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GENERAL INTRODUCTION AND 
OUTLINE OF THE THESIS

1
An aggressive approach with promising results



BREAST CANCER

Breast cancer is the leading cause of death among women between the ages of 15 to 50 

years old. In 2010, the incidence of breast cancer was almost 3 times as high as thirty years 

ago, reaching 1.6 million new patients and 571.000 deaths worldwide that year (Figure 1 & 2).1

Of all breast cancer patients, 50% will eventually develop distant metastases. 

FIGURE 1: Global map depicting the most common cancer type by country in terms of estimated (A) new cases and 

(B) cancer-related deaths among 20 to 39 year-olds in 2012. Numbers in parenthesis are the number of countries 

that have this cancer as their most common cancer.1

1 Reprinted from The Lancet Oncology, Vol.18, Miranda M Fidler, Sumit Gupta, Isabelle Soerjomataram, Jacques Ferlay, Eva Steliaro-
va-Foucher, Freddie Bray, Cancer incidence and mortality among young adults aged 20 to 39 years worldwide in 2012: a popula-
tion-based study, 1579–89, Copyright (2017), with permission from Elsevier.
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The bone is the most common site of de novo distant metastases followed by lung, liver 

and brain (5%, 3%, 3% and 2% respectively).10 Median survival follows the incidence pattern 

e.g. 40, 24, 22 and 10 months. 11

Once metastasized, treatment options depend on the characteristics of the primary tumor, 

such as molecular type and extent of dissemination. The primary objective of systemic 

treatment for metastatic breast cancer are prolongation of survival, alleviation of symp-

toms, and maintenance or improvement in quality of life, despite the toxicity associated 

with treatment.

HORMONAL THERAPY

Patients with a metastatic estrogen receptor positive and/or progesterone receptor pos-

itive breast cancer are eligible for hormonal therapy. The choice of hormonal therapy is 

determined by the menopausal status of the patient and the toxicity profile of the therapy.

CHEMOTHERAPY

In the case of rapid progression, and especially with visceral metastases, treatment with 

chemotherapy is preferable. Chemotherapy is the treatment of choice if:

· the hormone receptors are negative

· hormonal therapy no longer appears to be effective

· there is rapid disease progression

· extensive and rapidly growing visceral metastases have developed (lung, liver, 

lymphangitis)

· there is serious cytopaenia as a result of mass bone marrow metastasis

Anthracycline-containing schedules are the preferred primary treatment.  

After progression during first-line chemotherapy, there is no recommendation for an opti-

mal choice of sequence for the subsequent lines of chemotherapy. 

TARGETED THERAPY

In patients with a HER-2-positive metastatic breast cancer who have already received an-

thracycline-containing therapy, the combination trastuzumab with vinorelbine or a taxane 

(both paclitaxel and docetaxel) is preferable as first-line therapy.

LIVER RESECTION OF BREAST CANCER LIVER METASTASES

In case of spread confined to the liver, surgical resection may be the only option leading to 

“cure” or increased life expectancy. This strategy has been used for patients with colorec-

tal cancer as the primary tumor with impressive long-term results (40-50% 5 year survival), 

low procedural mortality (1-2%) and relatively low morbidity (20-30%).12–14

FIGURE 2: Estimated (A) age-standardized incidence and (B) mortality per 100 000 people for each cancer type 

among 20 to 39-year-olds in 2012, by geographical region 2

BREAST CANCER LIVER METASTASES

In general, once cancer has metastasized, it is considered a sign of advanced disease with 

very poor prognosis. Of all metastatic breast cancer patients, 1-4% will present with liver 

metastases at the time of diagnosis.7 This group of breast cancer patients with liver meta-

stases will have a median survival between 4-14 months and rarely survive up to 5 years.8 

In a study by Gerratana et al., including 31% of patients with de novo disease, results sho-

wed that liver metastasis was an independent prognostic factor for overall survival, while 

bone-only, lung, and brain metastases had no effect on survival. 9

2 Reprinted from The Lancet Oncology, Vol.18, Miranda M Fidler, Sumit Gupta, Isabelle Soerjomataram, Jacques Ferlay, Eva Steliar-
ova-Foucher, Freddie Bray, Cancer incidence and mortality among young adults aged 20 to 39 years worldwide in 2012: a popula-
tion-based study, 1579–89, Copyright (2017), with permission from Elsevier.

1514

CHAPTER 1 GENERAL INTRODUCTION AND OUTLINE OF THE THESIS



STUDY APPROACH
This study is a unique collaboration between two referral centers, the University Medical 

Center Utrecht in the Netherlands and the Centre Hépato-Biliaire (CHB) Paul Brousse in 

Paris, France, in which prospective clinical databases are available to be integrated, up-

dated and analyzed. This project further extended the existing collaboration between both 

centers now focusing on breast cancer liver metastasis and its surgical treatment.

FRANCE

Each patient who is referred with breast cancer liver metastases, is evaluated multidisci-

plinary to determine resectability of the metastases. All patients go through preoperative 

staging evaluation, including axial imaging (brain, chest, and abdomen), liver sonogram, 

and bone scintigram to evaluate the presence of unresectable extrahepatic disease and 

to confirm that resection of all radiographically apparent intrahepatic disease is feasible.

 

All patients who underwent liver surgery for non-colorectal liver metastases at the CHB 

between 1980 and 2011 were screened for inclusion (n>800 patients). Patients with liver 

metastasis originating from the breasts were included in this thesis project (Figure 3). To 

date, this is the biggest single center cohort for operated breast cancer liver metastases 

in the world (Table 1). 

    

FIGURE 3: Liver resection disease distribution

THE NETHERLANDS

In the Netherlands, more than 13,000 women are diagnosed each year with breast cancer. 

A recent publication reported that in 20 years, only 2 patients were operated in a tertiary 

Comprehensive Cancer Centre in the Netherlands for this indication. Over 20 years only 

Preliminary published data suggest that with liver resection the 5-year survival in selected 

patient with breast cancer liver metastases is between 5-61% (Table 1). This wide range of 

survival may be one of the reasons for the existing controversy around liver resection for 

this indication. No clear explanation for the survival differences can be extracted from all 

the published articles in the past 10 years. However, it is most probably due to selection 

bias.

Surprisingly, little has been published regarding this subject and the few existing publi-

cations represent small clustered series combining non-colorectal, non-endocrine liver 

metastases under one umbrella. From the published studies on liver resection for breast 

cancer liver metastases, little differentiation is given regarding treatment methods such as 

surgery, chemoembolization or radiofrequency ablation to achieve the presented benefits 

in these groups. Furthermore, there has never been any study that compares outcomes of 

operated against non-operated patients or demonstrates the possible benefit of multiple 

liver resections. 

It is known that tumors within one origin differ in behavior and even more so between dif-

ferent origins because of evolutionary genetic changes within the tumor cells themselves. 

Patients with breast cancer metastases confined to the liver therefore are a highly selected 

group. These facts emphasize the need to investigate each individual origin separately.

For these reasons, the positive experience with surgery for patients with colorectal liver 

metastases, cannot automatically be extended to breast cancer liver metastases patients.

TABLE 1: Publications of the past 10 years showing small series, an immense variation of results and no comparison 

with current standard treatment.

Author Year No.pt Operative mortality (%) Operative Morbidity (%) 5-year survival (%)

Karavias15 2002 4 0 11 25

Elias16 2003 44 0 13 34

Vlastos17” 2004 31 0 NR 61

Ercolani18 2005 21 0 21 5

Okaro19 2005 8 0 NR NR

Sakamoto20 2005 34 0 NR 21

Weitz21 2005 29 0 33 17

Yedibela22 2005 17 1 26 49

Adam23 2006 454* 2 14 41

Adam24 2006 85 0 22 37

Verhoef25 2007 2 - - NR

Caralt26 2008 12 0 17 33

Lubrano27 2008 16 0 38 33

Thelen28 2008 39 0 13 42

Hoffman29 2010 41 0 21 48

*41 centers
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project was as a great opportunity to go beyond the clinical research and combine genetic 

analysis. 

Over the study period, several patients had undergone multiple hepatic resections, which 

gave us a unique opportunity to look into possible genetic changes over time. For this pur-

pose, high resolution melting analysis and allelic discrimination PCR amplification analyses 

were performed to detect genetic mutation.31,32

OUTLINE OF THE THESIS

This thesis looked at the specific role of liver resection for women with breast cancer liver 

metastases. This analysis combined the experience of a specialized hepatobiliary center 

in France with the Dutch population. 

The central research questions in this thesis are:

1. What is the current evidence regarding breast cancer liver metastases resection and 

how does the outcome differ between current guidelines in the Netherlands and an 

experienced hepatobiliary center in France?

2. What are the results of liver resection in women with breast cancer liver metastases 

and what were predictors of survival? What tool can be used to facilitate the discus-

sion between the clinician and the patient?

3. Is there an “unbiased” benefit of liver resection in patients with breast cancer liver 

metastases when comparing the outcome with matched patients who only received 

systemic treatment?

4. Is repeat hepatectomy feasible and for which patients and with what results? 

5. What are predictors for long term survival (>5 years) and how does long term survival 

of patients compare to the general population in regards to life expectancy?

6. In a small series of repeat liver resection patients, are there genetic mutations detect-

ed over time?

32 women underwent liver resection for breast cancer liver metastases in the Netherlands. 

This indicates that surgery for breast cancer liver metastases is not yet accepted as a stan-

dard treatment option in The Netherlands.25,30 

CLINICAL WEB-BASED DATABASE

This study combines the prospective clinical databases of patients with and without resec-

tion of breast cancer liver metastases from both centers. For this purpose, a web-based 

multi-institutional database was created. The model that was designed differentiates bet-

ween several origins with more than 200 variables for each patient. The server complies 

with the highest standard of data management through the use of OpenClinica© clinical 

data management software and communicates through an encrypted connection for ad-

ded security.24 This multi-institutional database will be the foundation for a global bank of 

information similar to that dedicated to colorectal liver metastases being coordinated in 

the CHB Paul Brousse (Figure 4).

FIGURE 4: Web-based clinical data collection platform

GENETIC MUTATION

The role of genetic research is becoming indispensable in the ever-challenging fields of 

diagnosis and treatment of cancers. Our knowledge of cancer biology including disease 

evolution over time, with its countless pathways, has lead the advancement in personali-

zed care.

In turn, genetic analysis has seen dramatic improvements in efficiency and affordability 

making genetic testing more accessible for widespread research purposes. This thesis 
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INTRODUCTION

According to the Dutch Cancer Registry, 14376 women were diagnosed with invasive 

breast cancer in 2012, which is a rise of 23% compared to 10 years ago. 1 

A significant portion of these patients will develop distant metastases that will inevitably 

define their prognosis. The site of distant metastases varies like many other cancers and 

the most affected sites are the brain, bones, lungs and the liver or a combination of these. 

Current Dutch guidelines label these patients as disseminated or stage IV breast cancer 

and groups them into the palliative pile where systemic treatment is the main or only ther-

apeutic option. 2

Of all types of breast cancer metastases, liver metastases have been shown to be the most 

lethal site of distant metastases with a 5-year survival rate of 0 to 12%. 3–5 Compared to co-

lorectal liver metastases, which is a well-known and accepted indication for liver resection, 

the 5 year overall survival rate exceeds 50% in selected patients.6 Also in breast cancer a 

more aggressive patient-tailored approach, including surgery and systemic treatment, may 

be successful. In this paper, we discuss surgical resection of breast cancer liver metasta-

ses as a viable option for a selected group of patients. 

BREAST CANCER LIVER METASTASES

Throughout the years, an increase in the diagnosis of breast cancer liver metastases has 

been noted, partly related to new developments in imaging techniques. 

Approximately 6%–10% of breast cancer patients will present with metastatic disease at 

diagnosis and depending on initial stage, tumor biology, and type of treatment received, 

around 30% of women diagnosed with non-metastatic disease will relapse. 7 Table 1 sum-

marizes the frequency of liver only metastasis described in the literature, which has rarely 

been the main focus of investigation. The incidence of liver only presentation of distant 

metastases comes third, averaging around 1-8 %, after bone and lung metastases. Once 

metastatic disease is diagnosed, treatment is generally palliative and usually consists of 

anthracycline- or taxane-based regimes with or without hormonal or targeted therapeutic 

agents. This widely implemented palliative approach has yielded median-survivals-times 

ranging between 3 to 16 months. 8–13

2524
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SURGICAL TREATMENT

SELECTION CRITERIA AND OVERVIEW OF PUBLICATIONS

A definitive selection criterion does not exist at this moment to answer the question who 

could benefit from resection of liver metastases. A lot has been extrapolated from the ex-

tensive experience with colorectal liver metastases resection. In summary, liver resection 

is proposed to all patients with metastases confined to the liver (or associated to a very 

limited and stable extrahepatic disease), provided that the tumor is controlled by systemic 

treatment and could be completely resected with a functional remnant liver of at least 

30% of the total liver volume. Figure 1 shows a patient with breast cancer liver metastases 

preoperatively (a-b: T2 MRI, c-f: T1 MRI), postoperatively (g-h: CT) and 3 months following 

hepatic resection (i-j: CT).

FIGURE 1: CT and MRI of operable breast cancer liver metastases.

In order to provide further evidence, table 2 summarizes short and long-term outcome 

following resection of breast cancer liver metastases in the recent literature. Postopera-

tive morbidity range is wide and can sometimes reach high proportions. Postoperative 

mortality is however low. From these publications, one can conclude that a 5-year survival 

between 27-50% is possible in selected patients which is a substantial gain compared to 

the known survival of non-surgically treated liver-only breast cancer metastases.14–29
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FIGURE 2: Liver anatomy Couinaud’s eight hepatic segments 

SURGICAL RESECTION OF BREAST CANCER LIVER METASTASES IN 

THE NETHERLANDS

In the Netherlands, surgery for breast cancer liver metastases is not yet considered as 

part of a multimodal approach. In a relatively recent publication, the Dutch experience was 

summarized 24. A total of 32 female patients underwent liver resection during a period of 

20 years in 11 centers. Intraoperative and postoperative complications occurred in 3 and 

11 patients, respectively. There was no postoperative mortality. The 5-year and median 

overall survival after partial liver resection was 37% and 55 months, respectively. Solitary 

metastases were the only independent significant prognostic factor at multivariate analy-

sis. The stated work clearly shows the need to intensify dialog in the oncology community. 

From unpublished sources the number of hepatectomies performed for breast cancer me-

tastases seems to be higher in certain specialized cancer centers. These hepatectomies 

are clearly still performed on a case-by-case basis and not being considered as part of a 

standard multidisciplinary approach.

SURVIVAL AFTER HEPATECTOMY AT AN EXPERIENCED CENTER

The University Medical Center Utrecht and the Centre hepatobiliary Paul Brousse in Ville-

juif, France have been exchanging their experience for almost a decade. As pioneers in 

liver surgery, much experience regarding the resection of breast cancer liver metastases 

(BCLM) has been acquired. Between January 1985 and December 2012, 139 consecutive 

TABLE 2: Literature overview concerning outcomes of hepatectomy for breast cancer liver metastases (BCLM).

Short term outcome Long term survival

Author Year of 
publication

Study
 population

Postoperative 
morbidity §

Postoperative 
mortality. §§

5-yr (%) Median survival 
(months)

Adam 13 2006 85 19% 0** 37 32

Caralt 14 2008 12 16.6% 0 33 35.9

Kollmar 15 2008 43 (27 breast) 18.7 % 0 50 -

Lubrano 16 2008 16 38% 0 33 42

Thelen 17 2008 39 13% 0 42 -

Hoffmann 18 2010 41 21% 0 48 58

Rubino 19 2010 18 11% 0 - 74

Abbott 20 2012 86 21% 0 44 57

Duan 21 2012 132 (16 breast) - - 44 -

Groeschl 22* 2012 420 (115 breast) 20% 2% 27 52

van Walsum 23 2012 32 44% (9%,34%) 0 37 55

Dittmar 24 2013 34 24% 0 38 48

Kostov 25 2013 42 36% 2% 39 43

Polistina 26 2013 12 42% 0 34 30

Kim 27 2014 13 - - 49.2*** -

Weinrich 28 2014 29 10% 0 33 53

* Multicenter ** 60 days ***3 year survival, OS = overall survival, § Mortality within 30 days after resection

SURGICAL PROCEDURE

Hepatic resection for breast cancer liver metastases is in essence the same as for colorec-

tal liver metastases. This well-established procedure has seen constant development and 

has become safe to perform in experienced hands.30 The liver has a segmental structure 

and, according to Couinaud, these segments are defined by the corresponding branches 

of the portal and hepatic veins.31 The understanding of the liver anatomy is paramount to 

understand the surgical options and limits of liver resection as well as to prevent compli-

cations (figure 2). 32At operation, a careful search of the abdominal cavity is done for the 

extent of local disease, extra-hepatic metastases, and peritoneal seeding. A complete 

examination of the liver is performed both by palpation and by intraoperative ultrasono-

graphy to confirm the number and size of the lesions, to define their relation to the intrahe-

patic vascular structures, and to look for occult liver metastases. Dissection is made and 

segmental resections are preferred, provided that a tumor-free margin of 1 cm can be ob-

tained. The minimal future remnant liver volume required for sufficient post-operative liver 

function remains unknown. In general, 25–30% of liver volume is considered sufficient in 

young patients with normal liver. Accepted risk factors for post-operative liver dysfunction 

are increased age, liver fibrosis, cirrhosis, and preoperative chemotherapy.33
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referring community. Only in this way, survival of patients with breast cancer can be further 

improved.

FUTURE RESEARCH DIRECTIONS

An important problem in conducting research in stage IV patients is the lack of sub-clas-

sification. Increasingly it is becoming clear that metastases from the same primary tumor 

to different organ systems should be seen as different entities because of a variety of fac-

tors including clinical presentation, molecular profile, treatment options, etc. A suggestion 

would be to add a subclassification to the current TNM staging This would help to gather 

patients for retrospective analysis of experimental/last alternative treatments that fall out-

side of current guidelines and might be beneficial for certain patients. 

female patients underwent liver resection for BCLM. The 3-, 5- and 10 –year overall sur-

vival in this series was 58%, 47% and 35% respectively and the median overall survival 

was 57 months (Figure 3). At the moment of diagnoses, the median number of tumors 

was two (range 1-12 tumors) while the median maximum size was 34 mm (range 8-90 mm). 

Of these patients, 28 had extra hepatic disease before surgery. Eighty four percent of 

patients received either chemotherapy or hormonal therapy before the hepatic resection 

and sixty three percent received after resection. A major hepatectomy (>= 3segments) was 

performed in 59% of the patients. The mean hospital stay was 11 days. And there were no 

patients who died within 60 days after surgery. These results fortify those published in 

the literature and should be considered as arguments for performing hepatic resection of 

breast cancer metastases in selected patients.

Patients at risk Total 3 years 5 years 10 years Median (months)

Hepatectomy 139 49 30 19 57

FIGURE 3: Overall survival following resection of breast cancer metastases at an experienced center

CLINICAL RECOMMENDATION

Given the current, small, but promising evidence, the existing multidisciplinary approach 

should be expanded to consider surgical resection on top of current guidelines (systemic 

treatments) for a selected group of breast cancer liver metastases patients. Further re-

search should be conducted in order to make this a concrete, accepted possibility in the 
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INTRODUCTION 

Breast cancer is a major problem of public health for women worldwide with an estimated 

1.67 million women diagnosed with breast cancer in 2012.1 A significant proportion of these 

patients will eventually develop distant metastases (Stage IV) with poor prognostic outco-

me, particularly in case of metastases to the brain, the skeleton, the lungs and the liver. 

However breast cancer liver metastases (BCLM) are considered most lethal compared to 

other sites of metastases (such as the lung, bone, or brain) with 5-year survival rates of only 

3.8-12 % (median survival 4- 21 months).4-6 Within current guidelines, patients with stage IV 

breast cancer are only eligible for palliative systemic treatment. Overall survival of patients 

with metastatic breast cancer is steadily improving during recent years. 2 This is mainly 

related to the development and widespread availability of modern systemic therapies.3 

While resection of liver metastases is an established option in colorectal cancer, it remains 

controversial in metastatic breast cancer.7 So far, only a few limited retrospective series 

have been reported concerning the resection of BCLM (Table 1). 8-24 At our institution, se-

lected patients with BCLM have routinely undergone surgical resection since 1985 with 

previously reported promising results. 8

The purpose of this study was to evaluate short- and long-term outcome following hepa-

tectomy for BCLM within current multidisciplinary treatment in a specialized liver surgery 

center. In addition, predictive factors of outcome after hepatectomy were examined and 

used to create a clinically useful prediction tool (nomogram) to assist in selecting patient 

with the best chances for long-term survival. 

TABLE 1: Literature overview concerning outcomes of hepatectomy for breast cancer liver metastases (BCLM).

Long-term outcome

First author Ref. Year Number of patients 5-yr OS (%) Median OS (months)

Adam 8 2006 85 37 32

Caralt 9 2008 12 33 35.9

Kollmar 10 2008 27 50 -

Lubrano 11 2008 16 33 42

Thelen 12 2008 39 42 -

Hoffmann 13 2010 41 48 58

Rubino 14 2010 18 - 74

Cassera 15 2011 2 - -

Abbott 16 2012 86 44 57

Duan 17 2012 16 44 -

Groeschl* 18 2012 115 27 52

van Walsum 19 2012 32 37 55

ABSTRACT
 

BACKGROUND

Breast cancer liver metastases are considered the most lethal compared to other sites of 

metastases in patients with breast cancer. The purpose of this study was to evaluate the 

outcome following hepatectomy for BCLM within current multidisciplinary treatment and to 

develop a clinically useful nomogram to predict survival.

METHODS

Between January 1985 and December 2012, 139 consecutive female patients underwent 

liver resection for BCLM at our institution. Clinicopathological data were collected and ana-

lysed for survival outcome with determination of prognostic factors. A nomogram to predict 

survival was developed based on a multivariate Cox model. The predictive performance of 

the model was assessed according to the C-statistic and calibration plots. 

RESULTS

After a median follow-up of 55 months, the overall 3- and 5-year survival following hepa-

tectomy was 58% and 47% respectively. The median overall survival was 56 months and 

the median disease-free survival after surgical resection was 33 months. A single hepatic 

metastasis, no triple negative tumours, no microscopic vascular invasion, and periopera-

tive hormonal or targeted therapy were related to improved overall survival. The model 

achieved good discrimination and calibration, with a C-statistic of 0.80.

CONCLUSIONS

Liver resection for selected patients with breast cancer metastases can provide significant 

survival benefit. It should be part of a multidisciplinary treatment program in experienced 

liver surgery centres. Our nomogram facilitates personalized assessment of prognosis for 

these patients.
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detected, as were lymph nodes near the celiac trunk or the superior mesenteric artery 

(distant). However, limited extrahepatic disease was not considered as an absolute con-

traindication to hepatic resection provided that it could be completely resected. 

POSTOPERATIVE OUTCOME AND FOLLOW-UP

Postoperative mortality was defined as any death that occurred within 60 days of hepatic 

resection or during the same hospitalization. Postoperative morbidity was defined as any 

postoperative adverse event, which occurred during the same period. Postoperative com-

plications were divided into hepatic complications, which occurred within the field of liver 

resection (e.g. biliary fistula), and general complications, which occurred distant from the 

hepatic resection field (e.g. pneumonia). 

All patients were regularly followed at our outpatient clinic, starting at one month after 

surgery, and then every four months for the first two years. 26 

STATISTICAL ANALYSIS

Overall survival probabilities were estimated for the whole series (n= 139) and for patients 

who were operated after the year 2000 (n=86) using the Kaplan-Meier method and were 

compared using the log-rank test. Univariate analysis was performed to determine factors 

related to overall survival by using the log-rank test. To identify independent predictors 

of overall survival, all factors with an univariate significance of P<0.10 were entered into 

a Cox proportional hazard model. Regressions are presented as original and imputed. All 

statistical analyses were performed with SPSS version 21.0 (SPSS Inc., Chicago, IL, USA) 

and statistical significance was determined at P<0.05. STATA was used to reproduce im-

putation results and to create a nomogram based on multiple imputation cox regression.27 

This nomogram is a simple graphical representation of a statistical predictive model that 

generates a numerical probability of survival to a certain clinical event. The predictive per-

formance of the nomogram was assessed by evaluating the degree of discrimination with 

the C-statistic and examining calibration plots with bootstrapped samples at 3- and 5-year 

survival (internal validation). 

