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Introduction

In the early beginnings of civilization mankind tried to predict the future. They tried to achieve 
this by divination. Divination is a technique that seeks to discover information about current 
and future conditions. In ancient Mesopotamia (now located in modern Iraq/Syria) diviners 
interpreted the shape and appearance of the liver of a sacrificed animal to predict outcome in ill 
patients.1 (Front cover; Clay model of a sheep’s liver, probably used for teaching divination, from 
Babylon c. 2000 BCE.) It seems far-fetched, however there is a similarity with research nowadays 
where we try to predict patient outcome. Of course this is now based on scientific evidence. 

Colorectal cancer (CRC) is one of the two most commonly diagnosed cancers, with approximately 
1.2 million new cases each year and more than 600,000 annual deaths estimated to occur 
worldwide.2 At diagnosis of CRC, approximately 20% of the patients present with synchronous 
metastatic CRC, and the liver is the predilection site in half these patients.3, 4 Liver resection is 
considered to be the best optimal treatment for colorectal liver metastases (CRLM) with 5-year 
survival rates up to 60% in highly selected patients. Until recently, only 10-20% of patients 
were considered suitable for attempted curative resection.5, 6 Due to improvements in surgical 
technique, the acceptance of smaller resection margins7, 8, the introduction of more effective 
systemic chemotherapy9, 10, the use of portal vein embolization (VPE)11, 12, radio frequency ablation 
(RFA)13, 14 and stereotactic body radiation (STBR)15 more patients are eligible for liver surgery. 
Many factors contribute to a better outcome, however surgery is fundamental in achieving long 
term survival. This thesis describes some factors that contribute to a better outcome in patient 
with colorectal metastatic disease. In three parts it will cover technical surgical aspects, prognostic 
factors and timing of therapy.

Part 1
Due to the increased use of neoadjuvant chemotherapy and repeated liver resections for local 
recurrence, sufficient liver remnant is becoming more important. Therefore, strategies in liver 
resection that aim to preserve as much healthy liver tissue as possible are needed. Chapter 2 
determines whether an anatomical or a non-anatomical approach affects morbidity, mortality, 
margin positivity, recurrence and survival in a single-institution series. If a non-anatomical 
approach is equally effective as the anatomical approach, this may lead to organ preserving 
surgery and expands the possibilities for further liver resections in case of local recurrence.
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Surgical margin status has been described as the major determinant of survival after resection, 
with R1 resections (microscopically incomplete) doing worse compared to R0 (microscopically 
complete) resections. However, the impact of the several proposed cutoff points regarding R0 
resections remains controversial. Several studies demonstrated that a small resection margin width 
is not a contraindication for resection, providing a radical resection is performed. However, these 
studies did not evaluate the specific group of patients who received neoadjuvant chemotherapy. 
It might be possible that in some patients there is no prospect for an acceptable resection margin 
width. If these patients are treated with neoadjuvant chemotherapy a marginal resection margin 
width might be sufficient. In Chapter 3 we analyzed whether a resection margin of 0 mm is 
sufficient in patients that are treated with effective neoadjuvant chemotherapy.

Part 2
Since we practice evidence based medicine, instead of looking at livers of sacrificed animals, 
nowadays we use clinical parameters of patients to predict outcome. Several clinical risk scores 
(CRSs) for the outcome of patients with CRLM have been published.16-25 A CRS is a predictive 
tool for patients with CRLM who undergo resection.17-21, 26-32 In addition, CRSs are used to 
stratify patients into risk categories, to compare patient cohorts from different studies and 
institutions, and to select patients for different treatment protocols. Acknowledging the fact 
that CRSs are far from perfect in predicting patient outcome, they provide highly valuable 
information and their predictive value has been validated. As most CRSs were developed prior to 
the introduction of effective chemotherapy, their predictive value in the specific group of patients 
receiving neoadjuvant chemotherapy before resection of CRLM is unknown. It is possible that the 
traditional CRSs, applied before administration of neoadjuvant chemotherapy, may no longer be 
capable of correctly predicting the outcome in patients receiving neoadjuvant chemotherapy. In 
Chapter 4, four widely used CRSs are applied in a cohort of patients with CRLM who received 
neoadjuvant chemotherapy before resection, to evaluate whether neoadjuvant chemotherapy 
influences the predictive value of CRSs.  

Preoperative staging is important for the selection of patients who can potentially undergo 
resection of CRLM. To identify the number and location of colorectal metastases, contrast-
enhanced CT or MRI of the liver is generally used. In addition, an abdominal and chest CT is 
usually performed to exclude extrahepatic disease. To further improve the selection of patients for 
surgery, fluorine-18-deoxyglucose positron emission tomography (FDG-PET) has been assessed 
in patients with CRLM.33 
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Some studies suggest that a change in clinical management could be expected after FDG-PET33, 

34, whereas other authors claim that the addition of staging with a FDG-PET/CT prior to planned 
liver resection has substantially less impact on surgical management.35 Chapter 5 analyzes 
whether this selection with FDG-PET would result in an improved outcome in surgically treated 
patients with CRLM, stratified by the CRS of Fong.

The concept of stratification by CRS has been proposed by several authors. Some authors 
demonstrated on actual 10-year survivors of liver surgery for CRLM that patients with a 
low CRS had a substantially higher cure rate compared to patients with a high CRS. 36 They 
suggest that this finding may be used to identify patients who might benefit from neo-adjuvant 
chemotherapy.  It is remarkable that at present, no survival benefit has been demonstrated in 
patients with CRLM when chemotherapy was added to surgery for this disease. Although CRLM 
are generally regarded as having a high probability of recurrence, CRSs can help to identify those 
patients within this group with the highest risk. In Chapter 6 we hypothesize that patients with 
the highest risk of recurrence are most likely to benefit from chemotherapy prior to liver resection 
based on a retrospective analysis of patients treated for CRLM in our institute.

Based on our results in chapter  6, and supported by further data in literature37 we hypothesize 
that chemotherapy combined with surgery may actually lead to improved overall survival for 
these patients, provided that patients are selected based on the probability of recurrence. We 
therefore designed a protocol for a randomized controlled trial that is described in Chapter 7. 
This trial is currently accruing patients in the Netherlands

Part 3
This part of the thesis describes the challenging decision making process of finding the appropriate 
treatment strategy in the synchronously metastasized colorectal cancer patient. In this process, 
questions about the curative or palliative intent of the treatment should be addressed and where 
appropriate be re-evaluated. Furthermore, the order of treatment (whether to treat the primary 
tumor or the metastases first) is subject of debate. Especially in the case of locally advanced rectal 
cancer with synchronous metastases, these issues become even more important. The treatment of 
these patients differs from patients with colon cancer and synchronous liver metastases because 
rectal cancer often requires long-course neoadjuvant radiotherapy to reduce local recurrence 
rates.38, 39 If no complications occur, synchronous liver metastases will traditionally be treated 
as early as three months after rectal surgery. However, complications following rectal surgery are 
common and often delay adequate therapy. 
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The first report on the ‘liver first’ approach was described by Mentha et al. demonstrating the 
safety of this procedure.40 Other authors proved the feasibility of this approach. 41, 42 All of these 
studies have described the ‘liver first’ approach in patients with colon and rectal cancer who 
have advanced synchronous liver metastases. In Chapter 8 the ‘liver first’ approach is described 
in patients with locally advanced rectal cancer and synchronous liver metastases. This ‘liver 
first’ approach facilitates optimal treatment of the liver metastases and adequate neoadjuvant 
treatment for the primary tumor. This study reports on a large group of patients with a long-term 
follow-up.

