
The liver is an organ that, due to vas-
cularisation and functions, is prone to 
metastases. Most liver metastases are 
observed in cases of gastrointestinal 
cancers in: stomach, colon, gallblad-
der, and bile ducts. Metastatic lesions 
are also observed in lung, breast, thy-
roid, kidney, and pancreatic cancer. 
One of the best known and most ef-
fective ways of liver lesion treatment 
is Metastasectomy. Unfortunately, le-
sions are frequently inoperable. Apart 
from chemotherapy, it is possible to 
apply local treatment such as TACE 
(trans-arterial chemoembolisation), 
RFA (Radio Frequency Ablation), and 
SBRT (Stereotactic Body Radiation 
Therapy). One of the newest meth-
ods of inoperable lesion treatment 
is radioembolisation (SIRT). Intravas-
cular administration of microspheres 
containing radioisotope 90Y allows 
delivery of a higher dose of radiation 
directly to the tumour than tradition-
al radiation with an external beam, 
while maintaining a small dose to 
healthy liver methods. Conducted clin-
ical studies confirm the efficacy and 
safety of SIRT. It is an interesting al-
ternative to other ways of treatment. 
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Introduction

The liver is an organ in which, due to vascularisation and functions, me-
tastases occur frequently. Most liver metastases are observed in cases of 
gastrointestinal cancers in: stomach, colon, gallbladder, and bile ducts. Met-
astatic lesions are also observed in lung, breast, thyroid, kidney, and pancre-
atic cancer [1, 2].

Hepatocellular carcinoma (HCC) constitutes approx. 80% of primary liver 
cancers. In Poland, the tumour is annually diagnosed in approx. 1500 pa-
tients, it is more common in men, and the peak incidence is between 50 and 
60 years of age. In 2011, the incidence rate was 1.4/100,000 women, and 2.8 
/100,000 men [3].

Surgery is the most recognised method of treatment in cases of liver 
changes. Indications for liver resection are constantly expanded with the 
progress of knowledge and surgeon’s experience. 

Stereotactic radiosurgery (stereotactic body radiation therapy – SBRT) is 
used for the treatment of liver lesions. High-precision treatment of lesions is 
possible with few side effects thanks to stereotaxy. This method is applica-
ble for tumour sizes of 6-7 cm as well as in the case of numerous coexisting 
changes (3–5) [4–6].

In the event of non-operative lesions it is also possible to use radio frequen-
cy ablation (RFA), which is based on generating hyperthermia with high fre-
quency current. RFA is a method in patients with lesions up to 35 mm and can 
be performed percutaneously and laparoscopically. In the case of larger lesions 
it cannot be applied, because it increases the risk of local recurrence [7–9].

Another ablation technique is cryotherapy. Frequency of relapse was as-
sessed in patients undergoing resection with cryotherapy and without cryo-
therapy, and no significant differences were between the study groups [10].

Trans-arterial chemoembolisation (TACE) is technique of treatment that 
can be useful in cases of non-resectable liver tumours. This method involves 
intravascular administration of the chemotherapeutic agent to the tumour, 
and then embolisation of vessels supplying the tumour. The effectiveness of 
this method is based on a high concentration of chemotherapeutic agent in 
the tumour and embolisation of vessels supplying the lesion [11–14]. 

Selective internal radioembolisation

Healthy liver tissue receives approx. 90% of blood from the portal vein 
and a few liver vessels. Tumours located in the liver draw approx. 90% of 
vascularisation of the hepatic artery, which is used as a channel for adminis-
tering a drug directly to the tumour. 

One of the newest methods of treatment of neoplastic lesions in the liver 
using this fact is selective internal radiation therapy (selective internal radia-
tion therapy with SIR-Spheres® Y-90 – SIRT). It involves the administration of 
polymer microspheres of size of 20–60 microns (approx. one thirtieth of the 
diameter of a human hair) containing radioactive yttrium (90Y) directly into 
the tumour vasculature through a catheter. Thanks to this fact spheres ad-
ministered intravenously are arranged in the capillaries of the tumour. They 
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are small enough to fit in the capillaries, but large enough 
not to move further to the venous system. Each sphere 
produces beta radiation penetrating the tissue to the 
depth of 2.5 mm. The half-life of radioactive Yttrium is 64.1 
hours, so that the majority (94%) of radiation is removed 
from the body within 11 days [15]. This method enables 
provision of a higher dose of radiation to the tumour than 
traditional irradiation with external fields, while maintain-
ing a low dose for healthy liver cells (below the limit for 
hepatocytes). It can be used to treat both primary cancers 
of the liver, gall bladder and metastatic lesions, which are 
not eligible for surgery. It is also used as monotherapy in 
patients who are not candidates for 2nd or 3rd line chemo-
therapy, during the interval between chemotherapy lines, 
and together with chemotherapy containing fluorouracil 
[16–18].

