

µm particles to induce ischemia and/or increase cytotoxic agent 

dwell time in the setting of TACE. The particles lodge proximal 

to the hepatocytes, usually at the 300- to 700- µm level. The 

fact that the embolic particles do not reach the hepatocyte level 

allows tumors and hepatocytes to recruit extrahepatic vessels as 

well as portal venous flow. This in turn maximizes the 

likelihood that the hepatocytes will maintain viability and hence 

intrinsic liver function. The ability of the hepatocyte to recruit 

blood flow demonstrates the ability to compensate for the 

embolic insult and maximize the likelihood that the patient will 

tolerate the therapy. If this occurs, intrinsic liver function may 

be preserved. This mechanism is one of the explanations for the 

finding of normal liver functions in the presence of occluded 
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hepatic arteries, a scenario that is not uncommon after several 

TACE procedures. In the setting of Yttrium-90 treatment, the 

particles may have multiple effects in the patient with increased 

bilirubin level and resulting dysfunctional hepatocytes. For the 

minimally embolic TheraSphere particles, the particles lodge in 

the 20- to 30- µm sized arterioles, in relative proximity to 

hepatocytes. The β-irradiation from the Yttrium-90 potentially 

affects the dysfunctional hepatocytes and may result in further 

compromise. Because ischemia is not induced (with a low 

number of spheres injected), any deleterious effect is caused by 

radiation (Sato et al., 2006). For SIR-Spheres, not only do 20- 

to 60- µm particles reach the hepatocytes, analogous to 

TheraSphere, but the significantly larger number of spheres may 

induce embolization and initiate a response to hypoxia. 

Collateral vessels may be recruited from extrahepatic or portal 

venous sources as a response. The hepatocyte insult may be 

augmented from one of radiation alone to the synergistic effect 

of radiation and ischemia, which may further worsen hepatocyte 

dysfunction.  

 

 For these reasons, until studies are undertaken to prove 

the contrary, embolic- type therapies should be considered safer 

and more established than Yttrium-90 microsphere therapy in 

patients with increased bilirubin levels (unless segmental 

infusions can be performed). This postulated mechanism of 
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liver toxicity as a result of Yttrium-90 in patients with increased 

bilirubin levels breaks down as the hypervascularity of tumor 

increases. Intuitively, as more microspheres are absorbed in the 

tumor, fewer are available to reach hepatocytes with consequent 

irradiation. Cautionary notes in the treatment of patients with 

increased bilirubin levels with Yttrium-90 are supported by the 

literature as well as by the package labels for both devices 

(Goin et al., 2005a; Goin et al., 2005b). Treatment with 

steroids and anti-inflammatory drugs should be considered in 

patients with increased bilirubin levels undergoing 

radioembolization. 

 

Lobar versus Whole Liver Treatment 

Although much of the early experience with Yttrium-90 

involved whole-liver infusion, this treatment paradigm is no 

longer recommended (Andrews et al., 1994). Whole liver 

treatment was undertaken because of the limitations in 

microcatheter technology and imaging. With the advent of 2.3-

Fr and 3-Fr microcatheters, lobar and segmental infusions are 

recommended when possible (Herba and Thirlwell, 2002). In 

addition, significant extrahepatic flow through small vessels can 

be avoided only with use of lobar or segmental infusions (Liu et 

al., 2005; Rhee et al., 2005b).  So, it is recommend to follow 

the treatment paradigm that parallels TACE (ie, lobar or 

segmental infusions). 
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If an authorized user insists on treating the entire liver at once, a 

“bilobar lobar” infusion is recommended. This involves 

placement of the catheter in one hepatic artery (right or left) 

followed by the other hepatic artery, where infusions are 

performed. Infusion of Yttrium-90 via the proper hepatic artery 

should be avoided, given the possibility of unrecognized small 

perforating vessels (Liu et al., 2005). Infusion of Yttrium-90 via 

the common hepatic artery should be avoided altogether even if 

the gastroduodenal artery (GDA) has been embolized. Several 

small perforating vessels exist between the common hepatic 

artery and the gastrointestinal tract (Lewandowski et al., 2007). 

Infusion from the common hepatic artery increases the risk of 

nontarget embolization. Prophylactic embolization of the GDA 

does not justify the infusion of Yttrium-90 at the common 

hepatic artery. Ultimately, the infusion of microspheres at the 

lobar/segmental level rather than the whole liver is justified by 

the observation that most of the reports of ulcerations in the 

literature have come from centers that practice whole-liver 

infusion with or without prophylactic embolization of vessels 

(Murthy et al., 2005b; Salem et al., 2005; Kennedy et al., 

2006). In the authors’ opinion, although segmental or lobar 

infusions may at times obviate prophylactic embolization of 

certain vessels before infusion of glass microspheres, this is 

never the case with resin microspheres. Given the embolic load 

of resin microspheres and the clinical insignificance of coil 
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embolization, all extrahepatic vessels should be embolized with 

coils before resin infusion irrespective of infusion site or 

approach (ie, lobar or segmental). 

 

Treating Patients after Resection or Radiofrequency 

Ablation 

The most common scenario involving resection in patients with 

HCC or colorectal metastases likely involves patients who have 

already undergone right hepatic lobectomy and in whom disease 

in the left lobe has now developed. In such cases, the left 

hepatic artery (and remnant of the right hepatic artery) has 

usually hypertrophied. The liver should be treated by a lobar 

approach, with embolization of all collateral vessels, as would 

be performed in other patients. In this case, the lobes include the 

left lateral segment (segments 2/3) and left medial segment 

(segments 4a/b). The corresponding target volume should be 

determined when the activity required to deliver the dose is 

calculated. In such cases, whole left lobe infusion is not 

recommended (Salem and Thurston, 2006b).  

 

Treating Patients after TACE 

The treatment of patients after TACE is an area of very frequent 

inquiry. The principles of TACE involve the slow and 

deliberate infusion of a mixture of oil and chemotherapeutic 

agent, followed by an embolic agent to (i) increase 
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chemotherapy dwell time within the tumor and (ii) minimize 

systemic toxicity. Ideally, if superselective TACE is performed, 

the tumor vascular bed is saturated with oil/chemotherapy 

/embolic material while much of the normal parenchyma has 

been spared. The same is true if a lobar infusion has been 

performed, except for the degree of normal parenchyma spared. 

The principles of tumor hypervascularity and blood supply from 

the hepatic arterial system apply as much to Yttrium-90 as to 

TACE, if not more so. This is because the very nature of 

Yttrium-90 involves the infusion of 20 – 60 µm β-emitting 

radioactive particles. For this to have an effect, the 

microvascularity of the tumor must be accessible. Patients who 

have previously undergone TACE may undergo Yttrium-90 

infusion given the following conditions: (i) enough time has 

lapsed and the vessels to the tumor have recanalized; (ii) TACE 

was not performed to the extent of obliteration of tumor 

vasculature, chemical vasculitis, or induction of parasitizing 

flow to the tumor; and (iii) the performance status and liver 

function have not significantly deteriorated (Belli et al., 1997).  

 

Cystic Artery 

The cystic artery may occasionally need to be addressed in the 

treatment of patients with Yttrium-90. The cystic artery may 

arise from the right, left, proper hepatic artery, or GDA (Liu et 

al., 2005). Although the need for prophylactic embolization has 
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never been advocated, all recent experience suggests that 

prophylactic cystic artery embolization may be considered. This 

approach is a reaction to two cases of radiation cholecystitis we 

have encountered among more than 400 patients treated (one 

case with each type of Yttrium-90 microsphere). Although a 

previous report has suggested that the incidence of radiation 

cholecystitis without coil embolization of the vessel is clinically 

acceptable, we have adopted this enhanced approach when 

necessary (Liu et al., 2005).  

 

 Embolisation of the cystic artery should be considered 

before infusion of microspheres if (i) blood flow into the cystic 

artery is significant on angiography, suggesting that Yttrium-90 

microspheres will flow into the gallbladder, or (ii) 

catheterization and radioembolization distal to the cystic artery 

may lead to inadequate distribution of microspheres, given the 

hepatic branching pattern and the proximity of the cystic artery 

to the right hepatic artery bifurcation. As an example of the 

latter scenario, it is possible that advancing the catheter distal to 

the cystic artery will lead to flow into only one of the two right 

hepatic artery branches (ie, anterior or posterior branch). In this 

case, if the patient has multifocal right lobe disease, infusion 

distal to the cystic artery will result in incomplete distribution of 

microspheres. Finally, temporary occlusion with Gelfoam may 
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also be considered, although it is technically difficult to 

accomplish. 

 

 One possible strategy to deal with the cystic artery, 

should embolization be essential for proper Yttrium-90 

infusion, relates to the approach to the GDA. The blood supply 

to the gallbladder may come from the cystic artery, perforating 

vessels from the liver parenchyma, or vessels arising from the 

GDA. If embolization of the GDA is being considered for 

Yttrium-90 infusion, embolization with as few coils as possible 

very close to the origin of the GDA may be in order. This may 

permit branches from the GDA distal to the coils to receive 

retrograde blood from the gastroepiploic artery and provide 

flow to the gallbladder when the cystic artery is embolized 

(Salem and Thurston, 2006b). 