RESULTS

STUDY POPULATION

Between January 1985 and December 2012, 139 consecutive female patients underwent 

162 hepatectomies for BCLM at our institution (Figure 1). Patient and tumour characteristics 

are summarized in Table 2.

TABLE 1 CONTINUED.

Long-term outcome

First author Ref. Year Number of patients 5-yr OS (%) Median OS (months)

Dittmar 20 2013 34 38 48

Kostov 21 2013 42 39 43

Polistina 22 2013 12 34 30

Kim 23 2014 13 49.2** -

Weinrich 24 2014 29 33 53
* Multicenter **3 year survival

Abbreviations: OS = overall survival.

METHODS

STUDY POPULATION

All consecutive patients with BCLM who underwent a partial hepatectomy at our centre be-

tween January 1985 and December 2012 were included in the study. Each medical record 

was reviewed to update clinical and pathological data. Additional immunohistochemistry 

analysis was conducted in those patients with missing information and available tumour 

tissue.

PREOPERATIVE WORKUP

Selection criteria for liver resection were previously presented.8 In summary, liver resec-

tion was proposed to all patients with metastases confined to the liver (or associated to 

very limited and stable extrahepatic disease), provided that the tumour was controlled by 

systemic treatment and could be completely resected with a functional remnant liver of at 

least 30% of the total liver volume. Preoperatively, each patient underwent abdominal ul-

trasonography and abdominal and thoracic computed tomography (CT), as well as a bone 

radionuclide scan, to determine the extent of intra- and extrahepatic disease. 

The decision for hepatectomy was taken when the overall surgical strategy could achieve 

complete tumour resection and the disease was controlled by chemotherapy.

HEPATIC RESECTION

During surgery, abdominal exploration and liver ultrasonography were used to confirm 

tumour resectability and to evaluate the presence of extrahepatic disease. The extent 

of hepatic resection was classified as minor (<3 hepatic segments) or major (≥3 hepatic 

segments) according to Couinaud’s classification. 25 Tumor-free resection margins were 

the objective in all cases. In some cases, radiofrequency ablation or cryoablation were 

performed in combination with liver resection to achieve tumor-free resections. Suspicious 

lymph nodes on the hepatic pedicle (regional) were resected for pathological review when 
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LIVER METASTASES

The median age of all patients who underwent hepatectomy was 48 years (range, 30–80 

years). BCLM presentation was synchronous (within 6 months of primary tumour treatment) 

in 11 patients (8%) and metachronous in 125 patients (90%). The median time-interval from 

treatment of the primary breast tumour to diagnosis of liver metastases was 48 months 

(range, 0–147 months). Liver tumours were solitary in 56 patients (40%) and numbered 

more than 3 in 32 patients (23%). The median maximal size of metastases was 31 mm (ran-

ge, 8–90 mm). 

SYSTEMIC THERAPY

Systemic therapy was given to 115 patients (83%) during the interval between diagnosis of 

liver metastases and hepatic resection. For patients receiving pre-hepatectomy systemic 

treatment, regimens included anthracyclines in 30%, taxanes in 47%, vinca alkaloids in 17%, 

anti-hormonal treatment in 14%, and targeted therapy in 24%. Following liver resection, 95 

patients (68%) continued chemotherapy, of whom 26 (19%) received a new chemotherapy 

regimen (line switch). These regimens included anthracyclines in 50%, taxanes in 65%, vi-

norelbine in 65%, and targeted therapy in 40% of the patients who received postoperative 

chemotherapy. In addition, 53% of patients were treated with hormonal therapy after liver 

resection. 

HEPATECTOMY

Median time-interval between primary breast cancer diagnosis and hepatectomy was 50 

months (range, 0 to 263 months). Anatomical resections were performed in 49 patients 

(35%). Forty-eight patients (35%) underwent non-anatomical resections and 30% had a 

combination of anatomical and non-anatomical resections performed. Minor resections 

(<3 segments) were performed in 57 patients (41%), while 82 patients (59%) had three or 

more segments removed. Regional lymph nodes were resected in 29 patients of whom 

16 (12% of total population) had tumour-positive nodes. The number of patients with po-

sitive distant lymph nodes was 4 of the 17 patients (3% of total population) where distant 

lymph nodes were resected. Liver resection was combined with radiofrequency ablation 

or cryoablation in 3 (2%) and 4 (3%) patients, respectively. 

PATHOLOGY

Surgical resection margin was negative for tumour cells (R0) in the majority of patients 

(55%). Resection margin was microscopically positive (R1) in 35 % of patients and macro-

scopically positive (R2) in 2%. The median number of resected tumours was 2 (range, 

0 – 13). There were 50 patients (40%) with solitary tumours, 37 patients (27%) with 2 or 3 

tumours, and 30 patients (22%) with >3 tumours. In 11 patients (8%) diffuse (defined as > 15 

FIGURE 1: Flowchart of the study population.

TABLE 2: Patient and tumor characteristics (N=139)

Primary breast tumor* n % Hepatectomy n %

Adenocarcinoma 114 82 Mean age at hepatectomy + SD (M) 51 + 11 (48)

Ductal 77 55 Timing of hepatectomy

Lobular 10 7 Year < 2000 53 38

Differentiation Year > 2000 86 62

Well 4 3 Extent of resection

Moderate 56 40 Limited resection (<3 segments) 57 41

Poor 26 19 Major resection (> 3 segments) 82 59

Surgical removal Type of resection

Breast-sparing 67 48 Anatomical 49 35

Mastectomy 68 49 Nonanatomical 48 35

Receptor status Anatomical + nonanatomical 42 30

ER+PR- 13 9 RFA or cryoablation 10 7

ER-PR+ 3 2 Histopathology  

ER+PR+ 38 27 Mean number of resected metastases + SD 3+3

ER-PR- 9 6 Mean maximum size + SD, mm (M) 29 + 24 (24)

Systemic treatment Resection margin

Neoadjuvant chemotherapy 5 4 R0 77 55

Adjuvant chemotherapy 81 58 R1 48 35

Adjuvant hormonal therapy 47 34 R2 3 2

Adjuvant targeted therapy 9 6 Hormonal receptor status

Adjuvant radiotherapy 72 52 ER+PR- 37 27

Breast cancer liver metastases     ER-PR+ 2 1

Synchronous 11 8 ER+PR+ 37 27

ER-PR- 45 32

No tumor cells 7 5

Mean time-interval following primary tumor 
(months) + SD (M)

48 +42 (34) Triple negative (ER, PR, Her2/Neu) 27 19

Mean number of BCLM + SD 2 + 2 Regional lymph node invasion 16 12

Mean maximum tumor size + SD, mm (M) 34 + 18 (31) Distant lymph node invasion 4 3

Distribution Postoperative chemotherapy 95 68

Bilateral 46 33

Unilateral 84 60

Concomitant extrahepatic disease 41 29

Preoperative chemotherapy 115 83        

* Primary tumor is usually treated in a different hospital.
M=median, ER=estrogen, PR=progesterone
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diagnosis. Three- and 5-year overall survival since diagnosis was 78% and 57%, respecti-

vely (Figure 2B).

A.  

 

B.

     

FIGURE 2: Overall survival of patients with BCLM following hepatic resection

Hepatic recurrence occurred in 67 of the 139 patients (48%) who had one hepatectomy, 19 

of whom (16%) were submitted to repeat resection. Of the 67 patients with hepatic recur-

rence, 21 were combined with extrahepatic disease (4 lung, 9 bone, 4 brain, 2 generalized 

peritoneum, and 2 other). Eleven patients only had extrahepatic disease recurrence. Me-

dian survival in patients without recurrence was 45 months compared to 32 months if he-

patic recurrence occurred. Following repeat hepatectomy (N=19), patients had a 3-, 5- and 

7- year survival of 64%, 46% and 23% with a median survival of 41 months. Liver recurrence 

occurred in 11 patients (58%) after the second hepatectomy. Forty-three patients were alive 

at 5 years from diagnosis of whom 22 were disease-free (15 after first hepatectomy, 6 after 

second hepatectomy, and 1 after third hepatectomy) and 6 patients (4%) lived beyond 10 

years after initial hepatic resection.

tumours) metastases within the liver were found. The median size of the largest metastasis 

was 24 mm (range, 1–170 mm). Tumours were well, moderately, and poorly differentiated 

in 9%, 40% and 22% of the patients, respectively. Oestrogen receptor was positive in 74 

patients (53%), progesterone receptor was positive in 40 patients (29%) and Her2/Neu 

receptor was positive in 35 patients (25%). Twenty-seven patients (21 %) were negative for 

oestrogen, progesterone and Her2/Neu receptor (triple negative). Microscopic vascular 

invasion was present in 70 patients (50%) and microscopic lymphatic invasion was present 

in 64 patients (46%). 

POSTOPERATIVE COURSE

Following surgery, 19 (14%) patients developed hepatic complications. Biliary fistula develo-

ped in 6 (4%) patients. One patient needed percutaneous drainage for a biliary fistula com-

bined with a non-infectious collection. Infected intra-abdominal fluid collections developed 

in 5 (4%) patients, requiring percutaneous drainage and intravenous antibiotic therapy. An 

additional 8 (6%) patients developed uninfected peri-hepatic fluid collections; all of which 

resolved without need for intervention. In 28 (20%) patients, general complications occur-

red. The median postoperative length of hospitalization was 10 days (range, 4–23 days). 

Three patients (2%) died within 60 days after surgery (Table 3).

TABLE 3: Short outcome (N=139)

Variable N %

60-day mortality 3 2.2

Morbidity 38 27.3

General complications 28 20.1

Hepatic complications 19 13.7

Biliary leakage 6 4.3

Biliary leakage + infected collection 2 1.4

Biliary leakage + noninfected collection 1 0.7

Infected collection 4 2.9

Noninfected collection 6 4.3

Mean hospital stay, days + SD (M) 11 + 6 (10)

(M)=Median

OVERALL SURVIVAL

After a median follow-up period of 55 months for the whole series, the overall 3-, 5-, and 

7-year survival since the date of hepatectomy was 58%, 47% and 29%, respectively (Figure 

2A). The median overall survival was 56 months and the median disease-free survival was 

33 months. The median overall survival was 79 months since the time of liver metastases 
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TABLE 4 CONTINUED. 
 Level n % 3 yr % 5 yr % M Log rank  P § P §§ Hazard 

Ratio
(95% CI)

Hepatectomy

Tumor number

1 56 40.3 74 65 81 0.003 NS NS

>1 76 54.7 45 34 32

Maximal tumor size

<20 mm 29 20.9 75 57 29 0.063 NS NS

≥ 20 mm 98 70.5 55 47 49

Resection margin

R0 77 55.4 60 51 61 0.007 NS 0.031 1.816 1.057 3.120

R1 48 34.5 56 40 45

  R2 3 2.2 0 0 18

Hormone receptor status

ER- 47 33.8 34 24 25 0.000 NS NS

ER+ 74 53.2 72 60 81

Maximal tumor size

<20 mm 29 20.9 75 57 29 0.063 NS NS

≥ 20 mm 98 70.5 55 47 49

Resection margin

R0 77 55.4 60 51 61 0.007 NS 0.031 1.816 1.057 3.120

R1 48 34.5 56 40 45

  R2 3 2.2 0 0 18

Hormone receptor 
status

 

ER- 47 33.8 34 24 25 0.000 NS NS

ER+ 74 53.2 72 60 81

Triple negative

No 94 67.6 68 54 77 0.001 0.000 0.007 2.751 1.319 5.735

Yes 27 19.4 21 21 25

Post-hepatectomy course (recurrence)

Microscopic vascular invasion

No 57 41.0 71 60 83 0.004 0.004 0.007 2.346 1.264 4.356

Yes 70 50.4 46 36 33

Microscopic vascular or lymphatic invasion

No 34 24.5 72 64 86 0.019 NS NS

Yes 94 67.6 52 39 40

Post-hepatectomy hormonal therapy *

No 74 53.2 36 30 28 0.002 0.015 0.005 0.424 0.233 0.772

Yes 65 46.8 79 64 81

Post-hepatectomy targeted therapy **

No 97 69.8 47 37 32 0.010 NS 0.009 0.401 0.203 0.794

  Yes 42 30.2 83 69 77

Hormonal therapy around hepatectomy *

No 65 46.8 35 28 27 0.002 NS

Yes 74 53.2 77 63 77

Targeted therapy around hepatectomy **

No 84 60.4 45 35 32 0.006 NS

Yes 55 39.6 83 70 77

PREDICTIVE FACTORS OF OVERALL SURVIVAL

Multivariate analysis identified several factors that were significantly related to overall sur-

vival following hepatectomy (Table 4). The presence of more than one liver metastasis, 

a maximum tumour size of ≥20mm at diagnosis, negative receptor status for oestrogen, 

progesterone and Her2/Neu receptor (triple negative) and microscopic vascular invasion 

were negative predictors of survival. Positive predictors of survival were negative resecti-

on margin, the administration of hormonal therapy before and after hepatectomy, targeted 

therapy after hepatectomy, and the performance of repeat hepatectomy. Table 5 shows 

the complete list of variables analysed including not significant results.

TABLE 4: Predictive factors of overall survival

 Level n % 3 yr % 5 yr % M Log rank  P § P §§ Hazard 
Ratio

(95% CI)

Liver metastases

Interval from primary tumor

 < 18 mo. 27 19.4 42 21 27 0.009 NS NS

 ≥ 18 mo. 104 74.8 61 53 62

Single tumor

Yes 56 40.3 65 65 82 0.010 0.003 0.000 0.237 0.126 0.448

Multiple 82 59.0 54 36 45

Maximal tumor size

< 20 mm 49 35.3 75 57 20 0.063 NS 0.037 2.450 1.054 5.704

≥ 20 mm 76 54.7 55 47 49

Segments involved

1 49 35.3 67 64 81 0.095 NS NS

>1 83 59.7 52 39 40

Hormonal therapy before hepatectomy **

No 120 86.3 55 44 45 0.048 NS 0.049 0.294 0.087 0.992

Yes 19 13.7 84 84 99

Targeted therapy before hepatectomy **

No 106 76.3 54 42 45 0.083 NS NS

Yes 33 23.7 80 80 77

Extrahepatic metastases

No 98 70.5 67 54 73 0.021 NS `NS

  Yes 41 29.5 37 29 30

Hepatectomy

Hepatic Resection

Minor (<3) 57 41.0 68 61 77 0.079 NS NS

Major (≥3) 82 59.0 52 37 40
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TABLE 5 CONTINUED. 
 Level n % (N) 3 yr % 5 yr % Median 

(Mo)
Log rank  P § P §§ HR (95% CI)

Primary Tumor

Hormone therapy after resection **

No 79 56.8 46 36 33 0.031 NS

Yes 60 43.2 75 64 75

Targeted therapy after resection ***

No 101 72.7 53 41 45 0.074 NS

Yes 38 27.3 80 80 77

Radiotherapy after resection

No 45 32.4 66 55 62 0.161

Yes 94 67.6 55 44 45

Liver metastases

Recurrence or new primary breast tumor

No 107 77.0 62 49 60 0.560

Yes 32 23.0 46 42 26            

Time of appearance

Synchronous 11 7.9 90 90  - 0.135

Metachronous 125 89.9 55 45 49

Interval from primary tumor

 < 18 months 27 19.4 42 21 27 0.009 NS

 ≥ 18 months 104 74.8 61 53 62

Tumor number

1 56 40.3 65 65 82 0.010 0.003 0.000 3.389 1.853 6.199

>1 82 59.0 54 36 45

Maximal tumor size

< 20 mm 49 35.3 75 57 20 0.063 NS

≥ 20 mm 76 54.7 55 47 49

Distribution

Unilateral 84 60.4 56 54 62 0.117

Bilateral 46 33.1 58 32 49

Hepatectomy

Segments involved

1 49 35.3 67 64 81 0.095 NS

>1 83 59.7 52 39 40

Chemotherapy before hepatectomy *

No 41 29.5 58 54 61 0.280

Yes 98 70.5 58 44 54

Hormonal therapy before hepatectomy **

No 120 86.3 55 44 45 0.048 NS NS

Yes 19 13.7 84 84 99

TABLE 4 CONTINUED. 
 Level n % 3 yr % 5 yr % M Log rank  P § P §§ Hazard 

Ratio
(95% CI)

Post-hepatectomy course (recurrence)

Interval from first hepatectomy to recurrence***

< 12 mo. 32 23.0 30 25 25 0.006 0.006 0.006 0.383 0.194 0.757

≥ 12 mo. 33 23.7 81 65 81

Repeat hepatectomy***

No 47 33.8 40 27 32 0.000 0.000 0.000 0.137 0.053 0.351

Yes 19 13.7 95 84 100

M= Median (months), * Aromatase inhibitor and anti- estrogen, ** Monoclonal antibodies
*** Patient with recurrence
§ Multivariate, §§ Multivariate: 20x imputation of missing values

TABLE 5: Predictive factors of overall survival

 Level n % (N) 3 yr % 5 yr % Median 
(Mo)

Log rank  P § P §§ HR (95% CI)

Primary Tumor

Surgical treatment

Breast conservation 67 48.2 64 59 62

Mastectomy 68 48.9 51 38 43 0.409

Histology subtype

Ductal 77 55.4 63 53 62 0.433

Lobular 10 7.2 49 49 25

Differentiation

Well 4 2.9 33 33 19 0.280

Moderate 56 40.3 72 59 73

Poor 26 18.7 55 47 49

Hormone receptor status

ER- 12 8.6 68 68 62 0.849

ER+ 55 39.6 65 54 73

PR- 22 15.8 62 44 60 0.150

PR+ 41 29.5 68 63 75

Double negative 
(ER&PR)

No 54 38.8 65 54 73 0.829

Yes 9 6.5 66 66 62

HER2

Negative 41 29.5 64 49 60 0.530

Positive 11 7.9 86 86 73

T Stage

T1-2 84 60.4 62 50 60 0.217

T3-4 10 7.2 76 61 99

N Stage

N0 44 31.7 57 49 49 0.779

N1-3 54 38.8 66 57 62

Adjuvant chemo *

No 134 96.4 57 46 54 0.401

Yes 5 3.6 75 75 100

Neoadjuvant chemo *

No 58 41.7 56 44 45 0.927

Yes 81 58.3 60 49 60
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TABLE 5 CONTINUED. 
 Level n % (N) 3 yr % 5 yr % Median 

(Mo)
Log rank  P § P §§ HR (95% CI)

Liver metastases

Triple negative (ER-, PR-, HER2-)

No 94 67.6 68 54 77 0.001 0.000 0.036 1.724 1.036 2.910

Yes 27 19.4 21 21 25

No 
tumor 
cells

7 5.0 66 66 62

Microscopic (Vascular) Invasion

No 57 41.0 71 60 83 0.004 0.004 0.003 2.578 1.385 4.802

Yes 70 50.4 46 36 33

Microscopic (lymphatic) Invasion

No 49 35.3 63 57 81 0.204

Yes 64 46.0 51 38 43

Microscopic (Vascular or lymphatic) Invasion

No 34 24.5 72 64 86 0.019 NS

Yes 94 67.6 52 39 40

Lymph Node Invasion

Yes 18 12.9 25 0 32 0.288

No 12 8.6 57 38 49

Post hepatectomy Chemo *

No 44 31.7 50 44 32 0.781

Yes 95 68.3 61 48 60

Post hepatectomy hormonal therapy **

No 74 53.2 36 30 28 0.002 0.015 0.007 0.477 0.279 0.826

Yes 65 46.8 79 64 81

Post hepatectomy Targeted ***

No 97 69.8 47 37 32 0.010 NS 0.020 0.447 0.227 0.880

Yes 42 30.2 83 69 77

RFA

No 129 92.8 56 45 49 0.597

Yes 10 7.2 79 63 73

Post hepatectomy course

Chemotherapy* around hepatectomy

No 15 10.8 49 36 30 0.285

Yes 124 89.2 59 48 57

Hormonal therapy around hepatectomy **

No 65 46.8 35 28 27 0.002 NS

Yes 74 53.2 77 63 77

Targeted around hepatectomy ***

No 84 60.4 45 35 32 0.006 NS

Yes 55 39.6 83 70 77

Hepatic Recurrence

No 73 52.5 56 46 45 0.820

Yes 66 47.5 60 49 57

Interval from first hepatectomy to recurrence****

< 1 year 32 23.0 30 25 25 0.006 0.006 0.006 0.383 0.194 0.757

≥ 1 year 33 23.7 81 65 81

TABLE 5 CONTINUED. 
 Level n % (N) 3 yr % 5 yr % Median 

(Mo)
Log rank  P § P §§ HR (95% CI)

Hepatectomy

Targeted before hepatectomy ***

No 106 76.3 54 42 45 0.083 NS

Yes 33 23.7 80 80 77

Extra hepatic metastases

No 98 70.5 67 54 73 0.022 NS 0.036 1.736 1.036 2.910

  Yes 41 29.5 37 29 30            

Segments involved

1 49 35.3 67 64 81 0.095 NS

>1 83 59.7 52 39 40

Age

<50 yr 73 52.5 55 46 54 0.830

≥ 50 yr 66 47.5 63 48 60

Liver metastases

Hepatic Resection

Minor (<3) 57 41.0 68 61 77 0.079 NS

Major (≥3) 82 59.0 52 37 40

Type of resection

Anatomical 49 35.3 65 58 62 0.268

Both 42 30.2 43 25 32

Not Anatomical 48 34.5 65 60 77

Tumor number

Solitaire 56 40.3 74 65 81 0.003 NS

>1 76 54.7 45 34 32

Maximal tumor size

<20 mm 29 20.9 75 57 29 0.063 NS

≥ 20 mm 98 70.5 55 47 49

Resection margin

R0 77 55.4 60 51 61 0.007 NS NS

R1 48 34.5 56 40 45

R2 3 2.2 0 0 18

Negative (R0) 77 55.4 60 51 61 0.077 NS

Positive (R1-2) 51 36.7 52 37 40

Hormone receptor status

ER- 47 33.8 34 24 25 0.000 NS

ER+ 74 53.2 72 60 81

No tumor cells 7 5.0 66 66 62

PR- 81 58.3 55 42 49 0.364

PR+ 40 28.8 58 53 77

No tumor cells 7 5.0 66 66 62

HER2- 83 59.7 51 41 40 0.579

HER2+ 35 25.2 65 59 75

No tumor cells 7 5.0 66 66 62

Double negative (ER-, PR-)

No 37 26.6 61 55 77 0.373

Yes 84 60.4 54 42 45

No tumor cells 7 5.0 66 66 62
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TABLE 6. Predictive factors of survival for hepatectomies after the year 2000

 Level N % 3 yr % 5 yr % Median 
(Mo)

Log rank  P § Hazard 
Ratio

(95% CI)

Liver metastases

Maximal tumor size

< 20 mm 24 30.0 94 71  - 0.074

≥ 20 mm 56 70.0 68 59 77

Hormonal therapy before hepatectomy *

No 68 79.1 70 55 73 0.068

Yes 18 20.9 92 92 99

Hepatectomy

Resection margin

R0 46 57.5 69 69  - 0.000 0.001 3.340 1.627 7.087

R1 31 38.8 88 59 77

R2 3 3.8 0 0 18

Hormone receptor status

ER- 21 26.3 48 48 30 0.050

ER+ 54 67.5 83 72 83

Triple negative (ER-, PR-, HER2-)

No 62 77.5 82 72 83 0.005

Yes 13 16.3 32 32 21

Microscopic (Vascular) Invasion

No 38 54.3 81 74 99 0.016

Yes 40 57.1 67 50 77

Microscopic (Vascular or lymphatic) Invasion

No 22 27.8 76 76  - 0.067

Yes 57 72.2 73 49 60

Post hepatectomy hormonal therapy *

No 43 50.0 49 49 35 0.017 0.001 0.189 0.073 0.493

  Yes 43 50.0 90 71 83          

Post hepatectomy course

Interval from first hepatectomy to recurrence**

< 12 months 18 51.4 53 39 40 0.049 0.012 0.169 0.042 0.681

≥ 12 months 17 48.6 87 66 83

Repeat hepatectomy (two or more)**

No 26 72.2 51 17 40 0.002 0.002 0.066 0.012 0.358

  Yes 10 27.8 100 89  -          

Aromatase inhibitor and anti estrogen, ** Patient with recurrence, § multivariate

TABLE 5 CONTINUED.

