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In the last years, a large number of studies investigated predictors of outcome 

after hepatic resection for liver metastases of colorectal cancer. The results 

reported are very heterogeneous and sometimes discording. We focused on a 

homogeneous group of patients characterized by solitary colorectal liver 

metastasis treated with a curative (R0) resection. Between 1993 and 2014, 350 

patients were recruited at the University Hospitals of Jena and Magdeburg. The 

5- and 10-year overall survival rates were 47% and 28%, respectively. The 5- and 

10-year disease-free survival rates were 30% and 20% respectively. The analysis 

of the prognostic factors revealed that pT category of primary tumor, size and 

grade of the metastasis and extension of the liver resection had no statistically 

significant impact on survival and recurrence rates. 

The age of the patients, pN2 category of the primary tumor, synchronous 

metastases, neoadjuvant chemotherapy and extrahepatic tumor showed a 

negative influence on the prognosis. Moreover, patient with rectal cancer had 

lower intrahepatic recurrence rate but a higher extrahepatic recurrence rate. In 

multivariate analysis, age, status of lymph node metastases at the primary tumor, 

location of primary tumor, time of appearing of the metastasis, the use of 

preoperative chemotherapy and the presence of extrahepatic tumor proved to be 

independent statistically significant predictors for the prognosis.  
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5-FU/FA  5-Fluorouracil/folinic acid 

ALPPS  Associating liver partition and portal vein ligation for staged 

hepatectomy  

CLM  Colorectal liver metastases  

 

CRC   Colorectal cancer   

DFS  Disease free survival 

EGFR  Epidermal growth factor receptor  

FOLFIRI     Irinotecan in combination with 5-FU/FA  
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HAI  Hepatic arterial infusion chemotherapy  

MD  Magdeburg 

n.s.  Not significant 

 

OS  Overall survival 

RFA  Radio- frequency ablation  

SIRT  Selective internal radiation therapy  

TACE  Transarterial chemoembolization  
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1. INTRODUCTION 
1.1 Epidemiology 
Colorectal cancer (CRC) is the third most common tumor in men and the second 

in women, with an estimate of 1.4 million new cases annually resulting in 

approximately 694,000 deaths. An increasing incidence of CRC has been 

observed in countries where the overall risk of large bowel cancer was low, while 

in historically high-risk countries either a decrease (USA, Canada and New 

Zealand) or stabilization (Western Europe and Australia) has been reported (1). 

Data from the “Robert Koch-Institut, Gesellschaft der epidemiologischen 

Krebsregister in Deutschland e.V (2016)” show that Germany had 62.400 new 

diagnosis of CRC in 2013, thereof 28.400 were women. In the same year, 

approximately 25.700 patients died from CRC.  

It is widely known that increased consumption of red and processed meat, 

alcoholic drinks, body and abdominal fatness as well as smoking all increase the 

risk for colorectal cancer. On the other hand, foods containing dietary fibre, 

regular physical activity and drugs such as statin and aspirin, reduce the risk of 

colon cancer (2). 

The liver is the first major organ reached by venous blood draining from the 

gastrointestinal tract. Cancer cells traveling by hematogeneous spread, 

therefore, have a high likelihood of arriving and lodging within the sinusoids of 

the liver. This would explain the observation that the liver is the most common 

organ of distant metastases from colorectal cancer (3). 

Hepatic metastases develop in approximately 50 % of colorectal cancer cases 

(4). The liver, in addition to being the most common site of metastases, is also 

the first and only area of spread in 30 % - 40 % of patients (5). The metastases 

are defined as synchronous if found at the time of presentation of the primary 

tumor or metachronous if identified at a later date. Approximately 20 % of patients 

with CRC already have metastases at diagnosis, and this figure has been stable 

over the last two decades (6). 
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1.2 Strategy of treatment  
1.2.1 Surgery  

Surgery is considered the gold standard treatment and the only potentially 

curative option for colorectal liver metastases (CLM). In the late 1990s, surgery 

was offered only to a high selected group of patients with liver-limited disease, 

confined to only one lobe. These patients should have no more than three 

metastases and the larger one should not be bigger than 5 cm. Moreover the 

resection had to be technically feasible with at least 1 cm tumor free margins (4). 

Following these criteria, for about 90 % of the patients the disease was 

considered unresectable and for these patients a 5-year survival was reported of 

merely 3.3 % and 6.1 % for synchronous or metachronous metastases, 

respectively (7). Later on, it became clear that the first option to improve overall 

survival was to expand surgery indications.  

Nowadays, the absolute contraindications to resection with curative intent are 

unresectable extrahepatic disease, extensive liver involvement (that means more 

than six liver segments involved, 70 % liver invasion or all three hepatic veins 

involved), major liver insufficiency, Child B or C liver cirrhosis and patients unfit 

for or declining surgery (8). The presence of limited extrahepatic disease is no 

longer considered an absolute contraindication (5). 

In patients with synchronous resectable metastases there are three operative 

options including staged resection with colon first strategy, staged resection with 

liver first strategy, or simultaneous resection of both primary tumor and 

metastases. A recent multicenter work found no significant difference in 

morbidity, mortality or long-term oncologic outcomes between the three options 

(9). The decision to do simultaneous resections should be based on the overall 

complexity of both procedures and the patient’s comorbidities. In case of risk of 

primary tumor complications such as bleeding, obstruction or perforation, the 

colorectal-first approach should be favored. The liver-first sequence is most 

suited to rectal cancers so that the liver metastases are not left untreated during 

the radiation portion of treatment to the rectum. The priority in staged resections 

may be given to colorectal-first or liver-first strategies depending on possible 

complications related to the primary tumor or on the progression of CLM during 

the treatment of the primary tumor (10). 
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It is conventionally accepted that resection of up to 75 % of the total liver volume 

or six liver segments can be safely performed in patients with normal liver 

parenchyma. In the setting of steatosis, steatohepatitis or cirrhosis, the volume 

of liver that can safely be resected may have to be dramatically reduced to avoid 

the risk of postoperative hepatic failure.  

In an attempt to improve the functional liver remnant, various techniques have 

been employed including portal vein embolization, two stage hepatectomy or 

portal vein ligation. In the portal vein embolization, after selective catheterization, 

one of two portal branches and its ramifications are occluded through the 

diffusion of embolizing agent. One month after the embolization, the hypertrophy 

of the remnant liver parenchyma should be evaluated through a 3-dimensional 

computed tomography and the surgical eligibility has to be redefined (11).  

As a remarkable modification, the right-liver radioembolization based left-liver 

hypertrophy was proposed as an alternative since it was demonstrated that portal 

vein embolization carries a significant risk of postinterventional tumor progression 

(12). Unilateral radioembolization produces significantly less contralateral 

hypertrophy than portal vein embolization. However, the hypertrophy induced by 

radioembolization is substantial and it could be used to reach tumor response 

and prevent tumor progression in the embolized lobe (13). 

The two stage hepatectomy is a strategy whose overall intention is curative; 

however, the first hepatic resection is intended to remove the highest possible 

number of metastases, but not all of them. The remnant liver hypertrophies and 

systemic chemotherapy limits the growth and spread of the remaining tumor 

deposits. The second hepatectomy is performed when adequate parenchymal 

hypertrophy has reduced the risk of postoperative liver failure (14).  

Associating liver partition and portal vein ligation for staged hepatectomy 

(ALPPS) was introduced as a procedure to induce a more rapid hypertrophy of 

the functional remnant liver. Briefly, ALPPS involves portal vein ligation of the to-

be resected segments and in situ split of the liver during the first stage. The rapid 

hypertrophic response allows removal of the deportalized liver in the second 

stage when volume and/or function of the future remnant liver is sufficient, usually 

after 1 to 2 weeks. In a recent study, early oncologic outcomes of patients with 
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advanced liver metastases undergoing ALPPS, otherwise unresectable, appear 

not better than of matched patients receiving systemic treatment (15).  