During the long period of neoadjuvant treatment for locally advanced rectal carcinoma, metastases 
can develop that previously were too small to be detected, or were not present at all. Therefore it 
seems prudent to restage for distant metastases after radiotherapy and before commencing surgery, 
since new findings in this relatively long period might alter the treatment options. Chapter 9 
evaluates the value of restaging patients with locally advanced rectal cancer with a CT-scan.

Since patients with incurable metastatic CRC only have a relatively limited life expectancy, and 
resection of the primary tumor is accompanied by both morbidity and mortality, it is under 
debate whether resection of the primary tumor has an effect on survival or quality of life. The 
rationale behind the resection strategy is that prophylactic surgery prevents future complications. 
With current new chemotherapy regimens, a relatively low number of patients with metastatic 
CRC require surgery for their primary tumor. Many studies concerning the management of 
incurable stage IV CRC have been performed and most studies suggest a survival benefit for 
patients undergoing surgical resection of the primary tumor compared with those who received 
palliative treatment. However, in stage IV CRC with unresectable metastases, the role of a 
palliative resection of the primary tumor has never been assessed properly. Chapter 10 describes 
the advantages and rational for resection of the primary tumor in unresectable synchronous 
metastatic CRC or treatment with chemotherapy first. 
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Abstract

Background
The increased use of neoadjuvant chemotherapy and minimally invasive therapies for recurrence 
in patients with colorectal liver metastases (CRLM) makes a surgical strategy to save as much 
liver volume as possible pivotal. In this study, we determined the difference in morbidity and 
mortality and the patterns of recurrence and survival in patients with CRLM treated with 
anatomical (AR) and nonanatomical liver resection (NAR). 
Methods
From January 2000 to June 2008, patients with CRLM who underwent a resection were 
included and divided into two groups: patients who underwent AR, and patients who underwent 
NAR. Patients who underwent simultaneous radiofrequency ablation in addition to surgery and 
patients with extrahepatic metastasis were excluded. Patient, tumor, and treatment data, as well 
as disease-free and overall survival (OS) were compared. 
Results
Eighty-eight patients (44%) received AR and 113 patients (56%) underwent NAR. NAR were 
performed for significant smaller metastases (3 vs. 4 cm, P<0.001). The Clinical Risk Score did 
not differ between the groups. After NAR, patients received significantly less blood transfusions 
(20% vs. 36%, P=0.012), and the hospital stay was significantly shorter (7 vs. 8 days, P < 0.001). 
There were no significant differences in complications, positive resection margins, or recurrence. 
For the total study group, estimated 5-year disease-free and OS was 31 and 44%, respectively, 
with no difference between the groups. 
Conclusions   
Our study resulted in no significant difference in morbidity, mortality, recurrence rate, or survival 
according to resection type. NAR can be used as a save procedure to preserve liver parenchyma.
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Introduction

Colorectal cancer is the most common gastrointestinal malignancy worldwide, affecting nearly 
one million people each year.1 Half of these patients have or will develop hepatic metastases at 
some point during their life. Liver resection is considered to be the best treatment for colorectal 
liver metastases (CRLM) with 5-year survival rates up to 60% in highly selected patients.2 Until 
recently, only 10–20% of patients were considered suitable for attempted curative resection.3-4 
Due to improvements in surgical techniques, the acceptance of resection margins <1 cm, the 
introduction of more effective systemic chemotherapeutics, the use of portal vein embolization 
(VPE), the addition of radiofrequency ablation (RFA), and stereotactic body radiation (STBR) 
to surgery, more patients are eligible for liver surgery.5-13 Moreover, the indications for liver 
resection have expanded during the past decade and there are only few limitations left, which 
include unresectable extrahepatic disease and insufficient future remnant liver. The question has 
shifted from “what can be resected” to “what will be left”.
During this period, a change in surgical approach can be observed by an increase of nonanatomical 
resections.14 A nonanatomical resection maximizes the amount of residual liver parenchyma, 
which is important, in particular for patients who received neoadjuvant chemotherapy. Although 
chemotherapy increases resectability, it is associated with hepatic changes, which might increase 
the risk of progressive hepatic failure and death after resection.15-16 Moreover, in case of intrahepatic 
recurrences after partial liver resection in patients with CRLM, a sufficient liver residual can offer 
the opportunity for local treatment.17

Although anatomical hepatic resection has been reported to improve patient survival in 
hepatocellular carcinoma (HCC), the literature about CRLM is conflicting.18-20 The purpose of 
this study was to investigate the influence of a nonanatomical liver resection (NAR) compared 
with an anatomical resection (AR) on morbidity, mortality, margin positivity, disease-free, and 
OS. 

Methods

All patients who underwent partial hepatic resection for CRLM at the Erasmus Medical Center 
from January 2000 to June 2008 were evaluated for inclusion in this study. Patients who 
underwent simultaneous AR and NAR or received additional RFA in addition to surgery as well 
as patients with extrahepatic metastasis were excluded.
Patients were divided into two groups: patients who underwent an AR, and patients who 
underwent a NAR. An AR was defined as resection of two or more hepatic segments as described 
by Couinaud.21 
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This includes bisegmentectomy, (extended) right hemihepatectomy, (extended) left 
hemihepatectomy, or a combination of these.22 NAR was defined as resection of the CRLM, 
including a rim of microscopically normal tissue. The choice of resection type was made in a 
multidisciplinary hepatobiliary working group, based on tumor number, location, and patient 
status.
Information collected included demographic details, primary tumor stage (TNM-classification), 
maximum size, number and distribution of liver metastases on CT, plasma carcinoembryonic 
antigen (CEA) levels, neoadjuvant chemotherapy, Clinical Risk Score (CRS)23, type of liver 
surgery, transfusion data, overall duration of hospital stay, perioperative complications, radicality, 
site, and treatment of recurrence.
Overall survival and disease-free survival (DFS) were calculated from the date of liver resection. 
Complications or death occurring within 30  days or before discharge were considered 
perioperative. We defined a positive surgical margin as the presence of vital tumor along the line 
of transection.
After partial hepatic resection, patients routinely underwent a physical examination and 
determination of CEA level, abdominal/chest CT, or ultrasonography every 4 months for the 
first year, every 6 months the second year and once per year thereafter.
Statistical analyses were conducted using SPSS (version 15, SPSS Inc., Chicago, IL). Categorical 
variables are presented as number (percentage). Continuous variables are presented as median 
(range). Categorical variables were compared with the chi-square test; continuous variables were 
compared with the Mann-Whitney U test. Actuarial survival was calculated using the Kaplan-
Meier method from the date of resection of CRLM, and differences in survival were examined 
using the log-rank test. P < 0.05 (two-sided) was considered significant. 

Results

Clinicopathological variables

Between January 2000 and June 2008, 308 patients underwent a partial hepatic resection for 
CRLM; 201 patients met the study inclusion criteria, including 126 men (63%) and 75 women 
(37%). The median age was 65 (range, 30–86) years. The primary tumor was located in the colon 
in 114 patients (57%) and rectum in 87 patients (43%). After resection of the initial tumor, 
positive lymph nodes were present in 114 patients (57%); synchronous liver metastases were 
identified in 78 patients (39%). The median disease-free interval for the remaining 123 patients 
was 20 (range, 4–193) months from the time of resection of the colorectal tumor. The median 
CEA level was 16 (range, 1–1,292) ng/ml at the time of liver resection. In 16 patients (8%), the 
CEA level exceeded 200 ng/ml. 
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The median number of metastases was one (range 1–8) with a median diameter of the largest 
metastases of 3 (range, 0.5–15) cm. The CRS was ≥3 in 60 patients (30%). Fifty-nine patients 
(31%) were treated with neoadjuvant chemotherapy. AR was performed in 88 patients and 
NAR was performed in 113 patients. The clinicopathological features of the AR and NAR are 
compared in Table 1.