Level N % 3 yr % 5 yr % Median 
(Mo)

Log rank  P § P §§ HR (95% CI)

Post hepatectomy course

Tumor number****

Solitaire 22 15.8 63 56 61 0.483

>1 40 28.8 62 50 73

Repeat hepatectomy (two or more)****

No 47 33.8 40 27 32 0.000 0.000 0.000 0.137 0.053 0.351

  Yes 19 13.7 95 84 100            

HR Hazard Ratio, * Antracyclines, pyrimidine, taxanes, platinum, vinca; single or in combinations, ** Aromatase inhibitor and anti estro-

gen, *** Monoclonal, § multivariate, §§ (20x imputation of missing values)

PREDICTIVE FACTORS OF OVERALL SURVIVAL ACCOUNTING FOR POSSIBLE SYS-

TEMIC TREATMENT IMPROVEMENT

Eighty-six patients were operated during or after the year 2000. Positive surgical resection 

margin emerged as a negative predictor for survival in these patients (HR 3.340 CI 1.627-

7.087 p=0.001) while hormonal treatment after hepatic resection of BCLM had a beneficial 

impact on the survival of this subset of patients (HR 0.189 CI 0.073-0.493 p=0.001) (Table 6).

PREDICTIVE FACTORS OF DISEASE-FREE SURVIVAL

Only the presence of microscopic vascular invasion negatively predicted disease-free sur-

vival (Table 7).
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A calibration plot for the probability of survival at 3- and 5-years (Figure 3) demonstrated 

good calibration between the prediction by the nomogram and the actual observation. 

FIGURE 3: Calibration plot of survival

DISCUSSION

Survival of patients with BCLM is still poor with 5-year survival rates of only 3.8%-12% when 

applying current guidelines. Resection of BCLM remains controversial and is not widely 

accepted. Few articles have been published describing the possible benefit of liver sur-

gery in mostly small study populations varying from 2 to 115 patients with a long period of 

inclusion. The 5-year survival rate ranges from 27% to 50% . 

Our series shows a substantial survival benefit following hepatectomy for BCLM with 3- 

and 5-year survival rates of 58% and 47%, respectively, in a selected group of stage IV bre-

ast cancer patients compared to historically published data. Long-term survival of BCLM is 

rarely achieved when liver metastases remain unresected. 28-33 This strategy also relates 

with current developments in local treatment of oligometastasis in other cancers such as 

colorectal carcinomas as part of a more individual tailored approach. In addition, the risk of 

the surgical procedure is acceptable with a 60-day mortality rate of 2%. 

A single hepatic metastasis, maximum tumor size <20mm, not triple negative tumors (for 

estrogen, progesterone and Her2/Neu cell surface receptors), no microscopic vascular in-

TABLE 7. Predictive factors of disease-free survival

  n % 3 yr % 5 yr % Median 
(Mo)

Log rank  P § Hazard 
Ratio

(95% CI)

Hepatectomy

Microscopic vascular invasion

No 55 39.6 67 56 63 0.000 0.000 2.953 1.665 5.235

Yes 70 50.4 28 19 19

Post-hepatectomy chemotherapy

No 43 30.9 72 54  - 0.045 NS

  Yes 94 67.6 40 33 25          

§ Multivariate

PREDICTIVE PROFILE-NOMOGRAM

A prognostic nomogram for overall survival after hepatectomy with point scales for the 

above factors was constructed (Figure 2). Scoring of the variables, based on the multivari-

ate Cox model, can be determined by the value on the horizontal axes (Figure 2A). Using 

the sum of all points, the estimated probabilities of survival at 3- and 5-years can be ob-

tained on the horizontal axes below the individual variable scoring card (Figure 2B). Total 

points for the scores ranged from 0 to 58, and the Harrel’s C-statistic for overall survival 

prediction was 0.8014. 

A

B

FIGURE 2. Survival prediction based on patients profile
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sidered in all patients with BCLM when technically feasible and responding to systemic 

treatment. Liver resection provides a chance of long-term survival in selected patients with 

an acceptable risk of morbidity and mortality. Accurate selection of patients for hepatecto-

my remains crucial. Our nomogram can help to identify patients who may benefit most from 

hepatic resection and can help clinicians and patients to make a more informed discussion 

when advocating for resection. 

vasion, pre- and postoperative hormonal therapy, targeted therapy and repeat hepatecto-

my in case of hepatic recurrence were related to improved overall survival. A more limited 

tumor load reflecting tumor biology and available treatment options in case of hormonal 

receptors can explain these results. The time to recurrence after hepatectomy also influen-

ces survival but becomes less evident after a survival of more than 10 years. 

The discussion about the indication for surgical resection has intensified since our previ-

ously published experience and more groups have followed with their experience. 8 Our 

series unquestionably relies on a selected group of patients, representing a small pro-

portion of the total number of patients with stage IV breast cancer. However, the reported 

spectrum of disease represented in our study not only expends on the number of patients 

operated but also on the relevant predictive factors that were previously not available and 

analyzed. Furthermore, this series has grown to become the largest series to date focusing 

on hepatectomy for BCLM in an experienced liver surgery center. Several characteristics, 

including, but not limited to, synchronicity, tumor burden and extrahepatic disease were 

considered. 

The created nomogram from our series has a degree of discrimination (Harrels’s C-statis-

tics) of 0.801 that surpasses various presented models for other surgical indications and is 

visualized in the presented calibration plots. However, as with all newly developed scoring 

systems, caution is warranted and external validation is still desired. It may nevertheless 

be used as a clinical tool to predict survival in selected patients. Of the 8 variables pre-

sented, only surgical resection margin is purely dependent on resection. It can however 

be considered before surgery as the ability to completely resect all metastases. Through 

preoperative imaging and confirmative biopsies all information is available preoperatively 

for use in this nomogram.

We are aware of the limits of our study including its retrospective nature and the selected 

subset of patients studied. Also, during the years, many improvements have been made 

in systemic treatment for patients with metastatic breast cancer. Patients operated during 

and after the year 2000 (n=86) had a significant better survival than those operated before 

the year 2000 (median overall survival 77 months vs. 26 months, respectively, P=0.001). 

Similar to the whole series analysis, negative surgical resection margin and hormonal tre-

atment had a significant survival benefit in these patients. This emphasizes even more 

the importance of the combination of a complete hepatic resection and “current, more 

modern” systemic treatments. 

In conclusion, the results of this study strongly suggest that hepatectomy should be con-
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INTRODUCTION

Approximately 6% to 10% of breast cancer patients will present with metastatic disease 

at diagnosis and around 30% of women diagnosed with non-metastatic disease will re-

lapse after treatment 1, 2. The incidence of liver-only presentation of distant metastases 

ranks third, averaging around 1% to 8%, after bone and lung metastases. Once metastatic 

disease is diagnosed, treatment is generally palliative and usually consists of systemic tre-

atment only. This palliative approach has yielded median survival rates ranging between 3 

to 16 months for all subtypes combined. 3-5 

Resection of liver metastases is an established option in colorectal metastases, but still re-

mains controversial in metastatic breast cancer (BCLM) even for oligometastastic disease 
6-8. So far, only few small retrospective series have reported outcomes regarding the resec-

tion of BCLM with a median survival of 30 to 70 months and 5-year overall survival rates of 

33% to 50%. 9-25. At the Centre Hépato-Biliaire, Paul Brousse, Villejuif in France, selected 

patients with BCLM have routinely undergone surgical resection since 1985 with previous-

ly reported promising results 9. 

The purpose of this study was to isolate the effect of liver resection when comparing 

liver resection for breast cancer metastases combined with systemic treatment (Resec-

tion Group) and systemic treatment only (Systemic Group) in two distinct population with 

identical European systemic treatment approaches. For this purpose, the series of liver 

resection for breast cancer metastases from a specialized center in France (Centre Hépa-

to-Biliaire, Paul Brousse) was compared with population based data from the Netherlands 

Cancer Registry of patients treated with systemic therapy only.9, 20, 26

METHODS

PATIENTS

All female breast cancer patients with liver metastases in the Netherlands between 2003 

and 2013 and all consecutive female patients who underwent a partial hepatectomy at an 

experienced hepatobiliary center in France between 1985 and 2012 were screened for in-

clusion in the study. Oligo metastatic disease confined to the liver was the main criteria for 

inclusion for both systemically treated patients and systemically treated patients combined 

with liver resection.

ABSTRACT 

BACKGROUND

Resection of breast cancer liver metastases (BCLM) combined with systemic treatment is 

increasingly accepted but not offered as therapeutic option. New evidence of the additi-

onal value of surgery in these patients is scarce while prognoses without surgery remains 

poor.

PATIENTS AND METHODS

For this case matched analysis, all nationally registered patients with BCLM confined to the 

liver in the Netherlands (Systemic Group; N=523) were selected and compared to patients 

who received systemic treatment and underwent hepatectomy (Resection Group; N=139) 

at a hepatobiliary center in France. Matching was based on age, decade when diagnosed, 

interval to metastases, maximum metastases size, single or multiple tumors, chemothera-

py, hormonal or targeted therapy after diagnosis. Palliative systemic treatment strategies 

are identical in both European countries.

RESULTS

Between 1983 and 2013, 3894 patients were screened for inclusion. Overall median fol-

low-up was 80 months (95%CI 70-90 months). The median, 3- and 5-year overall survival 

of the whole population was 19 months, 29% and 19% respectively. The Resection and 

Systemic Group had median survival of 73 vs. 13 months (P<0.001) respectively. Three and 

5-year survival was 18% and 10% for the Systemic Group and 75% and 54% for the Resecti-

on Group, respectively. After matching, the Resection Group had a median overall survival 

of 82 months with a 3- and 5-year overall survival of 81% and 69% respectively compared 

to a median overall survival of 31 months in the Systemic group with a 3- and 5-year overall 

survival of 32% and 24% respectively (HR 0,28, 95%CI 0.15-0.52; P<0.001).

CONCLUSIONS

For patients with BCLM, liver resection combined with systemic treatment results in im-

proved overall survival compared to systemic treatment alone. 
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STATISTICAL AND PROPENSITY SCORE ANALYSIS 

The main outcome was overall survival from the time of diagnosis of BCLM for both the 

systemic groups and resection group until the date of death or censoring. In order to limit 

the effect of confounding influences on the outcomes between the two study groups, 

propensity score matching was performed to create comparable groups. The propensity 

score reflects the probability of a patients to receive surgery among all patients (SG & RG) 

using variables that generally determine prognosis (with or without surgery) and eligibility 

for surgery. 

Missing data were considered at random and handled using multiple imputation with the 

iterative Markov chain Monte Carlo method (20 iterations). 

Matching was performed using 1:1 nearest neighbor matching without replacement. 28 The 

within-pair difference between the patients was minimized by setting a caliper width of 

0.25 multiplied by the standard deviation of the estimated propensity score.29 Age at di-

agnosis of liver metastases was used to indicate the overall state of health and operabi-

lity (e.g. older patients have increased risk if operated) 30. Performance scores were not 

part of the patient data collected by the NCR . For aggressiveness of disease, interval 

between primary tumor and liver metastases was used. Shorter interval correlates with 

worse prognosis. 2 Decade of liver metastases diagnosis was included to take systemic 

treatment development into consideration. 31 As previously published, single or multiple 

and maximum metastasis size are important variables for determining tumor burden and 

operability. 9 Common interventions were included; Chemotherapy after diagnosis of liver 

metastases, Hormonal therapy after diagnosis of liver metastases and Targeted therapy 

after diagnosis of liver metastases.

Categorical variables were compared between groups by the chi-square test and con-

tinuous variables were compared using the independent-sample t-test before and after 

matching. 

Overall survival probabilities were estimated using the Kaplan-Meier method and were 

compared using the log-rank test. 

Cox proportion hazard regression was conducted for the whole population (N=662) and 

matched cohort with liver resection as the covariate of interest. For all Cox proportional 

hazard models, non-violation of the proportional hazards assumption was verified with 

log-minus-log plots. All statistical analyses were performed with R Core Team (2017), and 

statistical significance was determined at P<0.05. 32

SYSTEMIC GROUP

All Dutch centers follow a national guideline, similar through the European Union, regarding 

treatment of breast cancer (liver) metastases and does not recommend hepatic resection 

as an option even in oligometastastic disease. In short, estrogen (ER) and progesterone 

receptor (PR) positive breast cancer are eligible for hormonal therapy. Chemotherapy is 

the treatment of choice if the hormone receptors are negative, hormonal therapy no longer 

appears to be effective, there is rapid disease progression, extensive and rapidly growing 

visceral metastases have developed (lung, liver, lymphangitis). In patients with a HER-2-po-

sitive metastatic breast cancer the combination of trastuzumab with other chemotherapy 

is first-line therapy. 27

Additional variables that are not part of the standard cancer registry i.e. number of meta-

stases and maximum size of metastases were additionally collected in selected hospitals. 

Selection of these hospitals was based on volume of patients treated and approval from 

their board of directors. Data was extracted from imaging reports, patient notes, or corres-

pondence by trained data managers of the Netherlands Cancer Registry (NCR). 

Patients from the NCR with breast cancer liver metastases only at time of follow-up were 

selected. Patients who had synchronous liver metastases (diagnosed within 3 months of 

the diagnosis of the primary tumor), liver metastases as a second site or extensive disease 

were excluded from the Dutch cohort (Figure 1). Extensive disease was defined as liver 

metastases plus other sites. 

RESECTION GROUP

For the Resection Group, patients were selected from a prospectively maintained insti-

tutional database of an experienced hepatobiliary center, and each medical record was 

reviewed to update clinical and pathological data.

Liver resection was proposed to all patients with metastases confined to the liver, provided 

that intra- and extrahepatic disease was controlled by systemic treatment and could be com-

pletely resected with a functional remnant liver of at least 30% of the total liver volume. 

Patients with single and easily resectable liver metastases underwent early surgery without 

chemotherapy in case of a prolonged disease-free interval (more than 6 months). Patients with 

large or multiple metastases and a short disease-free interval received preoperative chemo-

therapy for 2 to 3 months. Similar to Dutch guidelines, chemotherapy consisted of a combina-

tion of cytostatic drugs, hormonal therapy, or targeted therapy to achieve maximum response. 

Patients with tumor progression while on chemotherapy were excluded. Tumor-free resection 

margins were the objective in all cases and no patients underwent resection for debulking.
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Finally, 139 patients from France who were treated with systemic therapy and hepatectomy 

(Resection group) were compared to 523 patients from the Netherlands who only received 

systemic treatment (Systemic group).

DESCRIPTIVE DATA

Table 1 summarizes patient characteristics. On average, patients in the Systemic group 

were significantly older when their primary tumor was first diagnosed and when they pre-

sented with hepatic metastases than patients in the Resection group (59 vs 45 years and 

61 vs 49 years respectively). The time interval between primary tumor and hepatic metasta-

ses diagnosis was significantly longer in the Resection Group (50 vs 27 months).

TABLE 1: Characteristics of patients with breast cancer liver metastases stratified by treatment group

level Systemic group Resection group p SMD Overall

n 523 139 662

Demographics and time interval

Age at diagnosis of Breast Cancer in years (mean (sd)) 58.79 (14.20) 45.06 (9.76) <0.001 1.127 56.00 (14.51)

Age at diagnosis of BCLM in years (mean (sd)) 61.05 (14.20) 49.42 (10.58) <0.001 0.929 58.61 (14.32)

Age categories in years (%) < 45 64 (12.2) 52 (37.4) <0.001 0.881 116 (17.5)

45-59 195 (37.3) 56 (40.3) 251 (37.9)

60-74 158 (30.2) 30 (21.6) 188 (28.4)

>75 106 (20.3) 1 ( 0.7) 107 (16.2)

Time Interval between primary and liver (mean (sd)) 27.18 (15.22) 49.89 (42.41) <0.001 0.713 31.70 (24.98)

Interval in months (%) < 12 100 (19.1) 13 (10.0) <0.001 0.531 113 (17.3)

12-24 172 (32.9) 22 (16.9) 194 (29.7)

>24 251 (48.0) 95 (73.1) 346 (53.0)

Primary Breast tumor

Tumor stage (%) T1-2 458 (90.2) 82 (89.1) 0.910 0.034 540 (90.0)

T3-4 50 ( 9.8) 10 (10.9) 60 (10.0)

Nodal stage (%) N0 46 (12.0) 42 (43.8) <0.001 0.758 88 (18.3)

N1-3 338 (88.0) 54 (56.2) 392 (81.7)

Stage (%) I 0 ( 0.0) 0 ( 0.0) NaN 0.685 0 ( 0.0)

II 109 (34.9) 21 (46.7) 130 (36.4)

III 203 (65.1) 18 (40.0) 221 (61.9)

IV 0 ( 0.0) 6 (13.3) 6 ( 1.7)

Estrogen positive (%) No 109 (37.5) 12 (17.9) 0.004 0.448 121 (33.8)

Yes 182 (62.5) 55 (82.1) 237 (66.2)

Progesteron positive (%) No 159 (56.6) 22 (34.9) 0.003 0.445 181 (52.6)

Yes 122 (43.4) 41 (65.1) 163 (47.4)

Her2/Neu positive(%) No 182 (65.2) 33 (66.0) 1.000 0.016 215 (65.3)

Yes 97 (34.8) 17 (34.0) 114 (34.7)

Surgical treatment (%) Breast conserving 250 (47.8) 67 (49.6) 0.778 0.037 317 (48.2)

Mastectomy 273 (52.2) 68 (50.4) 341 (51.8)

Chemotherapy between 
Primary and BCLM (%)

No 242 (46.3) 58 (41.7) 0.389 0.092 300 (45.3)

Yes 281 (53.7) 81 (58.3) 362 (54.7)

RESULTS

PARTICIPANTS

The Dutch cohort consisted of 3755 stage-IV breast cancer patients involving the liver 

and combined with the French cohort (N=139) there were 3894 potentially eligible cases. 

Patients who had synchronous liver metastases, liver metastases as a second site, or liver 

metastases plus other site were excluded (N=3,232) from the Dutch cohort because of 

unknown extend of extrahepatic disease (Figure 1). 

FIGURE 1: Study population

Assessed for eligibility (n=3894)
1983-2013 France (n=139)

2003-2013 Netherlands (n=3755)

Pooled multiple imputation  20 for missing values

Propensity score calculation based on Age at diagnosis liver metastases, decade liver metastases was diagnosed, 
interval between primary and liver metastases, Single or multiple tumors, Maximum tumor size, Chemotherapy, 

Hormonal therapy or Targeted Therapy after diagnosis

Matching based on nearest neighbor method with caliper of 0.08

Resection group (n=49) Systemic group (n=49)

Breast cancer liver
metastases (n=662)

Excluded (n=3,232)
Sychronous with primary
breast cancer (n=1,903)
Liver metastases as 
second site (n=887)
Extensive disease; Liver
metastases plus more sites
(n=442)

Experienced French
hepatobiliary center
Systemic treatment

combined with liver resection
(n=139)

Patients registered 
in the Netherlands 

Cancer Registry
Systemic treatment

only (n=532)

HISTORICAL ALLOCATION

Analysed (n=139) Analysed (n=532)
COMPARISON

No matching

COMPARISON
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A

A

A
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58% in the Resection Group. More patients had multiple tumors in the Systemic Group 

(85% vs 59%) and more patients had a single tumor in the Resection Group (41% vs 15%). 

Maximum metastases size was significantly larger in the Systemic Group: 53mm compa-

red to 34mm in the Resection Group. The proportion of Systemic Group patients who did 

not receive chemotherapy, Hormonal therapy, or monoclonal antibodies were significantly 

higher than the Resection Group (chemotherapy 39% vs 11%, aromatase 82% vs 47%, mo-

noclonal antibody 79% vs 60%).

OUTCOME DATA

ALL PATIENTS

Both population were combined given the overlap in the year the metastases was diag-

nosed. Survival was determined since the date of BCLM diagnosis. The median follow-up 

time for the whole population (N=662) was 80 months. The 3- and 5-year overall survival 

of the whole population was 29% and 19% respectively. Median survival was 19 months 

(Figure 2).

FIGURE 2: Overall survival of entire study population of patients with breast cancer liver metastases as first and 

only metastatic presentation

 

Subgroups

The median follow up for the Systemic Group was 80 months and for the Resection Group 

69 months. Median survival was 74 months vs 13 months (p<0.001) in Resection Group vs 

Systemic Group respectively. Three and 5-year survival was 18% and 10% for the Systemic 

Group and 78% and 57% for the Resection Group respectively (Figure 3). 

TABLE 1 CONTINUED.
level Systemic group Resection group p SMD Overall

n 523 139 662

Primary Breast tumor

Hormonal therapy between 
Primary and BCLM (%)

No 275 (52.6) 92 (66.2) 0.006 0.28 367 (55.4)

Yes 248 (47.4) 47 (33.8) 295 (44.6)

Targeted therapy between 
Primary and BCLM (%)

No 477 (91.2) 130 (93.5) 0.479 0.087 607 (91.7)

Yes 46 ( 8.8) 9 ( 6.5) 55 ( 8.3)

Breast cancer Liver Metastases

Year of diagnosis (%) <1989 0 ( 0.0) 9 ( 6.5) <0.001 1.21 9 ( 1.4)

1990-1999 0 ( 0.0) 49 (35.3) 49 ( 7.4)

2000-2009 435 (83.2) 72 (51.8) 507 (76.6)

>2010 88 (16.8) 9 ( 6.5) 97 (14.7)

Number of liver metastases 
(mean (sd))

1.98 (1.29) 2.32 (1.82) 0.192 0.214 2.21 (1.67)

Solitarily (%) Single 13 (13.8) 56 (40.6) <0.001 0.63 69 (29.7)

Multiple 81 (86.2) 82 (59.4) 163 (70.3)

Maximum size (mm) (mean (sd)) 52.69 (25.64) 34.09 (17.79) <0.001 0.843 39.19 (21.82)

Maximum size category (%) <31mm 11 (12.1) 63 (49.6) <0.001 1.477 74 (33.9)

31-60mm 25 (27.5) 56 (44.1) 81 (37.2)

>60mm 55 (60.4) 8 ( 6.3) 63 (28.9)

Chemotherapy after BCLM(%) No 195 (39.2) 15 (10.8) <0.001 0.695 210 (33.0)

Yes 302 (60.8) 124 (89.2) 426 (67.0)

Hormonal therapy after 
BCLM (%)

No 408 (82.1) 65 (46.8) <0.001 0.794 473 (74.4)

Yes 89 (17.9) 74 (53.2) 163 (25.6)

Targeted therapy after 
BCLM(%)

No 390 (78.5) 84 (60.4) <0.001 0.399 474 (74.5)

Yes 107 (21.5) 55 (39.6) 162 (25.5)

BCLM= breast cancer liver metastases, SDM= standardized mean differences, sd= standard deviation

PRIMARY TUMOR

In the Systemic Group, a significantly higher proportion had a nodal stage N1-3 (88% vs 

56%), while the proportion of N0 was significantly higher in the Resection Group (44% vs 

12%, P <0.001). Only the proportion of Stage III breast cancer was significantly higher in 

the Systemic Group (39% vs 20%). The fraction of negative estrogen (ER) and progestero-

ne receptor (PR) status was significantly higher in the Systemic Group (ER- =38% vs 15% 

and PR-= 57% vs 35%) while the opposite was true for the Resection Group (ER+=82% vs 

PR+=65%). Hormonal therapy were significantly more often given in the Systemic Group 

47% vs 34%. In the Resection Group a significant portion did not receive Hormonal therapy 

(66% vs 53%).

BREAST CANCER LIVER METASTASES

BCLM were diagnosed in all Systemic Group patients after the year 2000 compared to 
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FIGURE 4: Propensity score distribution before (left) and after matching (right). 