 

1.2.2 Chemotherapy 

The first chemotherapeutic agent to be used with any success for metastatic 

colorectal cancer was the intravenous fluoropyrimidine 5-Fluorouracil (5-FU) in 

combination with folinic acid (5-FU/FA). 5FU inhibits thymidylate synthase which 

is a key enzyme in the synthesis of pyrimidines, thus reducing pyrimidines 

available for DNA replication. Folinic acid enhances the effect of 5-fluorouracil by 

inhibiting thymidylate synthase. 

The development of the oral Capecitabine permitted to rise the tolerability of the 

chemotherapy. Capecitabine is a fluoropyrimidine carbamate precursor of 5FU. 

It is catalyzed by a number of enzymatic steps to 5FU. The enzyme involved in 

the final conversion to 5FU, thymidine phosphorylase, is found at higher levels in 

tumor cells than normal cells, thereby giving higher doses to the tumor and 

reducing systemic exposure to 5FU (16).  

In the following years, the development of newer cytotoxic drugs such as 

oxaliplatin and irinotecan improved the response to chemotherapy. Oxaliplatin is 

a third-generation platinum compound that inhibits DNA replication and 

transcription and results in cell death. First, it was used as monotherapy for 

patients who did not respond to 5-FU/FA showing a 10 % of response (17). The 

next step was to use oxaliplatin in combination with 5-FU/FA. This combination 

has become widely known as “FOLFOX”. Several large phase-III trials have 

demonstrated that the addition of oxaliplatin to 5-FU/FA if compared with 5-FU/FA 

alone, results in a greater tumor objective response even if there is no meaningful 

improvement in overall survival. These findings have paved the way for the use 

of FOLFOX as a tool for down-staging CLM before resection (18). 

In a similar way to oxaliplatin, irinotecan, a campothecin derivatives that works 

through the inhibition of topoisomerase I, is routinely used in combination with 5-

FU/FA and is known by the acronym “FOLFIRI”. A major randomized study 

compared FOLFIRI with either 5-FU/FA alone or irinotecan alone and 

demonstrated an increase in overall survival, progression free survival and local 

tumor response. The results of this study were responsible for FOLFIRI becoming 
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established in the U.S. as the first line treatment option for metastatic colorectal 

cancer (19).  

The obvious consequence was to confront FOLFOX and FOLFIRI. A randomized 

trial demonstrated that FOLFOX was superior to FOLFIRI in term of time of 

progression, response rate and overall survival (20). Moreover, it was 

demonstrated that FOLFOX has better result in down-staging unresectable 

disease (21). Therefore, the clinical standard in UK is to offer FOLFOX as first 

line followed by FOLFIRI at progression (16). Actually, the German Guidelines 

consider the two schemas as equivalent so that the decision should be founded 

on potentially side effects. 

In the last years, the aim in drug development was to create targeted therapies 

in order to induce the maximal interference to tumor cell growth with minimal 

normal cell toxicity. One of the target used is the epidermal growth factor receptor 

(EGFR) that promotes transcription of genes involved in proliferation, metastases 

and angiogenesis. Cetuximab is a monoclonal antibody, which competitively 

binds to the extracellular domain of EGFR.  

This monoclonal antibody has demonstrated to be effective in patients with KRAS 

wild-type metastatic CRC. Data from previous studies showed an ability of 

cetuximab to reverse resistance to irinotecan and obtain responses in patients 

who had previously progressed on irinotecan suggesting a potentially increased 

efficiency by combining both drugs (22).  

An important and controversial question is the use or not of neoadjuvant or 

perioperative chemotherapy in case of resectable liver metastases. The german 

guidelines do not suggest to use neoadjuvant chemotherapy and recommend to 

prefer a near-term resection. A randomized phase-III trial of Nordlinger et al. 

showed that the combination of perioperative chemotherapy with FOLFOX and 

surgery increases progression-free survival compared with surgery alone (23). 

Nevertheless, they found no statistical difference in overall survival with the 

addition of perioperative chemotherapy (24).  

Even the use of adjuvant chemotherapy is controversial. The first drug tested was 

5-FU. It has been demonstrated that systemic adjuvant chemotherapy with a 5-

FU-based regimen prolongs survival (25). In the following years, a lot of studies 

tried to demonstrate the effectiveness of newer chemotherapeutic agents.  



12 

 

FOLFOX seems to be the most promising drug protocol. FOLFIRI should not be 

recommended as adjuvant chemotherapy since in a phase-III trial showed no 

significant improvement in disease free survival in comparison with 5-FU/FA (26). 

 

1.2.3 Local ablation strategy  

For patients with unresectable disease or significant comorbidities precluding 

resection, there are several alternative therapies able to spare liver parenchyma. 

The thermal ablation of tumors utilizes image guidance to deliver extreme 

temperatures to a tumor and its surrounding tissue. The advantages include its 

adaptability to minimally invasive approaches, the ability to spare liver 

parenchyma and a low morbidity rate. Thermal ablation can be performed 

percutaneously, laparoscopically or at laparotomy (10). 

Radio-frequency ablation (RFA) is the most commonly used form of thermal 

ablation in the treatment of liver tumors. In RFA, needles placed in and around 

the tumors deliver alternating electrical current in the radiofrequency range that 

generates heat. The limitation is that it is generally ineffective in tumors bigger 

than 3 cm and the rate of local recurrence is high. In addition, the heat generated 

by RFA can injure adjacent structures (10). 

Another technique is the cryoablation that involves liquid nitrogen or argon gas 

being delivered into the liver tumor, guided by ultrasound. Ice crystal formation 

during rapid freezing causes destruction of cellular structure and kills the tumor 

cells. Cryoablation has fallen out of favor because of a higher complication rate 

and recurrence rate in comparison with RFA (27). 

Colorectal liver metastases have been shown to depend heavily on the hepatic 

artery for most of their blood supply, whereas the normal liver parenchyma relies 

mainly on portal blood flow. Based on this concept, several techniques have been 

developed such as hepatic arterial infusion chemotherapy (HAI), transarterial 

chemoembolization (TACE) and selective internal radiation therapy (SIRT). HAI 

is a technique that introduce chemotherapy directly through a catheter placed in 

the gastroduodenal artery. A high concentration of antimetabolite substance 

reaches the tumor permitting a lower systemic toxicity. Floxuridine is the most 

commonly used chemotherapy (10). A recent study of Ammori et al. reached a 

25 % of conversion to complete resection with a combination of HAI and systemic 
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chemotherapy. Moreover, 5-year survival was significantly better in the 

conversion group (28). 

TACE is the administration of embolic particles mixed with chemotherapeutic 

drugs. It produces a shutdown of blood flow and the simultaneous release of high 

doses of the drug. The most used chemotherapy is irinotecan (27). A comparison 

of TACE versus systemic therapy showed that the first one prolonged the median 

survival and was associated with a greater tumor response in the liver. The 

regional approach was not inferior to FOLFIRI in preventing extrahepatic 

metastatic progression (29). 

In the SIRT procedure, a single dose of 2.0–3.0 GBq of 90-yttrium microspheres 

is delivered into the hepatic artery that results in selective tumor uptake and 

radiation (30). There are three phase-III randomized controlled trial that test the 

efficacy and safety of FOLFOX plus minus SIRT in patients with metastatic CRC. 

The results failed to show an improvement in disease free survival or overall 

survival at any site with the addition of SIRT. On the other hand, the liver disease 

control was improved by the addition of SIRT (31). 

 

1.3 Prognostic factors 
The big challenge in the treatment of metastatic colorectal cancer is to predict 

accurately the likely outcome of treatment strategies. In the last years, a large 

number of studies investigated predictors of outcome after hepatic resection for 

liver metastases of colorectal cancer (32–39). The results reported are very 

heterogeneous and most of the risk factors described are still a subject of an 

ongoing debate. The most cited predictive factors are number of hepatic 

metastases, node-positive compared to node-negative primary, poorly 

differentiated compared to well or moderately differentiated primary, extrahepatic 

disease compared to liver-only disease, diameter of the liver metastases, 

preoperative carcinoembryonic antigen level, and positive compared to negative 

resection margins (4).  