Surgical treatment
A single NAR was performed in 69 patients (61%), whereas 44 (39%) had two or more NAR 
simultaneously. A right hemihepatectomy was the most frequently performed AR (47 resections, 
43%) followed by left hemihepatectomy (15 resections, 14%). Bisegmentectomies were 
performed in 18 patients (21%; Table 2).

Table 1. Clinicopathological variables
Variable Anatomic Non-anatomic p- value

(n=88) (n=113)

Age (year) 65 (30-82) 65 (36-86) 0.585
Gender (Male) 56 (64) 70 (62) 0.806
Number of tumors 2 (1-7) 1 (1-7) 0.295
Size largest tumor (cm)a 4 (1-15) 3 (1-7) <0.001
Bilobar distribution 20 (23) 32 (28) 0.369
CEAb 16.4  (1-1292) 15.9 (1-909) 0.078
  >200 ng/ml 10 (12) 6 (5) 0.113
Time to resection
  Synchronous 35 (40) 43 (38) 0.804
  Metachronous 53 (60) 70 (62)
Disease free interval 24 (4-93) 17 (4-193) 0.430
Clinical risk scorea

  1-2 57 (66) 82 (73) 0.241
  3-5 30 (34) 30 (27)
Neoadjuvant chemotherapy 31 (35) 28 (25) 0.107
Site primary tumor
  Colon 55 (63) 59 (52) 0.144
  Rectum 33 (37) 54 (48)
Tumor stage
  0-2 12 (14) 23 (20) 0.213
  3-4 76 (86) 90 (80)
Lymph node primary tumor
  Positive 45 (51) 69 (61) 0.159
  Negative 43 (49) 44 (39)

Missings: a= 2, b= 4
Data are numbers with percentages in parentheses or medians with ranges in parentheses unless otherwise indicated
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Table 2. Type of resection
Liver resection Number of resections

(n=201) (%)
Non-anatomic N=113
  Single 69 61
  Two 25 22
  Three 13 12
  Four 4 3
  Five 2 2
Anatomic N= 88
  S 2-3 12 14
  S 6-7 6 7
  Right hemihepatecomy 47 53
  Left hemihepatectomy 15 17
  Extended right hemihepatectomy 4 5
  Extended left hemihepatectomy 1 1
  Combination of anatomical resectionsa 3 3
S segment
aseg 2–3 + seg 1 resection, seg 2–3 + seg 6–7 resection

Table 3. Outcome surgery
Variable Anatomic Non-anatomic p-value

(n=88) (n=113)

Blood transfusion 32 (36) 23 (20) 0.012
Hospital stay 8 (4-42) 7 (1-26) <0.001
Complications 24 (27) 26 (23) 0.488
In Hospital mortality 2 (2) 1 (1) 0.421
Positive resection margins <1mm 8 (9) 12 (11) 0.728
Data are numbers with percentages in parentheses or medians with ranges in parentheses unless otherwise indicated

Outcome
Table 3 presents the outcome of patients who underwent AR versus NAR. After AR, 32 patients 
(36%) received a blood transfusion. This was significantly lower after a NAR (23 patients, 20%; 
P=0.012). The transfused patients in the AR group received a median of 3 units of erythrocytes 
(range 1–6). In the NAR group, the median transfusion rate also was 3 units of erythrocytes 
(range 1–9), but with a larger range. The hospital stay was significantly shorter after NAR (7 
(range, 1–26) days versus 8 (range, 4–42) days; P<0.001). 
There was no significant difference in mortality rate between the two groups. Insufficient capacity 
of the liver remnant was the cause of death in the two patients in the AR group. One patient 
in the NAR group died due to aspiration pneumonia. The median follow-up was 35 (range, 
1–111) months in both groups. With respect to the median time to recurrence, the groups were 
comparable (AR group 9 (range, 1–46) months versus 10 (range, 2–55) months in the NAR 
group; P=0.802). The DFS was similar for the AR and NAR groups: 56%, 38%, 30%, and 60%, 
39%, 32% at 1, 3, and 5 years, respectively (P=0.441, P=0.81, P=0.599; Figure 1). The pattern 
of recurrence did not differ between the two groups (Table 4). The 3-year intra hepatic recurrence 
rate was 37% in the AR group and 33% in the NAR group (P=0.62). 
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Seventeen patients in the AR group and 26 patients in the NAR group developed liver metastases 
limited to the liver. These patients received similar therapy (Table 4). The OS was 96%, 61%, 
and 49% for the AR group and 97%, 65%, and 39% for the NAR group at 1, 3, and 5 years, 
respectively (P=0.715, P=0.611, P=0.989; Figure 2).

Discussion

This study demonstrated no significant difference in outcome between patients with CRLM after 
AR or NAR. The 5-year disease-free (AR 30% versus NAR 32%) and OS (AR 49% vs. NAR 
39%) in our study are consistent with the literature.2, 24-28

The major drawback is the retrospective nature of this study. Randomization would be difficult 
in this patient group, because the technique for liver resection is a tailor-made approach based on 
the size, number, location, and distribution of the metastases.

Table 4. Patterns of recurrence and treatment modality
Anatomic Non-anatomic p-value

(n=88) (n=113)
Location recurrence
  Liver 17 (30) 26 (38) 0.156
  Liver + Lung 10 (18) 4 (6)
  Liver + elsewhere 2 (2) 5 (7)
  Elsewhere 28 (49) 34 (49)
Therapy Liver Metastases
  No therapy 1 (6) 2 (8) 0.398
  Systemic therapy 9 (53) 8 (32)
  Local therapy 7 (41) 15(60)
    Resection 3 10
    RFA 2 3
    SRx 1 2
    Liver perfusion 1 0

RFA = radiofrequency ablation; STBR = stereotactic body radiation
Data are numbers with percentages in parentheses or unless otherwise indicated

In addition, the consideration between conservation of liver parenchyma, complete surgical 
tumor clearance, and complications is of importance in this decision. Although patients were 
not randomized, the basic characteristics were similar as shown in Table 1.
Liver parenchymal-sparing surgery is already frequently used for CRLM for several reasons. 
Functional hepatic reserve must be considered for any liver resection; its significance increases 
in the context of neoadjuvant chemotherapy, which is used to downsize the tumor load, making 
more patients eligible for surgery.29 
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Figure 1. Disease-free survival stratified by surgical 
procedure

Figure 2. Overall survival stratified by surgical 
procedure
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Median DFS was 16.7 months in the AR group and 18.7 
months in the NAR group. The 5-year DFS rate was 30 
and 32%, respectively (P = 0.599)

Median OS was 49 months in the AR group and 
47.2 months in the NAR group. The 5-year OS rate 
was 49 and 39%, respectively (P = 0.989)