TABLE 2: Characteristics of patients with breast cancer liver metastases stratified by treatment group after matching

level Systemic group Resection group p SMD Overall

n 49 49 98

Demographics and time interval            

Age at diagnosis of Breast Cancer in years 
(mean (sd))

48.80 (11.84) 47.18 (10.95) 0.486 0.141 47.99 (11.37)

Age at diagnosis of BCLM in years (mean (sd)) 51.89 (11.73) 49.84 (11.42) 0.381 0.178 50.87 (11.56)

Age categories in years (%) < 45 13 (26.5)  18 (36.7)  0.138 0.488 31 (31.6) 

>75 2 ( 4.1)  0 ( 0.0)  2 ( 2.0) 

45-59 27 (55.1)  19 (38.8)  46 (46.9) 

60-74 7 (14.3)  12 (24.5)  19 (19.4) 

Time Interval between primary and liver (mean (sd)) 37.18 (17.00) 33.45 (26.66) 0.411 0.167 35.32 (22.32)

Interval in months (%) < 12 2 ( 4.1)  7 (14.3)  0.155 0.397 9 ( 9.2) 

>24 34 (69.4)  27 (55.1)  61 (62.2) 

12-24 13 (26.5)  15 (30.6)  28 (28.6) 

Primary Breast tumor            

Tumor stage (%) T1-2 48 (98.0)  45 (91.8)  0.359 0.281 93 (94.9) 

T3-4 1 ( 2.0)  4 ( 8.2)  5 ( 5.1) 

Nodal stage (%) N0 18 (36.7)  21 (42.9)  0.680 0.125 39 (39.8) 

N1-3 31 (63.3)  28 (57.1)  59 (60.2) 

Stage (%) II 18 (36.7)  15 (30.6)  0.050 0.511 33 (33.7) 

III 30 (61.2)  26 (53.1)  56 (57.1) 

IV 1 ( 2.0)  8 (16.3)  9 ( 9.2) 

Estrogen positive (%) No 14 (28.6)  18 (36.7)  0.518 0.175 32 (32.7) 

Yes 35 (71.4)  31 (63.3)  66 (67.3) 

Progesteron positive (%) No 19 (38.8)  22 (44.9)  0.682 0.124 41 (41.8) 

Yes 30 (61.2)  27 (55.1)  57 (58.2) 

Her2/Neu positive(%) No 28 (57.1)  30 (61.2)  0.837 0.083 58 (59.2) 

Yes 21 (42.9)  19 (38.8)  40 (40.8) 

FIGURE 3: Unmatched survival comparison between systemic treatment plus surgery (Resection group) and sys-

temic treatment (Systemic group) only for patients with breast cancer liver metastases as first and only metastatic 

presentation.

After univariable cox regression, patients treated with systemic treatment combined with 

liver resection were 77% less likely to die compared to patients who receive systemic tre-

atment alone (HR 0.23, 95%CI 0.18-0.31; P<0.001). 

PROPENSITY SCORE ANALYSIS

Propensity score was successfully calculated for all 662 patients. Matching was possible 

in 98 patients based on caliper with of 0.080. Figure 4 shows the overlapping distribution 

between Systemic Group and Resection Group needed for matching. Table 2 shows a 

balanced distribution of patient’s characteristics after matching.
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FIGURE 5: Matched survival comparison between systemic treatment plus surgery (Resection group) and systemic 

treatment (Systemic group) only for patients with breast cancer liver metastases as first and only metastatic pre-

sentation.

After univariable cox regression, patients treated with systemic treatment combined with 

liver resection were 72% less likely to die compared to patients who receive systemic tre-

atment alone (HR 0.28, 95%CI 0.15-0.52; P<0.001). 

POSTOPERATIVE COURSE

Following surgery, 19 (14%) patients developed hepatic complications. Biliary fistula develo-

ped in 6 (4%) patients. One patient needed percutaneous drainage for a biliary fistula com-

bined with a noninfectious collection. Infected intra-abdominal fluid collections developed 

in 5 (4%) patients, requiring percutaneous drainage and intravenous antibiotic therapy. An 

additional 8 (6%) patients developed uninfected perihepatic fluid collections; all of which 

resolved without need for intervention. In 28 (20%) patients general complications occur-

red. The median postoperative length of hospitalization was 10 days (range, 4–23 days). 

Three patients (2%) died within 60 days after surgery (Supplemental table 2).

TABLE 2 CONTINUED.
level Systemic group Resection group p SMD Overall

n 49 49 98

Primary Breast tumor            

Surgical treatment (%) Breast con-
serving

31 (63.3)  26 (53.1)  0.413 0.208 57 (58.2) 

Mastectomy 18 (36.7)  23 (46.9)  41 (41.8) 

Chemotherapy between Primary and BCLM (%) No 12 (24.5)  19 (38.8)  0.192 0.311 31 (31.6) 

Yes 37 (75.5)  30 (61.2)  67 (68.4) 

Hormonal therapy between Primary and BCLM (%) No 20 (40.8)  35 (71.4)  0.004 0.649 55 (56.1) 

Yes 29 (59.2)  14 (28.6)  43 (43.9) 

Targeted therapy between Primary and BCLM (%) No 40 (81.6)  42 (85.7)  0.785 0.111 82 (83.7) 

Yes 9 (18.4)  7 (14.3)  16 (16.3) 

Breast cancer Liver Metastases            

Year of diagnosis (%) >2010 11 (22.4)  9 (18.4)  0.802 0.101 20 (20.4) 

2000-2009 38 (77.6)  40 (81.6)  78 (79.6) 

Number of liver metastases (mean (sd)) 2.51 (1.54) 2.41 (1.63) 0.751 0.064 2.46 (1.58)

Solitairity (%) Multiple 29 (59.2)  30 (61.2)  1.000 0.042 59 (60.2) 

Single 20 (40.8)  19 (38.8)  39 (39.8) 

Maximum size (mm) (mean (sd)) 38.02 (19.38) 31.76 (17.70) 0.098 0.338 34.89 (18.73)

Maximum size category (%) <31mm 22 (44.9)  24 (49.0)  0.857 0.112 46 (46.9) 

>60mm 3 ( 6.1)  2 ( 4.1)  5 ( 5.1) 

31-60mm 24 (49.0)  23 (46.9)  47 (48.0) 

Chemotherapy after BCLM(%) No 6 (12.2)  6 (12.2)  1.000 <0.001 12 (12.2) 

Yes 43 (87.8)  43 (87.8)  86 (87.8) 

Hormonal therapy after BCLM (%) No 31 (63.3)  28 (57.1)  0.680 0.125 59 (60.2) 

Yes 18 (36.7)  21 (42.9)  39 (39.8) 

Targeted therapy after BCLM(%) No 23 (46.9)  23 (46.9)  1.000 <0.001 46 (46.9) 

  Yes 26 (53.1)  26 (53.1)      52 (53.1)

BCLM=Breast cancer liver metastases, SDM= standardized mean differences, sd=standard deviation

MATCHED POPULATION

Patients who received systemic treatment only had a median overall survival of 31 months 

with a 3- and 5-year overall survival of 33% and 24% respectively. Patients who received sys-

temic treatment combined with liver resection had a median overall survival of 82 months 

with a 3- and 5-year overall survival of 81% and 69% respectively (P<0.001) (Figure 5).
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therapeutic agents. This widely implemented palliative approach has yielded median sur-

vival-times ranging between 3 to 16 months. 3-5, 35, 36. After matching there was still a sig-

nificant difference in the proportion of patient who received aromatase inhibitor between 

primary breast cancer and liver metastasis. In the systemic group, more patients received 

Hormonal therapy after primary breast cancer treatment than the Resection group.

TABLE 3: Literature overview concerning breast cancer liver metastases (BCLM).
Author Year Study 

period
Population Liver 

only
% of all 
patients

% of recur-
rences

5 yr 
OS

Median 
(months)

Treatment

Pentheroudakis 3 2006 88-04 1426 Metastatic 
breast cancer

115 n/a 8.1 % 8.5 
%

16.3 Palliative 
chemotherapy

Elder 4 2006 89-02 2509 Breast 
cancer patients

57 2.3 % 12.5 % 0 % <12 Palliative 
chemotherapy

Abuzallouf 7 2007 93-98 785 Breast can-
cer patients

5 0.6 % 13.8 %* n/a n/a n/a

Schuetz 8 2007 90-99 1072 Breast 
cancer patients

81 7.6 % 21.0 % n/a n/a n/a

Kenecke 9 2010 86-92 3726 Metastatic 
breast cancer

435 n/a 12.0 % n/a n/a n/a

Pogoda 10 2013 05-06 228 Metastatic 
breast cancer

19 n/a 8 % n/a 3.5 Palliative 
chemotherapy

Khanfir 5 2013 00-07 332 Metastatic 
breast cancer

31 n/a 9.3 % 12 % 
***

17.7 Palliative 
chemotherapy and 2 
patients who under-
went hepatectomy

Berman 11 2013 77-03 1745 Breast 
cancer patients

14 0.8 % 7.3 % n/a n/a n/a

Follana 12 2014 90-05 5684 Breast 
cancer patients

43 0.8 % 10.7 0% 7.75 Palliative chemo-
therapy

n/a: not available *: portion of synchronous distant metastases **: ER/PR/HER2-negative ***: all sites 

The operated breast cancer patients had a 5-year overall survival of 54% which is com-

parable to previous publications. Median survival was 73 months. Supplemental Table 4 

summarizes short and long-term outcome following resection of breast cancer liver meta-

stases in the recent literature. Postoperative morbidity range is wide and can sometimes 

reach high proportions. Postoperative mortality is, however, low. From these publications, 

one can conclude that a 5-year survival between 27-50% is possible in selected patients, a 

substantial gain compared to the known survival of non-surgically treated liver-only breast 

cancer metastases 9-15, 17-26, 37-39.

DISCUSSION

Our study shows that patients who receive systemic treatment combined with hepatecto-

my survive more than twice as long compared to matched patients who were only treated 

with systemic treatment (mean survival 82 vs 31 months respectively, HR 0.28, 95%CI 0.15-

0.52; P<0.001).

Several steps were taken to cope with potential biases inherit to a non-randomized con-

trolled study. In order to come as close as possible to an experimental setting, two distinct 

and uninfluenced populations were combined. The best would-be surgical candidates with 

liver first and only metastases of all registered Dutch patients were used for comparison. 

Propensity score matching was used to create a subset of patients that have similar 

characteristics and similar chance of surgery. The two subset populations were matched 

on available characteristics that could be used to predict surgical candidacy and also 

have an impact on survival in both groups. Age at diagnosis of liver metastases, inter-

val between primary and liver metastases, decade of liver metastases diagnosis, single 

or multiple, maximum metastases size, chemotherapy after diagnosis of liver metastases, 

hormonal therapy after diagnosis of liver metastases and targeted therapy after diagnosis 

of liver metastases. Tumor size and tumor number are not part of the Netherlands Cancer 

Registry and were (where possible) additionally collected to represent tumor burden in 

the regression of the propensity score. Patient characteristics related to the primary bre-

ast cancer were not included in the propensity score calculation because at the time of 

historical treatment assignment this is not relevant any more for both the systemic group 

or resection group.

The propensity score was not included in the cox regression model. Although this is fre-

quently done in the medical literature, it is not the most ideal use of propensity scores. 

This is because the resulting inferences still rely on assumptions of the regression model 

such as linearity, which may not hold, and the method does not use the capability of the 

propensity score to create well-matched samples 33. Also, stratification on the propensity 

score is associated with biased estimates 34.

The systemic treatment group before matching had a median survival of 13 months which 

coincides with historical publications. Supplemental Table 3 summarizes the frequency of 

liver only metastasis described in the literature, which has rarely been the main focus of 

investigation, let alone specified by subtypes with possible known overall survival diffe-

rences. Once metastatic disease is diagnosed, treatment is generally palliative and usually 

consists of anthracycline- or taxane-based regimes with or without hormonal or targeted 
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bination with systemic treatment when comparing two totally separate populations and 

propensity score matched groups within. This improved outcome is undeniably the result 

of improved personalized systemic treatment combined with the total surgical removal 

of all tumor cells to assure that there is no remnant malignant cells that might become a 

source for relapse. 41

In conclusion, our historical control study of two totally isolated patient populations, shows 

that liver resection for breast cancer liver metastases, combined with systemic treatment, 

should be considered in a select group of breast cancer liver metastases patients. Patients 

who received systemic treatment plus hepatectomy lived more than twice as long as those 

who were treated with systemic treatment alone.

TABLE 4: Literature overview concerning outcomes of hepatectomy for breast cancer liver metastases (BCLM).

Short term outcome Long term survival

Author Year of publication Study  
population

Postoperative 
morbidity §

Postoperative  
mortality.§§

5-yr (%) Median survival 
(months)

Caralt 14 2008 12 16.6% 0 33 35.9

Kollmar 15 2008 43 (27 breast) 18.7 % 0 50 -

Lubrano 16 2008 16 38% 0 33 42

Thelen 17 2008 39 13% 0 42 -

Hoffmann 18 2010 41 21% 0 48 58

Rubino 19 2010 18 11% 0 - 74

Abbott 20 2012 86 21% 0 44 57

Duan 21 2012 132 (16 breast) - - 44 -

Groeschl 22* 2012 420 (115 breast) 20% 2% 27 52

van Walsum 23 2012 32 44% (9%,34%) 0 37 55

Dittmar 24 2013 34 24% 0 38 48

Kostov 25 2013 42 36% 2% 39 43

Polistina 26 2013 12 42% 0 34 30

Kim 27 2014 13  -  - 49.2*** - 

Weinrich 28 2014 29 10% 0 33 53

Ye 2015 28 - - 53 -

Margonis* 2016 131 22.8 0 75.2 53

* Multicenter ** 60 days ***3 year survival

Abbreviations: OS = overall survival. 

§ Mortality within 30 days after resection

Our study found that overall and in matched populations, patients who received a hepa-

tectomy together with systemic treatment had a significantly better survival rate. The need 

to correct various characteristic was obvious. There were significant differences between 

the Systemic Group and the Resection Group in various aspects by chance since selection 

was uninfluenced by each other (Table 1). These differences might be attributed to the se-

lection of possibly best candidate in the Resection Group. Propensity score matching was 

the method of choice to level the playing field (Table 2). 

Sadot et al. conducted the only comparable study in which they compared 69 operated 

patients to 98 systemically treated in a single center looking at historically selected pa-

tients for treatment groups. 40 Even though they concluded that hepatic resection was not 

associated with survival advantages (median OS: 50 vs 45 months; 5-year OS: 38% vs 

39%), a significant recurrence-free interval was seen with surgical treatment which could 

be extrapolated to overall survival if more patients were compared.

It seems that regardless of what statistical approach was taken, all roads lead to a better 

outcome when breast cancer liver metastases patients receive hepatic resection in com-
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INTRODUCTION

Breast cancer continues to be a major burden worldwide 1, 2. Approximately 6% to 10% of 

breast cancer patients will present with metastatic disease at diagnosis and depending on 

initial stage, tumor biology, and type of treatment received, around 30% of women diag-

nosed with non-metastatic disease will relapse 3. The incidence of liver-only presentation 

of distant metastases comes third, averaging around 1% to 8%, after bone and lung meta-

stases. Once metastatic disease is diagnosed, treatment is generally palliative and usually 

consists of systemic treatment only. This palliative approach has yielded median survival 

rates ranging between 3 to 16 months. 4-8 

Resection of liver metastases is an established option in colorectal metastases, but still 

remains controversial in metastatic breast cancer (BCLM) 9-12. So far, only few small retros-

pective series have been reported regarding the resection of BCLM with a median survival 

of 30 to 70 months and 5 year overall survival rates of 33% to 50%. 13-29. At our institution, 

selected patients with BCLM have routinely undergone surgical resection since 1985 with 

previously reported promising results 13. 

Despite these encouraging results, some patients who underwent hepatectomy with cura-

tive intent will experience disease recurrence. Similarly to colorectal liver metastases, we 

have performed re-resection in selected patients with recurrent BCLM. 

The purpose of this study was to evaluate long-term outcome following repeat hepatec-

tomy (RH) for recurrent BCLM combined with systemic treatment. In addition, predictive 

factors of outcome after RH were examined. 

PATIENTS AND METHODS

STUDY POPULATION

All consecutive female patients with BCLM who underwent a partial hepatectomy at our 

center between January 1985 and December 2012 were included in the study. Patients 

were selected from our prospectively maintained institutional database, and each medical 

record was reviewed to update clinical and pathological data. New variables were added 

in accordance with current literature. An experienced pathologist conducted a complete 

histological review of all tumor slides and immunohistochemistry analysis was performed 

in those patients with missing information and available tumor tissue.

ABSTRACT 

BACKGROUND

Resection of breast cancer liver metastases (BCLM) combined with systemic treatment is 

increasingly accepted as a therapeutic option. The potential benefit of repeat hepatecto-

my (RH) for recurrent BCLM was analyzed 

METHODS

All consecutive female patients who underwent liver resection for BCLM were included. 

Patients who had a single hepatectomy (N=120) were compared to those who also under-

went RH (N=19). Patients were selected for RH based on operability and disease control. 

Clinicopathological data were analyzed for survival with determination of prognostic fac-

tors in the RH group.

RESULTS

Median overall survival since first hepatectomy was 35 months with a 3- and 5-year sur-

vival rate of 50% and 38%, respectively. Overall survival following RH was 64% and 46% 

at 3- and 5-years. From the time of first hepatectomy, patients who underwent RH had a 

better survival than those who had only one hepatectomy (95% and 84% versus 50% and 

38% at 3- and 5-years, respectively) (P= 0.002). Median survival was 35 and 100 months, 

respectively.

Improved overall survival after RH was related to a time interval between breast cancer 

diagnosis and first hepatectomy > 2 years, a limited hepatectomy, solitary liver metastasis, 

a positive progesterone receptor status, and chemotherapy following RH. Patients with 

single BCLM at first hepatectomy had a 3- and 5-year overall survival of 76% and 76% com-

pared to 51% and 17% in patients with multiple metastases (P=0.023).

CONCLUSIONS

In selected patients with BCLM, RH for liver recurrence combined with systemic treatment 

provides survival comparable to that after first hepatectomy. 
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any postoperative adverse event, which occurred during the same period. Postoperative 

complications were divided into hepatic complications, which occurred within the field of 

liver resection (e.g. biliary fistula), and general complications, which occurred distant from 

the hepatic resection field (e.g. pneumonia). Complications were graded according to the 

Clavien-Dindo classification 31.

All patients were regularly followed at our outpatient clinic, starting 1 month after surgery, 

and then every 4 months for the first 2 years and every 6 months thereafter. Follow-up 

consisted of a history, physical examination assessments of tumor markers (carcinoem-

bryonic antigen, carbohydrate 15-3) and radiological imaging by abdominal ultrasound or 

abdominal and thoracic CT scan, alternatively performed. 

STATISTICAL ANALYSIS

Categorical variables were compared between groups by the chi-square test and con-

tinuous variables were compared using the independent-sample t-test. Overall survival 

probabilities were estimated using the Kaplan-Meier method and were compared using 

the log-rank test. Univariate analysis was performed to determine factors related to overall 

survival in patients who underwent RH by using the log-rank test. To identify independent 

predictors of overall survival, all factors with an univariate P<0.10 were entered into a Cox 

proportional hazard model. All statistical analyses were performed with SPSS version 21.0 

(SPSS Inc, Chicago, IL, USA), and statistical significance was determined at P<0.05. 

RESULTS

STUDY POPULATION

Between January 1985 and December 2012, 139 consecutive female patients underwent 

162 hepatectomies for BCLM at our institution. Of these 139 patients, 120 (86%) underwent 

a single hepatectomy, and 19 (14%) underwent a second hepatectomy. Of the 19 patients 

with a second hepatectomy, 4 patients ultimately underwent a third hepatectomy. Patient 

and tumor characteristics at first and RH are summarized in Table 1.

To assess the potential role of RH for recurrent BCLM, long-term outcome in patients who 

underwent RH was compared to patients who only underwent a single hepatectomy.

PREOPERATIVE WORKUP

Selection criteria for RH were similar to those used for the initial resection 13. In general, 

liver resection was proposed to all patients with metastases confined to the liver (or asso-

ciated to very limited and stable extrahepatic disease), provided that intra- and extrahepa-

tic disease was controlled by systemic treatment and could be completely resected with 

a functional remnant liver of at least 30% of the total liver volume. Preoperatively, each 

patient underwent abdominal ultrasonography and abdominal and thoracic computed to-

mography (CT), as well as a bone radionuclide scan, to determine the extent of intra- and 

extrahepatic disease. In the more recent patients, hepatic MRI was routinely performed to 

better assess the extent of intrahepatic tumor spread.

Patients with single and easily resectable liver metastases underwent early surgery without 

chemotherapy in case of a prolonged disease-free interval (more than 6 months). Patients 

with large or multiple metastases and a short disease-free interval received preoperative 

chemotherapy for 2 to 3 months. Preoperative chemotherapy was furthermore routinely in-

dicated for patients with concomitant extrahepatic disease to limit tumor spread, to reduce 

tumor volume, and to exclude patients with rapidly progressive metastatic disease. Che-

motherapy consisted of a combination of cytostatic drugs (doxorubicin), hormonal therapy 

(tamoxifen) or targeted therapy (trastuzumab) to achieve maximum response. Patients with 

tumor progression while on chemotherapy were excluded from RH.

HEPATIC RESECTION

Abdominal exploration and liver ultrasonography were used to confirm tumor resectability 

and to evaluate the presence of extrahepatic disease. Parenchymal dissection was done 

using the ultrasonic dissector (Cavitron Ultrasonic Aspirator, Valleylab, Boulder, CO, USA) 

and a fenestrated bipolar forceps. The extent of hepatic resection was classified as major 

(≥3 hepatic segments) or limited (<3 hepatic segments) according to Couinaud’s classifi-

cation 30. Clamping of the hepatic pedicle was used if needed to control intraoperative 

blood loss. Tumor-free resection margins were the objective in all cases. Suspicious lymph 

nodes on the hepatic pedicle (regional) were resected for pathological review, as were 

suspicious lymph nodes of the celiac trunk or the superior mesenteric artery (distant). 

POSTOPERATIVE OUTCOME AND FOLLOW-UP

Postoperative mortality was defined as any death that occurred within 60 days of hepa-

tic resection or during the same hospitalization. Postoperative morbidity was defined as 
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The proportion of patients with solitary liver metastases was 39% in the single hepatecto-

my group and 53% in the RH group. More than 3 tumors were present in 24% of patients 

who underwent a single hepatectomy and in 16% of patients in the RH group (P= 0.601). 

Initial tumor resectability was similar in both groups.

Non progressive extrahepatic metastases were more common at the time of RH than at 

first hepatectomy (44% vs. 22%, P= 0.068). Bone metastases were the most common lo-

cation of extrahepatic disease in both groups (11% vs. 25% at first and RH, respectively; P= 

0.495). At first hepatectomy, 9 patients (8%) had lung metastases and 3 (3%) had axillary 

lymph node involvement. One patient (5%) with lung metastases, 1 patient (5%) with brain 

metastases, and one patient (5%) with axillary lymph node metastases were seen at RH. 

Pyrimidine analogues, Anthracyclines, and Taxanes were the most prevalent agent group 

in the whole series e.g. 86%, 85% and 78% respectively. These were given in a variety of 

combinations and order.

OPERATIVE CHARACTERISTICS

Mean time interval between primary breast cancer diagnosis and first hepatectomy was 60 

months (range 0 to 285 months) and the mean time interval between first hepatectomy and 

RH was 44 months (range 8 to 113 months).

Surgical details are summarized in Table 1. Anatomical resections were performed in 33% 

of patients at first hepatectomy and in 26% of patients at RH (P= 0.609). Limited resections 

were more common at RH (74% vs. 53%, P= 0.135). No differences were found with regards 

to regional or distant lymph node involvement.

POSTOPERATIVE MORBIDITY AND MORTALITY

Postoperative morbidity was similar in both groups (Table 1). After the first hepatectomy, 

23% of patients had general complications compared to 10% of patients after RH (P= 0.364). 

Hepatic complications occurred in 14 patients (13%) and 1 patient (5%) after first hepatec-

tomy and RH, respectively (P= 0.694). Length of hospital stay was similar in both groups.

There was no intraoperative mortality. Among the 139 patients, 3 patients (3%) died within 

the first 2 months following the first hepatectomy, and 1 patient (5%) following RH.

LONG-TERM SURVIVAL

Hepatic recurrence occurred in 67 patients (48%) of the 139 patients who had one hepa-

tectomy, 19 of whom (16% of all patients, 28% of patients with recurrence) were submitted 

to repeat resection.

TABLE 1. characteristics in single and repeat hepatectomy groups *. 