On the base of these findings, several investigators proposed prognostic scoring 

systems of varying complexity to improve patient selection to ensure that patients 

selected for surgery benefit from such an intervention in terms of cancer-specific 
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survival in comparison with alternative less invasive ablative therapies or 

adjuvant/additive therapy (40–46).  

One of the most famous and studied risk score is the Fong´s clinical risk score. 

Fong created a clinical risk score to identify patients with a higher risk of 

recurrence and poorer survival. The score was founded on the 5 criteria that have 

shown to be independent predictors of outcome in the multivariate analysis of 

consecutive 1001 liver resection for colorectal metastases. The five criteria were 

nodal status of primary, disease-free interval from the primary to discovery of the 

liver metastases less than 12 months, number of tumors more than 1, 

preoperative carcinoembryonic antigen level more than 200 ng/ml and size of the 

largest tumor more than 5 cm. For each criteria one point was assigned, and the 

total score was compared with the clinical outcome of each patient after liver 

resection. The total score was found to be highly predictive for long-term outcome 

(3).  

More recently, several authors confirmed the prognostic value of Fong´s clinical 

risk score and suggested the use of chemotherapy (neoadjuvant or adjuvant) in 

patients with resectable disease but high clinical risk score (47–49). This 

demonstrate that recognizing potential risk factors before surgery is extremely 

useful in order to change or complete the surgical therapy with other strategies.  

 

1.4 The subgroup of solitary colorectal liver metastasis 
There is a general consensus that patients with solitary colorectal liver metastasis 

have a significant better prognosis than patients with multiple metastases (50–

52). As reported in Table 1, the overall 5-year survival reported in the literature 

for these group of patients ranges from 44 % to 71 % (3,53–61). Only one study 

of Aloia et al. reported a 5-year survival of 71 % (54). In most of the studies, about 

a half of the patients with solitary metastases survive at 5 years after surgery.  

A recent meta-analysis summarized information of survival after liver resection 

for colorectal metastases of papers published between 1999 and 2010. The 

observed mean 5-year survival for all the patients (with solitary and multiple liver 

metastases) was 40.3 %. For solitary metastases, a 5-year survival of 47.4 % 

was reported (4). These results are not that excellent as expected. The survival 
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data of patients with solitary metastases are not that far from the data known for 

multiple liver metastases. 

 

Table 1: Survival data for patients with solitary liver metastases 

 Author [Ref.-No.] Year No. of patients [ n ] 5-year overall survival 

Fong (3) 1999 491 44 % 

Oshowo (53) 2003   20 55 % 

Aloia (54) 2006 150 71 % 

White (55) 2007   30 58 % 

Lee (56) 2008 116 66 % 

Berber (57) 2008   90 48 % 

Konopke (58) 2009 122 55 % 

Merkel (59) 2009 303 52 % 

Hur (60) 2009   42 50 % 

McKay (61) 2009   37 48 % 

 

The few studies that considered separately solitary liver metastases, are 

retrospective studies that confront liver resection and ablative technique in the 

treatment of the metastatic tumor (53,54,56,57,60). They all agree that surgery 

has lower rates of local recurrence than RFA. Three of five works showed a 

significant better disease-free and overall survival in patients treated with surgery 

demonstrating that hepatic resection is superior than RFA in the treatment of 

solitary colorectal liver metastases (54,57,60). RFA may be a safe alternative for 

hepatic treatment only for patients who are considered unsuitable for surgical 

treatment since this ablative technique offers a better prognosis than 

chemotherapy alone (52).  
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The next important question is to identify which are the factors that influence the 

prognosis of patients with solitary liver metastases. The literature is reach of 

works that try to define the predictive factor after surgery for colorectal liver 

metastases but none of them focused on patients with solitary liver disease. 

 
1.5 Aim  
The idea of this study is to concentrate the attention on a focused group of 

patients characterized by solitary liver metastasis treated with curative resection 

in order to have a more homogeneous population and to improve the reliability 

and applicability of the results.  

The aim of this study is to answer the following key-question: which are the 

factors that influence the follow up of patients that underwent hepatic resection 

for solitary liver metastasis and how they influence the prognosis?  

The identification of prognostic factors would assist in the choice of the treatment 

strategy and in the identification of those patients most likely to benefit from an 

intensification of the follow up or more aggressive (adjuvant or additive) therapy.  
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2. PATIENTS AND METHODS 
2.1 Patients recruitment 
At the University Hospitals of Jena and Magdeburg all the patients that underwent 

a primary liver resection because of a solitary colorectal metastasis were 

recruited from January 1993 to December 2014.  

Following inclusion criteria were considered: 

- singular liver metastasis of colorectal cancer, 

- curative resections (R0 resection status) as confirmed by histological 

investigation, 

- available follow-up data and a postoperative time period of at least 3 

months,  

- all the patients were more than 18 years old, 

- patients with histologically proven colorectal carcinoma. 

In addition, all patients with extrahepatic tumor manifestation were enrolled at the 

time of operation.  

Exclusion criteria were the following: 

- R1 resection in the histological examination, 

- presence of more than one metastasis in the operative protocol or in the 

histological examination, 

- patients that died within the first three months after liver resection. 

The patients were all recovered for a planned resection. In the preoperative 

phase, all patients underwent an accurate anamnesis, a physical examination, 

laboratory tests and an abdominal ultrasound or a computed tomography scan 

examination.  

All the operations were described in detail in the operative protocol. In all the 

cases where the result of the intraoperative exploration differed from the 

preoperative imaging, the examination of the liver was completed with an 

intraoperative ultrasound.  

All the operations were performed by a surgeon with experience in hepatobiliary 

surgery. All kind of strategies were collected: liver-first, colorectal-first or 

simultaneous. All kind of resections were included: wedge resection, atypical 

resection, resection of one or more segments, right hepatectomy, left 

hepatectomy. All the surgical specimens were analyzed by the pathological 
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department of the responsible university. Size, weight, macroscopic and 

microscopic description and R status were always reported.  

 

2.2 Data collection 
The collection of information was retrospective both for the University Hospital of 

Magdeburg and for the University Hospital of Jena. Concerning the patients 

treated in Magdeburg, the necessary data such as personal data, age, gender, 

contact, diagnosis, history of treatment, site and size of tumor, preoperative 

imaging, operation details, histological results, postoperative complications, 

chemotherapy schema were collected from: 

- tumor centrum of Magdeburg,  

- medical clinical reports that were extracted from the general archive of the 

university hospital or from hospital software “Medico”. 

The follow-up information was: date of recurrence, site of recurrence, kind of 

therapy for recurrence (surgical or systemic chemotherapy) and date of death. 

These follow-up data were collected by:  

- municipalities of residence, 

- questionnaires sent to family practitioners, 

- questionnaires sent to oncologists responsible for the aftercare. 

If the patients received the oncological aftercare at our institutions, the 

information was obtained from the clinical reports of the oncological department.  

All patients were observed until death or until July 2016. 

All information of the two centers was combined into a unique database.  

All the data were treated respecting the rights of personal privacy.  
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2.3 End points 
To determine the long-term outcome, 4 endpoints were pursued: 

- overall survival (OS): the end point was the date of death; the censored 

data was the date of last observation, 

- disease-free survival (DFS): the end point was the date of death of any 

cause or the date of first recurrence. The censored data was the date of 

last disease-free observation, 

- intrahepatic recurrence rate: the end point was the date of first hepatic 

recurrence or of any other recurrence. The censored data was the date of 

death or the date of last observation, 

- extrahepatic recurrence rate: the end point was the date of first 

extrahepatic recurrence without hepatic recurrence. The censored data 

was the date of death or the date of last observation. 