However, although chemotherapy increases resectability, it is associated with significant hepatic 
changes, such as hepatic sinusoidal obstruction, periportal inflammation, and steatohepatitis, 
which can affect patient outcome.15 Specifically, chemotherapy-associated steatohepatitis is 
associated with the risk of progressive hepatic failure and death after resection.16 Therefore, 
maximizing the amount of residual liver parenchyma is of considerable importance in patients 
who have had chemotherapy. 
Moreover, surgical stress can be reduced by nonanatomical resections, which may affect 
perioperative morbidity and mortality14, 25 Several studies reported significant shorter operating 
times and significant less blood loss after NAR.25-26, 28 This also is seen in our study population. 
Patients who underwent AR received significant more blood transfusions than the patients after 
NAR (AR 36% versus NAR 20%; P=0.012). In our series, there were three deaths within 30 days 
of surgery: two in the AR group, and one in the NAR, which was not significantly different. 
There are studies suggesting more postoperative deaths in the AR group.2, 25-26, 28 It is important 
to note that postoperative mortality is a rare event and that these studies are not powered to 
compare this.
The possibility to treat recurrent CRLM with local therapy, such as repeated hepatectomy, RFA, 
or STBR is a great benefit of the parenchymal sparing method.11, 17, 30 In our study, disease 
recurrence in the liver was similar for both AR and NAR (51%). The reintervention rate for 
CRLM was higher in the NAR group (AR 41% versus NAR 60%). Although this number 
does not reach significance, probably due to the small numbers, our findings suggest that 
local treatment for intrahepatic recurrences is more often possible in the parenchymal-sparing 
method. Our findings are consisted with the literature, which states that reinterventions for 
CRLM increases the survival after disease recurrence.31-33 
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For this reason, close surveillance of patients after NAR is essential. One of the possible 
disadvantages of NAR reported in the literature by DeMatteo et al. is the higher incidence of 
positive resection margins.24 In more recently published literature, it is advocated that a resection 
margin <1 cm is no longer a contraindication for curative resection. Moreover recent literature 
suggests that size of surgical margin does not correlate significantly with DFS or OS; even the 
need for R0 resections is being discussed.34-35 In a study by de Haas et al., the 5-year OS was 
similar for patients after a R0 or a R1 resection (61 versus 57%; P=0.27), although the recurrence 
was higher in the R1 group (28 versus 17%; P=0.004).6 In our study, the R1 resection rate 
was 9% in the AR group and 11% in the NAR group, which is comparable to the literature.6, 

27 The concept of performing limited NAR with narrow margins is supported by the fact that 
micrometastases in the liver parenchyma surrounding CRLM are rare and are primarily confined 
to the immediate surrounding area of the tumor border.36-37

The second possible drawback of NAR, which is postulated in the literature, is the lack of vascular 
control.24 This is the opposite of what was published during the past years. Blood loss and blood 
transfusions are reported to be significantly less during and after NAR, which is confirmed by 
our results.25-26, 28 
In contrast to CRLM, some studies report AR to be superior to NAR in HCCs.18-20 This difference 
may be explained by the variation in disease biology seen in primary versus metastatic liver 
tumors. Metastatic liver lesions develop from blood-borne tumor cells circulating throughout 
the body. AR may not offer the same advantage for these lesions as for HCC, which arise within 
a segment of the liver and might benefit from the removal of the complete functional liver unit.
Multiple studies have been conducted to investigate which resection is favorable for patients 
with CRLM: anatomical or nonanatomical. Most authors similarly conclude that there is no 
significant difference between AR and NAR in disease-free and OSs. A disadvantage of the 
majority of studies is that the patient characteristics are not comparable between the two groups 
regarding tumor size and number, nodal status of the primary tumor, disease-free interval, and 
CEA blood levels.2, 14, 25-26 Our study contributes to this discussion due to the use of the CRS in 
which the previous described characteristics are incorporated. The CRS is the same for the AR 
and NAR, which indicates that the groups are comparable.
Furthermore, the use of different neoadjuvant chemotherapy regimens during the years makes it 
difficult to compare the results of the studies.2, 14, 26-28 We started our patient selection after 2000, 
because Irinotecan and Oxaliplatin were added to the chemotherapeutic arsenal from this year 
forward, and all patients were treated with effective chemotherapeutics.
We conclude that with a comparable complication rate, less blood transfusions, a significantly 
shorter hospital, and comparable disease-free and OS rates, a NAR is a safe technique for the 
resection of CRLM.
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Abstract

Background
Data from patients with colorectal liver metastases (CRLM) who received neoadjuvant 
chemotherapy before resection were reviewed and evaluated to see whether neoadjuvant 
chemotherapy influences the predictive outcome of R1 resections (margin is 0 mm) in patients 
with CRLM.
Methods
Between January 2000 and December 2008, all consecutive patients undergoing liver resection for 
CRLM were analyzed. Patients were divided into those who did and did not receive neoadjuvant 
chemotherapy. The outcome after R0 (tumor-free margin >0 mm) and R1 (tumor-free margin 0 
mm) resection was compared.
Results
A total of 264 were eligible for analysis. Median follow-up was 34 months. Patients without 
chemotherapy, showed a significant difference in median disease-free survival (DFS) after R0 
or R1 resection, i.e. 17 (95% confidence interval [CI] 10-24) months versus 8 (95% CI 4-12) 
months (p <0.001), whereas in patients with neoadjuvant chemotherapy the difference in DFS 
between R0 and R1 resection was not significant: 18 (95% CI 10-26) months versus 9 (95% 
CI 0-20) months (P=0.303). Patients without chemotherapy showed a significant difference in 
median overall survival (OS) after R0 or R1 resection: 53 (95% CI 40-66) months versus 30 
(95% CI: 13-47) months (P<0.001). In patients with neoadjuvant chemotherapy, the median 
OS showed no significant difference: 65 (95% CI: 39-92) months for the R0 group vs. the R1 
group in whom the median OS was not reached (P=0.645).
Conclusion
In patients treated with neoadjuvant chemotherapy, R1 resection was of no predictive value for 
DFS and OS.
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Introduction

Without treatment, patients with colorectal liver metastases (CRLM) have a median survival of 
5-8 months. 1-3 Unfortunately, only around 20-30% of patients with CRLM are resectable at 
the time of diagnosis.4-5 After resection 5-year survival rates of 21-48% have been reported.6-8 
Nowadays, chemotherapy regimens are highly effective and can result in response rates of 50-
80% and seem to convert 10-30% of the formerly irresectable CRLM to a resectable size or 
situation.6-7, 9-10

Several studies have described risk factors for the outcome of patients with CRLM.8, 11-17 Surgical 
margin status has been described as the major determinant of survival after resection, with R1 
resections doing worse compared to R0 resections. However, the impact of the several proposed 
cut-off points regarding R0 resections remains controversial.
Some older studies proposed a surgical margin of ≤ 1 cm as a contraindication for resection.16, 18-20 
Others demonstrated that a resection margin ≤1 cm is not a contraindication, providing a radical 
resection (minimal margin of 1 mm) is performed.21-25

However, these studies did not evaluate the specific group of patients who received neoadjuvant 
chemotherapy before resection of CRLM.  Therefore, the present study analyzes whether a 
resection margin of 0 mm is sufficient in the era of effective neoadjuvant chemotherapy.

Methods
 
Between January 2000 and December 2008, all consecutive patients who underwent liver 
resection for CRLM were analyzed. Patients were eligible for this study if they fulfilled the 
following criteria: macroscopic complete resection; clear description of surgical margin status 
by the pathologist for each metastasis; no evidence of concomitant extrahepatic disease; no 
simultaneous use of local treatment modalities (radiofrequency ablation and/or cryotherapy).26 
All patients underwent preoperative screening to assess the extent of the metastases by clinical 
examination and chest and abdominal imaging (ultrasonography, computed tomography [CT], 
magnetic resonance imaging). In our institute, positron emission tomography is not routinely 
used. Also, serum tumor marker levels (carcinoembryonic antigen [CEA]) and colonoscopy 
were performed preoperatively.