 

Portal vein thrombosis 

Increased alkaline phosphatase, aspartate aminotransferase, 

lactate dehydrogenase, and total bilirubin levels before TACE 

are associated with increased relative risk for hepatic 

decompensation (Charnsangavej et al., 1987; Chung et al., 

1996; Leung et al., 2001). In addition, the presence of portal 

vein thrombosis without cavernous transformation and 

hepatopetal flow is a well-accepted relative contraindication for 

percutaneous embolization of liver tumors, despite reports to the 



Review of Literature – Chapter 6 

 

 122 

contrary (Chung et al., 1995; Katsumori et al., 1995; 

Georgiades et al., 2005).  

 

 Controversy exists concerning whether the same portal 

venous exclusionary criteria should be applied to the selection 

of patients for treatment with Yttrium-90 microspheres. The 

mechanism of action for Yttrium-90 is more related to that of a 

device/drug infusion than a complete embolization, with its 

subsequent induction of ischemia. Although the spheres are 

lodged in the arteriolar bed measuring 20–60 µm, the relative 

percentage of arterioles that become obliterated is small. 

Effectively, there is minimal alteration in vascularity and 

minimal to moderate embolic phenomena (Sato et al., 2006). 

Therefore, the administration of Yttrium-90 in patients with 

portal vein thrombosis should be well tolerated (Salem et al., 

2004). In a cohort of 15 patients treated with Yttrium-90, no 

case of hepatic decompensation or significant alteration in liver 

function was observed. Mean follow-up was more than 12 

weeks (Salem et al., 2004).  

 

 However, the important technical point in these cases is 

that particular care must be taken not to injure, dissect, or cause 

thrombosis in the hepatic artery during treatment, because 

hepatic artery compromise combined with portal vein 

thrombosis may result in hepatic infarction. Dose fractionation 

may also be used to avoid reaching an embolic state in the 
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tumor bed in those cases in which there is a concern regarding 

the potential for hepatic decompensation, particularly with SIR-

Spheres. Finally, portal vein retraction has also been described 

as a secondary sign of tumor response in HCC (Salem and 

Thurston, 2006b). 
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Patients and Follow-Up.  

 

In this study, 108 patients have been treated in Essen university 

hospital as a pilot phase two study; with selective intrahepatic 

radioembolisation with Yttrium-90 glass microspheres during 

the time period between November 2006 and March 2009. All 

Patients provided written informed consent before treatment.  

 

Inclusion criteria:  

(1) Diagnosis of HCC has been fulfilled according to 

imaging or pathology as outlined by the European 

Association for the Study of the Liver 2005 consensus 

document (EASL 2005) (Bruix and Sherman, 2005).  

(2) Patients who are not candidates for surgical options. 

(3) Performance state according to Eastern Cooperative 

Oncology Group (ECOG) 0 to 1. 

(4) Non compromised pulmonary function (assessed by 

history of severe chronic obstructive pulmonary 

disease, physical examination, and auscultation).  

(5) Able to undergo angiography and selective visceral 

catheterization.  

(6) Adequate haematology (granulocyte count 4.0 x 10
9
/l, 

platelets 60 x 10
9
/l), renal function (creatinine �  2.0 

mg/dl) and liver function (bilirubin ˂ 2.0 mg/dl).  
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Exclusion criteria:  

(1) Possibility of other planned therapy systemic/ 

locoregional therapy for their cancer. 

(2) Advanced liver failure in the form of elevated serum 

bilirubin � � 2.0 mg/dl or Child Pugh score  7. 

(3) Evidence of any uncorrectable flow to the 

gastrointestinal tract observed in angiography. 

(4) Technetium-99m macroaggregated albumin scan; 

greater than 30 Gy (16.5 mCi) estimated to be 

delivered to the lungs in a single administration or 50 

Gy on multiple administrations (Leung et al., 1995). 

(5) Advanced extrahepatic disease or (BCLC) stage D.   

 

Patients were not excluded from therapy on the basis of portal 

hypertension, hepatofugal flow or portal vein thrombosis. 

 

Dose Calculation.  

TheraSphere (MDS Nordion, Ottawa, Canada) consists of 

insoluble glass microspheres where Yttrium-90 is an integral 

constituent of the glass. The mean sphere diameter ranges from 

20 to 30 µm. Yttrium-90 is a pure beta emitter with a 64.1-hour 

physical half-life. Six activity sizes are available: 3GBq (81 

mCi), 5GBq (135 mCi), 7 GBq (189 mCi), 10 GBq (270 mCi), 

15 GBq (405 mCi), and 20 GBq (540 mCi). The corresponding 

number of microspheres per vial is 1.2, 2, 2.8, 4, 6, and 8 

millions, respectively. Hence, depending on the vial infused and 
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the time of the week, different levels of radioembolic effects are 

generated. When treatments are performed later in the week, a 

greater radioembolic effect is achieved for any given activity 

infused. The radiation activity per microsphere is approximately 

2500 Bq at the time of calibration. 

 

Assuming Yttrium-90 microspheres distribute in a 

uniform manner throughout the liver, the radioactivity required 

to deliver the desired dose to the liver can be calculated using 

the following formula (Salem et al., 2002): 

 

Activity (GBq) = [D (Gy) × M (kg)]/50 

 

When liver shunt fraction and system residual are taken into 

account, the actual dose delivered to the target mass becomes: 

 

D (Gy) = [A(GBq) × 50 × (1-lung shunt fraction) × (1 - 

residual)]/M (kg) 

 

Where A is actual activity delivered to the target, D is the 

absorbed delivered dose to the target liver mass, and M is target 

liver mass. Liver mass (kg) is estimated by obtaining 3-

dimensional volumes (cc) of the liver target with CT, then 

converted to mass using a conversion factor of 1.03 g/cc. 

 

Radiation-induced gastrointestinal injury (ulceration, 

cholecystitis) and radiation pneumonitis represent possible 
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toxicities associated with radioembolization. For this reason, all 

patients underwent technetium-99 labeled microaggregate array 

(technetium-99m macroaggregated albumin) scanning prior to 

treatment to assess the degree of gastrointestinal uptake lung 

shunting. Previous preclinical and clinical studies with Yttrium-

90 microspheres have demonstrated that up to 30 Gy to the 

lungs could be tolerated with a single injection, and up to 50 Gy 

for multiple injections. In cases where several treatments are 

administered, the lung dose is the cumulative absorbed lung 

radiation dose from all treatments and should not exceed 50 Gy. 

 

Clinical Data and follow up. 

Clinical and biochemical data were obtained 2 weeks prior to 

therapy; at baseline, during the first week after therapy then 

after 4-weeks intervals following treatment. The first month 

after therapy was used for close follow up because it represents 

the most conservative time during which acute radiation 

toxicities possibly related to treatment may occur. Then regular 

laboratory is done in parallel to the radiological follow up after 

30 days; 60 days; 90 days; 180 days ; 270 days then finally after 

360 days after therapy.  

 

Data comprised information on demographics, liver 

function state, tumor characteristics, and radiation dosimetry. 

Baseline tumor and disease presentation were stratified by 

tumor burden (≤ or > 50%) and staging according to BCLC 
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stage system, aspartate aminotransferase, alanine 

aminotransferase, total bilirubin (≤ 2 mg/dl), ECOG 

performance status, Child-Pugh, Okuda stage, CLIP and BCLC 

staging. Cirrhosis was defined by cirrhotic morphology on 

imaging [computed tomography (CT)/magnetic resonance 

imaging] or presence of portal hypertension (hepatofugal flow, 

gastrointestinal varices, or splenomegaly). Liver function tests 

were collected at enrollment (approximately one week before 

therapy), day of therapy (baseline), 30 days after therapy and 

then every 3 months for one year. The dosing information 

consisted of the dose received for the first treatment cycle and 

the total cumulative dose received for all subsequent treatment 

cycles. Outcome data after treatment included treatment-related 

adverse events (AE’s), liver-related AE’s, imaging response, 

Kaplan-Meier survival estimator curve and progression free 

survival. 

 

Toxicity, response, and survival analyses were censored 

at time of last clinic visit or death; data were not imputed for 

visits after a patient was lost to follow-up. All adverse events 

were classified and coded for severity using the Common 

(CTC) toxicity criteria version 3 (grading system). Any grade 3 

or greater adverse events occurring within 30 days following 

first treatment with TheraSphere was considered to be a 
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possibly related adverse event (AE) and are therefore reported 

herein without definite attribution to treatment.  

 

HCC Radiological Response.  

Assessment for tumor response was performed at 1 month 

following initial treatment, and subsequently every 3 months 

routinely for one year or till time of radiological progression. 

Different radiological responses criteria have been used such as 

Response Evaluation Criteria in Solid Tumors (RECIST) and 

World Health Organization (WHO) tumor response on imaging 

was determined for measurable lesions (>1 cm) by using the 

sum cross-product of perpendicular diameters in WHO or the 

Sum of the longest diameters in RECIST (Llovet et al., 2008a).  

