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Abstract
BACKGROUND
Liver metastases secondary to breast cancer are associated with unfavourable prognosis. Radioembolization with ytrrium-90 is an emerging option for management of liver metastases of breast cancer when other systemic therapies have failed to achieve disease control. However, unlike the case of other liver tumours (colorectal/melanoma metastases/cholangiocarcinoma), its role in the management of breast liver metastases is yet to be elucidated.

AIM
The aims of this systematic review were to (1) assess the effect of radioembolization with yttrium-90 on tumour response; and (2) to estimate patient survival post radioembolization.

METHODS
The review was performed using the Preferred Reporting Items for Systematic Reviews and Meta-Analyses. A systematic literature search was performed using the PubMed and EMBASE databases from January 2007 to December 2018. The initial search yielded 265 reports which were potentially suitable for inclusion in this review. Studies published in English reporting at least one outcome of interest were considered to be suitable for inclusion. Conference abstracts; case reports, animal studies and reports not published in English were excluded from this review. Data was retrieved from each individual report on the name of primary author, year of publication, patient demographics, type of microspheres used, radiation dose delivered to tumour, duration of follow-up, disease control rate (%), tumour response, and overall patient survival.

RESULTS
[bookmark: _Hlk27926253]The final number of studies which met the inclusion criteria was 12 involving 452 patients. There were no randomized controlled trials identified after the literature search. The age of the patients included in this review was ranged from 52 to 61 years. The duration of the follow up period post-radioembolization ranged from 6 to 15.7 mo. The total number of patients with breast metastases not confined to the liver was 236 (52.2%). Cumulative analysis revealed that radioembolization with yttrium-90 conferred tumour control rate in 81% of patients. Overall survival post-radioembolization ranged from 3.6 to 20.9 mo with an estimated mean survival of 11.3 mo.

CONCLUSION
Radioembolization with ytrrium-90 appears to confer control of tumour growth rate in most patients, however its effect on patient survival need to be elucidated further. Furthermore, quality evidence is needed in the form of randomized trials in order to assess the effect of radioembolization in more depth.
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[bookmark: OLE_LINK36]Core tip: This is the first systematic review on the subject of liver radioembolization with yttrium-90 for breast metastases. Our paper reports cumulative findings of the 12 studies included on two important outcomes that of tumour response to embolization and patient survival. The paper summarises the current evidence available in the field and also makes recommendations for future areas of research in clinical practice.


INTRODUCTION
[bookmark: _Hlk14778956]Breast cancer (BC) is the most common cancer in women and is associated with a life-time risk of incidence of 10%-15%[1,2]. However, the presence of BRCA1 or BRCA2 genes increases the life-time risk to 50%[3]. Breast cancer metastases will develop in up to 50% of patients with bone (85%), liver (50%), and lungs (20%) being the commonest sites[4,5]. The average 5-year survival rate for patients with breast cancer is 90% but if the cancer has spread to a distant part of the body, the 5-year survival rate drops dramatically to 27%[6]. Median survival for patients with liver metastases is generally very poor ranging from 4-21 mo[7,8].
The treatment options available for patients with liver metastases are limited. Palliative systemic chemotherapy is the commonest approach to metastatic breast cancer aiming to prolong survival. Resection of liver metastases in breast cancer has not been widely adopted perhaps due to the presence of multi-segmental liver disease at the time of diagnosis[9].
Transarterial radioembolization with yttrium-90 (TARE) microspheres offers an alternative radiotherapy option in the management of primary and secondary intrahepatic tumours[10]. Yttrium-90 microspheres are injected into the hepatic artery feeding the tumour and emit radiation at a local level. The advantage of TARE, in contrast to non-selective radiotherapy, is the ability to deliver high dose radiation to the tumour with minimal collateral damage to the normal liver parenchyma[11]. Liver radioembolization with yttrium-90 has been previously used to manage unresectable intrahepatic cholangiocarcinoma, colorectal and melanoma liver metastases[12-14]. The role of TARE in the management pathway of breast liver metastases is yet to be elucidated.
The purpose of this review was to systematically review the literature on the role of TARE in the management of breast liver metastases and summarise all evidence available on treatment response and patient survival. The primary outcomes of interest of this study were (1) to assess tumour response to TARE; and (2) to estimate overall patient survival following TARE as reported in the literature.