Chemotherapy
We are a tertiary referral hospital and we do not administer perioperative chemotherapy as a 
standard treatment protocol for patients with CRLM. Most patients had already received 
neoadjuvant chemotherapy in the referring hospital. 
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In our clinic patients received neoadjuvant chemotherapy in case of initially difficult/unresectable 
liver metastases (poor location) or multiple synchronous metastases ≥4. Patients received a 
combination of 5-fluorouracil/capecitabine and oxaliplatin or irinotecan, with or without 
bevacizumab. The response to neoadjuvant chemotherapy was assessed after two or three cycles 
by CT scan and CEA levels. Further treatment was discussed according to the tumor response 
and extent of the disease. When the liver metastases were resectable, a laparotomy was planned 
more than three weeks after the last course of systemic neoadjuvant chemotherapy. Bevacizumab 
had to be excluded from the last course of chemotherapy to ensure an interval of at least 6 weeks. 
None of the patients received adjuvant chemotherapy as standard therapy after liver resection. The 
time period from 2000 was chosen because of the introduction of more effective chemotherapy 
and also because after 2000 the definition of resectability was not changed in our clinic.

Liver resection
Hepatic parenchymal resection was performed using an ultrasonic surgical aspirator (Cavitron; 
Valleylab, Boulder, CO) and a monopolar coagulator. R0 was defined by the absence of 
microscopic tumor invasion of the resection margin (tumor-free margin >0 mm), and R1 was 
defined by the presence or microscopic tumor invasion of the resection margin (tumor-free 
margin 0 mm).

Follow up
Postoperative follow-up consisted of clinical examination and measurement of CEA every 3 
months. Abdominal imaging (ultrasound, CT of thorax and abdomen) was performed at 3, 6, 9 
and 12 months in the first year; every 6 months the second year; and once per year thereafter. If 
recurrence disease recurred, a decision on whether to initiate chemotherapy treatment again was 
made by the multidisciplinary team.

Outcome
Overall survival (OS) was defined as the interval in months between resection of CRLM and 
death, or the date of last follow-up. Disease-free survival (DFS) was defined as the interval in 
months between resection of CRLM and recurrence, death without recurrence, or date of last 
follow-up without recurrence.
 
Statistical Analysis
Descriptive values are expressed as median (range). Comparison between categorical variables 
was determined by the chi-square test or Fisher’s exact test as appropriate. Survival analysis was 
performed by the Kaplan-Meier method. Comparison between survival curves was made by log-
rank tests. Univariate analysis was performed with Cox regression analysis. 
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For the multivariate analysis only parameters with a p value <0.25 in the univariate model were 
entered in the Cox regression model. Backward elimination was applied. Variables were included 
if p-values were ≤0.05 and were removed if p-values were >0.10. SPSS statistical software version 
17.0 (SPSS, Chicago, IL), was used for statistical analysis; a p-value of ≤0.05 was considered 
statistically significant.

Results

Between January 2000 and December 2008, a total of 352 patients underwent liver resection 
for CRLM (Figure 1). Of these, 81 patients (23%) were excluded due to extrahepatic disease, 
concomitant local treatment and/or macroscopic incomplete liver resection. Seven patients 

Figure 1. Flowchart of the study
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(2%) had unknown margin status. Finally, 264 (75%) patients were eligible for analysis. One 
patient was lost to follow up at 21 months. Neoadjuvant chemotherapy was given in 92 (35%) 
of 264 patients. Thirty eight patients (41%) received concomitant bevacizumab.
Patient characteristics are listed in Tables 1 and 2. An R1 resection was found in 33 patients (13%). 
R1 resections in patients without chemotherapy and with chemotherapy were comparable: 13% 
versus 12% (P=0.845).
The median follow-up was 34 (range 0-121) months. Five patients (1.9%) died postoperatively, 
3 due to liver and kidney failure and 2 patients due to aspiration followed by sepsis. The median 
DFS was 14 (95% confidence interval [CI] 10-18) months for patients without chemotherapy 
and for patients with neoadjuvant chemotherapy it was 16 (95% CI 8-24) months (P=0.962).
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Table 1. Characteristics of patients by chemotherapy treatment
Patients without 
chemotherapy

Patients with 
chemotherapy

All patients

Value 
N=172

% or 
range

Value 
N=92

% or 
range

P-value Value 
N=264

% or 
range

Male 107 62 62 67 0.403 169 64
Age 65 30-86 62 36-84 0.714 64 30-86
Primary tumor
Rectal cancer 84 49 45 49 0.991 129 49
T-stage 0.162
  T3
  T4
  Missing data

124
12

72
7

66
8
2

72
9
2

190
20
2

72
8
1

Positive lymph node
  Missing data

97 56 56
2

61
2

0.364 153
2

58
1

Liver metastases
Synchronous 52 30 67 73 <0.001 119 45
Diameter (cm)
  Missing data

3.3
2

0.9-15
1

3.5
2

0.5-18
2

0.068 3.4
4

0.5-18
2

Number of metastases
  Missing data

1
1

1-8
1

2.0
0

1-8 <0.001 2
1

1-8
0.5

Bilobar 43 25 36 39 0.017 79 30
Resection type
  Anatomical
  Non anatomical
  Combined

78
69
25

45
40
15

41
33
18

45
36
20

0.544
119
102
43

45
39
16

R1 resection 22 13 11 12 0.845 33 13

In patients without chemotherapy the median DFS showed a significant difference between the 
R0 and R1 resection: 17 (95% CI 10-24) months versus 8 (95% CI 4-12) months (P<0.001). 
In patients with neoadjuvant chemotherapy the median DFS showed no significant difference 
between the R0 and R1 resection: 18 (95% CI 10-26) months versus 9 (95% CI 0-20) months 
(P=0.303) (Figure 2). During follow up, 171 patients (65%) developed a recurrence. Local 
treatment was performed in 74 patients (43%) (surgery, radiofrequency ablation, stereotactic 
radiotherapy), 80 patients (47%) received palliative chemotherapy, and 17 patients (10%) did not 
receive chemotherapy or local treatment. There was no difference in treatment of the recurrence 
between patients who were treated with or without neoadjuvant chemotherapy (P=0.253). In 
total, 54 patients (20%) had intrahepatic recurrence only, 87 patients (33%) had extrahepatic 
recurrence only and 30 patients (2%) had intrahepatic and extrahepatic recurrence. There was 
no difference in recurrences located at the surgical liver margins between R0 and R1 resection 
in patients with and without chemotherapy (P=0.853 and P=0.839 respectively). The median 
OS was 48 (95% CI 39-57) months for patients without chemotherapy and 65 months (95% 
CI: not reached) for patients with neoadjuvant chemotherapy (P=0.103). In patients without 
chemotherapy the median OS showed a significant difference between R0 and R1 resection: 53 
(95% CI: 40-66) months versus 30 (95% CI 13-47) months (P<0.001). 
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Table 2. Characteristics of patients by resection margins
R0 R1 All patients

Value 
N=231

% or 
range

Value 
N=33

% or 
range

P-value Value 
N=264

% or 
range

Male 152 66 17 52 0.123 169 64
Age 64 31-86 62 30-77 0.499 64 30-86
Primary tumor
Rectal cancer 117 51 12 36 0.139 129 49
T-stage 0.682
  T3
  T4
  Missing data

163
18
2

71
8
1

27
2

82
6

190
20
2

72
8
1

Positive lymph node
  Missing data

127
2

55
1

26 79 0.011 153
2

58
1

Liver metastases
Synchronous 106 46 13 39 0.483 119 45
Diameter (cm)
  Missing data

3.2
4

0.5-18
2

3.9 1.6-7.0 0.048 3.4
4

0.5-18
2

Number of metastases
  Missing data

1
1

1-8
1

3.0 1-8 0.173 2
1

1-8
0.5

Bilobar 61 26 18 55 0.001 79 30
Resection type
  Anatomical
  Non anatomical
  Combined