 

The European Association for the Study of Liver Disease 

(EASL) modification of WHO and RECIST were also 

implemented. Tumors exhibiting significant lack of 

enhancement (≥ 50% necrosis or ≥ 30% necrosis) for the WHO 

and RECIST respectively and reduction in vascularity 

following treatment were categorized as EASL-responders 

(Llovet et al., 2008a). 
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STATISTICAL ANALYSIS 

 

Standard descriptive statistics were used to summarize the data 

(e.g., means and standard deviations (SD). Proportions were 

compared using Fishers’ exact test whereas non-parametric 

exact tests (Mann-Whitney-Wilcoxon U tests for two groups or 

Kruskal-Wallis tests for more than two groups) were used for 

quantitative variables.  

 

Time to progression and overall survival time in months 

was calculated as the difference between the date of the first 

treatment and the date of the event, or last observation date in 

case of censoring.  

 

While survival probabilities were graphically assessed by 

the Kaplan Meier method, uni- and multivariate cox regression 

analyses were used for inference. Model diagnostics comprised 

graphical and formal investigations of the proportional hazards 

(PH) assumption, an investigation of influential observations as 

well as a check for nonlinearity.  

 

All reported P-values are nominal, two-sided, and not 

adjusted for the testing of multiple hypotheses, i.e. we applied a 

significance level α of 0.05 (two-sided) for each statistical test. 

SAS Version 9.2 was used for statistical analyses. 
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Patient Characteristics 

 

The demographics, tumor stages and disease characteristics at 

baseline are shown in Table (10).  

 

Demographics and Liver Disease. Most patients were males 

(80%) and had evidence of liver cirrhosis. There mean age at 

time of therapy was 64.9 ± 11.8 years. The most common 

associated etiologies of the underlying chronic liver disease 

were alcoholic or cryptogenic cirrhosis (together 34%); 

hepatitis C virus (18%) and hepatitis B virus (16%). Grade 0 

and 1 ECOG performance status was present in 51% and 44% 

of patients, respectively. The liver function, as classified by 

Child Pugh and MELD score, was in 76% of patients in a Child 

A and in 22% in Child B status. Accordingly, the MELD Score 

was ≤ 12 in 83 % of cases.  

 

Tumor staging. Most of patients (62%) were naive; the rest 

received prior local therapy under curative or palliative intent. 

Previous lines of treatment consisted of surgical resection in 8% 

of patients and locoregional therapy with TACE, RFA or a 

combination of both methods in 30% of patients. All patients 

were staged with different staging systems prior to therapy. 

Therapeutic decisions were done with respect to an institutional 

algorithm, which was based on the BCLC staging system 

(Figure 12).  
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Table (10): Demographics and baseline characteristics of the 

examined patients (n = 108). Due to rounding percentages may not 

always sum up to 100%; for some characteristics multiple counts may 

have been present for each individual.  

Clinical Variables Summary statistic 

Age at therapy
 
– mean ± SD [years] 64.9 ± 11.8 

Gender – n (%) 

 Male 86 (80) 

 Female 22 (20) 

Etiology of underlying liver disease – n (%) 

 Hepatitis B 17 (16) 

 Hepatitis C 19 (18) 

 Alcoholic 18 (17) 

 Cryptogenic 18 (17) 

 Autoimmune 2 (2) 

 NASH 3 (3) 

 Toxic hepatitis 2 (2) 

 Non-cirrhotic 28 (24) 

ECOG Performance Status – n (%) 

 0 55 (51) 

 1 48 (44) 

 2 5 (5) 

BCLC stage – n (%) 

 Stage A 2 (2) 

 Stage B 51 (47) 

 Stage C 55 (51) 

Child–Pugh status – n (%) 

 A 82 (76) 

 B 24 (22) 

 Missing 2 (2) 

OKUDA stage – n (%) 

 I 61 (56) 

 II 42 (39) 

 III 4 (4) 
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Continue table (10) 

ClIP score – n (%)  

 0-2 76 (70) 

 3,4 28 (26) 

 5,6 3 (3) 

 Missing 1 (1) 

Portal vein thrombosis – n (%) 33 (31) 

 Main branch 12 (11) 

 Right or left branch 10 (9) 

 Segmental branch 2 (2) 

 Mixed 9 (8) 

Tumor burden
 
– n (%)  

 ≥ 50% of target volume 

 < 50 % of target volume 

42 (39) 

66 (61) 

Suspected extrahepatic spread – n (%) 32 (30) 

 Lung nodules 18 (17) 

 Lymph node metasteses 17 (16) 

 Bone 6 (6) 

 Suprarenal gland 3 (3) 

 Others 3 (3) 

Biochemistry 

Albumin – median (range) [g/dl] 3.9 (2.5-4.8) 

Total bilirubin – median (range) [mg/dl] 0.9 (0.2-4.3) 

Alpha-fetoprotein – median (range) [ng/ml] 100 (0-338,400) 

≥ 10 ng/mL    n (%) 75 (69) 

≥ 200 ng/mL   n (%) 47 (44) 

≥ 400 ng/mL   n (%) 36 (33) 

Previous HCC therapy – n (%) 

 Surgical resection 9 (8) 

 Loco-regional therapy 

  TACE only 23 (21) 

  RFA only 1 (1) 

  TACE & RFA 8 (7) 

  Missing 5 (5) 
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Figure (12): Institutional treatment algorithm for patients with HCC 

at the University hospital in Essen, Germany, based on the BCLC 

staging system. 
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Almost 51% of patients (n= 55) were classified as BCLC stage 

C, while 47% (n= 51) were BCLC stage B, but not eligible for 

selective TACE due to very large single lesions, multifocal 

bilobar disease, progression after previous TACE or a 

complicated vascular anatomy. To protect against bias towards 

BCLC stage C, the ECOG performance status was determined 

very conservatively.   

 

Limited extrahepatic disease at baseline was suspected in 

30% of patients (small lung nodules in 17%, lymph nodes ≤ 

than 2 cm in 16%). PVT as a sign of macrovascular invasion 

was diagnosed in 31% of patients, (main branch 11%, lobar 

branch 9% and segmental branch 2% when focussing on the 

primary lesion). Alphafetoprotein (AFP) was elevated beyond 

the upper normal level in 69% of patients, but this ratio 

decreased to 44% when the cut-off level was set ≥ 200 ng/dl 

and to 33% with a cut-off level of ≥400 ng/dl. Furthermore, 

39% of patients had a tumor burden ≥ 50% of the target liver 

volume and 20% of patients had diffuse and infiltrative type 

tumors without clear margins.  

 

Treatment Data 

The 108 patients received 159 sessions of radioembolization 

with Yttrium-90 glass microspheres, mainly in lobar fashion. 61 

patients (56%) received one session, 43 patients (40%) received 

two sessions and 4 patients (4%) received three sessions. Two 
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patients had retreatment of the same target area after 9 and 12 

months due to local progression. The mean first treatment dose 

was 120 (±18) Gy and the corresponding mean lung shunt 

fraction was 7.96%. Prior to therapy, the occlusion of collateral 

to the intestine vessels by application of platinum coils was 

done in 41% of cases. 

 

Radiological response 

Patients who did not fit basic preconditions such as clearly 

definable margins of the tumor were excluded from the analysis 

of radiologic response leaving a total of n=76 patients with 

follow-up data 30 days after treatment initiation. Assessment 

was done according to four different evaluation guidelines:  

(1) RECIST (Response Evaluation Criteria in Solid Tumors). 

(2) RECIST with the recent NCI amendments (tumor necrosis 

and lack of enhancement/vascularity by ≥ 30% = partial 

response) (Llovet et al., 2008a). 

(3) WHO Criteria (World Health Organization).  

(4) WHO with EASL amendments (tumor necrosis and lack of 

enhancement /vascularity by ≥ 50% = partial response) 

(Bruix et al., 2001).  

 

Overall response.  

As shown in Table (11), the partial response, stable disease and 

progressive disease rate for the entire sample using the 

conventional RECIST criteria after 3 months was 16%, 74% 
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and 10 %, respectively. When RECIST criteria with NCI 

amendments (tumor necrosis and lack of 

enhancement/vascularity by ≥ 30%) were used for analysis, the 

response rate changed to 6% complete responders, 35% partial 

responders, 48% stable disease. Applying WHO criteria at the 

same point, partial response was detectable in 15%, stable 

disease in 79% and progressive disease in 6% of patients. 

Incorporation of EASL modifications of WHO criteria (tumor 

necrosis and lack of enhancement/vascularity by ≥ 50%), lead 

to improvement of the rates to 3% complete responders, 37% 

partial responders, 53% stable disease. Progressive disease 

remained unchanged. Figures (13a, 13b and 13c) show some 

examples for radiological response of HCC patients before and 

after radioembolization during there routine follow up in the out 

patient clinic. 

 

Time to progression.   

Figure (14) shows the Kaplan-Meier plot for time to 

progression (as defined by RECIST criteria with NCI 

amendments) in 76 HCC patients treated with Yttrium-90 glass 

microspheres for which radiological follow-up data were 

available. While the median TTP for all patients was 10.0 

months (95% CI 6.1 – 16.4 months), these numbers change to 

8.0 months (95% CI 5.9–inf. months) for those with PVT and 

11.8 months (95% CI 6.1 – 17.2 months) for those patients 
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without evidence of PVT. Due to the small numbers within 

subgroups no further prognostic factors were explored for TTP. 