MATERIALS AND METHODS
The Preferred Reporting Item for Systematic Reviews and Meta-analyses statements were followed to conduct this systematic review[15].
 
Literature search
[bookmark: _Hlk21253116][bookmark: _Hlk21253177]Published English-language manuscripts were considered for review and inclusion in this study. A systematic literature search was performed in PubMed and EMBASE databases from January 2007 to December 2018. The following search terms were used in order to identify the relevant bibliography: “yttrium” or “yttrium-90” or “Y90” or “radio-embolization” and “breast”. All full text studies, and abstracts identified were screened independently by the two authors in order to identify those concerning transarterial radio-embolization with yttrium-90 (TARE) of breast liver metastases. The PubMed function” related studies” was used to broaden the search and the reference list of all potentially relevant studies was analysed.

Inclusion and exclusion criteria
[bookmark: _Hlk21269862]Studies published in the English-language reporting at least one of the primary outcomes of interest were included in this review. Conference abstracts; case reports, animal studies and reports not published in English were excluded from this review. The final decision regarding study eligibility for inclusion in this review was reached by mutual agreement between the two authors.

Data extraction and outcomes of interest
[bookmark: _Hlk21253425]Data of interest from each study were extracted using standardised data collection database. The following information was extracted from each study: name of primary author, year of publication, patient demographics, duration of follow-up, disease control rate (%), tumour response, type of spheres used, and overall patient survival. Data was extracted by each of the two authors independently for data validation purposes.

Statistical analysis
Descriptive statistics (absolute frequencies, percentages and mean or median values) were used to report study and patient data. Due to the high heterogeneity among studies and the lack of randomized controlled trials, performing a meta-analysis was not deemed to be appropriate. 

RESULTS
Studies included
The literature search initially yielded 265 reports from January 2007 to December 2018. After screening the titles and abstracts of the reports identified a total number of 12 cohort studies were included in this systematic review (Figure 1). There were no randomized trials identified after the literature search.

Demographics and treatment procedures
[bookmark: _Hlk21254488]The total number of patients originating from the 12 studies included was 452. Patient baseline demographic characteristics from the reports included in this review are summarised in Table 1. The age of the patients included in this review was ranged from 52 to 61 years[16-27]. Data on the number of patients with extra-hepatic disease present at the time of radioembolization was available in 9/12 studies[17-19,21-25,27]. The total number of patients with breast metastases not confined to the liver was 236 (52.2%). The type of microspheres used to deliver the radioembolization to the hepatic metastases was clearly identifiable in 10 studies[16-19,21-24,26,27]. Currently there are two types of commercially available yttrium-microspheres. Resin microspheres (SIR-spheres, SIRTex Medical Limited, Sydney, Australia) were used in six studies whereas glass microspheres (TheraSphere, MDS, Nordion Inc., Ottawa, Canada) were used in 2 studies. In 2 of the studies included patients received treatment by a combination of resin and glass microspheres[26,27]. Data on the dose of yttrium-90 delivered to the patients were extractable from 9 studies[16,17,19,21-23,25-27]. The radiation dose delivered to the hepatic metastases varied from 0.8-2.1GBq (Table 1).

Tumour response and survival
[bookmark: _Hlk21254665][bookmark: _Hlk19623478][bookmark: _Hlk14788422][bookmark: _Hlk21254747]The duration of the follow up period post-radioembolization was clearly reported in 4 studies (range 6-15.7 mo)[17,19,21,22]. Data on tumour/disease response to radioembolization and patient survival are summarised in Table 2. Data on tumour response to Ytrrium-90 treatment was retrievable from 11 studies included in this review[16,17,19-27]. Tumour response to radioembolization, defined as tumour appearance on follow-up versus baseline imaging, was described in all 12 studies included [data available in 357/452 subjects, (81%)]. Tumour response was evaluated using the Response Evaluation Criteria in Solid Tumours (RECIST, n = 7 studies), the modified Response Evaluation Criteria in Solid Tumours (mRECIST, n = 1 study) or the World Health Organization (WHO) classification method (n = 2 studies)[28-30]. Two further studies did not provide information on the criteria used to assess response to treatment[18,25]. In summary, according to the WHO/RECIST criteria, patients are sub-categorized in four groups when comparing post treatment imaging with baseline imaging for up to two target lesions: (1) complete response (CR) if all lesions disappear; (2) partial response (PR) if the sum of the longest diameters decreases at least 30%; (3) stable disease (SD) if neither partial response or progressive disease is present; and (4) progressive disease (PD) if the sum of the longest diameters increases by at least 20%[28-30]. Following radioembolization, disease control rate, calculated as the sum of CR + PR + SD, was achieved in 282 patients (77%, Table 2). Post-radioembolization imaging revealed CR in 30 subjects (8.2%, data available from 5 studies); PR in 113 subjects (30.8%, data available from 9 studies); SD in 94 subjects (26%, data available from 8 studies) and PD in 49 subjects (13.4%, data available from 10 studies). Patient survival post- radioembolization was reported in 9 studies. Overall survival post-radioembolization ranged from 3.6 to 20.9 mo with an estimated mean survival of 11.3 mo.