Patient and tumor characteristics

Single Hep
N=120

Repeat Hep
N=19 P

Mean age at hepatectomy + SD (M) 51 + 11 (48) 50 + 11 (45) 0.818

Mean number of BCLM + SD (M) 2 + 2 (2) 2 + 2 (1) 0.846

Mean maximum tumor size + SD, mm (M) 34 + 18 (30) 30 + 12 (32) 0.114

Bilobar distribution 40 (35%) 5 (26%) 0.602

Concomitant extra-hepatic disease 26 (22%) 7 (44%) 0.068

Preoperative chemotherapy 101 (85%) 13(72%) 0.186

Operative and histopathological characteristics

Timing of hepatectomy

Year < 2000
Year > 2000

49 (41%)
71 (59%)

9 (47%)
10 (53%)

0.623

Major resection (> 3 segments) 57 (48%) 5 (26%) 0.135

Type of resection

Anatomical
Anatomical + wedge

40 (33%)
80 (67%)

5 (26%)
14 (74%)

0.609

Number of resected metastases

1
2-3
> 3

41 (37%)
32(29%)
37(34%)

8 (42%)
8 (42%)
3 (16%)

0.266

Mean maximum size + SD, mm (M) 29 + 24 (25) 23 + 16 (15) 0.466

Resection margin**

R0
R1
R2

63 (59%)
41 (38%)
3 (3%)

15 (79%)
4 (9 %)
0(0%)

0.231

Regional lymph node invasion 15 (13%) 4 (21%) 0.296

Distant lymph node invasion 4 (3%) 1 (5%) 0.526

Postoperative chemotherapy 78 (66%) 16 (89%) 0.057

Short-term outcome

60-day mortality 3 (3%) 1 (5%) 0.448

Morbidity 38 (32%) 3 (16%) 0.184

General complications
Hepatic complications

27 (23%)
14 (13%)

2 (10%)
1 (5%)

0.364
0.694

Biliary leakage
Biliary leakage + infected collection
Biliary leakage + noninfected collection
Infected collection
Noninfected collection

4
1
1
4
4

0
0
0
1
0

-

Severity (Dindo-Clavien classification)***

Grade I
Grade II
Grade III
Grade IV

78 (71%)
22 (20%)
9 (8%)
1 (1%)

14 (87%)
2 (13%)
0 (0%)
0 (0%)

0.495

Mean hospital stay, days + SD 11 + 7 9 + 3 0.408

Abbreviations: Hep = hepatectomy; BCLM = breast cancer liver metastases; SD = standard deviation; M = median.

*: for few cases, the first hepatectomy was performed at another center, which explains the missing data

** R0: complete surgical resection with a negative surgical margin at histopathology; R1: invaded surgical margins according to the 

pathologist; R2: macroscopic intraoperative tumor remnant. Abbreviations: Hep = hepatectomy; SD = standard deviation; M=median.

***: of general complications

Abbreviations: Hep = hepatectomy; SD = standard deviation.
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Patient group Total 3 years 5 years 10 years Median (months) P

One hepatectomy 120 31 16 1 35 0.002

Repeat hepatectomy 19 17 13 3 100

FIGURE 2: Overall survival from first hepatic RESECTION IN PATIENTS WHO underwent single and repeat hepa-

tectomy. 

The subgroup of patients with unresected recurrent BCLM had a 3-, 5- and 7-year overall 

survival of 43%, 26% and 7% (48 patients; median survival 32 months), significantly lo-

wer compared to patients who underwent RH (19 patients: median survival of 100 months, 

P<0.001). 

Liver recurrence occurred in 11 patients (58%) after RH. Of the 19 patients submitted to RH, 

10 (53%) have died, and 9 are alive of which 4 had a third hepatectomy. One patient is alive 

without evidence of disease. 

PREDICTIVE FACTORS OF SURVIVAL AFTER REPEAT HEPATECTOMY

At univariate analysis, factors that significantly improved overall survival were: a time inter-

val of more than 2 years between primary tumor diagnosis and first hepatectomy, a limited 

resection (< 3 segments) at first hepatectomy, the presence of single liver metastasis at first 

hepatectomy, positive progesterone receptor status at immunohistochemistry, and chemo-

therapy treatment following repeat hepatectomy (Table 2 & 3). 

After a median follow-up of 55 months for the whole series, the overall 3-, 5-, and 7-years 

survival following first hepatectomy (N=139) was 58%, 47% and 29% respectively. Although 

not statistically significant in this series and excluding the patients who underwent RH, a 

noticeable difference in survival was seen in those patients who develop a hepatic recur-

rence compared to those who do not. Median survival without recurrence was 60 months 

compared to 32 months if hepatic recurrence occurred.

Overall survival following first hepatectomy was 50%, 38% and 25% at 3-, 5-, and 7-years 

for patients with only one hepatectomy (N=120) with a median of 35 months. Following RH 

(N=19), patients had a 3-, 5- and 7- year survival of 64%, 46% and 23% with a median of 

41 months (Figure 1). From the time of the first hepatectomy, patients who underwent RH 

(N=19) had a 3-, 5- and 7- year survival of 95%, 84% and 64% (P= 0.002) (Figure 2) with a 

median survival 100 months.

A. Survival following first hepatectomy    B. Survival following RH

Patient group Total 3 years 5 years 10 years Median (months)

One hepatectomy 120 31 16 1 35

Repeat hepatectomy 19 7 3 1 41

FIGURE 1: Overall survival from the time of hepatic resection of patients who underwent single and repeat hepa-

tectomy. 

8988

REPEAT HEPATECTOMY FOR BREAST CANCER LIVER METASTASESCHAPTER 5



TABLE 3: Univariate and multivariate analysis of overall survival following repeat hepatectomy. (recurrence)

N 3-yr OS (%) 5-yr OS (%) UV P MV P HR (95% CI)

Recurrent BCLM

Interval after first hepatectomy

< 1 year
> 1 year

5
14

50
67

25
54

0.550 - -

Distribution

Unilobar
Bilobar

14
5

60
75

50
38

0.842 - -

Extra-hepatic disease

Yes
No

7
9

63
67

63
40

0.973 - -

Chemotherapy pre 2nd hepatectomy

Yes
No

13
5

74
0

51
0

0.238 - -

Repeat hepatectomy

Interval between first and repeat hepatectomy

< 1 year
> 1 year

1
18

0
68

0
49

0.111 - -

Extent of hepatectomy

Limited
Major (> 3 segments)

14
5

51
100

34
75

0.246 - -

Type of hepatectomy

Anatomical
Nonanatomical

5
14

27
76

27
52

0.166 - -

Number of resected metastases

1
> 1

8
11

47
76

47
48

0.363 - -

Maximum size of metastases

< 30 mm
> 30 mm

15
4

59
75

44
50

0.841 - -

Resection margin

Negative
Positive

14
4

55
75

44
75

0.662 - -

Vascular invasion

Yes
No

6
11

53
60

28
60

0.406 - -

ER receptor status

Negative
Positive

7
12

43
81

29
65

0.304 - -

PR receptor status

Negative
Positive

9
10

50
75

0
63

0.112 - -

Her2/Neu receptor status

Negative
Positive

10
7

57
56

43
28

0.915 - -

Chemotherapy following repeat hepatectomy

Yes
No

16
2

65
0

45
0

<0.001* NS -

* Factors entered in logistic regression model. Abbreviations: OS = overall survival; UV = univariate; MV = multivariate; HR = hazard 

ratio; CI = confidence interval; NS = not significant; BCLM = breast cancer liver metastases; ER = estrogen receptor; PR = progesterone 

receptor.

TABLE 2. Univariate and multivariate analysis of overall survival following repeat hepatectomy. (1st hepatic metas-

tasis)

N 3-yr OS (%) 5-yr OS (%) UV P MV P HR (95% CI)

First diagnosis of BCLM

Interval after primary tumor

< 1 year
> 1 year

2
17

0
67

0
49

0.258 - -

Distribution

Unilobar
Bilobar

11
6

70
40

56
0

0.291 - -

Extrahepatic disease

Yes
No

2
17

50
67

0
56

0.265 - -

Preoperative chemotherapy

Yes
No

14
4

58
75

31
75

0.107 - -

First hepatectomy

Interval between primary tumor and hepatectomy

< 2 years
> 2 years

3
16

0
72

0
52

0.016* NS -

Extent of hepatectomy

Limited
Major (> 3 segments)

14
5

73
40

61
20

0.037* NS -

Type of hepatectomy

Anatomical
Nonanatomical

8
10

56
78

56
47

0.763 - -

Number of resected metastases

1
> 1

11
7

76
51

76
17

0.009* 0.023 0.16 (0.03-0.78)

Maximum size of metastases

< 30 mm
> 30 mm

11
6

79
63

42
63

0.416 - -

Resection margin

Negative
Positive

11
4

72
50

57
0

0.216 - -

Vascular invasion

Yes
No

8
7

51
83

34
56

0.327 - -

ER receptor status

Negative
Positive

2
12

0
72

0
43

0.447 - -

PR receptor status

Negative
Positive

9
5

0
80

0
60

0.029* NS -

Her2/Neu receptor status

Negative
Positive

10
3

52
100

52
0

0.900 - -

Chemotherapy following first hepatectomy

Yes
No

17
1

58
0

36
0

0.234 - -

* Factors entered in logistic regression model. Abbreviations: OS = overall survival; UV = univariate; MV = multivariate; HR = hazard ratio; CI 
= confidence interval; NS = not significant; BCLM = breast cancer liver metastases; ER = estrogen receptor; PR = progesterone receptor.
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group of repeat hepatectomy. Even thou we can see an apparent survival difference in 

the survival tables, univariate analysis did not show any significant difference. Median sur-

vival was 86 months for patients without and 54 with extra hepatic metastases (p=0.207). 

When excluding the 6 patients who received a repeat hepatectomy, the median survival is 

32 months for patients with and 35 months for patients without extra hepatic metastases 

after first hepatectomy (p=0.423). These results coincide with the notion presented in the 

literature that liver metastases are the most lethal of metastatic sites and also shows the 

possible benefit of repeat hepatectomy.

To obtain aforementioned results, selection of patients remains crucial. The presence of 

solitary liver metastases at first hepatectomy was the only independent factor significantly 

related to better overall survival. This result can be explained by a more limited tumor load 

reflecting favorable tumor biology. The better survival at univariate analysis of patients with 

a long time interval between primary tumor diagnosis and first hepatectomy and of patients 

who underwent a limited hepatectomy can be explained in a similar way. Also, although 

not statistically significant, bilobar liver metastases and concomitant extrahepatic disease 

at first hepatectomy were associated with worse survival. No patients with extrahepatic di-

sease reached 5-year survival compared to 56% of patients without extrahepatic disease. 

These factors, related to tumor volume, are well known prognostic determinants33, 34. The-

se results confirm the importance of strict indications for resection of BCLM. In addition, 

the carcinological quality of resection should be optimal, as assessed by the fact that no 

patient with R1 or R2 resection survived at 5 years. In patients with BCLM, R0 resections 

should therefore always be achieved. 

Another important finding of our study was the fact that none of the patients who un-

derwent RH without preoperative systemic treatment survived more than 3 years. Also, 

postoperative chemotherapy after RH and positive progesterone receptor status were re-

lated to better survival at univariate analysis. This suggests that repeat resection of BCLM 

should always be combined with systemic treatment, especially in hormone-receptor po-

sitive patients. Even though the presence of extrahepatic disease was not a significant 

factor for survival in this small highly selective group, the importance of combining surgical 

resection with systemic chemotherapy should be emphasized given the number of pa-

tients with extrahepatic disease (44%) that underwent RH. 

Although colorectal and breast cancer are two distinct diseases and a clear-cut compa-

rison would not be fair, repeat hepatectomy in colorectal liver metastases has shown ex-

cellent long-term results which resembles our results for breast cancer liver metastases12.

We are aware of the limits of our study including its retrospective nature and the selected 

A time interval of less than 12 months between first hepatectomy and RH, no systemic 

treatment between both hepatectomies, bilobar liver metastases, the presence of extrahe-

patic disease, as well as positive resection margins (R1) or incomplete macroscopic tumor 

resection (R2) were associated with worse overall survival, although not statistically signi-

ficant. Factors related to the primary breast tumor (stage, type of surgery, type of systemic 

treatment) did not influence overall survival.

Multivariate analysis identified only one factor significantly related to overall survival fol-

lowing RH. Patients who had a single liver metastasis at first hepatectomy had a better 

prognosis than those who had more than one tumor resected at first hepatectomy (3-year 

survival 76% vs. 51%, respectively; P=0.023). 

DISCUSSION

Resection of BCLM, especially for recurrent liver disease, remains controversial. The main 

result of our study consisted off a similar survival benefit following RH for BCLM as com-

pared to that following first hepatectomy (3- and 5-year survival of 64% and 46% vs. 50% 

and 38%, respectively). In addition, when survival in both groups was compared from the 

time of first hepatectomy, 3- and 5-year survival was significantly improved in patients who 

underwent RH (95% and 84% versus 50% and 38%; P=0.002). Favorable tumor biology 

most likely contributed to these improved survival rates. However, these results support 

the indication of repeat hepatic resection for BCLM in selected patients. 

To our knowledge, this is the only study to date focusing on RH for BCLM. In the past years, 

several articles including ours have been published arguing for the benefit of surgery in 

study populations varying from 2 to 115 patients with a 5-year survival rate ranging from 

27% to 50%. 13-29 Our current survival rates are similar to these previous publications.

The present analysis shows that RH resets the chance of long-term survival for patients 

with recurrent BCLM. Long-term survival is almost never achieved when liver metastases 

remain unresected (3-16 months). 4-8, 32 Notably, these results reflect the multidisciplinary 

management of BCLM in an experienced center with thorough historical documentation of 

the cases. Also, for this analysis, histological slides were re-examined by an experienced 

pathologist.

In those patients with only hepatic metastases at first hepatectomy (99/139 patients), 21 

developed extra hepatic metastases after hepatectomy of which 6/19 patients were in the 
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INTRODUCTION 

Liver metastases in patients with breast cancer (BCLM) have historically been associated 

with the worst prognosis compared to other metastatic sites such as the lungs, bone, or 

brain, with 5-year survival rates of only 4% to 12% (median survival 4 to 21 months).1-3 Breast 

cancer in general is a major problem of public health for women worldwide with an esti-

mated 1.7 million women diagnosed with breast cancer in 2012.4 A significant proportion 

of these patients (around 30%) will eventually develop metastatic disease (stage IV). Alt-

hough systemic treatment for metastatic breast cancer has significantly improved in recent 

years, dissemination is still associated with poor survival. 

Within current guidelines, patients with stage IV breast cancer are only eligible for palliative 

systemic treatment. The U.S Nacional Cancer Institute, among other influential organizati-

ons, do not mention liver resection as an option for metastatic breast cancer to the liver. 

Considering the poor results achieved by current guidelines, the concept of oligimetasta-

tic resection and the existence of unreachable tumor cells deep within tumors (by syste-

mic agents) has become the driving force behind the advocates for resection of limited 

metastatic disease, especially if they are reactive to systemic treatment. 5-7 Patients with 

colorectal liver metastases for example who undergo curative liver resection, have seen 

remarkable results of 5-year survival rates between 30%-40% and even 50% in selected 

cases with low surgical mortality or morbidity, something unthinkable for breast cancer li-

ver metastases. 8 So far, only few small retrospective series have been reported regarding 

the resection of BCLM and there has been no randomized control trials. 9-25 

At our institution, our highly selected patients with BCLM have routinely undergone surgi-

cal resection since 1985 with previously reported promising results.9 In general, patients 

with limited disease experienced more favorable outcome after surgery compared to pa-

tients with more extensive tumor involvement. The real potential of prolonged survival or 

even “cure” in selected patients after hepatic resection, is however still questioned and 

liver resection is still not offered as part of advanced breast cancer treatment strategy.

The purpose of this study was to analyze possible indications for and against liver resecti-

on in women with BCLM. Furthermore, to study the possibility of exceptional long-term sur-

vival, we focused on patients who underwent liver surgery combined with systemic treat-

ment and survived less than 5 year and more than 5 years after liver metastases diagnosis 

(note: not time of liver resection) with survival beyond 5 years a rarity with current palliative 

guidelines. In addition, predictive factors and the possibility of “cure” were analyzed. 

ABSTRACT

INTRODUCTION

Long-term survival is still rarely achieved with current systemic treatment in patients with 

breast cancer liver metastases (BCLM). Extended survival after hepatectomy was examin-

ed in a select group of BCLM patients.

PATIENTS AND METHODS

Hepatectomy for BCLM was performed in 139 consecutive patients between 1985 and 

2012. Patients who survived < 5 years were compared to those who survived ≥ 5 years 

from first diagnosis of hepatic metastases. Predictive factors for survival were analyzed. 

Statistically cured, defined as those patients who their hazard rate returned to that of the 

general population, was analyzed.

RESULTS

Of the 139, 43 patients survived > 5 years. Significant differences between patient groups 

(<5 vs. >5 years) were mean time-interval between primary tumor and hepatic metastases 

diagnosis (50 vs. 43 months), mean number of resected tumors (3 vs. 2), positive estrogen 

receptors (54% vs. 79%), microscopic lymphatic invasion (65% vs. 34%), vascular invasion 

(63% vs. 37%), hormonal therapy after resection (34% vs. 74%), number of recurrence (40% 

vs. 65%) and repeat hepatectomy (1% vs. 42%) respectively. 

The probability of statistical cure was 14% (95% CI 1.4%-26.7%) in these patients.

CONCLUSIONS

Hepatectomy combined with systemic treatment can provide a chance of long-term survi-

val and even cure in selected patients with BCLM. Microscopic vascular/lymphatic invasion 

appears to be a novel predictor for long term survival after hepatectomy for BCLM and 

should be part of the review when discussing multidisciplinary treatment strategies.
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The decision for hepatectomy was taken in a multidisciplinary meeting including surgeons, 

medical oncologists and radiologists, when the overall surgical strategy could achieve 

complete tumor resection and the disease was controlled by chemotherapy.

HEPATIC RESECTION

During surgery, abdominal exploration and liver ultrasonography were used to confirm tu-

mor resectability and to evaluate the presence of extrahepatic disease. Parenchymal dis-

section was done using the ultrasonic dissector (Cavitron Ultrasonic Aspirator, Valleylab, 

Boulder, CO, USA) and a fenestrated bipolar forceps. The extent of hepatic resection was 

classified as minor (< 3 hepatic segments) or major (≥ 3 hepatic segments) according to 

Couinaud’s classification. 26 Clamping of the hepatic pedicle was used if needed to control 

intraoperative blood loss. Tumor-free resection margins were the objective in all cases 

and when needed radiofrequency ablation or cryoablation was performed in combination 

with liver resection to achieve potentially curative surgery. Suspicious lymph nodes on the 

hepatic pedicle (regional) were resected for pathological review when detected, as were 

lymph nodes of the celiac trunk or the superior mesenteric artery (distant). However, limi-

ted extrahepatic disease was not a contraindication for hepatic resection. 

POSTOPERATIVE OUTCOME AND FOLLOW-UP

Postoperative mortality was defined as death within the first 60 days following surgery. 

Postoperative morbidity was defined as any postoperative adverse event, which occurred 

during the same period. Postoperative complications were divided into hepatic compli-

cations, which occurred within the field of liver resection (e.g. biliary fistula), and general 

complications, which occurred distant from the hepatic resection field (e.g. pneumonia). 

All patients were regularly followed at our outpatient clinic, starting 1 month after surgery, 

then every 4 months for the first 2 years and every 6 months after 2 years. Follow-up con-

sisted of a history, physical examination and radiological imaging. Abdominal ultrasound 

and abdominal and thoracic CT imaging were alternately performed. 

STATISTICAL ANALYSIS

Median Follow up time for the whole population was well beyond 5 years (108 months). 

As 5-year survival could be considered as a valuable turning point for the evaluation of 

outcome, the whole series was divided into two groups; patients who survived < 5 years 

versus patients who survived > 5 years after first diagnosis of liver metastases. Categorical 

variables were compared between groups by the chi-square test and continuous variables 

were compared using the independent-sample t-test. Overall survival probabilities were 

estimated using the Kaplan-Meier method and were compared using the log-rank test. Uni-

variate analysis was performed to determine factors related to a survival of patients who 

PATIENTS AND METHODS

STUDY POPULATION

All consecutive patients with BCLM, who underwent a partial hepatectomy at our center 

between January 1985 and December 2012, were selected. Patients were selected from 

our prospectively maintained institutional database, and each medical record was revie-

wed to update clinical and pathological data. Additional immunohistochemistry analysis 

was conducted in those patients with missing information and available tumor tissue. In 

order to facilitate comparison with historical published not operated patients, the starting 

point was defined as the moment of diagnosis of liver metastases. Patients who survived 

< 5 years were compared to those who survived > 5 years after first diagnosis of liver 

metastases.

PREOPERATIVE WORKUP

To be considered for hepatic resection, all patients were required to have received sta-

ge-appropriate therapy for their primary tumor. Selection criteria for liver resection were 

previously presented. 9 In summary, liver resection was proposed to all patients with meta-

stases confined to the liver (or associated to very limited and stable extrahepatic disease), 

provided that the tumor was controlled by systemic treatment and could be completely 

resected with a functional remnant liver of at least 30% of the total liver volume. Preope-

ratively, each patient underwent abdominal ultrasonography and abdominal and thoracic 

computed tomography (CT), as well as a bone radionuclide scan, to determine the extent 

of intra- and extrahepatic disease. In the more recent patients, MRI and FDG-PET were 

more routinely performed to better assess the extent of intra- and extrahepatic tumor 

spread.

Patients with single and easily resectable liver metastases underwent early surgery without 

chemotherapy in case of a prolonged disease-free interval (more than 6 months). Patients 

with large or multiple metastases and a short disease-free interval received preoperative 

chemotherapy for 2 to 3 months. Preoperative chemotherapy was furthermore routinely 

indicated for patients with concomitant extrahepatic disease. The aim of preoperative che-

motherapy was to limit tumor spread, to reduce tumor volume, and to exclude patients with 

rapidly progressive metastatic disease in whom liver resection was unlikely to provide any 

survival benefit. Chemotherapy consisted of a combination of the classical cytostatic drugs 

(such as anthracyclines, pyrimidine analogues and taxanes), hormonal therapy (aromatase 

inhibitors and anti-estrogen agents) or targeted therapy (monoclonal antibodies) to achie-

ve maximum response.
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FIGURE 1: Survival estimates 

Median disease-free survival for the whole series was 33 months. Median disease-free 

survival was 25 and 43 months in the < 5 and > 5 years groups, respectively. 

PATIENT AND TUMOUR CHARACTERISTICS COMPARISON

Patient and tumor characteristics of both groups are summarized in Table 1. Patients who 

survived > 5 years had a shorter time-interval between primary tumor and liver metastases 

diagnosis (43±29 months vs. 50±47 months, P=0.026). The proportion of patients with con-

comitant extrahepatic disease at first hepatectomy was higher in patients who survived < 

5 years (34% vs. 19 %, P=0.071).

The mean number of tumors resected in the ≥ 5 years group was 2 compared to 3 in < 5 

years group (P=0.023). More patients in the ≥ 5 years group had a solitary liver metastasis 

compared to the < 5 years group (54% vs. 37%, P=0.090). Estrogen receptor positive tu-

mors were more prevalent in the ≥ 5 years group (79% vs. 54%, P=0.021). The proportion of 

patients with microscopic lymphatic and vascular invasion was higher in patients who sur-

vived < 5 years (lymphatic; 65% vs. 34%, P=0.003, vascular; 63% vs. 37%, P=0.011). Patients 

who lived > 5 years more frequently received hormonal therapy after hepatic resection 

(74% vs. 34%, P<0.000). 

After hepatic resection, the proportion of hepatic recurrences was higher in the > 5 years 

group (65% vs. 40% (P=0.006). Repeat hepatectomy was performed in 1 of the patients who 

survived < 5 years and in 18 patients who survived > 5 years (1% vs. 42%, P<0.000). 

survived beyond 5 years by using the log-rank test. To identify independent predictors of 

long-term survival, all factors with an univariate significance of P<0.10 were entered into a 

Cox proportional hazard model. To correct for missing values, multiple imputations were 

performed twenty times and pooled. Regressions are presented as original and imputed. 

All statistical analyses were performed with SPSS version 21.0 (SPSS Inc, Chicago, IL, USA), 

and statistical significance was determined at P<0.05. 