Table (11): Assessment of radiological response in 76 of all 108 

patients after radioembolization with Yttrium-90 microspheres 

according to different criteria/guidelines at different follow-up times. 
 

Radiological Response 
30 days after 

treatment 
(n=76) 

60 days after 

treatment 
(n=62) 

90 days after 

treatment 
(n=62) 

  

RECIST N (%) 

 Partial response 2 (3) 6 (10) 10 (16) 

 Stable disease 69 (90) 50 (80) 46 (74) 

 Progressive disease 5 (7) 6 (10) 6 (10) 

  

Modified RECIST  N (%) 

 Complete response
1
 3 (4) 4 (6) 4 (6) 

 Partial response
2
 20 (26) 22 (35) 22 (35) 

 Stable disease 48 (63) 30 (48) 30 (48) 

 Progressive disease 5 (7) 6 (10) 6 (10) 

  

WHO N (%) 

 Partial response 1 (1) 5 (8) 9 (15) 

 Stable disease 70 (92) 50 (80) 49 (79) 

 Progressive disease 5 (7) 7 (11) 4 (6) 

  

WHO including necrosis N (%) 

 Complete response
3
 3 (4) 5 (8) 2 (3) 

 Partial response
4
 19 (25) 18 (29) 23 (37) 

 Stable disease 49 (64) 32 (52) 33 (53) 

 Progressive disease 5 (7) 7 (11) 4 (6) 
 

1
assessed as disappearance or total necrosis of the lesion compared to 

baseline; 
2
assessed as either a relative size reduction ≥ 30% in comparison 

to baseline or a relative necrosis of ≥ 30% (devascularized areas in CT) 

according to RECIST criteria compared to baseline;  
3
assessed as 

disappearance or total necrosis of the lesion according to WHO criteria 

compared to baseline; 
4
assessed as either a relative size reduction 

according to WHO by ≥ 50% in comparison to baseline or a relative 

necrosis of ≥ 50% according to WHO compared to baseline  
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Figure (13a): Radiological response in patient no. 17, CT-scan before 

and 3 months after radioembolization with Y-90 glass microspheres. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (13b): Radiological response in patient no. 38, CT-scan before 

and 3 months after radioembolization with Y-90 glass microspheres. 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (13c): Radiological response in patient no. 71, CT-scan before 

and 3 months after radioembolization with Y-90 glass microspheres. 

Pre Tx 3 months 

Pre Tx 3 months 

Pre Tx 3 months 



Results 

 

 140 

 

 

Figure (14): Time to progression (with progression defined according 

to RECIST with the recent NCI amendments) in 76 of 108 HCC 

patients treated by Yttrium-90 glass microsphere radioembolization 

for which radiological response data were available. The solid line 

displays the Kaplan-Meier estimator with marks representing 

censored events. The shaded area marks the limits of the pointwise 

95% confidence intervals. 
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Patient Survival  

Survival was determined from the day of first Yttrium-90 

treatment. Figure (15) shows the Kaplan-Meier estimator with 

a median survival rate for the entire sample of 16.4 months 

(95% CI 12.1-inf. months). The corresponding survival 

probability at 6 months was 75% (95% CI 66-85%) whereas it 

was 59% (95% CI 47-75%) one year after treatment initiation. 

Statistical significant difference (p=0.013) was reported in 

survival rate of patients with Child A liver cirrhosis as 

compared to patients with Child B (CTP > 6). While the median 

survival rate in the Child A group was estimated 17.2 months 

(95% CI 12.1-inf. months) as shown in Figure (16), the median 

survival rate in patients with Child B was only 6 months (95% 

CI 4.2-inf. months). Accordingly, the 6 month survival 

probability for Child A patients is 79% (95% CI 70-90%) as 

compared to 16% (95% CI 23-92%) for Child B patients.   

 

Another important element that determines prognosis in 

patients with advanced HCC is the presence of macrovascular 

invasion, mostly presented in the form of PVT. Figure (17) 

shows a comparison between the survival probabilities of PVT 

group of patients (31%) versus non PVT group (69%). The 

Survival probability in the PVT group at 6 months was 65% 

(95% CI 46-92%) with a median survival rate of 10.0 months 

(95% CI 6.0 - Inf months). In contrast, patients without 
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detectable PVT had a survival probability of 76% (95% CI 65-

88%) and a median survival of 16.4 months (95% CI 12.1 

months - Inf).  

 

When the tumor stage was used to stratify survival, in 

(Figure 18) we observed that patients with BCLC stage B had a 

median survival rate of 16.4 months (95% CI 12.1-Inf. months). 

For patients with stage C no median survival rate was 

assessable as the last estimate of survival probability in this 

group was 51% (95% CI 33-81%). The corresponding survival 

probabilities at 6 months were 73% (95% CI 60-89%) and 72% 

(95% CI 57-87%), respectively. 

 

Clinical and Laboratory Toxicities.  

As shown in table (12), the most commonly reported clinical 

adverse events (AE) were a transient fatigue syndrome mostly 

between day 3 and 7 post therapy in 61% of patients and a 

vague abdominal pain reported by 56% of patients. A single 

case with radiation cholecystitis was the only relevant 

gastrointestinal AE, the patient was treated by cholecystemtomy 

10 days after Yttrium-90 microsphere application. No patient 

experienced treatment induced ulcerations in stomach or 

duodenum. In addition, we detected no patients with radiation 

induced pneumonitis or other grade 3/4 AEs related to the 

lungs.  
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Figure (15): Overall survival in 108 HCC patients treated by Yttrium-

90 glass microsphere radioembolization. The solid line displays the 

Kaplan-Meier estimator with marks representing censored events. 

The shaded area marks the limits of the pointwise 95% confidence 

intervals. 
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Figure (16): Kaplan Meier Estimator curve for 108 HCC patients, 

showing the survival probabilites after treatment by Yttrium-90 glass 

microspheres in Child-Pugh class (A) versus class (B) group of 

patients. 

 

 

 

 



Results 

 

 145 

 

 

 

 

Figure (17): Kaplan Meier Estimator curve for 108 HCC patients, 

showing the survival probabilites after treatment by Yttrium-90 glass 

microspheres in PVT versus Non-PVT group of patients. 
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Figure (18): Kaplan Meier Estimator curve for 108 HCC patients, 

showing the survival probabilites after treatment by Yttrium-90 glass 

microspheres in BCLC Stage (B) versus Stage (C) group of patients. 
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With one exception, there were also no complications or 

AEs related to the technical aspects of angiography such as 

bleeding, hematoma and others. One patient, however, showed 

dissection of the proper hepatic artery during treatment, 

resulting in a functional stenosis of the vessel. Due to pre-

existing collaterals via the gastroduodenal artery this dissection 

remained without clinical consequences.  

 

For detection of radiation induced hepatotoxicity, we 

considered bilirubin to be the most sensitive indicator, 

complemented by hepatic transaminases (AST/ALT) that may 

point out a preceding increase of hepatic inflammatory activity. 

Conservatively, all bilirubin elevations that were observed 

within the observation period were considered as treatment 

related. In patients with normal values at baseline a grade 1/2 

bilirubin elevation was detected in 32/108 patients (30 %) while 

only 3(3%) patients developed grade 3 toxicity (Table 12). In 

contrast, patients with elevated bilirubin levels prior to therapy 

showed in 17% grade 2 and in 20 % grade 3 or 4 toxicities. 

Accordingly, we detected grade 1/2 ALT elevations in 19%, 

while no grade 3 or 4 (> 5 ULN) elevations were observed. It 

has to be noted, that elevated bilirubin levels went back to 

baseline after 4-6 weeks in the majority of the affected patients 

as shown in (Table 13). In addition to the laboratory signs of 

hepatic function impairment and inflammation, 3 patients 



Results 

 

 148 

developed clinical signs of hepatic decompensation with grade 

1/2 ascites and encephalopathy during the first month after 

therapy. One of these three patients also showed a spontaneous 

bacterial peritonitis, which was symptomatically controlled.  

 

The only relevant hematologic alteration was 

lymphopenia. This event is well reported and despite careful 

monitoring it has, in our patients, not been related to any 

clinical incidences.  
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Table (12): Clinical and laboratory toxicities after Yttrium-90 

radiotherapy graded according to NCI-CTCv3. 