For each end point following characteristics were analyzed:  

- age at the time of resection (age < or > 70 years), 

- hospital where the operation was performed (Jena or Magdeburg), 

- localization of the primary tumor (colon or rectum), 

- invasion of the primary tumor at the histological examination (pT1-2 versus 

pT3-4), 

- degree of spread to regional lymph nodes (pN0-1 versus pN2) in the 

primary tumor, 

- grading of the metastasis (grade 1/2 versus grade 3), 

- time of diagnosis of liver metastasis (synchronous or metachronous 

metastasis), 

- dimension of the metastasis (< 3 or > 3 cm), 

- use or not of neoadjuvant chemotherapy before liver resection, 

- presence or absence of extrahepatic tumor at the time of surgery, 

- number of resected liver segments (less or more than 3). 
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2.4 Statistical analysis 
Univariate analysis was performed through the chi-squared test to identify which 

parameter had a statistical significant influence on each endpoint. Cumulative 

survival rates and rates of recurrence were calculated with the Kaplan–Meier 

procedure and significance testing were performed with the log-rank test. 

Multivariate analysis was performed using a Cox regression model to identify 

those risk factors independently associated with survival and recurrence that had 

been statistically significant in the univariate analysis. Differences were 

considered significant at p<0.05. For the analysis, IBM SPSS Statistics®  

(version 23.0; IBM Corp. in Armonk, NY, U.S.A.) software program was used.  

 
2.5 Ethic approval 
The study was performed according to the guidelines of the Declaration of 

Helsinki for Biomedical Research from 1964 and its further up-dates as well as 

according to the instructions of the institutional ethic committee. All patients 

signed an informed consent prior to their surgical intervention as well as for the 

permission of follow-up observations as appropriate. All patients gave their 

consent for registration in the tumor registry. We only used data from the clinical 

data registry. 
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3. RESULTS 
3.1 Demographic data 
From January 1993 to December 2014, 350 patients were enrolled in the study. 

At the University Hospital of Jena, 244 (69.7 %) patients were operated while 106 

(30.3 %) were operated at the University Hospital of Magdeburg. We had a 

relative old patients group with 91 patients (26 %) of the total over 70 years (figure 

1).  

Of the entire group of patients, we had 213 male and 137 female patients 

resulting in a sex ratio of m : f = 1.55 : 1. 

 

 
Figure 1: Distribution of various age groups of patients with liver resection for 

CLM  
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3.2 Primary tumor data 
The primary tumor was localized in rectum in 142 cases (40.6 %) and in colon in 

208 cases (59.4 %). Two hundred eighty five patients (81.4 %) had a pT-category 

3 or 4 and 65 (18.6 %) had a pT-category 1 or 2. Of the total, 81 (23.1 %) patients 

had more than 3 lymph node metastases. Of the total, 247 patients had a tumor 

grade1/2, 53 patients had a tumor grade of 3 and in 50 cases the tumor grade 

was not reported.  

Table 2: Characteristics of patients, primary tumors, metastases and therapy 

 In total 
Site of liver resection 

p 
Jena MD 

In total 350 100.0 % 244 69.7 % 106 30.3 % -- 

Age 
< 70 years 259   74.0 % 188  77.0 %   71  67.0 % 

0.063 
≥ 70 years   91   26.0 %   56  23.0 %   35  33.0 % 

Site of 
primary 

Colon 208   59.4 % 149  61.1 %   59  55.7 % 
0.345 

Rectum 142   40.6 %   95  38.9 %   47  44.3 % 

pT 
category 

PT1/pT2   65   18.6 %   46  18.9 %   19  17.9 % 
0.882 

PT3 /pT4 285   81.4 % 198  81.1 %   87  82.1 % 

pN 
category 

pN0/1 269   76.9 % 186  76.2 %   83  78.3 % 
0.783 

pN2   81   23.1 %   58  23.8 %   23  21.7 % 

Grading 
Grade 1/2 247   82.3 % 182  79.8 %   65  90.3 % 

0.051 
Grade 3   53   17.7 %   46  20.2 %     7    9.7 % 

Diagnosis 
of 
metastasis 

Synchronous 138   39.4 %   88  36.1 %   50  47.2 % 
0.057 

Metachronous 212   60.6 % 156  63.9 %   56  52.8 % 

Interval 
primary to 
liver 
metastasis 

≥ 12 months  183   52.3 % 131  53.7 %   52  49.1 % 
0.485 

< 12 months 167   47.7 % 113  46.3 %   54  50.9 % 
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Interval 
primary to 
liver 
metastasis 

≥ 24 months   93  26.6 %   65  26.6 %   28  26.4 % 
1.000 

< 24 months 257 73.4 % 179  73.4 %   78  73.6 % 

Extrahepatic 
tumor 

None 313 89.4 % 214  87.7 %   99  93.4 % 
0.132 

Present   37 10.6 %   30  12.3 %     7    6.6 % 

Diameter of 
metastasis 

£ 3 cm 138 39.4 %   91  37.3 %   47  44.3 % 
0.235 

> 3 cm 212 60.6 % 153  62.7 %   59  55.7 % 

Type of 
resection 

Local 
excision   58 16.6 %   25  10.2 %   33  31.1 % 

<0.001 < 3 
segments 146 41.7 %   98  40.2 %   48  45.3 % 

≥ 3 
segments  146 41.7 % 121  49.6 %   25  23.6 % 

 
3.3 Liver resection data 
The detection of the metastasis appeared simultaneous to the primary tumor in 

138 (39.4 %) patients (synchronous metastasis). In 212 (60.6 %) cases, the liver 

metastasis was detected after the diagnosis of the primary (metachronous 

metastasis). In 212 patients, 60.6 % of cases, the diameter of the metastasis was 

bigger than 3 cm. In 204 cases (58.3 %), less than 3 liver segments were 

resected.  

A total of 37 patients (10.6 %) had an extrahepatic tumor lesion at the time of liver 

resection. Of the total, only 51 patients (14.6 %) underwent a neoadjuvant 

chemotherapy before the liver resection. There was no perioperative mortality. 

Considering the place where the patients were operated, all the features except 

one were similar in the two groups. The only one feature that differed in the two 

groups was the size of the liver resection: in Jena, there were more 

hemihepatectomies while in Magdeburg, there were more local excisions or 

minor resections.   
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3.4 Univariate survival analysis – Overall survival 
At the end of the study, 215 patients had died, 135 were still alive. Median follow-

up time of patients dead or alive were 37 months and 80 months, respectively. 

Estimated median survival time of all patients was 54 months. 

The overall survival rates after 1, 3, 5, and 10 year(s) were 93 %, 67 %, 47 %, 

and 28 %, respectively (Figure 2). 

 

 
 
Figure 2: OS of all patients with liver resection for CLM over 10 years 
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3.4.1 Localization of the hospital  

Estimated median survival times of patients who had liver resection in Jena and 

Magdeburg (MD) were 56 months and 47 months, respectively. 

Estimated 5-, and 10-year survival rates of patients who had liver resection in 

Jena were 48 % and 31 %, respectively. For patients resected in Magdeburg, the 

figures were 45 % and 18 %, respectively (Figure 3). 

The differences in survival rates did not reach statistical significance (p=0.117). 

 

 
 
Figure 3: OS dependent on the hospital where liver resection was performed  
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3.4.2 Age of the patients 

Estimated median survival times of 91 older and 259 younger patients were 40 

months and 61 months, respectively. 

Estimated 5-, and 10-year survival rates of younger patients were 50 % and 32 

%, respectively. For older patients, the figures were 39 % and 13 %, respectively 

(Figure 4). 

The differences in survival rates were statistically significant (p=0.007). 

 

 
 

Figure 4: OS dependent on age of patients with CLM 
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3.4.3 pT category  

Estimated median survival times of patients with primary tumour pT1/2 (65 

patients) and pT3/4 (285 patients) were 72 months and 50 months, respectively. 