Indications for selective internal radiation 
therapy

Indications for spheres treatment with the radiation 
source are very specific. The lesion in the liver should be 
inoperable, life expectancy of the patient should be more 
than 12 months, the patient’s general condition should be 
good (WHO < 2), and the liver efficiency score according to 
Child-Pugh classification should be class A or B.

Barcelona Clinic Liver Cancer (BCLC) is used in the as-
sessment of the disease to choose the method of treat-
ment in cases of hepatocellular carcinoma. It assesses the 
patient’s condition, liver function according to Child-Pugh, 
tumour size, number of tumours, the presence of vascular 
invasion, and distant metastases [19].

According to BCLC criteria, patients eligible for treat-
ment in Stage B are patients with multifocal disease locat-
ed in both lobes, who cannot be candidates for TACE, while 
stage C (symptomatic disease with or without angioinva-
sion) patients qualified for radioembolisation treatment 
may be those with tumours that infiltrate a segmental or 
lobar branch of the portal vein. Patients who have failed 
sorafenib therapy or who have failed chemoembolisation 
can also benefit from the therapy.

Contraindications to SIRT application are (FDA recom-
mendation):
•	prior liver irradiation,
•	the coexistence of ascites and/or liver failure,
•	the presence of liver dysfunction,
•	the presence of metastases to organs other than the liver,

•	capecitabine treatment in the last two months before the 
surgery,

•	portal vein thrombosis,
•	pregnancy,
•	abnormal test results: WBC < 2.5 thousand, Neu < 1.5 

thousand, PLT < 60 thousand, AST/ALT > 5 × normal, bili-
rubin > 2 mg/dl, albumin < 3 g/dl, creatinine > 2.5 mg/dl,

•	irregularities in the anatomical structure of the venous 
system in the liver.

Observed side effects include abdominal pain, feeling 
of tightness in the abdomen, nausea, loss of appetite, and 
fever. Most often, these symptoms resolve after a week 
of radioembolisation therapy. Severe complications occur 
rarely. If the spheres reach another organ (e.g. gall bladder, 
stomach, intestines, or pancreas), they can cause inflam-
mation and require specialist treatment. Radiation-in-
duced liver disease (RILD) occurs very rarely, it usually 
develops between 60–90 day after surgery, and is charac-
terised by jaundice, ascites, and an increase in the biliru-
bin concentration in the blood serum [20–22].

Assessment of the treatment effectiveness in the CT 
scan can be misleading if it is conducted earlier than  
3 months after surgery. Figure 1 shows the metastatic liv-
er lesions before treatment with radioembolization using 
SIR-spheres. Regression of liver lesions is evident in the 
CT scan taken in the patient 6 months after the treatment 
(Fig. 2).

Positron emission tomography (PET-CT) enables assess-
ment the response to therapy earlier and more accurately. 
Liver MRI using diffusion-weighted imaging (DWI) can as-
sess the efficacy of treatment even earlier, 2 days after the 
treatment.

Clinical trials evaluating the efficacy of SIRT 
therapy

Clinical trials for colorectal cancer are shown in Table 1, 
and clinical trials for hepatocellular carcinoma are shown 
in Table 2.

Discussion

Thelen and his team and Shmitzu et al. compared the 
efficacy of performing synchronous metastasectomy (si-
multaneous surgery to remove the primary tumour and 
metastatic changes in the liver) and metachronous me-
tastasectomy (performed after the surgery of primary 
tumour removal). It was shown that both methods are 

Fig. 1. CT scan before radioembolization therapy using SIR-spheres microspheres (with permission of SIRTEX)
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comparable, although in the case of two-stage resection 
respiratory complications occurred more frequently, and 
hospitalisation time was longer. Postoperative mortality 
was most often associated with older age (> 70 years) 
and the extent of surgery. Both papers had a retrospec-
tive character [28, 29]. In the prospective study, Yan et al. 
assessed relapse-free survival in patients with colorectal 
cancer treated with synchronous and metachronous liver 
resection. There were no statistically significant differenc-
es between treatments [30]. There are more and more re-
ports of patients undergoing subsequent liver resections. 
It has been demonstrated that in the case of repeated liver 
resection, the survival rate and the risk of postoperative 
complications are comparable to the results obtained after 
primary liver resection [31].