DISCUSSION
In this report the relevant medical literature was systematically reviewed and the results of 12 studies are summarised. The primary outcomes of this review were survival and radiological response to radioembolization with Yttrium-90 microspheres for inoperable breast liver metastases. In summary, data from the studies included has demonstrated that radioembolization of breast cancer liver metastases with yttrium-90 confers a disease control rate of 81% with an estimated mean survival of 11.3 mo. 
The development of liver metastases from breast cancer is associated with poor prognosis. Hepatic resection is a potential treatment option for patients, but unfortunately in the vast majority of cases the disease is unresectable at the time of diagnosis of liver metastases[31]. Other liver-directed therapies have been previously attempted for liver-only disease with the primary aim of palliating and prolonging survival. These treatments include radiofrequency and microwave ablation[32,33], transarterial chemoembolization[34] and stereotactic body radiotherapy[35]. Despite employing these treatment modalities, the reported median survival in patients with liver metastases remains poor ranging from 5-12 mo[8,36].
TARE with Yttrium-90 is an increasingly popular treatment choice in patients with unresectable liver involvement. It is a combination of embolization and radiotherapy techniques. During the procedure radioactive microspheres are injected via peripheral access into hepatic artery and due to small size of 15-40 uM lodged into arteriolar level of liver vascular system. A high radiation dose can be delivered to the tumour itself saving healthy liver cells in comparison to external radiation technique. A previous structured review concluded that TARE for inoperable breast liver metastases, is well tolerated by patients especially when compared to the side effects associated with systemic chemotherapy[37]. The overall survival data retrieved from the studies included in this present review varied from 6 to 20.9 mo[17-19,21-27]. Although data from the studies included should be interpreted with caution due to the heterogeneity of the methodology in the reports included, the overall impression is that radioembolization is a promising option considering that over 50% of the total number patients included in this review had metastases beyond the liver at the time of TARE. Furthermore, survival data from one of the studies included, demonstrate that patients who have a complete or partial response to embolization treatment have a survival over 12 months compared to 3.6 months in those patients who failed to respond[17]. As an extension of the above one may speculate that radioembolization instead of being a monotherapy could have a synergistic role to systemic chemotherapy as it has been previously the case in colorectal liver metastases. In the context of colorectal liver metastasis, a previous randomized controlled trial demonstrated that the addition of radioembolization with ytrrium-90 to 5-fluorouracil treatment led to a significantly prolonged progression free survival and a non-statistically significant prolonged overall survival[13].
The response at a tumour level in the case of breast liver metastases to radioembolization has been a matter of debate in the literature. First of all the fact that, unlike the case of colorectal or uveal melanoma metastases which are often confined to the liver, breast cancer patients often have more extensive disease spread making radioembolization a modality less likely to succeed. However, it has been previously suggested that breast liver metastases are hypervascular compared to colorectal liver metastases which are described as hypovascular[38,39]. Therefore, the ratio between the number of spheres arriving at the level of the tumour versus the number of spheres arriving to healthy liver may be higher in the case of breast liver metastases making radioembolization an appropriate treatment modality for breast metastases. Data on tumour response to radioembolization could be retrieved from ten of the studies included in this review. However, interpretation of the data is limited by the use of different criteria (WHO vs RECIST) in the studies included[28,29]. Disease control rates varied from 48%-100% with an estimated mean response to TARE of 81%. The 2 studies[16,17] which used the WHO criteria to assess response to TARE reported disease response over 90%, whereas the rest of the studies reported disease control rates of 48%-100% based on the RECIST/mRECIST criteria[19-24,26,27]. The heterogeneity in the criteria used to assess tumour response rates, the inconsistency in the type of microspheres used and the different timings that post-TARE radiological surveillance was perfromed along with the retrospective nature of the studies identified, make it difficult to draw safe conclusions on the efficacy of TARE in disease control and necessitate the need for more quality evidence to be produced. Nevertheless, the results appear to be encouraging with an estimated mean disease control rate of over 80%. A recent systematic review on the role of TARE in disease control rate in cases of unresectable liver metastases secondary to melanoma reported a median control rate of 73.6%[14]. The findings of this review were promising and highlight the need for more quality evidence to explore the role of TARE either as a monotherapy or synergistically with systemic therapies in the future.
There are some limitations in the findings reported by this systematic review. First of all the absence of randomized controlled trials and the retrospective nature of the reports included carries the risk of selection bias. Furthermore, there is heterogeneity between the studies included and no standardised reporting system on the control-rate of the disease post-radioembolization. Differences between studies included were the type of spheres used to deliver the treatment locally, the variable radiation dose, variable presence of extrahepatic disease, previous chemotherapy and the length of follow-up. 
This review, despite its limitations, highlights the potentially beneficial role of radio-embolization with yttrium microspheres in cases with inoperable liver metastases secondary to breast cancer. However, future randomized trials are need comparing systemic chemotherapy, local radiation and transarterial chemoembolization in order to identify the most suitable treatment modality for patients with inoperable hepatic metastases secondary to breast cancer. Standardization of the method that radioembolization is delivered as well as of the reporting systems used would be highly desirable.