Estimated 5-, and 10-year survival rates of patients with pT1/2 category of 

primary tumor were 55 % and 30 %, respectively. For patients with pT3/4 

category of primary tumor, the figures were 46 % and 28 %, respectively (Figure 

5).  

The differences in survival rates did not reach statistical significance (p=0.316). 

 

 
 

Figure 5: OS dependent on pT category of primary tumor 

 

  

C
um

ul
at

iv
e 

su
rv

iv
al

 

Months after resection 

 



28 

 

3.4.4 pN category  

Estimated median survival times in cases with pN category pN0/1 (269 patients) 

or pN2 (81 patients) were 61 months and 42 months, respectively. Estimated 5-, 

and 10-year survival rates of tumor with pN category pN0/1 were 51 % and 30 %, 

respectively. For tumor with pN category 2, they were 36 % and 21 %, 

respectively (Figure 6).  

The differences in survival rates were statistically significant (p=0.018). 

 

 
 

Figure 6: OS dependent on pN category of primary tumor 
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3.4.5 Tumor grading 

Estimated median survival times in case of tumor grade 1/2 (247 patients) and 

grade 3 (53 patients) were 51 months and 39 months, respectively. Estimated 5-

, and 10-year survival rates of patients with tumor grade 1/2 were 46 % and 28 

%, respectively. For patients with tumor grade 3, they were 42 % and 29 %, 

respectively (Figure 7).  

The differences in survival rates did not reach statistical significance (p=0.241). 

 

 
 
Figure 7: OS dependent on grading of the metastasis 
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3.4.6 Time of diagnosis of the metastasis 

Estimated median survival times of patients with synchronous (138 patients) or 

metachronous (212 patients) metastases were 51 months and 56 months 

respectively. Estimated 5-, and 10-year survival rates of patients with 

synchronous metastases were 46 % and 26 %, respectively. For patients with 

metachronous metastases, they were 49 % and 30 %, respectively.  

The differences in survival rates did not reach statistical significance (p=0.172). 

(Figure 8).  

 

 
 

Figure 8: OS dependent on time of diagnosis of CLM 

 

Estimated median survival times of patients that received the diagnosis of liver 

metastasis before (167 patients) or later than 12 months (183 patients) after 

diagnosis of primary tumor, were 51 months and 56 months, respectively. 

Estimated 5-, and 10-year survival rates of patients with a soon diagnosis of 

metastasis were 53 % and 25 %, respectively. For patients with later diagnosis 

of metastasis, they were 45 % and 29 %, respectively. 

The differences in survival rates did not reach statistical significance (p=0.202). 
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The median survival time for patients who received the diagnosis before (257 

patients) or after 24 months (93 patients) from the diagnosis of the primary tumor 

were 50 and 64 months, respectively.  Estimated 5-, and 10-year survival rates 

of patients with a soon diagnosis were 49 % and 31 %, respectively. For patients 

with later diagnosis, they were 46 % and 26 %, respectively. 

The differences in survival rates did not reach statistical significance (p=0.546). 

 

3.4.7 Presence of extrahepatic tumor lesion    

Estimated median survival times of patients without (313 patients) or with 

extrahepatic tumor lesion (37 patients) at the time of diagnosis of the liver 

metastasis were 58 months and 38 months, respectively. Estimated 5-, and 10-

year survival rates of patients without extrahepatic tumor were 49 % and 30 %, 

respectively. For patients with extrahepatic tumor, the 5-, and 10-year survival 

rates were 31 % and 12 %, respectively (Figure 9).   

The differences in survival rates were statistically significant (p=0.018). 

 

 
 
Figure 9: OS dependent on extrahepatic tumor lesion 
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3.4.8 Diameter of the metastasis    

Estimated median survival times of patients with liver metastasis diameter less 

(138 patients) or more than 3 cm (212 patients) were 62 months and 48 months, 

respectively. Estimated 5-, and 10-year survival rates of patients with a small 

metastasis were 53 % and 33 %, respectively. For patients with a bigger 

metastasis, the 5-, and 10-year survival rates were 44 % and 25 %, respectively 

(Figure 10).   

The differences in survival rates did not reach statistical significance (p=0.119). 

  

 
 
Figure 10: OS dependent on diameter of CLM 
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3.4.9 Type of liver resection 

Estimated median survival times of patients who received an atypical resection 

(58 patients), resection of < 3 segments (146 patients) and resection of ≥ 3 

segments (146 patients) were 48 months, 64 months and 46 months, 

respectively.  

Estimated 5-, and 10-year survival rates of patients who received an atypical 

resection were 45 % and 19 %, respectively. Estimated 5-, and 10-year survival 

rates of patients with minor resection were 52 % and 32 %, respectively. For 

patients that received major resection, the estimated 5-, and 10-year survival 

rates were 45 % and 27 %, respectively (Figure 11). The differences in survival 

rates did not reach statistical significance (atypical vs. < 3 segments: p=0.139, 

atypical vs. ≥ 3 segments:  p=0.808, < 3 segments vs. ≥ 3 segments: p=0.137). 

 

 
 
Figure 11: OS dependent on type of liver resection of CLM 
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3.4.10 Use of neoadjuvant chemotherapy    

Patients that received neoadjuvant chemotherapy (51 patients, 14.6 %) had an 

estimated median survival time of 45 months. Patients who did not receive 

chemotherapy before liver resection (299 patients, 85.4 %) had an estimated 

median survival time of 55 months.  

Estimated 5-, and 10-year survival rates of patients who received neoadjuvant 

chemotherapy were 42 % and 26 %, respectively. For patients who did not get 

chemotherapy before liver resection, the 5-, and 10-year survival rate were 48 % 

and 28 %, respectively (Figure 12).  The differences in survival rates did not reach 

statistical significance (p=0.283).  

 

 
 
Figure 12: OS dependent on neoadjuvant chemotherapy before liver resection 

of CLM 
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3.5 Univariate survival analysis – Disease-free survival 
The disease-free survival of all patients (DFS) after 5 and 10 years was 30 % and 

20 %, respectively (Figure 13). 

 

 
 

Figure 13: DFS of all patients with liver resection of CLM 
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3.5.1 Age of the patients 

Estimated 5-, and 10-year disease-free survival rates for the 259 patients < 70 

years of age were 31 % and 22 %, respectively. For the 91 patients ≥ 70 years of 

age, the figures were 26 % and 12 %, respectively (Figure 14).  

Age at liver resection did not influence disease-free survival statistically 

significant (p=0.575). 

 

 
 
Figure 14: DFS dependent on age of patients with liver resection for CLM 
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3.5.2 pT category 

Estimated 5-, and 10-year disease-free survival rates for the 65 patients with 

primary tumor category pT1/2 were 43 % and 28 %, respectively. For the 285 

patients with primary tumor category pT3/4, the disease-free survival rates were 

27 % and 20 % (Figure 15). 

pT category of the primary tumor did not influence disease-free survival 

statistically significant (p=0.090).  

 

 
 

Figure 15: DFS dependent on pT category of primary tumor 
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3.5.3 pN category 

Estimated 5-, and 10-year disease-free survival rates for the 269 patients with 

pN0/1 primary tumors were 34 % and 22 %, respectively. For the 81 patients with 

pN2 primary tumors, the figures were 18 % and 13 %, respectively (Figure 16).  

pN category of primary tumor influences disease-free survival statistically 

significant (p=0.006). 

 

 
 
Figure 16: DFS dependent on pN category of primary tumor 

  

C
um

ul
at

iv
e 

su
rv

iv
al

 

Months after resection 

 



39 

 

3.5.4 Tumor grading 

Estimated 5-, and 10-year disease-free survival rates for the 247 patients with 

grade 1 or grade 2 tumors were 31 % and 20 %, respectively. For the 53 patients 

with grade-3 tumors, the figures were 28 % and 21 %, respectively (Figure 17).  

Grading did not influence disease-free survival statistically significant (p=0.372).  