CURE MODEL

When a patient’s observed hazard rate returns to that of the general population, that pa-

tient may be considered cured of the disease, because the risk of death is just as likely as 

for any member of the general population. 27 The estimation of expected survival and of 

expected hazard of the general population, were derived from population-based survival 

tables obtained from the French National institute of Statistics and Economics, matched by 

age. 28 Survival time in our study group was defined as the period between hepatic resec-

tion (intervention to achieve cure) and date of death or last follow-up. The potential of cure 

was calculated using STATA software (StataCorp. 2011, College Station, TX: StataCorp LP) 

as described in several published works. 27, 29-31

RESULTS

STUDY POPULATION

Between January 1985 and December 2012, 139 consecutive female patients underwent 

162 hepatectomies for BCLM at our institution. Of these 139 patients, 120 (86%) underwent 

a single hepatectomy, and 19 (14%) underwent a second hepatectomy. In 4 (3%) patients a 

third hepatectomy was needed. 

In total 43 (31%) patients lived > 5 years after first diagnosis of liver metastases. These 43 

patients were compared to 96 (69%) patients who survived < 5 years after liver metastases 

diagnosis regardless of the number of hepatectomies.

LONG-TERM OVERALL AND DISEASE-FREE SURVIVAL

Median follow-up time was 108 months for the whole series. The 7- and 10-year overall sur-

vival in the ≥ 5 years group were 76% and 36%, respectively. Seven of the 43 patients (16%) 

are alive more than 10 years since liver metastases diagnosis (5% of the total population) 

with a longest survival of almost 15 years (175 months). (Figure 1) Of the 43 patients who 

survived > 5 years, 22 (51%) had no hepatic recurrence at last follow up. Of the 96 patients 

that survived < 5 years, 58 patients (60%) had no hepatic recurrence at last follow-up. 
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TABLE 1 CONTINUED. 
Primary breast tumor** < 5-years group % ≥ 5-years group % p

Breast cancer liver metastases

Preoperative chemotherapy

No 30 31% 11 26% 0.551

Yes 66 69% 32 74%

Hepatectomy

Mean age at hepatectomy + SD 53 ± 11 years 48 ± 10 years 0.208

Timing of hepatectomy

Year < 2000 36 38% 17 40% 0.852

Year > 2000 60 62% 26 60%

Extent of resection

Limited resection (<3 segments) 38 40% 19 44% 0.710

Major resection (> 3 segments) 58 60% 24 56%

Type of resection

Anatomical 32 33% 17 40% 0.657

Wedge 35 37% 13 30%

Anatomical + wedge 29 30% 13 30%

Histopathology

Mean number of resected metastases ± SD 3 ± 2 2 ± 2 0.023

Solitary tumor

No 57 63% 19 46% 0.090

Yes 34 37% 22 54%

Mean maximum size + SD, mm (M) 30 ± 26 26 ± 16 0.374

Resection margin

R0 52 58% 25 66% 0.435

R+ 38 42% 13 34%

Hormonal receptor status

ER- 40 46% 7 21% 0.021

ER+ 48 54% 26 79%

PR- 57 65% 24 73% 0.516

PR+ 31 35% 9 27%

Her2/neu- 60 70% 23 72% 1.000

Her2/neu+ 26 30% 9 28%

Triple negative (ER, PR, HER2/NEU)

No 66 75% 28 85% 0.329

Yes 22 25% 5 15%

Lymphatic embolus

No 28 35% 21 66% 0.003

Yes 53 65% 11 34%

Vascular embolus

No 33 37% 24 63% 0.011

Yes 56 63% 14 37%

Regional lymph node invasion

Negative for tumor cells 9 41% 4 57% 0.667

Positive for tumor cells 13 59% 3 43%

Distant lymph node invasion

Negative for tumor cells 12 75% 1 100% 1.000

Positive for tumor cells 4 25% 0 0%

Post hepatectomy

TABLE 1: Patient and tumor characteristics comparison N=139*

Primary breast tumor** < 5-years group % ≥ 5-years group % p

Adenocarcinoma

Ductal 51 86% 26 93% 0.490

Lobular 8 14% 2 7%

Differentiation

Well 3 5% 1 3% 0.503

Moderate 34 61% 22 73%

Poor 19 34% 7 23%

Surgical removal

Breast conserving 42 45% 25 60% 0.140

Mastectomy 51 55% 17 40%

Receptor status

ER positive

No 9 20% 3 14% 0.737

Yes 36 80% 19 86%

PR positive

No 15 35% 7 35% 1.000

Yes 28 65% 13 65%

Her2/Neu positive

No 24 69% 9 60% 0.746

Yes 11 31% 6 40%

ER/PR negative

No 36 84% 18 90% 0.706

Yes 7 16% 2 10%

Systemic treatment

Neoadjuvant chemo

No 93 97% 41 95% 0.645

Yes 3 3% 2 5%

Adjuvant chemo

No 39 41% 19 44% 0.713

Yes 57 59% 24 56%

Post op hormonal therapy

No 66 69% 26 61% 0.341

Yes 30 31% 17 39%

Post op radiotherapy

No 32 33% 13 30% 0.845

Yes 64 67% 30 70%

Breast cancer liver metastases

Sync

Synchronous 7 7% 4 10% 0.738

Metachronous 87 93% 38 90%

Mean interval months between primary and BCLM ± SD 50 ± 47 months 43 ± 29 months 0.026

Mean number of BCLM + SD 2 ± 2 2 ± 2 0.803

Mean maximum tumor size + SD, mm 33 ± 17 37 ± 20 0.312

Distribution

Bilatera 29 32% 17 44% 0.232

Unilateral 62 68% 22 56%

Concomitant extra-hepatic disease

No 63 66% 35 81% 0.071

Yes 33 34% 8 19%
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PREDICTIVE FACTORS OF LONG-TERM SURVIVAL 

At univariate analysis, factors significantly related to better survival in those patient who 

lived longer than 5 years were: time-interval between primary tumor and hepatic metasta-

ses equal or more than 18 months, resected metastasis size smaller than 35 mm, absence 

of microscopic vascular invasion or combination of vascular and lymphatic invasion, ab-

sence of chemotherapy after hepatic resection (Table 3).

TABLE 3:. Univariate and multivariate analysis of overall survival in patients that survived 5 years or longer after 

hepatectomy since date of diagnosis. N=43

N % 7 yr % 10 yr % Median 
(Mo)

Log 
rank

 P § P §§ Hazard 
Ratio

(95% CI)

Liver metastases

Time of appearance

Synchronous 4 9 0 0  - 0.462

Metachronous 38 88 74 37  - 

Interval primary tumor and metastasis

< 18 months 6 14 0 0 82 0.01 0.035 NS

 ≥ 18 months 35 81 81 40 111

Tumor number

Solitaire 20 47 81 52 142 0.157

>1 23 53 72 21 110

Maximal tumor size

< 30 mm 14 33 93 0 94 0.680

≥ 30 mm 23 53 76 50 111

Distribution

Unilateral 22 51 84 52 134 0.187

Bilateral 17 40 61 12 107

Segments involved

1 18 42 79 47 102 0.999

>1 20 47 79 36 110

Chemo tx pre hepatectomy *

No 11 26 80 48 94 0.430

Yes 32 74 75 30 110

Hormone tx pre hepatectomy **

No 36 84 71 32 102 0.108

Yes 7 16 100 50 107

Targeted tx pre hepatectomy ***

No 36 84 76 36 110 0.985

Yes 7 16 75 0 86

Extra hepatic metastases

No 35 81 77 37 110 0.644

Yes 8 19 73 29 91

Sites of Extrahepatic disease

Brain 1 2

Bone 2 5

Lung 4 9

Lymph Node 1 2                  

TABLE 1 CONTINUED. 

Primary breast tumor** < 5-years group % ≥ 5-years group % p

Histopathology

Postoperative chemotherapy

No 35 37% 9 21% 0.078

Yes 61 64% 34 79%

Hormonal therapy after resection

No 63 66% 11 26% 0.000

Yes 33 34% 32 74%

Monoclonal therapy after resection

No 72 75% 25 58% 0.071

Yes 24 25% 18 42%

Recurrence

No 58 60% 15 35% 0.006

Yes 38 40% 28 65%

Repeat hepatectomy

No 95 99% 25 58% 0.000

Yes 1 1% 18 42%

* referring center for hepatectomy, primary usually is treated in a different hospital.

Short-term outcome

There were more general complications in the < 5 years group than in the ≥ 5 years group 

(25% vs. 10%, P=0.061). The mean hospital stay was similar in both groups; 11 vs. 10 days 

(P=0.420). The 60-day mortality was 2% after hepatic resection for the whole series (table 2). 

TABLE 2. Comorbidity. N=139

  < 5-years group % ≥ 5-years group % p

Morbidity*

No 63 66% 28 72% 0.684

Yes 32 34% 11 28%

General complications

No 71 75% 35 90% 0.062

Yes 24 25% 4 10%

Hepatic complications

No 83 87% 32 82% 0.425

Yes 12 13% 7 18%

Biliary leakage 2 17% 4 57%

Biliary leakage + infected collection 1 8% 1 14%

Biliary leakage + noninfected collection 1 8% 0 0%

Hemorrhage 0 0% 1 14%

Infected collection 4 33% 0 0%

Noninfected collection 3 25% 1 14%

Mean hospital stay, days + SD (M) 11 + 7   10 + 4   0.420

* General and/or hepatic complication
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TABLE 3 CONTINUED. 

 
N % 7 yr % 10 yr % Median 

(Mo)
Log 
rank

 P § P §§ Hazard 
Ratio

(95% CI)

First hepatectomy

Vascular and/or lymphatic Invasion  E3

No 19 44 95 54 134 0.078 NS 0.023 3.485 1.184 10.250

Yes 19 44 70 20 91

Lymph Node Invasion E3

No 4 9 75 50 87 0.222

Yes 3 7 0 0 79

Chemo tx post hepatec-
tomy *

E3->

No 9 21 88 73 142 0.077 NS NS

Yes 34 79 73 22 107

Hormone tx post hepa-
tectomy **

E3->

No 11 26 89 64 142 0.088 0.007 0.023 4.197 1.217 14.471

Yes 32 74 72 24 107

Targeted tx post hepa-
tectomy ***

E3->

No 25 58 83 46 111 0.209

Yes 18 42 64 0 110

Radiofrequency ablation, 
cryo ablation or arterial 
embolization

E3

No 38 88 79 41 110 0.159

Yes 5 12 40 0 82

Post hepatectomy course   N % 7 yr % 10 yr % Median 
(Mo)

Log rank  P § P §§ Hazard 
Ratio

(95% CI)

Chemo tx peri hepatectomy *     E2->E3->

No 0 0 100 50 94 0.802

Yes 40 93 74 34 110

Hormone tx peri hepatectomy **  E2->E3->

No 9 21 88 63 142 0.137

Yes 34 79 73 25 107

Targeted tx peri hepatectomy ***   E2->E3->

No 23 53 87 48 111 0.110

Yes 20 47 59 0 110

Hepatic Recurrence  E2.2

No 15 35 86 53 (116) 0.216

Yes 28 65 71 29 102

Interval first hepatecto-
my to recurence

E3->E2.2

< 12 months 6 14 60 40 86 0.670

≥ 12 months 12 28 73 26 110

TABLE 3 CONTINUED. 

 
N % 7 yr % 10 yr % Median 

(Mo)
Log 
rank

 P § P §§ Hazard 
Ratio

(95% CI)

First hepatectomy

Age E3

<50 yr. 26 60 77 29 102 0.613

≥ 50 yr. 17 40 75 44 111

Hepatic Resection E3

Minor (<3) 17 40 81 37 111 0.978

Major (≥3) 26 60 72 33 120

Type of resection E3

Anatomical 19 44 88 62 134 0.287

Both 24 56 66 23 107

Not Anatomical

Tumor number E3 17 40 74 41 110 0.900

Solitaire 13 30 69 46 91

>1 13 30 100 21 111

Maximal tumor size E3

<35 mm 26 60 74 19 102 0.033 NS NS

≥ 35 mm 12 28 92 69 142

Resection margin E3

R0 25 58 82 41 111 0.209

R1 13 30 69 19 91

R2 0 0  -  -  - 

Hormone receptor status E3

ER- 7 16 86 86 (124) 0.713

ER+ 26 60 83 30 110

No tumor cells 4 9 67 0 (98)

PR- 24 56 76 33 107 0.543

PR+ 9 21 100 37 112

No tumor cells 4 9 67 0 (98)

HER2- 23 53 76 37 102 0.465

HER2+ 9 21 100 42 111

No tumor cells 4 9 67 0 (98)

Double neg (ER-, PR-) E3

No 8 19 100 23 110 0.877

Yes 25 58 77 39 107

No tumor cells 4 9 67 0 (98)

Triple neg (ER-, PR-, HER2-)       E3

No 28 65 84 34 110 0.874

Yes 5 12 80 0 (81)

No tumor cells 4 9 67 0 (98)

Vascular invasion E3

No 24 56 92 47 111 0.06 NS NS

Yes 14 33 64 13 91

Lymphatic Invasion E3

No 21 49 95 50 111 0.149

Yes 11 26 80 15 102
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B.    

FIGURE 2. Cure model

Cure model results. A: Relative survival of the entire group of patients and the uncured patients. B: Excess hazard rate of the entire 

study group and the uncured patients. 

TABLE 3 CONTINUED. 

 
N % 7 yr % 10 yr % Median 

(Mo)
Log 
rank

 P § P §§ Hazard 
Ratio

(95% CI)

First hepatectomy

Tumor number

Solitair 10 23 77 43 111 0.481

>1 17 40 71 21 102

Repeat hepatectomy 

No 10 23 64 0 87 0.650

Yes   18 42 74 47 112            

* Antracyclines, pyrimidine, taxanes, platinum, vinca; single or in combinations

** Aromatase inhibitor and anti estrogen, *** Monoclonal antibodies, ()= estimated mean, + = in ER+ or PR+ patients

§ Multivariate, §§ multivariate with 20x imputation of missing values, tx= therapy, NS= not significant p>0.05

E1= primary tumor, E2= diagnosis hepatic metastases, E3= hepatectomy, E4= extra hepatic metastases, E2.2 = hepatic recurrence

Multivariate analysis identified two factors associated with long-term survival in patients 

who lived > 5 years. Patients with microscopic vascular and/or lymphatic invasion had a 

three and half fold chances of dying compared to patients with no vascular or lymphatic 

invasion (7-year survival 70% vs. 95% respectively, HR 3.485, range 1.184-10.250, P=0.023). 

Patients who received hormonal therapy after hepatic resection had a four fold chance of 

dying compared to those that did not receive hormonal therapy (7-year survival 72% vs. 

89% respectively, HR 4.197, range 1.217-14.471, P=0.023). 

PROBABILITY OF CURE 

In the entire study population, the probability of being cured of BCLM by hepatic resection 

combined with systemic treatment was 14% (95% confidence interval, 1.4%-26.7%) (Figure 

2A). The excess of hazard after surgery started from a 2% increased risk of death early 

after surgical resection with respect to the general population (Figure 2B). In the first two 

postoperative years, the excess hazard increased to approximately 25.8% in the entire 

group and was up to 32.9% in non-cured patients. After a parallel trajectory of risk of death 

up to 8.3 years, the entire group demonstrated a progressive reduction in the hazard while 

the hazard for non-cured patients progressively increased after the 4th year after surgery. 

The excess of hazard in the entire group decreased towards the general population ha-

zard at 13.6 years after hepatic resection, indicating that after this time point, a patient still 

alive could be considered cured with 99% certainty.

A.

113112

LONG TERM SURVIVAL AND CURE MODEL FOLLOWING LIVER RESECTION FOR BREAST CANCER METASTASESCHAPTER 6



Sadot et al. compared 69 operated patients to 98 systemically treated in a single center 

looking at historically selected patients for treatment groups. 39 Even though they conclu-

ded that hepatic resection was not associated with survival advantages (median OS: 50 vs 

45 months; 5-year OS: 38% vs 39%), a significant recurrence-free interval was seen.

There is no publication that reported on the survival impact of microscopy invasion into 

vascular or lymphatic structures. Besides the widely accepted residual classification (R0, R1 

and R2) for microscopic invasion into the surgical field, we believe that this characteristic 

should be part of a standard histological review in order to further explore its utility as a 

possible selection criteria for further intervention. 

The negative long-term survival effect of postoperative hormonal treatment (idiopathic 

menopausal state) has never been presented or investigated given the historically docu-

mented marginal survival rate of these patients with conventional systemic treatment only. 

It is known that (early) menopausal state is related to an increased risk of a variety of disea-

ses including cardiovascular disease and this might explain this finding. 40 Given the rise in 

acceptance of hepatic resection for breast cancer liver metastases, more investigation in a 

larger cohort will shed more light into whether the benefit of hormonal therapy outweighs 

the risks in this subset of patients. 

Among the patients that survived beyond 5 years we found a higher rate of recurrences 

but also a higher rate of repeat hepatectomy. This result confirms the importance of an ag-

gressive approach through multiple hepatectomies when surgically possible. The potential 

benefit of repeat hepatectomy has been presented in a previous published work. 41 

It remains controversial to explore the idea of cure given the complexity of the disease 

and the notion that total eradication of disseminated cell is very unlikely. A cure model was 

used to compare the hazard rate of our highly selected group of patients to that of the 

general population. We found that 19 patients (14%) of the whole series had their chance of 

death reduced to that of the general population. This outcome has never been reported 

for breast cancer liver metastases patients treated by systemic treatment alone. This result 

further strengthens the indication for hepatic resection in patients with BCLM.

Our results might be based on our highly selected population but should not be dismissed 

as selection bias since these results are rarely achieved by conventional palliative therapy. 

Our study should serve as a guide to select women who might and might not benefit from 

an aggressive approach and stimulate future studies.

In conclusion, we believe that hepatectomy for BCLM should be considered in all patients 

DISCUSSION

Long-term survival of BCLM is almost never achieved when liver metastases remain unre-

sected. 32-37 Following hepatectomy, the 3- and 5-year survival rates were 58% and 47%, 

respectively, for the whole series. Of the 43 patients who survived beyond 5 years, 76% 

survived 7 years and even 35% survived 10 years after the time of first diagnosis. These 

results support the indication of hepatic resection for BCLM in selected patients and sug-

gest that some of these patients can even be cured. This strategy also relates with current 

developments in local treatment of oligometastasis in other cancers such as colorectal 

carcinomas as part of a more individual tailored approach. The value of liver resection in 

these patients is also reflected in the fact that even though a portion of patients developed 

hepatic recurrences, long-term survival can still be achieved when repeat hepatectomy is 

performed. 

Although systemic treatment of breast cancer patients has developed in the past decades, 

survival of patients with BCLM is still poor with 5-year survival rates of only 4% to 12% when 

applying current guidelines. Resection of BCLM remains controversial and is not generally 

accepted. Few articles have been published describing the possible benefit of surgery 

in mostly small study populations varying from 2 to 115 patients with a 5-year survival rate 

ranging from 27% to 50%. 

Our series, representing a small proportion of the total number of patients with stage IV 

breast cancer, is without a doubt a selected group of patients. However, these results have 

never been expected before, based on the historical reported survival of breast cancer 

patients with hepatic metastases. This series is the only series to date focusing on the 

possibility of real long-term survival of BCLM after hepatic resection in an experienced 

hepatobiliary center. Two different approaches were implemented to highlight key factor 

that might help selecting patients with better chances of survival and a statistical cure 

model was constructed that compares the hazard rate of the general population to that of 

this series over time. 

Predictive factors of > 5 year survival were: interval more than 18 months between primary 

breast tumor and diagnosis of hepatic metastases, size of resected metastases < 35mm, 

absence of microscopic vascular and lymphatic invasion, absence of hormonal therapy 

after resection and repeat hepatectomy in case of tumor recurrence. 

Time-interval and tumor size are well-documented predictors for overall survival and are 

related to tumor biology. In several publications, a time-interval of 1 to 2 years after removal 

of the primary tumor was reported as a significant factor of survival. 38 
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INTRODUCTION

A significant proportion of breast cancer patients will eventually develop metastases 

(stage IV) with poor prognostic outcome, in particular in case of metastases to the brain, 

the skeleton, the lungs and the liver. 1 The incidence of liver only presentation of distant 

metastases comes third, averaging around 1-8 %, after bone and lung metastases. Once 

metastatic disease is diagnosed, treatment is generally palliative and usually consists of 

anthracycline- or taxane-based regimes with or without hormonal or targeted therapeutic 

agents. This widely implemented palliative approach has yielded median survival ranging 

between 3 to 16 months. 2–7 Aggressive approaches adopted by experienced hepatobiliary 

centers, where systemic and hormonal treatments for metastatic breast cancer are com-

bined with surgical removal, has shown promising results in improving patient survival.8–12 

However, of the patients who undergo removal of breast cancer liver metastases, a portion 

still develops tumor recurrence in the liver. 

Genomic profiling of tumor tissues has been increasingly used to understand and inves-

tigate the evolution of metastatic disease and alternative targets for breast cancer thera-

pies.13,14 Frequently altered genes in breast cancer are ErbB2, PI3K (phosphatidylinositol 3 

kinase) pathways, TP53, BRCA1/2, and PTEN. 15

There are several studies describing genotype profiling and differences between primary 

breast tumor and metastatic tumors usually through confirmatory biopsy. However, follo-

wing common clinical practice, there has been no studies examining tumors beyond the 

usual point of first (liver) metastatic presentation or in recurrences after removal. 16–19

The aim of this study was to find possible mutations by conducting High Resolution Melting 

analysis and allelic discrimination PCR amplification analyses of breast cancer liver meta-

stases tumor tissue beyond the point of metastatic confirmation over time. 

MATERIAL AND METHODS

As part of this aggressive regime patients with recurrent breast cancer liver metastases un-

dergo repeat liver resection. This study is a retrospective case series experiment, looking 

for possible genetic mutation by gene scanning using High Resolution Meting Curve Ana-

lysis. Possible clinical associations were also examined.

CASE SELECTION

Study size was based on convenient sample of the experience of a hepatobiliary center. 

ABSTRACT 

BACKGROUND

Liver metastases of breast cancer (BCLM) are frequent and can recur even after “comple-

te/R0” resection in combination with systemic and hormonal treatments. The aim of this 

study was to investigate breast cancer liver metastases tumor tissue beyond the point of 

metastatic confirmation and look for possible genetic mutation.

METHODS

All BCLM nodules (n=79) from 19 women who underwent at least 2 liver resections were 

reexamined. DNA extraction was performed to analyze for the major ‘hot spot’ mutations 

in the helical and catalytic domains of PI3KCA, KRAS or HER2. 

RESULTS

Overall, 8 out of 19 patients had at least once PI3KCA mutations in their tumors, 5 had 

BCLM carrying PI3KCA mutations (2 and 3 patients with H1047R and E545K mutation res-

pectively) at the first hepatectomy (26%) and 6 at the second hepatectomy (32%), of them 

2 were de novo PI3KCA mutations. The frequency of women who’s BCLM carries PI3KCA 

mutations increased at the third hepatectomy to 50%. Five patients had a mix of tumors 

with and without mutation and differ over time.

CONCLUSION

PI3KCA mutations are frequently observed in BCLM and persist along with the recurren-

ce. The observed heterogeneity of the mutation over time and between tumors within an 

individual raises questions as to our understanding of the evolution of metastatic breast 

cancer disease and plays into the concept of multi-lineage treatment strategy.
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DNA, 2 mmol/L of each primer, 2.5 mmol/L of MgCl2, 4.7 L of water, and 10 L of LightCycler 

480 High Resolution Melting Master mix (Roche Diagnostics, France). The reaction mix was 

subjected to initial denaturation at 95°C for 10 minutes, followed by 45 cycles of amplifica-

tion consisting of denaturation at 95°C for 30 seconds, annealing at 58°C for 30 seconds, 

and extension at 72°C for 30 seconds. Melting was performed with a denaturation step at 

95°C for 1 minute, followed by annealing at 40°C for 1 minute and a melt from 70°C to 97°C 

at a ramp rate of 0.03°C/second with 18 acquisitions per second. LightCycler 480 Resolight 

Dye (Roche), a fluorescent dye that uniformly binds to the minor groove of double-stran-

ded DNA in a nonsequence-dependent manner for melting analysis was used. 21 

CLINICAL DATA

Hepatectomies were conducted in a tertiary center and where available, extra informati-

on regarding the primary tumor was collected. Chronology of primary tumor, first BCLM, 

first hepatic resection, hepatic recurrences and repeat hepatectomies for each case were 

used for interval calculation. 