 

Clinical toxicities  Grade 1/2 Grade 3/4 

    

  n (%) n (%) 

 Fatigue syndrome  66 (61) 0 

 Abdominal pain  60 (56) 0 

 Ascites  3 (3) 0 

 Cholecystitis  1 (1) 0 

 Pneumonitis  0 (0) 0 

 GI ulcerations  0 (0) 0 

    

Biochemical toxicities 
Elevated at 

baseline 
Grade 1/2 Grade 3/4 

  n (%) n (%) 

Hematological Parameters 

 WBC – 23 (21) 0 

 + 28 (26) 4 (4) 

 Hemoglobin – 7 (6) 0 

 + 16 (15) 0 

 Platelets – 7 (6) 0 

 + 16 (15) 4 (4) 

 Lymphopenia – 0 12 (11) 

 + 0 65 (60) 

Non-hematological Paramerters 

INR – 14 (13) 0 

 + 20  (18) 3 (3) 

Bilirubin – 30 (27) 3 (3) 

 + 18 (17) 22 (20) 

GPT/ALT – 21 (19) 0 

 + 37 (34) 0 

Alkaline Phosphatase – 7 (6) 0 

 + 11 (10) 0 

Albumin – 10 (9) 0 

 + 10 (9) 0 

Creatinine – 5 (5) 0 

 + 7 (6) 0 



Results 

 

 150 

Table (13): Treatment associated alterations of particular biochemical 

variables (medians) evaluated before and after treatment with 

Yttrium-90 microspheres. 

 

 

 

 

 Baseline 
Day 7  

Post- SIRT 

Day 30 

Post- SIRT  Biochemical variable 

Median value 

Leucocytes (/nl) 5.7 5.2 5.0 

Haemoglobin  (/nl) 12.8 12.2 12.6 

Thrombocytes(/nl) 158.0 130.5 131.5 

Lymphocytes (/nl) 1.0 0.4 0.7 

Prothrombin time (%) 99.0 93.0 98.5 

Fibrinogen (mg/dl) 379.5 461.0 432.0 

Creatinin (mg/dl) 1.0 1.0 1.0 

Bilirubin (mg/dl) 0.9 1.4 1.1 

GOT/AST (U/l) 54 87 65 

GPT/ALT (U/l) 64.0 170.5 87.5 

Alkaline Phosphatase (U/l) 246.0 242.0 255.5 

GGT (U/l) 221.5 228.5 220.5 

Albumin (g/dl) 3.9 3.8 3.8 
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Discussion 

Radioembolization represents an emerging treatment option for 

locoregional treatment of primary and secondary liver tumors 

over the last decade. The growing interest among hepatologists 

and medical oncologists became directed in the advantage of 

this locoregional method, that application of the therapeutic 

agent can be performed in an unselective fashion. Therewith, 

advanced and multifocal liver tumors that would usually be 

treated by systemic therapy potentially become treatable by 

local ablation. As opposed to TACE, the rate of adverse events 

after such 'unselective' microsphere application, which is 

performed over the main or lobar branch of the hepatic artery, is 

not significantly increased as compared to segmental or even 

subsegmental microsphere application, although the tumor 

response rate may vary (Carretero et al., 2007; Hamami et al., 

2009; Kennedy et al., 2009).  

 

In this context, our study represents the first European 

report describing the use of Yttrium-90 glass microspheres as a 

locoregional treatment in a relatively large number of patients 

with primary hepatocellular carcinoma. A major aim of this 

study was to validate and extend the evidence on safety and to 

generate pilot data on efficacy of this treatment in patients with 

locally advanced HCC defined by large tumor burden, 



Discussion 

 

 152 

multifocal distribution or portal vein thrombosis, not eligible 

for TACE. While this group of patients in most centers would 

routinely be allocated to systemic therapy, radioembolization 

may result in similar local control of the tumor without a 

comparable toxicity profile.   

 

Recently, there is a significant progress has been made in 

surgical, locoregional, and systemic treatment options for HCC. 

Our study includes a comprehensive analysis of TTP using 

strict imaging criteria in 108 patients with HCC who were 

treated with Yttrium-90. Given that partial response and TTP 

are both prognosticators for survival; our analyses included 

both parameters (Sala et al., 2004; Llovet et al., 2008b). Such 

imaging outcomes of Yttrium-90 for HCC obtained in a 

systematic manner have not been reported before and represent 

the first largest reported experience to date in Europe. Although 

it is recognized that comparative analyses to other treatments 

are difficult, these are cautiously undertaken to provide context 

relative to other options for unresectable HCC. 

 

Safety 

With respect to clinical overt adverse events, the most frequent 

symptoms reported were a transient fatigue syndrome and 

abdominal pain, which occurred in more than 50% of the whole 

patients. This observation matches to what other investigators 
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have described after therapy with Yttrium-90 glass 

microspheres. These symptoms have to be considered as being 

part of a typical postembolization syndrome, which is less 

distinct in radioembolization as compared to TACE, well 

treatable and no indicator for clinical problems on the long term 

(Murthy et al., 2007). 

 

Severe adverse events of radioembolization are radiation 

pneumonitis and gastrointestinal ulcerations. They are caused 

by accidental or inevitable deposition of microspheres either 

through tumor-associated arteriovenous shunting into the lungs, 

or via collateral vessels to the intestine originating in the 

hepatic arterial system, Both of these adverse events have not 

been observed in our study due to careful selection and pre-

treatment diagnostic work up. Pneumonitis can be generally 

considered today as a rare condition in Yttrium-90 microsphere 

treatment, since the introduction of the pre-treatment Tc-99m 

MAA scan and the definition of maximal lung doses made it 

increasingly unlikely (Leung et al., 1995). With adherence to 

these maximal dose limits (30 Gy in a single treatment and in 

cumulative treatments formerly 50 Gy, today 30 Gy) 

pneumonitis has not been reported recently, in particular not for 

glass microspheres, for which even higher cumulative doses 

than the recommended 50 Gy have been described to be well 

tolerated (Salem et al., 2010).  
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In contrast, gastrointestinal (GI-) ulcerations are 

occasionally reported, in particular with resin microspheres, 

where a 50-fold higher amount of spheres is necessary to 

deliver an equivalent amount of radioactivity into the tumor 

(Murthy et al., 2005a).This fact increases the probability of 

blood stasis in the tumor supplying arterial vessel during 

therapy (embolizing effect) and thereby causes enhanced 

probability of a backflow of spheres into small collateral 

arteries to the stomach, the duodenum or the pancreas 

(Carretero et al., 2007).  

 

Although this phenomenon may be less frequent with 

Yttrium-90 glass microspheres in general, we avoided it 

completely by introducing SPECT-CT after application of Tc-

99m MAA. The additional cross-sectional imaging of the MAA 

and the possibility to merge these pictures with concomitantly 

taken CT scans significantly enhanced the detection of 

accidental deposition of microspheres in the wall of stomach, 

duodenum or the parenchyma of the pancreas (Salem and 

Thurston, 2006a).  

 

The value of the pre-treatment whole body scans and in 

particular SPECT-CT after MAA application in our study was 

further highlighted by 9 patients that additionally underwent 

evaluation for Yttrium-90 treatment, but were ultimately 
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excluded (and therefore are not a part of this study) on the basis 

of increased pulmonary shunting or non-correctable 

gastrointestinal shunting. Since pneumonitis and 

gastrointestinal ulcerations were negligible, the third and 

probably most important safety issue in our study was 

hepatotoxicity by non-target irradiation of liver tissue. The 

significance of hepatotoxicity is emphasized by the fact that 

HCC is associated with liver cirrhosis in > 90 % of patients, 

resulting in a more or less distinct impairment of the functional 

hepatic reserve of the liver. More than half of the patients in our 

study showed a transient bilirubin elevation, many times with a 

preceding increase in the inflammatory activity as indicated by 

an elevation of the hepatic transaminases. This observation 

corresponds to what other investigators have reported in HCC 

patients treated by radioembolization (Geschwind et al., 2004; 

Goin et al., 2005a; Goin et al., 2005b).  

 

More importantly, elevation of these surrogate markers 

for hepatotoxicity was only moderate and not related to 

clinically relevant symptoms in the majority of cases. The three 

patients who developed clinical signs of hepatic 

decompensation were all in Child B status with a CTP score > 6 

prior to initiation of treatment, indicating that patients with 

detectable liver function impairment (Child B) are at higher risk 



Discussion 

 

 156 

for radiation induced liver disease (RILD) and have to be 

selected very carefully.  

 

A valuable method to better preselect patients in order to 

prevent RILD may be SPECT-CT. In addition to the enhanced 

sensitivity detecting potential non-target irradiation outside of 

the liver, SPECT-CT and/or MAA Scan visualize the 

distribution of microspheres (Hamami et al., 2009). Therefore 

it allows quantification of the selective uptake of spheres into 

the tumor as a function of its arterial hypervascularity as well as 

estimation of the exposure of the normal surrounding cirrhotic 

liver tissue to radiation. 

 

Radiological Response Rate 

Radiological response has been shown to predict survival 

benefit following locoregional therapies (Sala et al., 2004). 

WHO response rate was 42% in our study, in line with previous 

reports of 40–50% after treatment with Yttrium-90 (Kulik et al., 

2006; Rhee et al., 2008). A possible explanation for this 

phenomenon may be, that our cohort consisted of more 

uniformly advanced tumors with either large, multifocal or 

diffusely infiltrating tumors or PVT. Another difference may 

have been that in the other study many applications were done 

in segmental or subsegemental fashion resulting in a higher 

tumor dose, while in our study the main way of microsphere 
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application was lobar injection. Therefore, the radioactive dose 

within the tumor may have been insufficient to induce partial or 

complete devascularization, but high enough to effectively slow 

down tumor growth resulting in increased TTP. 