 

 
 

Figure 17: DFS dependent on grading of the metastasis 
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3.5.5 Time of diagnosis of the metastasis 

Estimated 5-, and 10-year disease-free survival rates for the 138 patients with 

synchronous metastases were 23 % and 14 %, respectively. For the 212 patients 

with metachronous metastases the figures were 34 % and 23 %, respectively 

(Figure 18).  

Timing of liver metastasis did influence disease-free survival statistically 

significant (p=0.021). 

 

 
 
Figure 18: DFS dependent on time of diagnosis of the metastasis 
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3.5.6 Presence of extrahepatic tumor lesion 

Estimated 5-, and 10-year disease-free survival rates for the 37 patients with 

extrahepatic tumor lesion were 12 % and 8 %, respectively. For the 313 patients 

without extrahepatic tumor, the figures were 32 % and 21 %, respectively (Figure 

19). 

Extrahepatic tumor lesion at the time of the operation did influence disease-free 

survival statistically significant (p=0.004). 

 

 
 
Figure 19: DFS dependent on extrahepatic tumor lesion 
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3.5.7 Diameter of the metastasis 

Estimated 5-, and 10-year disease-free survival rates for the 138 patients with 

metastases  £ 3 cm were 33 % and 24 %, respectively. For the 212 patients with 

metastases > 3 cm the figures were 28 % and 17 %, respectively (Figure 20). 

The diameter of the metastasis did not influence disease-free survival statistically 

significant (p=0.243).  
 

 
 
Figure 20: DFS dependent on diameter of the liver metastasis 
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3.5.8 Type of liver resection 

Estimated 5-, and 10-year disease-free survival rates for the 58 patients with 

atypical resection were 16 % and 6 %, respectively. Estimated 5-, and 10-year 

disease-free survival rates for the 146 patients with < 3 segments resected were 

33 % and 21 %, respectively. For the 146 patients with ≥ 3 segments resected 

the figures were 32 % and 22 %, respectively (Figure 21). 

The size of the liver resection did not influence disease-free survival statistically 

significant (atypical vs. < 3 segments: p=0.071, atypical vs. ≥ 3 segments:  

p=0.425, < 3 segments vs. ≥ 3 segments: p=0.342). 

 

 
 
Figure 21: DFS dependent on type of liver resection for CLM 
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3.5.9 Use of neoadjuvant chemotherapy 

Estimated 5-, and 10-year disease-free survival rates for the 51 patients with 

neoadjuvant chemotherapy before liver resection were 19 % and 11 %, 

respectively. For the 299 patients without neoadjuvant chemotherapy before liver 

resection the figures were 32 % and 21 %, respectively (Figure 22). 

Neoadjuvant chemotherapy before liver resection did influence disease-free 

survival statistically significant (p=0.008). 

 

 
 
Figure 22: DFS dependent on neoadjuvant chemotherapy 
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3.6 Extrahepatic and intrahepatic recurrence 
Till the end of the study, 146 patients did not show any signs of tumor recurrence. 

204 patients had tumor recurrence (Table 3).  

 
Table 3: Site of recurrence 

Site of recurrence [ n ]  

Liver only   93 

Intrahepatic 
recurrence 

Liver and other metastases   31 

Liver and other metastases and 
local recurrence     1 

Lung only   31 

Extrahepatic 
recurrence 

Local recurrence only   19 

Local recurrence and other 
metastases     3 

Other metastases   26 

In total 204  

 

The cumulative intrahepatic recurrence rate after 10 years was 41 % (Figure 23). 

Approximately half of these appeared within the first 12 postoperative months. 

The cumulative extrahepatic recurrence rate was lower than the intrahepatic 

recurrence (27 % after 10 years). 
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Figure 23: Cumulative intrahepatic (blue) and extrahepatic (green) recurrence 

rate 

 

3.6.1 Localization of primary tumor 

The site of primary tumor was correlated to the type of recurrent tumor: 10-year 

extrahepatic recurrence was 22 % for 208 colon cancers and 33 % for 142 rectal 

cancers (p=0.029). In contrast to that, 10-year intrahepatic recurrence was 46 % 

for colon cancer and 35 % for rectal cancer (p=0.032) (Figure 24). 

 

 

Figure 24: Extrahepatic (left) and intrahepatic (right) recurrence dependent on 

site of primary tumor (blue = colon, green = rectum) 
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3.6.2 pN category 

The pN category of the primary tumor did not influence the cumulative rate of 

extrahepatic recurrence (p=0.805): 10-year extrahepatic recurrence was 27 % for 

269 pN0/1 primary tumors and 27 % for 81 pN2 primary tumors. In contrast to 

that, in primary tumors with more than 3 lymph node metastases (pN2) the rate 

of intrahepatic recurrence was statistically significant higher than in pN0/1 

primary tumors (p=0.012) (Figure 25). 10-year intrahepatic recurrence was  38 % 

and 54 % for pN0/1 and pN2 primary tumors, respectively. 

 

 
 

Figure 25: Extrahepatic (left) and intrahepatic (right) recurrence dependent on 

pN category (blue = pN0/1, green = pN2) 
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3.6.3 Use of neoadjuvant chemotherapy 

Neoadjuvant chemotherapy (51 patients) before liver resection did not influence 

the extrahepatic recurrence rate statistically significant (p=0.811). The 10-year 

extrahepatic recurrence rate was 20 % for patients treated with neoadjuvant 

chemotherapy and 28 % for patients who did not received chemotherapy before 

surgery.  

In contrast to that, the intrahepatic recurrence rate was increased statistically 

significant (p<0.001) (Figure 26). The 10-year intrahepatic recurrence rate was 

64 % for patient who received neoadjuvant chemotherapy and 37 % for patients 

that did not receive chemotherapy before surgery.  

 

 
Figure 26: Extrahepatic (left) and intrahepatic recurrence (right) dependent on 

the use of neoadjuvant chemotherapy before liver resection (blue = 

no, green = yes) 
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3.6.4 Time of diagnosis of metastasis 

Extrahepatic recurrence rates did not show any correlation to the time of 

diagnosis of the liver metastasis (p=0.400). The 10-year extrahepatic recurrence 

rates for patients with synchronous or metachronous metastases were 22 % and 

29 %, respectively.  

In contrast to that, synchronous metastases showed a higher intrahepatic 

recurrence rate than metachronous metastases (p=0.002). The 10-year 

intrahepatic recurrence rates for patients with synchronous and metachronous 

metastases were 52 % and 35 %, respectively (Figure 27). 

 

 

Figure 27: Extrahepatic (left) and intrahepatic recurrence (right) dependent on 

time of diagnosis of the metastasis (blue = synchronous, green = 

methachronous) 
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3.6.5 Presence of extrahepatic tumor lesion 

The presence of extrahepatic tumor at the time of diagnosis of liver metastasis  

 (37 patients) increased the rate of extrahepatic recurrence statistically significant 

(p=0.009). The 10-year extrahepatic recurrence rates for patients who had or not 

extrahepatic tumor were 48 % and 25 %, respectively.  

In contrast to that, the rate of intrahepatic recurrence was not influenced 

statistically significant by extrahepatic tumor (p=0.417) (Figure 28). The 10-year 

intrahepatic recurrence rate for patients with or without extrahepatic tumor were 

47 % and 41 %, respectively. 

 

 

Figure 28: Extrahepatic (left) and intrahepatic recurrence (right) dependent on 

extrahepatic tumor at the time of liver resection for CLM (blue = 

absent, green = present) 
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Univariate analysis (Table 4) demonstrated that independently of the surgical 

department where the operation was performed, 

     - invasion of the primary tumor lesion (pT category), 

     - grade of malignancy of the metastasis, 

     - size of the metastasis (and) 

     - extend of the liver resection  

had no statistically significant impact onto survival and recurrence rate.  