STATISTICAL METHODS

Categorical variables were compared between groups by the chi-square test or Fisher’s 

exact test when appropriate and continuous variables were compared using the indepen-

dent-sample t-test. All statistical analyses were performed with SPSS version 21.0 (SPSS 

Inc, Chicago, IL, USA).

RESULTS 

PATIENT SAMPLES AND TUMOR CELL IDENTIFICATION

 Between 1985 and 2012, 139 female patients underwent partial liver resection for breast 

cancer liver metastases at our institution. Sixty-seven women (48%) developed hepatic re-

currence of which 19 patients (28%) had a subsequent second liver resections with curative 

intent. Four of them had a third hepatectomy. A total of 86 breast cancer liver metastases 

nodules were removed. Sixteen nodules were not available for molecular analysis due to 

insufficient tumoral cell content or inability to amplify DNA. High Resolution Melting and 

allelic discrimination PCR amplification analyses was performed on samples originating 

from 70 nodules. 

MUTATIONS DISCOVERED

No gene abnormalities were found in the 70 BCLM nodules. However, two major hot spot 

mutations in the helical and catalytic domains of PI3KCA in the BCLM were found in 27 

All consecutive patients with BCLM who underwent at least two separate liver resections 

at our center between January 1985 and December 2012 were included in the study (Fi-

gure 1). Patients were selected from our prospectively maintained institutional database, 

and each medical record was reviewed to update basic clinical and pathological data. 

Additional immunohistochemistry analysis for hormonal receptors was conducted in those 

patients with missing information and available tumor tissue. 

FIGURE 1: Flowchart of the study population. 

TISSUE SAMPLES

Representative tumor samples of all nodules within each patient were collected and re-

viewed to examine (genetic) heterogeneity. Hematoxylin-eosin-stained slides from tumors 

were assessed for the ratio percentage of tumor cells/sample area (non-tumor tissue, stro-

ma of the tumor) by pathologists at our department. Three sections of 10 µm thickness 

were obtained from the paraffin-embedded tissue containing at least 20% of tumor cells. 

Vascular or lymphatic invasion features were also analyzed.

DNA EXTRACTION

DNA extraction was performed using the QIAmp DNA Mini kit (Qiagen, France), which 

provides silica-membrane-based nucleic acid purification. No mechanical homogenization 

was necessary as the tissues were lysed enzymatically. 20

MUTATION DETECTION

High Resolution Melting analysis and allelic discrimination PCR amplification analyses were 

performed once. PCR was performed in a 96-well plate with a 20-L volume including 50 ng 
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tumoral cells and hormonal status over time are presented in table 4.

TABLE 2: Clinical characteristics

First hepatectomy Second hepatectomy Third hepatectomy

No 
Mutation

Mutation
No
Mutation

Mutation
No 
Mutation

Mutation

  N=11 N=5   N=11 N=6   N=2 N=2

Hepatic metastases                            

Mean age at resection + SD Years 42 + 7 44 +7 51 + 11 50 + 12 63 + 18 42 + 4

Mean interval between primary removal and 
liver resection + SD Months

42 + 20 47 +37 43 +21 46 + 33 28 + 9 22 + 9

Mean number of BCLM diagnosed + SD 2 + 2 2 + 2 2 + 2 2 + 1

Distribution

Unilateral 5 50% 4 80% 9 82% 4 67% 1 50% 1 100%

Bilateral 5 50% 1 20% 2 18% 2 33% 1 50% 0 0%

Concomitant extra-hepatic disease

No 10 91% 4 80% 8 73% 4 67% 1 50% 1 100%

Yes 1 9% 1 20% 3 27% 2 33% 1 50% 0 0%

Chemotherapy before liver resection

No 2 18% 1 20% 0 0% 1 17% 0 0% 0 0%

Yes 9 82% 4 80% 11 100% 5 83% 2 100% 2 100%

Hormonal Therapy before liver resection

No 8 73% 2 40% 2 18% 2 33% 1 50% 0 0%

Yes 3 27% 3 60% 9 82% 4 67% 1 50% 2 100%

Targeted Therapy before liver resection **

No 7 64% 4 80% 2 18% 5 83% 1 50% 2 100%

Yes 4 36% 1 20% 9 82% 1 17% 1 50% 0 0%

Histopathological characteristics                            

Mean maximum resected tumor size + SD, mm 17 + 15 33+15 * 21 + 16 26 + 12 19 + 8 23 + 11

Resection margin***

R0 8 89% 3 60% 8 80% 4 67% 0 0% 2 100%

R1 1 11% 2 40% 2 20% 2 33% 1 100% 0 0%

Microscopic intrahepatic invasion

No 6 60% 1 20% 7 64% 2 33%  - 0 0%

Yes 4 40% 4 80% 4 36% 4 67%  - 2

Cell surface receptors status

Estrogen

Negative 0 0% 2 40% 4 36% 2 33% 0 0% 1 50%

Positive 8 100% 3 60% 7 64% 4 67% 2 100% 1 50%

Progesterone

Negative 5 63% 4 80% 6 55% 2 33% 1 50% 1 50%

Positive 3 38% 1 20% 5 45% 4 67% 1 50% 1 50%

Her2/Neu

Negative 5 71% 4 80% 6 60% 4 67% 0 0% 2 100%

Positive 2 29% 1 20% 4 40% 2 33% 1 100% 0 0%

(38.6%) nodules corresponding to 8 of the 19 patients (42%). Somatic PI3KCA  mutations in 

exons 9 and 20; KRAS (exon 2 to 4) and HER2 (exon X) were detected both by  the High 

Resolution Melting analysis and allelic discrimination for the identification of the mutations  

H1047R and E545K  (Table 1).

TABLE 1: PIK3CA Mutation

  First hepatectomy Second hepatectomy Third hepatectomy

  Nodule (s) Nodule (s) Nodule (s)

ID 1 2 3 4 5 6 1 2 3 4 1 2 3 4 5 6

1                      

2                    

3          

4     H1047R    

5 H1047R H1047R   H1047R H1047R H1047R    

6            

7 E545   E545 E545    

8 E545          

9                

10 E545 E545       E545    

11          

12          

13          

14           E545 E545  

15              

16            

17              

18 H1047R H1047R H1047R   H1047R    

19             E545 E545     E545 E545 E545 E545 E545 E545

No sample available PIK3CA Mutation No mutation Braf V600E No tumor cells

 

POPULATION CHARACTERISTICS

Table 2 summarizes clinical characteristics of the patient population stratified by their cor-

responding hepatectomy. Mean maximum size of tumors removed during first hepatecto-

my was significantly larger in patients with PI3KCA mutation compared to patients with no 

PI3KCA mutation 33mm vs. 17mm respectively p=0.07. At the Second hepatectomy the pro-

portion of patients treated with targeted therapy is significantly higher in patients without 

PI3KCA compared to patients with PI3KCA mutation 82% vs. 17% respectively (p=0.035). 

Timeline, anatomical location and extend of metastatic disease are highlighted for the 

presence of mutation and is presented in table 3. Resection margins and invasiveness of 
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TABLE 4: Histological characteristics and presence of mutation

  First hepatectomy Second hepatectomy Third hepatectomy

ID  Margin
Micro 

invasion
ER PR

HER2/
NEU

 Margin

Mi-
cro 
in-
va-

sion

ER PR HER2/NEU  Margin
Micro 
invasion

ER PR
HER2/
NEU

1 R0 Yes + +  -  - No +++ ++ 0  -  - ++ 0 ++

2 R+ Yes + + ++ R0 Yes 0 0 +++  

3  -  -  -  -  - R0 No + 0 +  

4  -  -  -  -  - R0 No + + +++  

5 R0 Yes +++ +++ + R+ Yes + +++ +  

6 R0 No +++ 0 +++ R0 No ++ 0 +++  

7 R0 Yes 0 0 + R0 Yes 0 0 +++  

8 R+ Yes +++ 0 0 R0 Yes ++ 0 +++  

9 R0 Yes + +++ 0 R1 No 0 + 0 R+  - +++ +++ +

10 R0 No +++ 0 0 R+ No 0 0 0  

11 R0 No ++ 0 0 R+ Yes ++ 0 0  

12 R0 No +++ +++ + R0 No + +++ 0  

13  -  -  -  -  - R0 Yes 0 0 +++  

14 R0 No  -  -  - R0 No ++ ++   R0 No 0 0 +

15  - No + 0 0 R0 No + + +++  

16 R0 No  -  -  - R0 No 0 0    

17 R0 Yes + 0 0 R0 No +++ ++ +  

18 R+ Yes 0 0 ++ R0 Yes +++ +++ +  

19 R0 Yes ++ 0 0 R0 Yes + +++ 0 R0 No ++ + +

R0 Negative resection margins, R+ positive resection margin, ER Estrogen Receptor, PR Progesterone Receptor, Mutation present

CHRONOLOGICAL PERSISTENCE OF PI3KCA MUTATION

Four out of 5 patients with BCLM with PI3KCA mutations at the first hepatectomy, had the 

same mutation.. Three (16%) women had de novo PI3KCA in their tumors at the second 

or third hepatectomy. Four patients received a third hepatectomy of which 2 had PI3KCA 

mutations (one possible de novo and one recurrence). At the first, second and third hepa-

tectomy, 26 %, 32% and 50% of the patients had PI3KCA mutations (table 4).

Of the 8 multinodular hepatectomies with PI3KCA mutation, the same mutation was found 

in all the nodules for 5 of them (62.5%). For the 3 remaining hepatectomies, the PI3KCA 

mutation was observed in 2 out 3 nodules.

Three (ID: 10,14,19) out of 8 patients with PI3KCA mutation had a mix of nodules with and 

without mutation. One patient (ID:19) went from no mutation at her first hepatectomy, mix at 

her second and all nodule with mutation at her third hepatectomy while one patient (ID: 8) 

went from having a mutation at first hepatectomy to no mutation at her second hepatectomy.

TABLE 2 CONTINUED.

First hepatectomy Second hepatectomy Third hepatectomy

No 
Mutation

Mutation
No
Mutation

Mutation
No 
Mutation

Mutation

  N=11 N=5   N=11 N=6   N=2 N=2

Histopathological characteristics                            

Well differentiated 0 0% 1 20% 1 14% 2 40% 1 50% 0 0%

Moderately differentiated 5 71% 4 80% 3 43% 2 40% 0 0% 1 50%

Poorly differentiated 2 29% 0 0%   3 43% 1 20%   1 50% 1 50%

* P<0.1 ** P<0.05 *** R0: complete surgical resection with a negative surgical margin at histopathology; R1: invaded surgical margins 

according to the pathologist; Abbreviations; SD = standard deviation.

TABLE 3: Clinical characteristic and presence of mutation

 

Year Primary 
tumor

First hepatectomy Second hepatectomy Third hepatectomy Survival 
since 

primary 
(months)

ID
Interval 

(months)*

Intra 
hepatic 

Location
xhep

Interval 
(months)*

Intra 
hepatic 

Location
xhep

Interval 
(months)*

Intra 
hepatic 

Location
xhep

1 1989 45 BI No 53 BI No 21 UL No 140

2 1998 65 UR Yes 40 UR No       142

3 2002 22 UR No 57 UR No       95

4 1984 65   No 46 BI No       195

5 1988 27 UL No 26 UL No       127

6 1998 49 UR No 38 BI Yes       112

7 1992 46 UR Yes 28 UL No       108

8 2005 34 UR No 34 UR Yes       93

9 1988 30 UR No 34 UL No 34 BI Yes 205

10 1993 56 UL No 113 UL Yes       182

11 2000 34 UL No 36 UL No       107

12 1998 27 BI No 49 UL No       120

13 1999 17 BI No 29 BI Yes       72

14 1986 82 UL No 40 UL No 28 UR Yes 244

15 1999 62   No 92 UL Yes       157

16 1997 60 UR No 44 UR No       145

17 1992 42 BI No 8 UR No       75

18 2003 10 BI No 32 BI Yes       63

19 1990 36 BI No 32 UR No 15 UR No 93

 * To previous event, xhep extra hepatic metastases, BI Bilobular, UL Unilateral Left, UR Unilateral Right, Mutation present
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undetectable during the early removal (inter and intra-tumoral Heterogeneity).22

Common knowledge dictates that cancer progresses in steps 23,24 and treatment strategies 

have been directed at the last step of “evolution”. The basis of systemic palliative treat-

ment has been based on trial and error and our findings raise the question whether a bet-

ter strategy might be to base our strategies on tumor lineage. In other words, tumor cells 

might have a common origin but might have taken different evolutionary paths during time. 

A proposition could be to surgically remove all tumors to identified inter tumor “lineage” 

variation which in turn would lead to multi-lineage treatment strategies with the ultimate 

goal to eradicate all malignant cells.

Dan Frumkin et al., developed a way of reconstructing cell lineage trees from genomic 

variability caused by somatic mutations. This method was applied to cancer and for the first 

time a lineage tree of neoplastic and adjacent normal cells was reconstructed. (25) Other 

studies have also come to a similar findings when examining chemotherapies effect using 

radiolabeling and imaging studies. Both methods support the idea of multi-lineage and 

genetic heterogeneity of metastases disease. 24,26

This relatively small series study has some inherit limitation. There is no statistical power 

to make a definitive statement about clinical significance of our findings however these 

findings have not been presented before and can become the basis for further studies on 

the clinical and pathway importance. As a specialized center, the primary tumor tissue is 

usually not available for genetic studies which is vital to complete the picture and lineage 

link. Furthermore, women with breast cancer liver metastases, usually present years after 

primary tumor discovery which makes it challenging to obtain primary tumor tissue and 

perform these genetic mutation detections. 

The differences found in targeted treatments might imply an early abandonment of this strate-

gy, possibly due to ineffectiveness. The frequently observed mutations in PIK3CA have been 

associated with resistance to chemotherapy, anti-HER2 or anti-estrogen therapies, and could 

be involved in the recurrence of liver metastases and might be a target in the future. 27 

CONCLUSION

In conclusion, PIK3CA mutation are frequently observed in breast cancer liver metastases 

and persist over time. Inter tumoral heterogeneity was also observed and challenges our 

understanding of breast cancer evolution. Further investigation into tumor lineage is nee-

ded to determine the route of progression and whether a multi-lineage treatment strategy 

might hold the key to total eradication of metastatic breast cancer disease. 

DISCUSSION

In our case series, PIK3CA mutations were frequently observed in breast cancer liver me-

tastases among all the nodules and persist along with the liver metastases recurrence. 

When examining the specific mutation H1047R and E545K, mutation remains the same 

within each patient over time (homogeneity); however nodular heterogeneity was obser-

ved among hepatectomies.

Two patients are illustrated as examples that challenge our understanding of metastatic di-

sease and tumor lineage. (Figure 2) The first patient (ID 8) had PIK3CA mutation in the only 

nodule after first hepatectomy with positive resection margins (R+). However, 34 months 

later her recurrence, for which she underwent a second hepatectomy, had no mutation 

in all resected nodules. If it was a remnant, because of incomplete resection, one would 

expect the presence of the mutation in the subsequent hepatectomy. The second patient 

(ID 19) had initially 1 nodule completely removed (R0) with no mutation. Thirty-two months 

later, she underwent a second hepatectomy to remove 3 nodules, of which 2 had mutation 

and one did not. During the 3rd hepatectomy all 6 nodules had PIK3CA mutations. 

FIGURE 2: Metastases lineage and origins speculation of 2 patients

These findings raise more questions than answers. A possible explanation of this behavior 

can be progression or recurrence of remnant disease of the previous hepatectomy, or a 

recurrence with newly mutated cells that may or may not have originated from the primary 

breast tumor again. Another possible explanation can be that these cells were there but 
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women with breast cancer liver metastases. It is difficult to talk about healing in advanced 

breast cancer. For this analysis, we compared the probability of death with that of the ge-

neral French population.

By using national life expectancy data, the chance of death at a certain age in a specific 

year, in addition to the life expectancy of the operated patients, we get a statistical impres-

sion of whether these women survive long enough to be considered “statistically healed”. 

Our research shows that the small part of the operated patients indeed survive long en-

ough, which is remarkable in breast cancer liver metastases.

CHAPTER 7

The last topic is about genetic abnormality in breast cancer liver metastases. For this analy-

sis, tumor tissue from women who were operated multiple times were analyzed for known 

genetic mutations. From this research, it appears that a specific mutation persists with the 

return of liver metastases. It is noteworthy that within patients, heterogeneity exists over 

time and among tumors that arouses the question of whether the return is a new metasta-

sis from the breast or possibly a microscopic remnant with new mutations. Further rese-

arch will determine whether this mutation can be a target for future treatment, a selection 

criterion can be for liver metastases resection or systemic therapy signals resistance.

CHAPTER 1

The first chapter gives an introduction to the impact of breast cancer liver metastases, 

current role of systemic treatment, and liver resection for breast cancer liver metastases. 

Furthermore, the international collaboration is presented with an outline of the thesis.

CHAPTER 2

An overview of the literature on breast cancer liver metastases and liver resection is pre-

sented. From this overview it becomes clear that there is still a discussion about the added 

value of liver resection in breast cancer liver metastases even though this strategy is well 

accepted in colorectal liver metastases. In fact, liver resection is rarely mentioned as an 

option in guidelines in the Netherlands in particular.

CHAPTER 3

Patients in whom liver resection has taken place for breast cancer liver metastases is exa-

mined. For this study, the experience of a tertiary hepatobiliary center in France is presen-

ted. This study shows that women who undergo liver resection have a better survival than 

historically published and the morbidity of the operation is lag. Furthermore, a nomogram 

was created that can be used as an aid in selecting candidates for liver resection.

CHAPTER 4

Since it would be unethical to randomize women between liver resection and no liver 

resection, a retrospective comparison was chosen. In this study all women who were ope-

rated at the tertiary center in France were compared with all women from the Netherlands 

because liver resection is rarely offered. The selection among the Dutch population invol-

ved women who would theoretically be liver resection candidates, in other words, a com-

parison with two start-up populations that closely resemble each other. Selection criteria 

was women who had breast cancer liver metastases as the first metastasis presentation 

and as the only organ in metastasis presentation.

Propensity score matching was used to perform the final equation.

CHAPTER 5

As with all oncological surgical procedures, the chance of return exists. In this study we 

looked at women when we detected a return and liver resection was repeated. The re-

sults show that repeat resection reverses the chance of death to patients who have not 

experienced a return.

CHAPTER 6

During the project it became clear that women survive extremely long, which is special for 
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FIGURE 1: Predictive profile nomogram for patients considering hepatectomy for breast cancer liver metastases

3. Is there an “unbiased” benefit of liver resection in patients with breast cancer liver 

metastases when comparing the outcome with matched patients who only received 

systemic treatment.

When comparing patients who receive hepatic resection combined with systemic treat-

ment to systemic treatment only, those who had a hepatectomy lived more than twice as 

long as those who were treated with systemic treatment alone (Figure 2).

CONCLUSION

Based on the results described in this thesis, the following conclusions can be made in 

relation to our central research questions:

1. What is the current evidence regarding breast cancer liver metastases resection and 

how does the outcome differ between current guidelines in the Netherlands and an 

experienced hepatobiliary center in France?

Evidence is scarce but promising, the existing multidisciplinary approach should be expan-

ded to consider surgical resection on top of current guidelines (systemic treatments) for a 

selected group of breast cancer liver metastases patients.

2. What are the results of liver resection in women with breast cancer liver metastases 

and what were predictors of survival? What tool can be used to facilitate the discus-

sion between the clinician and the patient?

The results of this study strongly suggest that hepatectomy should be considered in all 

patients with breast cancer metastases confined to the liver, when technically feasible and 

responding to systemic treatment. Liver resection provides a chance of long-term survival 

in selected patients with an acceptable risk of morbidity and mortality. 

Our nomogram can help to identify patients who may benefit the most from hepatic resec-

tion and can help clinicians and patients make a more informed decision when advocating 

for resection (Figure 1).
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Intertumoral genetic heterogeneity was also observed and challenges our understanding 

of breast cancer evolution.

GENERAL DISCUSSION

Liver resection has been a well-accepted strategy for colorectal metastases yielding gre-

at results. Continued research has expanded selection criteria and treatment options to 

where patients that were once thought unresectable are now being treated in different 

sequences. Liver resection itself is evolving and including less invasive techniques such 

as laparoscopic approaches.1,2 

Even though there is evidence of potential benefit of resection of other cancers, hepatec-

tomy for breast cancer metastases remains controversial and is not widely accepted. Few 

articles have been published describing the possible benefit of liver surgery and these 

were mostly small study populations varying from 2 to 115 patients with a long period of 

inclusion. 

As pioneers in liver surgery, Paul Brousse Hospital has offered liver resection to women 

with breast cancer liver metastases since the mid-eighties. This experience has grown to 

become the largest single center series in the world. This thesis project sought to analyze, 

present and expand on their clinical experience.

This discussion focuses on 3 main topics: 

• Liver resection for breast cancer liver metastases

o Patient selection

o Long term results

o Strategy in recurrent disease after resection

• Liver resection compared to conventional palliative systemic care 

• Genetic evolution over time

LIVER RESECTION FOR BREAST CANCER LIVER METASTASES

Clinical results and patient selection

Our series have shown a substantial survival benefit following liver resection for breast 

cancer metastases with 3- and 5-year survival rates of 58% and 47%, respectively. In addi-

tion, the risk of the surgical procedure is low with a 60-day mortality rate of 2%. 

Of all the variables analyzed, improved overall survival was seen in patients with: 

FIGURE 2: Survival curve comparing matched patients who underwent additional liver resection to patients who 

only received systemic treatment for breast cancer liver metastases

4. Is repeat hepatectomy feasible and for which patients and with what results? 

In patient with recurrences, repeat hepatectomy has yielded long-term survival in selec-

ted patients without increased morbidity and mortality. The presence of combined ex-

trahepatic recurrence and the impossibility to perform an R0 resection should possibly be 

considered as a formal contraindication for surgery. Control of the metastatic disease by 

perioperative systemic treatment is also mandatory. 

5. What are predictors for long term survival (>5 years) and how does long term survival 

of patients compare to the general population in regards to life expectancy?

Through an aggressive approach combining systemic therapy with surgical resection 

which includes repeat resections, some patients experienced survival comparable to the 

general population. This is rarely found in patients treated with a palliative approach to 

breast cancer liver metastases. 

6. In a small series of repeat liver resection patients, are there genetic mutations de-

tected over time?

When examining tumoral tissue removed through hepatectomies over time, PIK3CA muta-

tions were frequently present in breast cancer liver metastases and persist over time. 
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There is no publication that reported on the survival impact of microscopic invasion into 

vascular or lymphatic structures. Besides the widely accepted residual classification (R0, R1 

and R2) for microscopic invasion into the surgical field, we believe that this characteristic 

should be part of a standard histological review in order to further explore its utility as a 

possible selection criterion for further intervention. 

The negative long-term survival effect of postoperative hormonal treatment (idiopathic 

menopausal state) has never been presented or investigated given the historically docu-

mented marginal survival rate of these patients with conventional systemic treatment only. 

It is known that (early) menopausal state is related to an increased risk of a variety of disea-

ses including cardiovascular disease and this might explain this finding.5 Given the rise in 

acceptance of hepatic resection for breast cancer liver metastases, more investigation in a 

larger cohort will shed more light into whether the benefit of hormonal therapy outweighs 

the risks in this subset of patients. 

Among the patients that survived beyond 5 years we found a higher rate of recurrences 

but also a higher rate of repeat hepatectomy. This result confirms the importance of an ag-

gressive approach through multiple hepatectomies when surgically possible. The potential 

benefit of repeat hepatectomy has been presented in a previous published work. 6

It remains controversial to explore the idea of cure given the complexity of the disease 

and the notion that total eradication of disseminated cells is very unlikely. A cure model 

was used to compare the hazard rate of our highly selected group of patients to that of the 

general population. We found that 19 patients (14%) of the whole series had their chance of 

death reduced to that of the general population. This outcome has never been reported 

for breast cancer liver metastases patients treated by systemic treatment alone. 

STRATEGY IN RECURRENT DISEASE AFTER RESECTION

The main result of our study consisted off a similar survival benefit following repeat he-

patectomy for breast cancer metastases as compared to that following first hepatectomy 

(3- and 5-year survival of 64% and 46% vs. 50% and 38%, respectively). In addition, when 

survival in both groups was compared from the time of first hepatectomy, 3- and 5-year 

survival was significantly improved in patients who underwent repeat hepatectomy (95% 

and 84% vs. 50% and 38%; P=0.002). 