ARTICLE HIGHLIGHTS
Research background
Breast cancer liver metastases are associated with dismal prognosis. Previous reports in the literature on liver metastases secondary to melanoma or colorectal origin have shown promising results with the use of transarterial embolization. The aim of this review was to consolidate the evidence available in the literature on the use of transarterial embolization for management of breast liver metastases.

Research motivation
The aim of this review was to consolidate the evidence currently available on transarterial embolization for breast liver metastases in a systematic fashion. This relatively new technique is not widely available and its role in the management pathway of breast metastases has not been clearly described before. Patients with breast liver metastases have poor prognosis despite advances in chemotherapy and therefore transarterial embolization could be of benefit for those patients with advanced disease.
 
Research objectives
The main outcomes of interest were tumour response and patient survival following radioembolization with ytrrium-90 spheres.

Research methods
A systematic literature search was performed in PubMed and EMBASE databases from January 2007 to December 2018. The following search terms were used in order to identify the relevant studies of interest: “yttrium” or “yttrium-90” or “Y90” or “radio-embolization” and “breast”.

Research results
The final number of studies which met the inclusion criteria was 12 involving 452 patients. There were no randomized controlled trials identified after the literature search. The age of the patients included in this review was ranged from 52-61 years. The duration of the follow up period post-radioembolization ranged from 6 to 15.7 mo. The total number of patients with breast metastases not confined to the liver was 236 (52.2%). Cumulative analysis revealed that radioembolization with yttrium-90 conferred tumour control rate in 81% of patients. Overall survival post-radioembolization ranged from 3.6 to 20.9 mo with an estimated mean survival of 11.3 mo.

Research conclusions
Radioembolization with ytrrium-90 appears to confer control of tumour growth rate in most patients. The effect on patient survival need to be elucidated further. The findings reported in this review are limited by the absence of randomized trials on the subject and the heterogeneity in the methodology of the studies included. It is therefore highly desirable for more quality evidence to be produced in order to assess mor accurately the role of radioembolization with yttrium-90.

Research perspectives
The findings of this review highlight the need for more quality evidence to be produced in the form of randomized controlled trials. Standardisation of types of spheres used, timing of imaging modalities and criteria used in order to assess the effect of radioembolization is required. Furthermore, the potentially synergistic role of radioembolization for patients on palliative chemotherapy should be evaluated as it may confer a significant impact on survival.
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Figure 1 The Preferred Reporting Item for Systematic Reviews and Meta-analyses flow diagram of the studies included in this review.