 
Table 4: Summary of univariate analysis  

 p OS p DFS 
p 

Intrahepatic 
recurrence 

p 
Extrahepatic 
recurrence 

Hospital 0.117 0.949 0.668 0.257 

Age 0.007 0.575 0.301 0.790 

Site of primary 
tumor 0.776 0.192 0.032 0.029 

pT category 0.316 0.090 0.087 0.599 

pN category 0.018 0.006 0.012 0.805 

Grading  0.241 0.372 0.990 0.485 

Time of metastasis 0.172 0.021 0.002 0.400 

Neoadjuvant 
chemotherapy 0.283 0.008 <0.001 0.811 

Size of metastasis 0.119 0.243 0.789 0.352 

Extrahepatic tumor 0.018 0.004 0.417 0.009 

Number of 
segments resected  0.650 0.663 0.402 0.592 
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3.7 Multivariate analysis 
The multivariate analysis was performed with a Cox regression step wise forward. 

Factors were included if the p value was < 0.05 and excluded if the p value was 

> 0,10. The same model was used for all the endpoints.  

Multivariate analysis (Table 4) confirmed all the results obtained with the 

univariate analysis. Age, status of lymph node metastases at the primary tumor, 

location of primary tumor, time of appearing of the metastasis, the use of 

preoperative chemotherapy and the presence of extrahepatic tumor can be 

considered as independent predictors for the prognosis. 

 
Table 5: Summary of multivariate analysis 

 p OS p DFS 
p Intrahep. 
recurrence 

p Extrahep. 
recurrence 

Age 0.005 n.s. n.s. n.s. 

Site of primary tumor n.s. n.s. 0.039 0.027 

pN category 0.029 0.008 0.017 n.s. 

Time of metastasis n.s. n.s. 0.037 n.s. 

Neoadjuvant 
chemotherapy n.s. 0.003 0.004 n.s. 

Extrahepatic tumor 0.023 0.006 n.s. 0.009 
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4. DISCUSSION 
In the last years, a large number of studies investigated predictors of outcome 

after hepatic resection for CLM. Several factors were identified to influence the 

prognosis, however, the results reported are very heterogeneous and often 

discorded. Since the most study populations are very diversified comprehending 

every number of metastases, in this work we focused on a more homogeneous 

group of patients characterized by solitary CLM treated with a curative (R0) 

resection. The aim is to achieve more trustable results and to analyze a subgroup 

of patient until now considered as those having a considerable better prognosis. 

The surgical department where the operation was performed, had no statistically 

significant impact on the oncological outcome. Therefore, the combined analysis 

of the patients who underwent hepatic resection at the two centers is justified.  

 
4.1 Survival rates for solitary metastases  
The absence of perioperative mortality and the overall survival rate confirm the 

accepted concept that surgery is a safe procedure with the best long-term 

outcome if compared with other ablative or systemic therapy. In the literature, 

independently of the number of metastases, the median 5- and 10-year survival 

rates reported were 38 % and 26 %, respectively (4). In our subgroup of solitary 

metastases, we reached a 5- and 10-year survival rate of 47 % and 28 %. These 

results show that patients with solitary metastases does not benefit of such an 

excellent prognosis if compared with patients with multiple metastases.  

The disease-free survival rate showed that a big part of the patients developed 

recurrence, especially in the first months after the liver resection. Therefore, a 

close-up and careful monitoring for patients treated with curative resection of a 

single metastasis, independently of the size of the metastasis, assume a crucial 

role in the follow up. 

 

4.2 Tumor recurrence 
According to other reports, we saw more intrahepatic than extrahepatic tumor 

recurrence (62,63). Interestingly, the half of intrahepatic tumor recurrence 

appeared within the first 12 postoperative months after surgery. This may indicate 

an underestimation of tumor burden due to undetected (occult) liver lesions at the 
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time of liver surgery. We assume these patients had multiple subclinical 

metastases thus small at the time of operation that they cannot be identified even 

with the most sensitive diagnostic tool, the intraoperative ultrasound. These 

metastases became clinically detectable a few months after liver resection. We 

suppose that in this subgroup of patients, we did not resect a solitary liver 

metastasis but rather the “first one” of multiple subsequently occurring liver 

metastases. A previous study demonstrated that immunohistochemically 

detected hepatic micrometastases were found in about a half of patients treated 

with curative liver resection. The presence of micrometastases was a predictive 

factor for increased risk of intrahepatic recurrence and was a poor prognostic 

indicators of survival (64).  

The big challenge would be the detection of the patients that are classified as 

having a single metastasis but present undetectable micrometastases. To reveal 

the patients that suffer from a fast tumor progression, a “watch and wait” strategy 

in the first months after diagnosis could be taken into consideration. If during this 

time window the patients develop other metastases, it can be assumed that they 

were present as subclinical undetected micrometastases even at the time of 

diagnosis. In this group of patients, the strategy of treatment has to be discussed 

again in order to reach a complete surgical resection of the tumor or, in case of 

unresectable disease, another treatment strategy should be adopted such as 

local ablation, liver-parenchyma-sparing surgical technique or systemic therapy 

or a combination of the previous.  

A study of Voskoboynik et al. analyzed the follow up of patients with newly 

diagnosed metastatic colorectal cancer that received an initial treatment in 

confront with patients who received a “watch and wait” strategy. It was 

demonstrated that the “watch and wait” approach does not compromise the 

survival rate of the patients. It was adopted in case of low bulk and asymptomatic 

disease, where progression at known sites of disease was considered unlikely to 

cause rapid clinical deterioration. The great majority (87.5 %) of watch and wait 

patients subsequently received treatment, at a median of 3.7 months due to 

tumor factors such as significant disease progression or the development of bulky 

or symptomatic disease or at patients’ discretion (65). 
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4.3 Negative prognostic factors 
Our population was a relative elderly patient group since about one third of the 

patients was more than 70 years old. The age of the patients had a significant 

impact only on the overall survival. In fact, especially for this end point the age-

related comorbidities play an important role that disappears in the other end 

points. This demonstrates that surgery is justified even in elderly patients, if the 

comorbidities allow to safely tackling the operation. 

The data presented, according to several previous studies (39,43,66,67), shows 

that the regional lymph node involvement of the primary tumor lesion is one of 

the strongest prognostic factors. It was independently associated with a reduced 

survival and a worse tumor recurrence rate diminishing the whole postoperative 

outcome. This aspect may be related to the tumor biology and growing 

characteristics showing a particular aggressiveness of the disease. 

The primary tumor site had an influence only on the incidence of intra- and 

extrahepatic tumor recurrence. In the presented groups, patients with rectal 

cancer had more extrahepatic recurrence than patients with colon cancer the 

latter one had a higher intrahepatic recurrence. On one side, this can be 

explained by the fact that patients with a primary rectal cancer had a higher loco-

regional recurrence rate that is classified as an extrahepatic tumor site. On the 

other hand, the anatomical features may cause a different metastatic pattern 

since the venous blood and the lymphatic drainage from the lower rectum passes 

through the systemic venous pathway rather than the portal pathway. As support 

to this hypothesis, an analysis of the pattern of tumor recurrence published by 

Tan et al. revealed that pulmonary tumor recurrence occurs more frequently in 

rectal cancer whereas liver metastases are more frequent in colon cancer (68).  

According to the literature (54,56), the presence of synchronous metastases was 

associated with a higher intrahepatic tumor recurrence and a worse disease-free 

survival. This can be intuitively explained with a late diagnosis of the disease or 

with a more aggressive character of the tumor such as a tendency of 

dissemination that leads to a worse prognosis.  

In opposition to previous works (54,69,70), the size and the grade of the 

metastases did not influence survival. Further, the extend of liver resection did 

not influence outcome. It can be therefore assumed that – if a resection is 
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technically feasible – it should be always performed, even in cases of bigger 

metastases. On the other hand, if an R0 resection of the metastasis can be 

achieved with a wedge resection, there is no need to perform a larger resection.  