The present analysis shows that repeat hepatectomy resets the chance of long-term sur-

vival for patients with recurrent BCLM. Long-term survival is almost never achieved when 

liver metastases remain unresected (overall survival 3 to 16 months). 

• A single hepatic metastasis

• Maximum tumor size <20 mm 

• Not triple negative tumors

• No microscopic vascular invasion 

• Negative resection margin

• Pre- and postoperative hormonal therapy

• The administration of targeted therapy somewhere in the course of the disease

• Repeat hepatectomy in case of hepatic recurrence

These factors were integrated into a nomogram to be translated into prognosis (see abo-

ve). Our nomogram has a degree of discrimination (Harrels’s C-statistics) of 0.801 that sur-

passes various presented models for other surgical indications. As with all newly develo-

ped scoring systems, caution is however warranted and external validation is still desired. 

Of the nomogram variables, only surgical resection margin is purely dependent on resec-

tion. However, this variable can be interpreted before surgery as the ability to complete-

ly resect all metastases (achievable curative intent). Through preoperative imaging and 

confirmative biopsies all information is available preoperatively for use in this nomogram.

LONG TERM RESULTS

Long-term survival of BCLM is almost never achieved when liver metastases remain unre-

sected. Of the 43 patients who survived beyond 5 years after resection, 76% survived 7 

years and even 35% survived 10 years after the time of first diagnosis. 

Two strategies were implemented to analyzed the longevity seen in several patients after 

liver resection. Predictors for survival beyond 5 years and a statistical cure model were 

examined. 

Predictive factors of > 5-year survival were: 

•	 Interval of more than 18 months between primary breast tumor diagnosis and diagno-

sis of hepatic metastases 

•	 Size of resected metastases < 35 mm 

•	 Absence of microscopic vascular and lymphatic invasion

•	 Absence of hormonal therapy after resection 

•	 Repeat hepatectomy in case of tumor recurrence 

Time-interval and tumor size are well-documented predictors for overall survival and are 

related to tumor biology. In several publications, a time-interval of 1 to 2 years after removal 

of the primary tumor was reported as a significant factor of survival. 4
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systemic group or resection group.

Our study found that overall and in matched populations, patients who received a hepa-

tectomy together with systemic treatment had a significantly better survival rate compared 

to systemic therapy alone. The need to correct various characteristic was obvious. There 

were significant differences between the systemic group and the resection group in va-

rious aspects by chance since selection was uninfluenced by each other. These differen-

ces might be attributed to the selection of possibly best candidates in the resection group. 

Propensity score matching was the method of choice to level the playing field. 

GENETIC EVOLUTION OVER TIME

When examining genetic features, among all the nodules, PIK3CA mutations were fre-

quently observed in breast cancer liver metastases and persisted along with the liver 

metastases recurrence. When examining the specific mutation H1047R and E545K, the 

mutation remains the same within each patient over time (homogeneity), however nodular 

heterogeneity was observed among hepatectomies.

Two patients were illustrated as examples that challenge our understanding of metastatic 

disease and tumor lineage. The first patient had PIK3CA mutation in the only nodule after 

first hepatectomy with positive resection margins (R+). However, 34 months later her recur-

rence, for which she underwent a second hepatectomy, had no mutation in all resected 

nodules. If it was a remnant, because of incomplete resection, one would expect the pre-

sence of the mutation in the subsequent hepatectomy. The second patient had initially one 

nodule completely removed (R0) with no mutation. Thirty-two months later, she underwent 

a second hepatectomy to remove 3 nodules, of which 2 had the mutation and one did not. 

During the 3rd hepatectomy all 6 nodules had PIK3CA mutations. 

In those patients with only hepatic metastases at first hepatectomy (99/139 patients), 21 

developed extrahepatic metastases after hepatectomy of which 6/19 patients were in the 

group of repeat hepatectomy. Even though we can see an apparent survival difference in 

the survival tables, univariate analysis did not show any significant difference. Median sur-

vival was 86 months for patients without and 54 with extrahepatic metastases (P=0.207). 

When excluding the 6 patients who underwent repeat hepatectomy, the median survival 

was 32 months for patients with and 35 months for patients without extrahepatic metasta-

ses after the first hepatectomy (P=0.423).

No patients with extrahepatic disease reached 5-year survival compared to 56% of pa-

tients without extrahepatic disease. 

Another important finding of our study was the fact that none of the patients who under-

went repeat hepatectomy without preoperative systemic treatment survived more than 3 

years. Also, postoperative chemotherapy after repeat hepatectomy and positive proge-

sterone receptor status were related to better survival at univariate analysis. This suggests 

that repeat resection of BCLM should always be combined with systemic treatment, espe-

cially in hormone-receptor positive patients. 

LIVER RESECTION COMPARED TO CONVENTIONAL PALLIATIVE CARE

When comparing treatment strategies, several steps were taken to cope with potential 

biases inherit to a non-randomized controlled study. In order to come as close as possible 

to an experimental setting, two distinct and uninfluenced populations were combined. 

The best would-be surgical candidates with liver first and only metastases of all registered 

Dutch patients were used for comparison. 

Propensity score matching was used to create a subset of patients that have similar 

characteristics and similar chance of surgery. The two subset populations were matched 

on available characteristics that could be used to predict surgical candidacy and also 

have an impact on survival in both groups: age at diagnosis of liver metastases, interval 

between the primary tumor and liver metastases, decade of liver metastases diagnosis, 

single or multiple metastases, maximum metastases size, chemotherapy after diagnosis of 

liver metastases, hormonal therapy after diagnosis of liver metastases and targeted the-

rapy after diagnosis of liver metastases. Tumor size and tumor number are not part of the 

Netherlands Cancer Registry and were (where possible) additionally collected to represent 

tumor burden in the regression of the propensity score. Patient characteristics related to 

the primary breast cancer were not included in the propensity score calculation because 

at the time of historical treatment assignment this is not relevant anymore for both the 

147146

CONCLUSION AND GENERAL DISCUSSIONCHAPTER 9



REFERENCES 

1.  de Haas, R. J. et al. Impact of expanding criteria for resectability of colorectal metastases on short- and long-

term outcomes after hepatic resection. Ann. Surg. 253, 1069–1079 (2011).

2.  Folprecht, G. Liver Metastases in Colorectal Cancer. Am. Soc. Clin. Oncol. Educ. Book Am. Soc. Clin. Oncol. 

Meet. 35, e186-192 (2016).

3. Yoo, T. G., Cranshaw, I., Broom, R., Pandanaboyana, S. & Bartlett, A. Systematic review of early and long-term 

outcome of liver resection for metastatic breast cancer: Is there a survival benefit? The Breast 32, 162–172 

(2017).

4.  Duan, X. F., Dong, N. N., Zhang, T. & Li, Q. The prognostic analysis of clinical breast cancer subtypes among 

patients with liver metastases from breast cancer. Int. J. Clin. Oncol. 18, 26–32 (2013).

5.  Lewis, S. Do endocrine treatments for breast cancer have a negative impact on lipid profiles and cardiovascu-

lar risk in postmenopausal women? Am. Heart J. 153, 182–188 (2007).

6. Wicherts, D. A. et al. Repeat hepatectomy for recurrent colorectal metastases. Br J Surg 100, 808–18 (2013).

FIGURE 3: Mutation over time in two patients.

 These findings raise more questions than answers. A possible explanation of this behavior 

can be progression or recurrence of remnant disease of the previous hepatectomy, or a 

recurrence with newly mutated cells that may or may not have originated from the primary 

breast tumor again. Another possible explanation can be that these cells were there but 

undetectable during the early removal (inter and intra-tumoral heterogeneity).
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HOOFDSTUK 6

Gedurende het project werd duidelijk dat vrouwen die leverresectie hebben ondergaan 

extreem lang overleven, wat bijzonder is voor vrouwen met borstkanker lever metastases. 

Bij gevorderde borstkanker kan men moeilijk over genezing spreken. Voor deze analyse 

hebben wij de kans op overlijden bij de geopereerde populatie vergeleken met die van 

de algemene Franse bevolking. 

Door levensverwachtingen van beide populaties te vergelijken konden wij een statistische 

indruk krijgen of deze vrouwen lang genoeg overleven om van “statistische genezing” te 

kunnen spreken. Uit onze onderzoek blijkt dat een klein deel van de geopereerde patiënt-

en inderdaad lang genoeg overleeft, wat ondenkbaar is bij borstkanker lever metastases.

HOOFDSTUK 7

Het laatste hoofdstuk gaat over genetische afwijking bij borstkanker lever metastases. 

Voor deze analyse werd tumorweefsel van vrouwen die meerdere keren werden geoper-

eerd, geanalyseerd voor bekende genetische mutaties. Uit dit onderzoek blijkt dat er een 

specifieke mutatie persisteert met de terugkeer van de lever metastase en dat er binnen 

patiënten, heterogeniteit bestaat over tijd en ook onder tumoren. Dit wekt de vraag op 

of de teruggekeerde metastase een nieuwe metastases vanuit de borst is of mogelijk is 

ontstaan uit een microscopisch overblijfsel met nieuwe mutaties. 

HOOFDSTUK 1

Het eerste hoofdstuk geeft een uitleg over de impact van levermetastasen bij borstkanker, 

over de huidige rol van systemische behandeling en over leverresectie voor deze metas-

tasen. Verder wordt de internationale onderzoekssamenwerking gepresenteerd, met de 

hoofdlijnen van het proefschrift.

HOOFDSTUK 2

Er wordt een overzicht gegeven van de literatuur over borstkanker lever metastasen en 

leverresectie. Uit dit overzicht blijkt dat er nog steeds een discussie bestaat over de toe-

gevoegde waarde van leverresectie bij borstkanker levermetastasen, hoewel deze strate-

gie al wel wordt geaccepteerd bij colorectale levermetastasen. Leverresectie wordt zelfs 

zelden genoemd als een optie in de relevante richtlijnen, met name in Nederland.

HOOFDSTUK 3

Voor dit hoofdstuk werden patiënten bij wie leverresectie heeft plaatsgevonden voor 

borstkanker lever metastases geanalyseerd. Hierbij wordt de ervaring van een tertiair 

hepatobiliair centrum in Frankrijk gepresenteerd. Uit deze studie blijkt dat vrouwen die 

leverresectie ondergaan een betere overlevingskans hebben dan historisch gepubliceerd 

en dat de morbiditeit van de ingreep laag is. Verder wordt een nomogram gecreëerd dat 

als hulpmiddel kan worden gebruik bij het selecteren van kandidaten voor leverresectie.

HOOFDSTUK 4

Aangezien het onethisch zou zijn om vrouwen te randomiseren tussen leverresectie en 

geen leverresectie werd ervoor gekozen een retrospectieve vergelijking uit te voeren. 

Bij deze studie werden alle vrouwen die geopereerd werden bij het tertiaire centrum in 

Frankrijk vergeleken met alle vrouwen uit Nederland. Dit omdat leverresectie zelden in 

Nederland wordt aangeboden. Het ging bij de selectie onder de Nederlandse bevolking 

om vrouwen die theoretisch kandidaat voor leverresectie zouden zijn geweest. Propen-

sity score matching werd toegepast om de uiteindelijke vergelijking uit te voeren. Uit de 

resultaten bleek dat vrouwen die leverresectie hebben ondergaan bijna twee keer zo lang 

overleven als patiënten die alleen systemisch behandeling hebben gehad.

HOOFDSTUK 5

Zoals bij alle oncologisch chirurgische ingrepen, bestaat de kans op terugkeer. In deze 

studie keken wij naar vrouwen bij wie een terugkeer werd ontdekt en de lever resectie 

herhaald werd. Uit de resultaten bleek dat een herhaalde leverresectie de kans op over-

lijden terugbrengt naar de kans op overlijden van patiënten die geen terugkeer hebben 

meegemaakt.
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a hanja recidiva di e enfermedad.

CAPÍTULO 6

Durante e projecto aki, a wordo demonstra cu algún mujernan a sobrevivi extremada-

mente largo, lo cual ta remarcabel pa pujernan cu metastases hepático di cáncer di pecho. 

Den cáncer di pecho avanza, no ta común pa papia di e posibilidad di curaccion. Pa e 

analyses aki, e probabilidad di morto a wordo compara cu e populación general. 

Door di usa datos di levensverwachting di e populación general, cual ta e posibilidad di 

muri cu cierto edad den un aña specifico, y compara esaki cu esun di e mujernan cu a 

wordo opera nos por hanja un impression si e mujernan ta biba largo suficiente pa papia 

di curación statestico. E estudio aki a demostra cu un parti chiquito ta biba mesun largo 

cu e populación genereal cual ta nunca visto den metastastis hepático di cáncer di pecho.

CAPÍTULO 7

E ultimo tema ta over di mutation genético di metastasis hepático di cáncer di pecho. Pa 

e eanalysis aki, e tumornan cu a wordo saca den a mujernan cu a wordo opera mas cu un 

biaha a wordo analysa pa mutacion nan conoci. Ta parse cu ta existi un mutation cu ta per-

sisti over di tempo. Ta notable cu den e mujernan ta exisiti heterogenidad durante tempo 

y entre tumornan cual ta crea a e pregunta si e recidiva ta un metástasis nobo di e pecho 

of restonan cu a keda atrás durante e ressecion y a hanja mutacion nobo.

CAPÍTULO 1

E prome capítulo ta brinda un introducción na e impacto di metástasis hepático door di 

cáncer de pecho, e rol actual di tratamento sistémico y e rol di resección hepático pa 

metástasis hepático di cáncer de pecho. Además, e colaboración internacional ta ser pre-

senta cu un dileneacion di e tises.

CAPÍTULO 2

Un anàlises general di e literatura over di metástasis hepático di cáncer di pecho y resec-

ción hepático a wordo realisa. Saliendo di e visión general aqui, a queda cla cu ainda tin 

discussion over di e beneficio di resección hepático pa metástasis hepático di cáncer di 

pecho, aunque cu esaki si ta acepta pa metástasis hepático di cancer colorectal. E option 

aki no ta wordo nombra den e guianan na Hulanda. 

CAPÍTULO 3

A wordo colecta y analysa e infromacion di e patient nan cu a wordo someti na un resec-

tion hepático pa metastases di cáncer di pecho. Esaki ta e resultado di e experiencia di un 

centro académico specialisa den cirugía hepatobiliar na Francia. E estudio a demostra cu 

e muhernan cu a wordo someti na resección hepático tin un sobrevivencia mas mas halto 

y morbidida menor compara cu literatura publica anteriormente. Ademas un nomogram a 

wordo crea cu por wordo usa como eramienta pa selecta candidatonan pa un resección 

hepático eventual.

CAPÍTULO 4

Un comparación retrospectivo a wordo selectiona pa compara mujernan cu a wordo trata 

cu un resection hepático cu mujernan cu solamenta a rcibi tratamento sistémico. Esaki ta 

justifica pasobra un comparación rendomiza no lo ta ético.Den e estudio aki, tur mujernan

cu a wordo opera den e centro académico na Francia a wordo compara cu tur e mujernan

na Hulanda door cu na Hulanda e resecion hepático pa metastases di cáncer di pecho no

to ta wordo ofreci. E selección di e patientnan na Hulanda tawata basa riba e posibilidad 

teorético pa wordo opera cu den otro palabra kiermen dos grupo pa comparación similar. 

E criterianan pa seleccióna e mujernan tawata cu nan tin metastases hepático di cáncer di 

pecho como e prome y unico manifestation di e enfermedad avanza na momento di diag-

nostico. Propensity score matching a wordo usa pa haci e comparación final.

CAPÍTULO 5

Manera cu tur procedure chirurgica oncólogo, semper tin un chens di recidiva di e enfre-

medad. Den e esudio aki, e mujernan cu a ripiti e resección hepático a wordo analisa. E 

mujernan cu a wordo opera atrobe a mustra un sobrevivencia similar na e mujernan cu no 
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rable à celui des patientes n’ayant pas récidivé. 

CHAPITRE 6

Il est apparu que les femmes atteintes de métastases hépatiques de cancer du sein 

peuvent survivre particulièrement longtemps, ce qui est inhabituel pour un cancer au 

stade métastatique. Il est donc difficile de parler de la guérison du cancer du sein métas-

tatique. Dans ce chapitre, nous avons étudié la probabilité de décès, comparée à celle de 

la population générale française.

L’utilisation des données d’espérance de vie, la probabilité de mourir selon l’âge pour une 

année déterminée, et l’espérance de vie des patients opérés nous permet d’apprécier 

statistiquement si les femmes survivent assez longtemps pour confirmer leur guérison . 

Notre recherche démontre que les femmes opérées peuvent survivre assez longtemps 

ce qui est impensable chez des patientes avec le cancer du sein souffrant de métastases 

du foie.

CHAPITRE 7

Le dernier sujet traite des anomalies génétiques observées dans les métastases hépa-

tiques du cancer du sein. Pour cette analyse, les principales mutations génétiques des tis-

sus tumoraux de femmes qui ont été opérées plusieurs fois ont été recherchées. De cette 

recherche, il apparaît qu’une mutation spécifique persiste avec la récidive des métastases 

hépatiques. Il est à noter que chez les patients, l’hétérogénéité existe au cours du temps 

et entre les tumeurs qui soulève la question de savoir si la récidive est une nouvelle mé-

tastase ou éventuellement un résidu microscopique avec de nouvelles mutations. D’autres 

recherches détermineront si cette mutation peut être une cible pour des traitements dans 

le futur, ou un critère de séléction pour la chirurgie, ou un marqueur de résistance aux 

traitements. 

CHAPITRE 1

Le premier chapitre donne une introduction à l’impact des métastases hépatiques du can-

cer du sein, le rôle actuel du traitement systémique et la résection hépatique pour les 

métastases hépatiques du cancer du sein. En outre, la collaboration internationale est 

présentée avec un aperçu de la thèse

CHAPITRE 2

Une revue de la littérature sur la place de la chirurgie dans les métastases hépatiques du 

cancer du sein est présentée. Il apparaît que le rôle de la résection hépatique dans les 

métastases hépatiques du cancer du sein reste encore débattu, alors que cette stratégie 

est déjà acceptée dans les métastases hépatiques colorectales. En fait, la résection hépa-

tique est rarement mentionnée dans les recommandations néerlandaises. 

CHAPITRE 3

Nous abordons ensuite les patientes opérées pour métastases hépatiques de cancer du 

sein en présentant l’expérience du centre hépatobiliaire, service de chirurgie hépatobi-

liaire, en France. Cette étude montre que les femmes, opérées, ont une meilleure survie 

comparées aux series historiques. Nous avons mis au point un nomogramme facilitant la 

sélection des bonnes candidates à la résection. 

CHAPITRE 4

Nous avons réalisé une comparaison retrospective entre patients réséquées et les pa-

tientes non réséquées, étant donné qu’une randomisation semblerait non éthique. Toutes 

patientes opérées dans un centre tertiaire français ont été comparés Dans cette étude, 

toutes les femmes opérées dans le centre tertiaire en France ont été comparées à toutes 

les femmes des Pays-Bas car la résection hépatique est rarement proposée. La sélection 

parmi la population néerlandaise a inclu des femmes qui seraient théoriquement candi-

dates à la résection hépatique, afin que les deux populations séléctionnées soient sem-

blables. Nous avons donc séléctionner toutes les femmes qui avaient des métastases 

hépatiques du cancer du sein comme premier et unique site métastatique. L’appariement 

par score de propension a été utilisé pour permettre une comparaison et corriger les dé-

séquilibres initiaux entre les deux groupes. 

CHAPITRE 5

Comme pour toutes les interventions chirurgicales oncologiques, le risque de récidive 

existe. Dans cette étude, nous avons évalué les patientes ayant présenté une récidive 

après résection hépatique, traité par une nouvelle résection. Les résultats montrent que la 

résection répétée est associé à une diminution du risque de décès, qui redevient compa-
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posibilidad de recidiva de la enfermedad. En este estudio, observamos y analizamos a 

las mujeres cuando se les diagnosticó una recidiva a nivel hepático y se les repitió una 

resección hepática. Los resultados muestran que la resección hepática iterativa disminuye 

el riesgo de mortalidad al mismo nivel que al de los pacientes que no han experimentado 

una recidiva hepática.

CAPÍTULO 6

Se demostró durante este proyecto que hay mujeres con una sobrevida extremadamente 

larga, lo que es remarcable para las mujeres con metástasis hepáticas de cáncer de 

mama. No es común el término de “curación en el cáncer de mama avanzado”. Para este 

análisis, se comparó la probabilidad de muerte con la de la población general francesa.

Al utilizar los datos de esperanza de vida, la posibilidad de muerte a cierta edad en un 

año específico, además de la esperanza de vida de los pacientes operados, podríamos 

obtener una impresión estadística sobre, si estas mujeres, sobreviven lo suficiente como 

para hablar de “curación estática”. Nuestra investigación demuestra que la pequeña parte 

de los pacientes operados de hecho sobreviven lo suficiente comparado a la población 

en general, lo que es impensable hoy en día con las metástasis hepáticas de cáncer de 

mama.

CAPÍTULO 7

El último tema es sobre la anormalidad genética de las metástasis hepáticas de cáncer de 

mama. Para este análisis, se evaluó las mutaciones genéticas conocidas del tejido tumoral 

de mujeres que fueron operadas en reiteradas ocasiones. A partir de esta investigación, 

parece que existe la persistencia de una mutación específica en relación con las recidivas 

de las metástasis hepáticas. Es notable que dentro de los pacientes, la heterogeneidad 

existe a lo largo del tiempo y entre los tumores, lo que plantea la cuestión de, si la reapa-

rición de la enfermedad es una nueva metástasis del cáncer de mama o posiblemente un 

resto microscópico con nuevas mutaciones. Adicionalmente esta investigación determi-

nará si esta mutación puede ser objeto de tratamiento en el futuro, un criterio de selec-

ción para la resección de metástasis hepáticas o un marcador de resistencia de terapia 

sistémica.

CAPÍTULO 1

El primer capítulo brinda una introducción al impacto de las metástasis hepáticas por 

cáncer de mama, el papel actual del tratamiento sistémico y la resección hepática para 

metástasis hepáticas de cáncer de mama. Además, la colaboración internacional se pre-

senta con un esbozo de la tesis.

CAPÍTULO 2

Se realizó un análisis general de la literatura sobre metástasis hepáticas de cáncer de 

mama y resección hepática. A partir de esta visión general, quedó claro que todavía hay 

lugar para discutir sobre el beneficio de la resección hepática en las metástasis hepáticas 

de cáncer de mama, como ha sido aceptado en el caso de las metástasis hepáticas color-

rectales. De hecho, esta solución rara vez se menciona en los lineamientos de tratamiento 

como una opción en los Países Bajos.

CAPÍTULO 3

Se recolectó y analizó la información de los pacientes que fueron sometidos a una resec-

ción hepática por metástasis hepáticas de cáncer de mama. Es el resultado de la experi-

encia de un centro terciario especializado en cirugía hepatobiliar en Francia. Este estudio 

demostró que las mujeres que se someten a resección hepática tienen una mayor sobrev-

ida y menor morbilidad comparado con aquellas que han sido publicadas anteriormente. 

Además, se creó un nomograma que puede utilizarse como herramienta para seleccionar 

mejor los candidatos a una eventual resección hepática.

CAPÍTULO 4

Se eligió una comparación retrospectiva entre las mujeres que fueron tratadas con una re-

sección hepática con las que solamente recibieron tratamiento sistémico. Esto se justifica 

ya que no sería ético aleatorizar. En este estudio, todas las mujeres que fueron operadas 

en el centro terciario en Francia se compararon con todas las mujeres de los Países Bajos 

debido a que rara vez se ofrece la resección hepática. La selección de las pacientes del 

cohorte holandés involucró a mujeres que teóricamente serían candidatas a una hepatec-

tomía, en otras palabras, una comparación entre dos poblaciones nuevas que se aseme-

jan bastante entre sí. Los criterios de selección fueron mujeres que tuvieron metástasis 

hepáticas por cáncer de mama como la primera manifestación de enfermedad avanzada 

y ausencia de metástasis concomitantes al momento del diagnóstico.

La coincidencia de puntaje de propensión se utilizó para realizar la ecuación final.

CAPÍTULO 5

Al igual que con todos los procedimientos quirúrgicos oncológicos, siempre existe la 
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