 

Although response rate has traditionally been used as an 

end point in phase II studies before advancing to phase III, this 

concept is being challenged with the advent of molecular 

targeted therapies, with survival benefit being noted with 

marginal response but extended TTP (Llovet et al., 2008a; 

Thomas et al., 2008).  

 

Moreover, both are important prognostic factors in an 

individual patient. This hypothesis has been validated recently 

for Yttrium-90 microsphere treatment in another large single 

center study involving patients with different stages of HCC, 

where radiological response was correlated with enhanced 

survival. TTP in our sample was 10.0 months (95% CI 6.1 – 

16.4 months) and corresponded well with the TTP in the above 

mentioned study where it was 7.9 months (Salem et al., 2010). 

 

Clinical trials with early HCC where the natural history 

of disease and TTP are prolonged would be impossible without 

the use of response rate. In our cohort, the survival was 

significant (P=0.013) in Child–Pugh A in comparison to Child-

Pugh B patients, suggesting therapeutic benefit in responders is 
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also related to the underlying liver disease. Similarly, EASL 

criteria demonstrated improved overall survival in responders 

compared with non-responders that persisted despite differences 

in baseline Child–Pugh class (Salem et al., 2010). The 

combination of a decrease in size and degree of enhancement 

may be a superior assessment of treatment response than either 

alone (Keppke et al., 2007). 

 

Patients with Child–Pugh A and B Disease 

TACE is the established standard of care for selected patients 

with BCLC intermediate Child–Pugh A disease (without PVT 

or metastases), with survival ranging from 16 to 22 months 

(Llovet et al., 2002b; Lo et al., 2002). In our cohort, survival of 

comparable patients with Child–Pugh A disease was 17.2 

months. Although patients with Child–Pugh A disease may be 

candidates for various treatments,  

 

But our group of patients has more advanced tumor state which 

is often precluded from any other clinical trials due to risk of 

hepatic decompensation, and inspite of this our results are still 

comparable. This could be explained due to the absence of the 

embolic effect with radioembolization rather than with TACE. 

 

Although the number of patients is relatively small, our 

data show that patients with HCC who have advanced liver 

disease may have a potential treatment option with Yttrium-90, 
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which may lead to successful downstaging and transplantation 

not only in patients with Child–Pugh A disease but also patients 

with Child–Pugh B disease. 

 

Patients with PVT 

In this study the survival probability in patients with 

portal vein thrombosis was (10 months), which is sigaficant in 

comparison to other possible lines of treatment. So 

radioembolization could be the only safe locoregional therapy 

that would be used with PVT, but the role of Yttrium-90 in 

patients with BCLC advanced Child Pugh B disease becomes 

questionable once there is evidence of PVT. Because the 

competing risk of death due to underlying liver disease without 

tumor progression is apparent in the overall Child–Pugh B 

disease survival of 6 months despite a TTP of 8 months, 

highlighting the impact of liver dysfunction on overall survival 

which is corresponding well with other studies (Llovet et al., 

2008a). 

 

Comparison with Targeted Therapies 

The results from 2 major randomized controlled studies 

(European and Asia-Pacific SHARP tials) have shown a 

survival benefit in advanced patients treated with the oral 

targeted therapy (Sorafenib) compared with placebo (Llovet et 

al., 2008b; Cheng et al., 2009). Unlike these 2 trials in which 
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>95% of the patients had Child–Pugh A disease, our cohort 

included 76% of patients with Child–Pugh A disease, leading to 

an overall survival of 16.4 months in the advanced group, 

superior to both trials. This may potentially be explained by the 

fact that EASL criteria demonstrated improved overall survival 

in responders compared with non-responders (Salem et al., 

2010). 

 

Therefore, radioembolization behaves in our study to 

some extent like systemic therapy with the multikinase inhibitor 

sorafenib, which also does not show significant radiological 

changes but a significantly enhanced TTP, translating in an 

enhanced overall survival (Llovet et al., 2008b). In comparison 

with the phase III trial leading to approval of sorafenib (SHARP 

trial), the median overall survival in our HCC sample treated by 

Yttrium-90 microsphere was significantly longer (16.4 months 

as compared to 10.7 months). It is clear that due to a lower rate 

of patients with extrahepatic metastases and a number of other 

potential selection biases, our results are not comparable to 

those of the well designed double-blind, placebo-controlled and 

randomized SHARP trial. However, the overall survival rate as 

well as the substratified survival rates is similar to what have 

been reported in the only other recently published large sample 

analyzing Yttrium-90 glass microspheres for the treatment of 

HCC (Salem et al., 2010). Thus, our data indicate, that Yttrium-
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90 therapy requires further attention as therapeutical option for 

the treatment in selected patients with advanced intrahepatic 

tumors, in particular with PVT and even in the presence of 

limited extraheptic disease.  

 

Patients with Extrahepatic Disease 

Thirty percent of our patients presented with metastatic 

HCC disease and hence were categorized as advanced BCLC 

stage C. The liver-dominant disease was deemed to require 

therapy by multidisciplinary consensus. Extrahepatic metastases 

are often regarded as exclusionary criteria for locoregional 

therapy; systemic therapy is usually recommended. In our 

patients most of them are diagnosed with HCC with suspected 

metastasis but diagnosis was confirmed during follow up. And 

they are included in the BCLC stage C cohort retrograde; the 

survival probability was not applicable for this group due to the 

limited numbers of patients at risk. But again, a direct 

comparison to SHARP trial is difficult, due to the more 

advanced extrahepatic spread.  

 

Multivariate Analyses 

In the multivariate analysis, prognosticators of overall 

survival were age; sex; performance status; portal hypertension; 

tumor distribution; baseline bilirubin, albumin, and Alpha-

fetoprotein levels; WHO response; and EASL response. Some 
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findings were unexpected. Female gender was found to be a 

negative prognostic factor. Reasons for this are unclear. A 

recent study reported that female patients are less likely to 

undergo transplantation (Moylan et al., 2008). However, our 

analysis was censored to curative therapy and hence cannot 

explain this finding. The sex distribution of male patients to 

female patients in our cohort was typical at 4:1. Animal models 

of chemically induced hepatocarcinogenesis have suggested 

that the gender discrepancy in HCC is mediated via interleukin-

6, which is inhibited by estrogens (Prieto, 2008). 

 

Patients older than 65 years of age fared better than their 

younger counterparts. The effect of age on survival in HCC has 

been conflicting (Giannini et al., 2002). Portal hypertension 

resulted in inferior survival and likely reflected more advanced 

liver disease. Investigators have identified thrombocytopenia 

and portal hypertension as independent risk factors for the 

development of HCC in patients with hepatitis C virus (Lok et 

al., 2009). 

 

The presence of multifocal tumor distribution was 

associated with inferior survival, whereas, metastases, and size 

of the largest lesion were not significant factors. Although it 

could be hypothesized that this finding is due to a positive 

treatment effect of Yttrium-90 in selected patients (Child–Pugh 

A disease). 
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Conclusions and Perspectives 

The position of Yttrium-90 microsphere treatment within the 

treatment algorithm of HCC is still to be defined. We report 

here the results from an analysis of the first European sample of 

patients with intrahepatic advanced liver cancer treated with a 

glass based Yttrium-90 microsphere device. We could 

demonstrate a very good toxicity profile even in patients with 

advanced liver cirrhosis as well as encouraging data for TTP 

and survival. As suggested by previous experiences in 

American samples, our data further underline the role of 

Yttrium-90 radioembolization as a locoregional therapy in 

patients with locally advanced tumor stages with or without 

PVT and good remaining liver function. Moreover, our data 

highlight the necessity for a randomized controlled phase III 

trial comparing and/or combining glass microsphere 

radioembolization to/with sorafenib. An additional necessity 

corroborated by our data are new dosimetry conceptions that 

incorporate the intrahepatic distribution of microspheres in the 

calculation of the applied dose aiming at lower exposure of 

normal liver tissue, and equally important, higher intratumoral 

radioactive doses. This may result very likely in a further 

enhanced local response, which should translate into a further 

improvement of overall survival.  
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Summary 
 

Background  

Hepatocellular carcinoma (HCC) is a common cancer that 

typically occurs in the setting of cirrhosis and chronic hepatitis 

virus infections. HCC is considered currently as global 

problem; its incidence is expected to increase dramatically by 

the next few decades.  

 

More than 90 % of the accidentally diagnosed patients 

have non resectable tumor. Portal vein thrombosis, diffuse 

multifocal liver infiltration and large tumor burden are 

considered to be a great obstacle in front of the modern lines of 

treatment, even with Child A liver cirrhosis. 

 

Transarterial intrahepatic application of Yttrium-90 glass 

microspheres may allow effective local ablative treatment of 

patients with intrahepatic advanced hepatocellular carcinoma 

(HCC) with or without portal vein thrombosis. 

 

The aim of this open-label phase II study was to validate 

evidence on the safety and efficacy of this treatment in an 

European cohort of patients with locally advanced HCC such as 

(large tumor burden, multifocal distribution, portal vein 

thrombosis). And to assess the response rate according to 
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different approved response assessment guidelines (WHO, 

RECIST and EASL). 