107
88
36

46
38
16

12
14
7

37
42
21

0.513
119
102
43

45
39
16

Chemotherapy
Neoadjuvant 
chemotherapy

81 35 11 33 P=0.845 92 35

In patients with neoadjuvant chemotherapy the median OS showed no significant difference 
between the R0 resection, 65 (95% CI 39-92) months, and the R1 resection, where the median 
OS was not reached (P=0.645) (Figure 2). A similar trend was found if a tumor-free margins 
of 0-2 mm versus >2mm and 0-5 mm versus >5 mm was chosen. The 5-year OS was 35% 
for patients without neoadjuvant chemotherapy who had R0 resection with ≤2 mm from the 
resection margin (n=42), whereas for patients who had a R0 resection with >2 mm from the 
resection margin (n=100) the 5-year OS was 51% (P=0.04). In patients with neoadjuvant 
chemotherapy this phenomenon could not be demonstrated: 65% (n=28) versus 45% (n=48) 
(P=0.564). When comparing 0-5 mm versus >5 mm, the 5 year OS was 55% versus 36% in 
patients without chemotherapy (P=0.062) and 44% vs. 63% in patients with chemotherapy 
(P=0.361). Predictive factors in univariate and multivariate analysis are depicted in Tables 3 and 
4. In the total study population of 264 patients multivariate analysis showed 4 factors predictive 
for survival: T-stage primary tumor (hazard ratio [HR]=2.0 [1.1-3.5]; P=0.016), positive lymph 
nodes in primary tumor (HR=1.5 [1.0-2.2]; P=0.039), Number of metastases (≥4) (HR=1.8 
[1.1-2.9]; P=0.028) and neoadjuvant chemotherapy (HR=0.62 [0.4-0.9]; p=0.027).
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Figure 2. R0 versus R1 resection in patients without and with neoadjuvant chemotherapy for DFS and OS

DFS = Disease-free survival, OS = Overall survival

Discussion

This study reviews patients with CRLM who received neoadjuvant chemotherapy before resection 
and evaluates whether neoadjuvant chemotherapy affects the predictive value of resection margin. 
In patients with neoadjuvant chemotherapy, those with a R1 resection did not fare worst than 
those with a R0 resection (DFS and OS, P=0.303 and P=0.645, respectively). In our series, we 
found 13% R1 resections, which is comparable to data in found in other centers (5-46%) 11, 18, 

21, 26-29

In earlier studies a clear resection margin of 1 cm was found to be a good predictor of survival.30-31 
Others confirmed these results.16, 18-20 With new insights in CRLM surgery in the last decade, 
some report that the 1-cm rule is outdated and should not preclude resection, provided a complete 
resection is possible.21-25, 32 De Haas et al. even reported that they did not find any difference in 
DFS and OS between R0 and R1 resections (P=0.12 and P=0.27, respectively).26 
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Table 3. Data on univariate and multivariate analysis, Disease-free survival
Without chemotherapy With chemotherapy

Variable Median
Survival

(95% CI)

Univariate
HR (95% CI)

P-value

Multivariate
HR (95%CI)

Median
Survival

(95% CI)

Univariate
HR (95% CI)

Multivariate
HR (95%CI)

Gender
  Male
  Female

14 (10-18)
13 (7-19)

0.95 (0.65-1.39)
P=0.789

NS 17 (6-28)
14 (3-25)

1.03 (0.60-1.77)
P=0.914

NS

Age 
  < 60 years
  ≥ 60 years

14 (4-24)
14 (10-18)

1.09 (0.72-1.64)
P=0.692

NS 11 (6-16)
21 (13-29)

0.87 (0.52-1.48)
P=0.617

NS

Primary tumor

Rectum
Colon

13 (10-16)
15 (9-21)

0.86 (0.60-1.25)
P=0.440

NS 17 (3-31)
15 (4-26)

1.23 (0.73-2.08)
P=0.440

NS

T stage primary 
tumor
  T1-3
  T4

15 (11-19)
6 (0-14)

2.00 (1.07-3.73)
P=0.029

2.52 (1.33-4.76)
P=0.004

18 (11-25)
4 (1-7)

2.56 (1.16-5.67)
P=0.021

2.4 (1.08-5.34)
P=0.032

Lymph node
  Negative
  Positive

26 (0-57)
10 (6-14)

1.70 (1.4-2.5)
P=0.009

1.53 (1.02-2.29)
P=0.042

16 (0-36)
17 (8-26)

1.29 (0.74-2.24)
P=0.371

2.35 (1.28-4.31)
P=0.006

Hepatic metastases

Time diagnosis
  Metachronous
  Synchronous

15 (8-22)
13 (8-18)

1.30 (0.9-1.9)
P=0.174

NS 19 (8-30)
14 (7-21)

1.10 (0.61-1.98)
P=0.751

NS

Number of 
metastases
  ≤ 3
  ≥ 4

26 (0-57)
10 (6-14)

2.00 (1.1-3.5)
P=0.024

NS
21 (9-33)
6 (5-7)

2.47 (1.37-4.44)
P=0.003

NS

Largest metastasis 
size
  < 4
  ≥ 4

16 (10-22)
11 (8-140

1.10 (0.75-1.62)
P=0.637

NS
12 (6-18)
23 (0-64)

0.74 (0.40-1.37)
P=0.338

NS

Tumor distribution
  Unilobar
  Bilobar

16 (8-24)
10 (8-12)

1.41 (0.94-2.10)
P=0.093

NS 21 (0-44)
11 (7-15)

1.80 (1.07-3.03)
P=0.027

NS

CEA level
  < 50
  ≥ 50

16 (11-21)
8 (4-12)

1.39 (0.91-2.11)
P=0.129

NS 15 (7-23)
21 (0-50)

1.06 (0.48-2.35)
P=0.880

NS

Resection margin
  R0
  R1

17 (10-24)
8 (4-12)

3.08 (1.90-5.01)
P<0.001

2.86 (1.70-4.78)
P<0.001

18 (10-26)
9 (0-20)

1.44 (0.71-2.94)
P=0.315

NS

NS = Not significant

In their study 74% of the patients received neoadjuvant chemotherapy and 26% did not receive 
neoadjuvant chemotherapy; however, they did not describe these two groups separately. In 83% 
of their patients, surgery was followed by adjuvant chemotherapy. 
The present study demonstrates comparable results when we divide the cohort into patients who 
did and did not receive neoadjuvant chemotherapy. However, one major difference is that none 
of our patients received adjuvant chemotherapy after CRLM surgery. As yet, to our knowledge, 
there are no randomized data to support adjuvant chemotherapy alone after liver resection. The 
liver represents the predominant site of cancer relapse after curative resection of CRLM, with up 
to 50% in the first 2 years.33-34 Thus there is a rational for perioperative chemotherapy, although 
controversy remains. 
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Table 4. Data on univariate and multivariate analysis, Overall survival
Without chemotherapy With chemotherapy

Variable Median
survival

(95% CI)

Univariate
HR (95% CI)

P-value

Multivariate
HR (95%CI)

P-value

Median
Survival

(95% CI)

Univariate
HR (95% CI)

P-value

Multivariate
HR (95%CI)

P-value
Gender
  Male
  Female

46 (38-54)
54 (27-81)

0.84 (0.55-1.30)
P=0.434

NS 65 (NR)
NR

0.98 (0.47-2.03)
P=0.951

NS

Age
  < 60
  ≥ 60

53 (41-65)
43 (33-53)