Nisho et al. evaluated factors affecting survival after sub-
sequent liver resections. It was found that the size of meta-

static lesions greater than 50 mm, CEA above 30 μg/l, and 
positive surgical margins across resection have negative im-
pact on the survival after the second liver surgery. The scope 
of the operation seems to have no effect on survival but may 
lead to a reduced chance of obtaining a margin free of tu-
mour infiltration in the following resection [32]. Treatment of 
patients with inoperable lesions in the liver still causes great 
difficulties. The irradiation of lesions has very limited applica-
tion due to the sensitivity of liver cells [33, 34].

Chemotherapy and targeted molecular therapy play an 
important role in the case of liver metastases. Applied che-
motherapy regimens are based on 5-fluorouracil with leucov-
orin with oxaliplatin (FOLFOX), irinotecan (FOLFIRI), or a com-
bination of these drugs (FOLFOXIRI) administered in cycles 
every 14 days [35–37].

Targeted molecular therapy is bevacizumab (a mono-
clonal antibody that inhibits angiogenesis by blocking 

Table 1. Clinical trials for colorectal cancer [23–25]

Title Treatment Patient number Location Result

SIRFLOX FOLFOX (+/– bevacizumab) vs. 
FOLFOX (+/– bevacizumab)  
+ SIR-spheres microspheres

530 Global Statistically significant 
improvement of 7.9 months in 
median PFS in the liver, from 12.6 
to 20.5 months representing a 31% 
reduction in risk of progression in 
the liver

FOXFIRE OxMdG (+/– biologic agent) vs. 
OxMdG (+/– biologic agent) + SIR-
spheres microspheres

≥ 360 UK Is expected to be released in 2017

HITM-SIR anti-CEA CAR-T cells > SIR-spheres 
Y-90 resin microspheres

60 USA In progress

SIR-step 1st-line chemotherapy  
(3 months) followed by: 5-FU/
LV (+/– bevacizumab) vs. 1st-line 
chemotherapy (3 months) followed 
by 5-FU/LV (+/– bevacizumab)  
+ SIR-spheres microspheres

162 Europe In progress

A B C

Fig. 2. CT scan 6 months after radioembolization therapy using SIR-spheres microspheres (with permission of SIRTEX)

Table 2. Clinical trials for hepatocellular carcinoma [26, 27]

Title Treatment Patient number Location Result

SIRveNIB Sorafenib vs. SIR-spheres microspheres 360 Asia-Pacific In progress

SARAH Sorafenib vs. SIR-spheres microspheres 460 France In progress

SORAMIC Sorafenib vs. SIR-spheres microspheres  
> sorafenib

420 Europe In progress
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VEGF-A). In patients with the expression of epidermal 
growth factor receptor (EGFR), with normal KRAS gene (af-
ter exclusion of mutations in codons 12 and 13 of exon 1) 
it is possible to provide cetuximab or panitumumab. These 
drugs are monoclonal antibodies that inhibit EGFR recep-
tor activity, thereby inhibiting signalling pathways associ-
ated with the control of cell survival, cell cycle progression, 
and angiogenesis [38–41].

Recently, the efficacy of SIRT therapy was evaluated in 
several clinical trials; however, the studies were conduct-
ed in small groups of patients (number of patients ranged 
from 18 to 74) with the exception of the research super-
vised by Kennedy (a group of 606 patients) and Bester  
(a group of 224 patients). These studies exclusively recruit-
ed patients with metastases to the liver (Tables 1, 2).

All studies demonstrated a significantly longer time to 
progression (TTS), prolonged overall survival (OS), reduced 
liver lesions intended for the resection of parts of liver 
segments in the future, symptoms reduction and bilirubin 
normalisation in the blood, and liver enzyme activity nor-
malisation.

Summary

Radioembolisation is a new, less aggressive method of 
palliative treatment in patients with liver cancer or met-
astatic disease in the liver. A high dose of radiation to 
tumour cells is obtained thanks to intra-arterial admin-
istration of microscopic spheres containing a radioactive 
isotope. Clinical studies confirm the efficacy and safety of 
this method.

Radioembolisation seems to be a promising method of 
treatment and is an interesting alternative to other meth-
ods of treatment used in 1st-, 2nd- and 3rd-line of treatment.
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