 

Patients and Methods 

Starting from November 2006 till March 2009, one hundred and 

eight advanced unresectable HCC patients with and without 

portal vein thrombosis were included in this prospective study. 

Yttrium-90 microspheres radiotherapy was performed in a lobar 

fashion through the right or left hepatic artery. In bilobar 

disease, right and left liver lobe were treated with 4-6 weeks 

intervals in between. Response rate was assessed according to 

different international response assessment criteria (WHO, 

RECIST and EASL) with sequential computed tomography 

scans till the last clinical visit or death. The safety of this 

technique was assessed according to the Common Toxicity 

Criteria version 3. 

 

Results 

A prospective study with median observation period of 15 

weeks (min 1 month; max 13 months), the progression free 

survival after 6.5 months of follow up is 78% (95% CI 64-

95%). 80% of the patients had liver cirrhosis, with ECOG 

performance status ranges between 0-1, 76% patients have 

Child A and 22% were early B cirrhosis. Okuda I and II were 

56 and 39% respectively, 47% of the patient have stage B 
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according to BCLC Classification, while 51% had stage C. 31% 

of the patients had portal vein thrombosis before therapy. 

 

The mean radiation dose was 115 (+/-23) Gy per 

treatment. 65 – 70% of the patients had a follow-up of at least 

six months. The estimated time to progression (TTP) was 10 

months. One year survival rate is 59%. The main adverse events 

were a transient fatigue-syndrome and lymphopenia in almost 

60%. Three patients developed Grade 3 to 4 toxicity the 

bilirubin elevation after therapy. 

 

Conclusion  

Yttrium-90 glass microspheres radioemolisation is a safe and 

effective treatment for patients with advanced HCC even with 

or without portal vein thrombosis, which has been proved by 

different international assessment guidelines. Since time to 

progression is comparable to systemic therapy, larger studies 

against or in combination with Sorafenib and TACE, with 

longer follow up assessment time are warranted.  
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م ولية عن طريق حقن كريات اليوتريوعالج أورام الكبد األ
�ا�
	 ا����٩٠� ��   ا��

 

 

 :المقدمة

 نتشاراً حيث األهمية واألكثر إ في المرتبة الخامسة منام الكبد األوليةورأعتبر ت
الذكور عتبر يو،  ثالث أورام العالم المسببة للوفاة أيضاًهىو، على مستوى العالم 

الء المرضى ما ه� ما تتراوح أعمار فغالباً. ناث اإلعنصابة به أكثر عرضة لإل
ن هذا الورم يتسبب فإ.  من السابعة للثامنة من العمربين الحقبة الثالثة للخامسة أو

حدث أل  على مستوى العالم طبقاً شخص سنويا٦٦٢٠٠٠ًفى وفاة ما يقرب من 
 .ات منظمة الصحة العالميةيحصائإ
 

سباب المؤدية إلى بى و سى من أهم األوسات الكبدية صابة بالفيرتعد اإلو
رية مصر العربية يتراوح وفى جمهف. فى العالمنتشار هذا الورم زيادة معدل إ

مما ،  د السكاناعدتمن % ١٥ – ١٠صابة بالفيروس الكبدى سى ما بين معدل اإل
  العالميتوقع الخبراء فيو. وليةبأورام الكبد األ  معدل اإلصابةرتفاع إ فىسببتي

  عام فى الفترة ما بينمستوياتهالى أعلى صابة بهذا الورم إ اإلاتة مؤشرزياد
٢٠٢٠ - ٢٠١٨  . 

 

أن ما يقرب من  فى وتكمن المشكلة الحقيقية فى عالج هذه األورام  
من المرضى لديهم فرص محدودة للعالج باستخدام الحلول الجراحية عند % ٩٠

 وبالتالى يتم عالج ،) للورمستئصال الجراحى أو اإلكبدال ةعازر(ثل التشخيص م
، لحوكبال الحقن الموضعى :هؤالء المرضى عن طريق السبل الغير جراحية مثل

شعاع العالج باإل وأ لشرايين الكبد الحقن الكيميائى، العالج بالتردد الحرارى
 .الخارجى والداخلى
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 المرضى من  بعضال هناكغم من تعدد سبل العالج المختلفة إال أنه اليزبالرو
 : لألسباب األتية معهمستخدام تلك الطرق العالجيةالصعب إ

 .نتشار الورم بنسبة كبيرة بالكبدإ •

 .مصاحبة للورم الوريد البابىجالطات ب •

 .كبدتليف  حالة تأخر •

 .خارج الكبدالورم ألعضاء اخرى نتشار إ •
 

الج تلك  فى عهه نجاح العقاقير الموج حديثاًأثبتت الدراسات الموسعةوقد 
المراحل بالتحكم فقد نجح هذا العقار فى ، )سورافينيبال(ر ورام مثل عقااأل

 من تلك األورام وزيادة فرص المعيشة لهؤالء المرضى الى أطول فترة المتقدمة
ستعانة بسبل اخرى للعالج السيما فى ولكن التزال هناك محاوالت لإل. نةممك

    .المراحل المتطورة من الورم
 

 من  جرعات عالية جداً  ل باإلشعاع الخارجى لتلك األورام يتطلب       العالجف
 المطلوبة للقضاء على الخاليا السرطانية مما        العالجية اإلشعاع للوصول للجرعة  

الكثيـر   حديثاًجريت   فقد ا  ومن ثم  .باقى أعضاء الجسم   الكبد و  يؤثر بالسلب على  
 طريق الحقـن     عن من األبحاث إلختيار عنصر مشع لعالج أورام الكبد األولية        

 من أهم العناصر المشعة     مؤخراً ٩٠وأصبح اليتريوم    .شرايين الكبد ب الموضعى
 على نظرية    المشعة معتمداً  ٩٠ات اليوتريم   ستخدام كري بإ، تلك األورم   فى عالج   

خاليـا  السـرطانية و  خاليا  ال بين   الكبديةإختالف تدفق الدم عن طريق الشرايين       
بيتـا   إلى أعلى جرعة إشعاع من النوع        السرطانيةالخاليا  بذلك تتعرض   و ،الكبد

)β ( ،على جرعة اإلشعاع المطلوبة للقضاء علـى الخاليـا       فى النهاية  لوتحص 
 .خاليا الكبدباقى الحفاظ على السرطانية مع 
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 الهدف من البحث
 

 المشعة ٩٠ات اليوتريم ريستخدام ك بإابة أورام الكبد األولية للعالجستجهو تقييم إ
 صنيفتالطرق المستخدمة عالمياً لستعانة بيق شرايين الكبد و يتم ذلك باالطرعن 

، تقسيمة كليب، تقسيمة اوكودا، تقسيمة تشيلد (: أورام الكبد األولية مثلوتقييم
إلستجابة األورام المصمتة المعايير اإلشعاعية تقسيمة مجموعة برشلونة وأخيراً 

 ). بعد العالج
 

 طريقة البحث
 

سم بق، ٢٠٠٩ وحتى مارس ٢٠٠٦ الدراسة فى الفترة من نوفمبر تمت هذه
 نتخابوقد تم إ. اإلتحاديةلمانيا يسن بجمهورية أالجهاز الهضمى والكبد بجامعة إ

 :تية للمواصفات األطبقاً مرضىال  إستبعادو
 

  : مواصفات إنتخاب المرضى �

 .مراحل مبكرة من تليف الكبد •
األشعة ،  التليفزيونيةإستخدام األشعةورم ب األتشخيص هذه •

تصوير  أو الالرنين المغناطيسى،ثالثية المراحل المقطعية 
إرتفاع معدل دالالت أورام   ±مقطعي باإلصدار البوزيترونيال

  .)فافيتوبرتينلاأل( مثل الكبد

 .أخذ عينة من الورم إذا لزم األمر •

 .إستبعاد فرص العالج الجراحية  •

 طبقاً لنظام المجموعة  جيدة صحيةأن يتمتع المريض بحالة •
 .الشرقية التعاونية لألورام
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وجود ، وجود جلطات بالوريد البابى ،  السن : بسببيضمرأى ستبعاد  يتم إلم
 إنعكاس تدفق الدم ، الدورة الدموية البابيةالمركزية و بين الدورة الدموية ناسور

 .عاخرى محدودة الطببالوريد البابى أو أمراض عضوية ا
 

 :تبعاد المرضىمواصفات إس �

 . بالكبد ثانويةتشخيص أورام •

 .دل / مج٢إرتفاع مستوى البليروبين بالدم عن  •

 .دل / مج٢تنين بالدم عن اإرتفاع مستوى الكري •

 .٣مم /٦٠٠٠٠إنخفاض الصفائح الدموية بالدم عن  •

  .٣مم /٤٠٠٠إنخفاض كرات الدم البيضاء عن  •

 .لرئتين الجرعة المشعة لمن %١٦�٥ تدفق أكثر من •

 

 النتائج

،  مصابين بأورام الكبد األوليةاًتضمنت هذه الرسالة العلمية مئة وثمانية مريض
% ٢٢و ) ا(تليف من المرحلة % ٧٦، تليف الكبدبن مصابو همثمانون بالمئة من