1.13 (0.72-1.77)
P=0.600

NS NR
65 (NR)

0.81 (0.40-1.62)
P=0.544

NS

Primary tumor

Rectum
Colon

42 (28-56)
51 (36-66)

0.92 (0.61-1.39)
P=0.691

NS 65 (NR)
NR

0.74 (0.37-1.49)
P=0.397

NS

T stage primary 
tumor
  T1-3
  T4

51 (40-62)
34 (3-65)

1.72 (0.86-3.43)
P=0.122

NS
NR

32 (16-48)
2.84 (1.08-7.49)

P=0.035
2.84 (1.08-7.59)

P=0.035
Lymph node
  Negative
  Positive

64 (44-84)
42 (28-56)

1.45 (0.95-2.22)
P=0.084

NS 65 (31-99)
NR

1.53 (0.70-3.34)
P=0.287

NS

Hepatic metastases

Time diagnosis
  Metachronous
  Synchronous

54 (41-67)
42 (38-46)

1.18 (0.77-1.82)
P=0.443

NS 46 (NR)
NR

0.93 (0.43-2.01)
P=0.851

NS

Number of metastases
  ≤ 3
  ≥ 4

48 (37-59)
32 (14-50)

1.68 (0.87-3.26)
P=0.123

NS NR
43 (27-59)

2.24 (1.06-4.75)
P=0.036

NS

Largest metastasis size
  < 4
  ≥ 4

46 (37-55)
48 (27-69)

1.05 (0.69-1.62)
P=0.811

NS 65 (35-95)
NR

0.55 (0.21-1.43)
P=0.220

NS

Tumor distribution
  Unilobar
  Bilobar

51 (39-63)
42 (29-55)

1.11 (0.71-1.74)
P=0.639

NS NR
45 (NR)

2.13 (1.06-4.29)
P=0.035

NS

CEA level
  < 50
  ≥ 50

51 (41-61)
36 (16-56)

1.37 (0.85-2.10)
P=0.208

NS 65 (NR)
NR

0.49 (0.12-2.07)
P=0.335

NS

Resection margin
  R0
  R1

53 (40-66)
30 (13-47)

2.42 (1.45-4.03)
P=0.001

2.58 (1.54-4.33)
P<0.001

65 (NR)
NR

0.78 (0.27-2.24)
P=0.647

NS

NS = Not significant, NR = Not reached

The role of perioperative chemotherapy in the case of resectable metastases was investigated 
in one randomized controlled trial, which compared perioperative chemotherapy with surgery 
alone.35 It remains unknown whether the positive effects reported in the treatment arm were 
related to neoadjuvant chemotherapy and/or to adjuvant chemotherapy. A study by Adam et 
al. answered the pending question whether perioperative chemotherapy is really beneficial in 
patients developing solitary metastases.36 Although preoperative chemotherapy does not seem to 
benefit the outcome of patients with solitary, metachronous CRLM, postoperative chemotherapy 
is associated with better OS and DFS, mainly when the tumor diameter exceeds 5 cm.36 In 
four randomized trials, liver resection was followed by adjuvant systemic chemotherapy or 
observation.37-40 None of the studies displayed an OS or DFS benefit. Mitry et al. performed 
a meta-analysis from two trials above.41 In multivariate analysis, adjuvant chemotherapy was 
independently associated with progression-free survival. 
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Although there are strong theoretical arguments in favor of adjuvant systemic chemotherapy 
after resection of liver metastases, the evidence to suggest an improvement in survival after this 
regime is still lacking.42 

Hou et al. found no difference in OS between R0 and R1 resections in patients with colorectal 
metastases (P=0.0776). In their study, patients did not receive neoadjuvant chemotherapy but 
were administered adjuvant hepatic arterial chemotherapy after resection. Furthermore, they used 
additional cryotherapy after resection of CRLM.43 Yan et al. also suggested that, after resection 
of CRLM, cryotherapy is useful; they found no difference between close or involved surgical 
margins (P=0.084).44 It is possible that in case of additional cryotherapy, the micrometastases 
that were not resected were eliminated by the edge cryotherapy, since edge cryotherapy can 
provide an area of tumor eradication of up to another 1 cm.
To explain these results it is necessary to consider several characteristics of CRLM. One feature 
is micrometastases.45-47 Some found that approximately 95% of intrahepatic micrometastases are 
found in the close zone of < 1 cm from the gross hepatic tumor, and therefore suggested that 
a resection margin of 1 cm should remain the goal for resection of CRLM.47 Others harvested 
positive samples only within 4 mm of the tumor border.46, 48 Nanko et al. state that the bigger the 
macrometastases, the more micrometastases and the further away they are located.45 Yamamoto 
et al. could not demonstrate a relationship between distance and tumor size.49 Because there 
are several methods for detection of micrometastases, not all investigators report similar results 
on incidence. For example, when using genetic analysis, only 2% of micrometastases were 
detected, whereas with basic histopathology a detection rate of 56% was achieved, and with 
immunohistochemical staining, the detection rate is 58%.45-47 These differences in detection 
method might explain why micrometastases distribution is very different in these studies.
It is widely accepted that neoadjuvant chemotherapy can decrease the size of metastases. But 
how neoadjuvant chemotherapy decreases the size of CRLM remains unclear. Ng et al. showed 
that cell death is randomly distributed, probably as a result of variations in chemosensitivity of 
tumor cells, and that tumor shrinkage occurs in a concentric manner.48 They also found that 
viable tumor cells were more frequent in the periphery of metastases, whether or not they were 
treated with chemotherapy. Mentha et al. reported similar results with the finding of a dangerous 
‘halo’ (regrowth occurring at the periphery rather than in the center of the metastasis when 
chemotherapy is interrupted).50 They state that the surgeon should aim for a wider resection 
margin than 1 mm. Nevertheless, Klinger et al. rarely observed a dangerous halo.51 In their study 
the tumor glands were located mostly in the periphery of the metastases but were still covered by 
a layer of fibrotic tissue, and therefore parenchymal transection could be done within the new 
borders (after response to chemotherapy) without increasing the incidence of local recurrence.51 
This phenomenon supports our results.
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Neoadjuvant chemotherapy is able to shrink the tumor, as described before. We believe that 
this is a concentric rather than a scattering response, as sometimes seen in primary tumors; 
perhaps micrometastases in the periphery of the tumor were destroyed.52 This could explain 
why recurrence was similar in R0 and R1 resection in patients with neoadjuvant chemotherapy. 
This also explains the successful downsizing of formerly unresectable metastases into resectable 
metastases with almost the same outcome in primary resectable cases. A concern of neoadjuvant 
chemotherapy might be the disappearance of smaller lesions after several lines of chemotherapy 
and the difficulty identifying these lesions during surgery. The need to resect all tumors seen on the 
prechemotherapy imaging was demonstrated previously.53-54 Another concern of chemotherapy 
is additional complications after liver resection. However it is known from the literature, that 
if limited cycles of chemotherapy are provided in the neoadjuvant setting, the morbidity or 
mortality of liver surgery is not increased.55-56 Therefore we administer our patients with <6 cycles 
of chemotherapy and evaluate after 2-3 cycles.
Several authors state that the width of the negative margins (R0) does not show a significant 
correlation with survival.21-22, 25, 57 In all these studies a considerable proportion of the patients 
received neoadjuvant chemotherapy and/or adjuvant chemotherapy. In our study we demonstrated 
in both univariate and multivariate analysis, that the 5-year OS for patients without neoadjuvant 
chemotherapy showed a marked difference between R0 and R1 resection. Others proposed that 
margin widths of 2 mm and 5 mm, respectively, were acceptable and led to similar outcomes 
compared with 1-cm margin resection.28-29, 46 We also analyzed if margin width ≤ 2 mm or 
> 2 mm influenced survival. This proved to be the case (P=0.04) in patients who had a R0 
resection without neoadjuvant chemotherapy. In patients with neoadjuvant chemotherapy this 
phenomenon could not be demonstrated (P=0.564). A similar trend was found if a tumor-free 
margin of 0-5 mm versus > 5 mm was chosen. It seems that the width of the resection margin still 
correlates with survival, but this only applies to patients who did not receive chemotherapy. This 
supports our hypothesis that neoadjuvant chemotherapy is able to destroy micrometastases in 
the periphery, and that in patients the same survival rate, regardless of the width of the negative 
margins, is achieved. Therefore, data should be revised and patients who did and did not receive 
chemotherapy should be investigated separately.
Yamamoto et al. described another feature of some CRLM.49 They found that one third of their 
patients have a thick fibrous pseudocapsule and suggested that a generous surgical margin is 
not required for resection. Later, the same group reported on a larger cohort and demonstrated 
that a thicker pseudocapsule leads to fewer R1/R2 resections.58 Although not significant, there 
was some relation between the presence of a pseudocapsule and the ability to achieve complete 
resection. Pseudocapsule formation was not available in our dataset, so we could not compare 
this in the different chemotherapy groups.
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Conclusion