Table 1 Patient and radioembolization characteristics of the original reports included in this review
	Ref.
	Number of patients with breast cancer
	mean age (yr)
	Number of patients with extrahepatic disease
	Type of microsphere used
	[bookmark: _Hlk8907023]Activity infused (GBq)

	Bangash et al[16], 2007
	27
	52
	N/A
	Glass
	2.05

	Coldwell et al[17], 2007
	44
	58
	29 (66%)
	Resin
	2.11

	Stuart et al[18], 2008
	7 
	N/A
	1 (14%)
	Resin
	N/A

	Jakobs et al[19], 2008
	30
	58
	17 (57%)
	Resin
	1.9

	Cianni et al[20], 2010
	32
	N/A
	N/A
	N/A
	N/A

	Haug et al[21], 2012
	58
	58
	38 (65%)
	Resin
	1.8

	Saxena et al[22], 2014
	40
	54.4
	24 (60%)
	Resin
	1.67

	Gordon et al[23], 2014
	75
	53.7
	58 (77%)
	Glass
	1.52

	Bagni et al[24], 2015
	17
	59.2
	10 (59%)
	Resin
	N/A

	Fendler et al[25], 2016
	81
	611
	54 (67%)
	N/A
	1.61

	Pieper et al[26], 2016
	44
	56.1
	N/A
	Resin = 56, Glass = 13
	1.35

	Chang et al[27], 2018
	30
	55*
	5 (17%)
	Resin = 46, Glass = 3
	0.81


1Median value as reported in the original report. N/A: Data not available. 

Table 2 Tumour response to radio-embolization and survival data as reported in the studies included
	Ref.
	Evaluable patients
	Assessment criteria
	Follow up (mo)
	Tumour response rate (%)
	Cases of CR/PR/SD/PD
	Overall survival (mo)

	Bangash et al[16], 2007
	23
	WHO
	N/A
	21/23 (91%)
	CR = 9 (39%); PR = 12 (52%); SD = 2 (9%); PD = 0
	N/A

	Coldwell et al[17], 2007
	36
	WHO
	14
	34/36 (94.4%)
	CR = 0; PR = 17 (47.2%); SD = 17 (47%); PD=2 (6%) 
	> 14 for those with CR/PR, 3.6 for those with SD/PD

	Stuart et al[18], 2008
	7
	N/A
	N/A
	N/A
	N/A
	20.91

	Jakobs et al[19], 2008
	23
	RECIST
	15.7
	22/23 (97.2%)
	CR = 0; PR = 14 (61%); SD = 8 (35%); PD = 1 (4%)
	9.6

	Cianni et al[20], 2010
	32
	RECIST
	N/A
	32/32 (100%)
	CR = 14 (44%); PR = 11 (34%); SD = 7 (22%); PD = 0
	N/A

	Haug et al[21], 2012
	43
	RECIST
	6
	38/43 (88%)
	CR = 0; PR = 11 (26%); SD = 27 (62%); PD = 5 (12%)
	10.8 

	Saxena et al[22], 2014
	38
	RECIST
	11.21
	27/38 (71%)
	CR = 2 (5%); PR = 10 (26%); SD = 15 (39%); PD = 11 (29%)
	13.6

	Gordon et al[23], 2014
	25
	RECIST
	N/A
	21/25 (84%)
	CR = 3 (12%);
PR/SD = 18 (72%); PD = 4 (16%)
	6.61

	Bagni et al[24], 2015
	17
	RECIST
	N/A
	17/17 (100%)
	CR = 2 (12%); PR = 15 (88%); SD = 0; PD = 0
	13.5

	Fendler et al[25], 2016
	56
	N/A
	N/A
	29/56 (52%)
	N/A
	81

	Pieper et al[26], 2016
	38
	RECIST
	N/A
	27/38 (71%)
	CR = 0; PR = 11 (29%); SD = 16 (42%); PD = 11 (29%)
	6

	Chang et al[27], 2018
	29
	mRECIST
	N/A
	14/29 (48%)
	CR = 0; PR = 12 (40%); SD = 2 (0.6%); PD = 15 (50%)
	12.9


1Median value as reported in the original study. N/A: Not available; WHO: World Health Organization; RECIST: Response Evaluation Criteria in Solid Tumours; mRECIST: Modified Response Evaluation Criteria in Solid Tumours; CR: Complete response; PR: Partial response; SD: Stable disease; PD: Progressive disease. 
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