 بمراحل متوسطة من بين مصا%٤٧و، تقسيمة تشيلد لطبقاً) ب(من المرحلة 
 لتقسيمة مجموعة اًطبقم ن الور بمراحل متقدمة مبينمصا% ٥٣بينما ، مالور

 المستخدمة فى عالج هؤالء المرضى متوسط الجرعة المشعةوكان  .برشلونة
من المرضى قد تم مراقبتهم % ٧٠أكثر من و. رى فى كل جلسة عالجيةج ١١٥

 .ستة أشهر بعد العالجة تزيد عن لفترة زمني
 

 تطور أشارت هذه الدراسة المستقبلية الى أن نسب المعيشة دونقد و
 ستة ما يقرب منبعد مرور % ٧٨هؤالء المرضى قد تصل الى حالة الورم ل

 حالة الورم حوالى  وكان الوقت المقدر لتطور.أشهر ونصف من بدء العالج
 وبالرغم من تقدم حالة األورام فى أغلب المرضى إال أن أكثرهم .شهرعشرة أ

ى علو. ن العالجبعد مرور عاماً م% ٦٠كان لديهم فرص معيشة قد تصل إلى 
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نخفاض نسب الخاليا الجانب األخر يعتبر الشعور باإلجهاد العام وكذلك إ
بينما ، فى األيام التالية للحقنألعراض الجانية المالحظة الليمفاوية بالدم من أهم ا

رتفاع نسب البليروبين بالدم من المؤشرات السيئة لتدهور الحالة العامة للكبد إيعد 
 .  بعد العالج

 

 ستنتاجاإل

 فى عالج أورام الكبد األولية طريقة ٩٠ستخدام الحقن المشع لليتريوم يعتبر إ 
 عند مصاحبته بجالطات آمنة وفعالة فى المراحل المتقدمة من الورم وخصوصاً

ستجابة تلك األورام لك ننصح بعمل دراسة موسعة لتقيم نسب إلذ. بالوريد البابى
 . فى المراحل المتقدمة من الورم)سورافينيبال(لهذا العالج بالمشاركة مع عقار 

 إستجابة المراحل المتوسطة من تلك تقييموكذلك ننصح بعمل دراسة موسعة ل
 .  الكيميائى للكبد المشع مقارنةً بالحقن بالحقن للعالجاألورام
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 المقدمة

  فىصابةاإلمعدل و، اًي في المرتبة الخامسة عالمام الكبد األوليةورتعتبر أ
الخامسة ذلك ما بين الحقبة الثالثة وناث وغالباً ما يكون  أكثر من اإلذكورال

   شخص سنويا٦٦٢٠٠٠ً  ما يقرب من الورم فى وفاةمن العمر و يتسبب هذا
 .ةمنظمة الصحة العالميخر إحصائيات أل طبقاً

ات الفيروسب  اإلصابةماور األأهم أسباب زيادة معدل إنتشار هذهمن 
 سي  الكبدىللفيروس اًتعد مصر من أكثر الدول إنتشارو .سىبى و  الكبدية

بالتالى  من الشعب المصرى و%١٥-١٠ ما بين  به اإلصابةليتراوح معدو
 .يعتبر معدل إنتشار أورام الكبد األولية فى إزدياد مستمر

 من المرضى بأورام الكبد األولية غير مؤهلين %٩٠ن أكثر م
عالج هؤالء و، للورم أو لزرع الكبد عند التشخيصلإلستئصال الجراحى 

 :المرضى يتم عن طريق سبل غير جراحية مثل 
 .العالج بحقن الكحول  •

 .العالج بالتردد الحرارى  •

 .العالج بالحقن الكيميائى الموضعى عن طريق شرايين الكبد  •

 .ج باإلشعاع الخارجى و الداخلى العال •

 يزال هناك بعض نه الن تعدد سبل العالج المختلفة إال أبالرغم مو 
 :ألسباب األتية ل معهمستخدام تلك الطرق العالجيةالمرضى من الصعب إ

 . نتشار الورم فى الكبدإ •

 .نسداد الوريد البابىإ •

 . المتليفتأخر حالة الكبد •

 . رج الكبدخرى خانتشار الورم ألعضاء اإ •
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جرعات عالية لالعالج باإلشعاع الخارجى لتلك األورام يتطلب فأما 
 من اإلشعاع للوصول للجرعة المطلوبة للقضاء على الخاليا السرطانية جداً

 .مما يؤثر بالسلب على باقى أعضاء الجسم ، بالكبد 
 

 عنصر مشع لعـالج     الكثير من األبحاث إلنتخاب    حديثاًقد أجريت   ف
أصـبح  و. شرايين الكبد ب ن طريق حقن العنصر المشع    بد األولية ع  أورام الك 
بإستخدام ، ام ورلك األ من أهم العناصر المشعة فى عالج ت حديثا٩٠ًاليتريوم 

ق الدم   على نظرية إختالف تدف     الزجاجية المشعة معتمداً   ٩٠ات اليوتريم   يرك
وبذلك تتعرض  . و خاليا الكبدالسرطانيةخاليا ال بين عن طريق شرايين الكبد

و يؤدى ذلـك     ، βإلى أعلى جرعة إشعاع من النوع       حقن  الرام بعد   هذه األو 
للحصول على جرعة اإلشعاع المطلوبة للقضاء على الخاليا السرطانية مـع           

 .ممكنةأقل نسبة إشعاع ها إلى وتعرض خاليا الكبد الحفاظ على
 
 

 الهدف من البحث
 

 ٩٠ات اليوتريم ريستخدام ك بإبة أورام الكبد األولية للعالجاستجهو تقييم إ
الطرق المستخدمة ستعانة بطريق شرايين الكبد و يتم ذلك باإلالمشعة عن 

 : أورام الكبد األولية مثل وتقييمصنيفتعالمياً ل
Child Pugh Class. 
Okuda staging. 
CLIP Score. 

BCLC staging system. 

Radiological response by RECIST criteria. 
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 طريقة البحث

 –  بقسم الجهاز الهضمى و الكبد بجامعة إيسن٢٠٠٨ عام من بدًأ
ار مرضى أورام الكبد األولى بعد سوف يتم إختي، لمانيا اإلتحاديةأبجمهورية 

 : للمواصفات األتيةستبعاد الطرق العالجية الجراحية طبقاًإ
 : مواصفات إنتخاب المرضى �

 .ىتليف الكبدالة من مراحل مبكر •
األشعة ، إستخدام األشعة التليفزيونيةورم ب األتشخيص هذه •

تصوير الرنين المغناطيسى أو ال،ثالثية المراحل المقطعية 
إرتفاع معدل دالالت   ±مقطعي باإلصدار البوزيترونيال

 .)AFP(أورام الكبد 

 .أخذ عينة من الورم إذا لزم األمر •

 .ة إستبعاد فرص العالج الجراحي •

أن يتمتع المريض بحالة صحية جيدة طبقاً لنظام المجموعة  •
 . (ECOG)الشرقية التعاونية لألورام

 

، وجود جلطات بالوريد البابى ،  السن : بسببيضمرأى ستبعاد لم يتم إ
،  الكبدية  البابيةالدورة الدمويةالمركزية و بين الدورة الدموية ناسوروجود 

 .ع اخرى محدودة الطببابى أو أمراض عضوية ا بالوريد الإنعكاس تدفق الدم
 

 :مواصفات إستبعاد المرضى �

 . بالكبد ثانويةتشخيص أورام •

 .دل / مج٢إرتفاع مستوى البليروبين بالدم عن  •

 .دل / مج٢تنين بالدم عن اإرتفاع مستوى الكري •

 .٣مم /٦٠٠٠٠إنخفاض الصفائح الدموية بالدم عن  •

  .٣مم/ ٤٠٠٠إنخفاض كرات الدم البيضاء عن  •



 

 

ا���و�آل ���
	� ا������    

- ٤ -

  .من الجرعة المشعة للرئتين% ١٦0٥تدفق أكثر من  •
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 رسالة توطئة للحصول على درجة الدكتوراة

 مقدمة من
 

 عمرو حافظ أحمد الفولى

 ماجيستير طب المناطق الحارة

  هيئة الطاقة الذرية- قسم النظائر المشعة

 تحت إشراف

 محمد كمال شاكر/ د .ا

 لمناطق الحارةأستاذ طب ا

  جامعة عين شمس–كلية الطب 

 جيودو جيركين/ د .ا

 رئيس قسم الجهاز الهضمى و الكبد

 تحادية اإللمانياأ جمهورية – جامعة إيسن –كلية الطب 

 فيليب هيلجرد/ د .ا

 أستاذ الجهاز الهضمى و الكبد

  ألمانيا اإلتحاديةجمهورية – جامعة إيسن –كلية الطب 

 أحمد كمال الدرى/ د .ا

 أستاذ األشعة التدخلية

  جامعة عين شمس–كلية الطب 

 محمد سامية إسماعيل/ د .ا

 رئيس قسم النظائر المشعة

 هيئة الطاقة الذرية