 
4.4 Microscopic status 
The importance of the microscopic status of the resection margin is largely 

described. Recent reports demonstrated that a microscopically positive R1 

margin is strongly correlated with worse overall survival (71–74). Since the 

1980s, there had been a general consensus that the optimal surgical margin 

during resection of CLM should measure ≥ 1 cm. In fact, some authors even 

suggested that inability to accommodate a 1-cm margin should perhaps preclude 

a patient from being considered for hepatic resection (46,75). More recently, 

however, multiple reports have demonstrated that margin width has any effect on 

outcome as long as a negative margin is achieved (71,73). This aspect increases 

the responsibility of the surgeon who should strive assiduously to achieve 

complete macro- and microscopic resection of CLM to ensure the best outcome 

for the patient. 

 
4.5 Extrahepatic disease 
As previously reported (76,77), the presence of extrahepatic tumor disease at the 

time of the operation significantly reduced the survival rate and increases the risk 

of recurrence of extrahepatic metastasis. No influence was seen on the 

intrahepatic tumor recurrence. This does not mean necessarily that the presence 

of extrahepatic tumor lesions should be considered as a contraindication to 

surgery as some authors reported. Recently, an increased number of authors 

demonstrate that the presence of limitedly resectable extrahepatic tumor disease 

should not be an absolute contraindication to resection, as a subset of patients 

may derive a long-term survival benefit (76–78). A recent review of Chua et al. 

showed that resection of colorectal liver metastases with extrahepatic disease is 

a safe surgical option with median mortality rate of less than 1 %. Moreover, when 

an R0 resection status in hepatic resection was achieved, the median 5-year 

survival reached 25 % (79). Taking into account that surgery of all resectable 
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disease is the best chance of long-term survival, whenever technically possible, 

it should be discussed.  

 

4.6 Neoadjuvant chemotherapy 
The use of neoadjuvant chemotherapy was first indicated for patients with 

unresectable liver metastases, where the purpose was to downstage the extent 

of metastases to technically facilitate a safe and feasible operation with 

preservation of an adequate remnant liver volume (80). Successively, the use 

of neoadjuvant chemotherapy was assessed even for resectable liver 

metastases. A big multicenter study of Adam et al. studied the effect on survival 

of preoperative chemotherapy in confront to upfront surgery for solitary 

methachronous liver metastases. In a group of 1,471 patients, the use of 

preoperative chemotherapy did not improve overall- or disease-free survival. 

Moreover the rate of postoperative complications was significantly higher in the 

group of patients that received chemotherapy before surgery (67).  The European 

Organization for Research and Treatment of Cancer conducted the only 

randomised, controlled, phase-III trial that demonstrated that perioperative 

therapy with FOLFOX (before and after surgery) increases progression-free 

survival compared with surgery alone for patients with liver-only metastases but 

they could not report a statistically significant survival difference between the two 

groups (23,24).  

In the same way, in our group there is no difference in overall survival between 

patients that received or not preoperative chemotherapy. Moreover, the use of 

preoperative chemotherapy revealed to be an independent negative predictor of 

outcome with a significant worse disease-free survival and higher intrahepatic 

tumor recurrence.  

A large study of Adam et al. analyzed patients with CLM that underwent liver 

resection after systemic chemotherapy. Patients defined as “complete 

pathological responder” without any viable tumor cell at the pathological 

examination, had excellent survival outcomes, with 5-year overall survival and 

5-year disease-free survival of both 76 %. Unfortunately, these results concern 

only a small minority of the total of patients resected in fact a complete 

pathological response was observed in only 4 % of patients (81).  
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A recent large review of Chua et al. analyzed the rates of radiological response 

and pathological response after neoadjuvant chemotherapy. It has been 

calculated that the overall objective radiological response was observed in 64 

% of patients, with only a small proportion of patients (4 %) demonstrating 

complete pathological response (82). 

In other words, the use of chemotherapy before surgery can lead to a complete 

radiological response which means that metastases disappear in preoperative 

imaging, nevertheless, it does not necessarily reflect a complete pathological 

response. In a study by Benoist et al., the histopathologic examination of the sites 

where CLM disappeared, showed viable tumor cells in 80 % of the patients (83). 

Moreover, a recent review by Gaujoux et al. reported that if the disappearing 

metastases were left in situ, the tumor recurrence rate ranged from 38 to 74 % 

(84). On the basis of these findings, it can be supposed that the use of 

neoadjuvant chemotherapy in the presented group could have masked the 

presence of more subclinical metastases, in addition to the known solitary 

metastasis, that were not resected at the time of surgery. Probably, these 

micrometastases develop and spread only after liver resection, when the 

chemotherapy was interrupted, leading to a higher and earlier recurrence of the 

disease.  

 
4.7 Conclusion 
The peculiarity of this work is that it concentrates on a defined group of patients 

otherwise always included in a more heterogeneous population characterized by 

multiple liver metastases.  

Patients with solitary metastases are mostly considered a subgroup of patient 

with excellent prognosis, however, we could not confirm these expectations. The 

survival and recurrence rate are not that far from the results of patients with 

multiple metastases. Liver resection remains the first choice of treatment, 

nevertheless it is a signal that a careful and close-up monitoring after surgery is 

definitely needed.  

Furthermore, since we noted that a subgroup of the investigated patients quickly 

developed recurrence after surgery, we questioned if in these cases, we resected 

the “first one” of multiple liver metastases already present as undetected 
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micrometastases at the time of surgery. The next big challenge would be the 

preoperative identification of these patients in order to choose an appropriate 

strategy of treatment. In this regard, a “watch and wait” approach could be taken 

into discussion. 

Through the high number of cases, we reached important and sometimes 

unexpected results. The long-term prognosis after resection of solitary hepatic 

metastases is influenced by multiple factors acting in different ways. In our group 

the use of neoadjuvant chemotherapy was not able to improve the long-term 

follow-up, indeed it has revealed itself as a negative predictor. The strongest 

factors were the involvement of regional lymph nodes of the primary tumor, the 

presence of extrahepatic tumor disease at the time of liver resection and the time 

of occurrence of the metastasis.  

Through these informations, we are able to recognize in advance which patients 

would benefit from an intensification of the follow up, from a systemic therapy 

after surgery or from a reoperation. This would lead to the realization of a patient-

specific treatment in order to improve the oncological outcome and the quality of 

life.   
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5. SUMMARY 
In recently published studies about the outcome after hepatic resection for 

colorectal liver metastases, the results are very heterogeneous and sometimes 

discording. We focused on a homogeneous group of patients characterized by 

solitary colorectal liver metastases treated with a curative (R0) resection. 
We recruited a total of 350 patients at the University Hospitals of Jena and 

Magdeburg who underwent curative liver resection between 1993 and 2014. All 

patients had follow-up until death or till summer 2016.The 5- and 10-year OS 

rates were 47 % and 28 %, respectively. The 5- and 10-year DFS rates were 30 

% and 20 %, respectively. These results are not that excellent as expected. The 

analysis of the prognostic factors revealed that pT category of primary tumor, size 

and grade of the metastases and extension of the liver resection had no 

statistically significant impact on survival and recurrence rates. 

The age of the patients, the involvement of more than three lymph node 

metastases by the primary tumor, synchronous metastases, the use of 

neoadjuvant chemotherapy and the presence of extrahepatic tumor showed a 

negative influence on the prognosis. Moreover, patient with rectal cancer had a 

significant lower intrahepatic recurrence rate but a higher extrahepatic recurrence 

rate. In the multivariate analysis these results proved to be independent 

statistically significant predictors for the prognosis showing that the long-term 

follow up of these kind of patients is multifactorial influenced. More than three 

lymph node metastases at the primary tumor and the presence of extrahepatic 

tumor demonstrated to be factors with the worst influence on the follow up. The 

use of chemotherapy before liver resection was not able to improve survival or 

tumor recurrence. This information can help the clinicians to stratify the patients 

and to recognize which patients would benefit from an intensification of the follow 

up, from a reoperation or from a systemic therapy or from a local-ablative 

treatment. This led to offer a patient-specific strategy of treatment in order to 

improve the oncologic outcome and the quality of life.  
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