In the present series, the DFS and OS in patients with neoadjuvant chemotherapy is similar for 
patients with either R0 or R1 resections. 
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Abstract

Background
Several clinical risk scores (CRSs) for the outcome of patients with colorectal liver metastases 
have been validated, but not in patients undergoing neoadjuvant chemotherapy. Therefore, this 
study evaluates the predictive value of these CRSs in this specific group.
Methods
Between January 2000 and December 2008, all patients undergoing a metastasectomy were 
analyzed and divided into two groups: 193 patients did not receive neoadjuvant chemotherapy 
(group A) and 159 patients received neoadjuvant chemotherapy (group B). In Group B, the 
CRSs were calculated before and after administration of neoadjuvant chemotherapy. Results 
were evaluated using the CRSs proposed by Nordlinger et al., Fong et al., Nagashima et al., and 
Konopke et al.
Results
In group A and B the overall median survival (OS) was 43 and 47 months, respectively 
(P=0.648). In group A, all CRSs used were of significant predictive value. Before administration 
of neoadjuvant chemotherapy, only the Nordlinger score was of predictive value. After 
administration of neoadjuvant chemotherapy all CRSs were of predictive value again, except for 
the Konopke score.
Conclusion
Traditional CRSs are not a reliable prognostic tool when used in patients before treatment with 
neoadjuvant chemotherapy. However, CRSs assessed after the administration of neoadjuvant 
chemotherapy are useful to predict prognosis. 
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Introduction

In patients with colorectal cancer, about 50-60% will develop metastatic disease. Synchronous 
metastases are present in 25% of CRC patients. 1-2 Nowadays, neoadjuvant chemotherapy is 
increasingly used for patients with colorectal liver metastases (CRLM). New systemic regimes 
are highly effective and response rates of 50-80% have been reported; they appear to convert 10-
30% of the formerly irresectable CRLM to a resectable size.3-6 Several clinical risk scores (CRSs) 
for the outcome of patients with CRLM have been published.7-16 A CRS is a predictive tool for 
patients with CRLM who undergo resection.4, 8-12, 17-22 CRSs were initially used to predict the 
prognosis of patients with CRLM considered for surgery. In addition, CRSs are used to stratify 
patients into risk categories, to compare patient cohorts from different studies and institutions, 
and to select patients for different treatment protocols.
However, the predictive value of these CRSs has not been assessed in the specific group of patients 
receiving neoadjuvant chemotherapy before resection of CRLM. It is possible that the traditional 
CRSs, applied before administration of neoadjuvant chemotherapy, may no longer be capable of 
correctly predicting the outcome in patients receiving neoadjuvant chemotherapy.4, 19-20 
Therefore, in the present study, four widely used CRSs are applied in a cohort of patients 
with CRLM who received neoadjuvant chemotherapy before resection, to evaluate whether 
neoadjuvant chemotherapy influences the predictive value of CRSs.

Patients and Methods 

Between January 2000 and December 2008, all consecutive patients who underwent liver 
resection for CRLM were analyzed. Patient characteristics were collected retrospectively from a 
prospectively recorded database. Two groups were created: group A (patients without neoadjuvant 
chemotherapy; n=193) and group B (patients with neoadjuvant chemotherapy; n=159). In 
Group B, the CRSs were calculated before (B1) and after (B2) administration of neoadjuvant 
chemotherapy.
The prospective database comprises data on age, gender, primary tumor site, pathological primary 
tumor and lymph node stage, time between detection of primary tumor and liver metastases, type 
of surgery, location, maximum number and size of liver metastases on computed tomographic 
scan and pathology, carcinoembryonic antigen (CEA) levels, radicality of surgical margin and 
extrahepatic disease. 
Ours is a referral hospital, perioperative chemotherapy is not administered as a standard treatment 
protocol for patients with CRLM. Most of our patients have already received neoadjuvant 
chemotherapy in the referring hospital. 
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In our center, the indication for neoadjuvant chemotherapy is twofold: in case of initially difficult/
unresectable liver metastases, or in case of multiple synchronous metastases ≥4. It is our policy 
not to resect in case of tumor progression during chemotherapy. Neoadjuvant chemotherapy 
protocols comprise oxaliplatin-based combination therapies with or without bevacizumab. 
None of the patients in the present study received adjuvant chemotherapy. The duration of the 
chemotherapy was at minimum 3 cycles. If there were resectable metastases, chemotherapy was 
given to a maximum of 6 cycles or was stopped after 3 cycles in case of disappearing metastases. 
In case of unresectable disease, chemotherapy was given until the resectable status was achieved.

CRSs
Four widely used CRSs were evaluated (Table 1).8-9, 11-12  The Nordlinger score includes seven 
risk factors and defines three risk groups but, as proposed by Nordlinger et al., we used only six 
risk factors. Fong’s score includes five risk factors and defines two risk groups. Nagashima’s score 
includes five risk factors and defines three risk groups. The Konopke score includes three risk 
factors and defines three risk groups. These four CRSs were applied on our data to evaluate each 
of the scores.
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Outcome
Overall survival (OS) was defined as the interval (in months) between resection of CRLM and 
death, or the date of last follow-up. Disease-free survival (DFS) was defined as the interval (in 
months) between resection of CRLM and intra and/or extrahepatic recurrence, death without 
recurrence, or date of last follow-up without recurrence.

Statistical analysis
Descriptive statistics are expressed as median (range). Comparison between the categorical 
variables was made with the chi-square test. Pre- and post-chemotherapy variables are expressed 
as means (± SD) and compared with the paired t-test. Survival analysis was performed using the 
Kaplan-Meier method. Comparison between survival curves was made with log-rank tests.  For 
missing values multiple imputation was used. 
The SPSS (version 17.0, Chicago, IL, USA) was used for statistical analysis, where a p-value ≤ 
0.05 is considered statistically significant.

Results
 
Between January 2000 and December 2008, 352 patients underwent liver resection for CRLM 
(Table 2). The median follow-up was 32 (range 0-121) months. Median age was 63 (range 
30-86) years. The clinical characteristics are presented in Table 2. The median DFS was 11 
(95% confidence [CI] 9-13) months, and the median OS was 46 (95% CI 39-53) months. 
Neoadjuvant chemotherapy was given to 159 patients (45.2%). Chemotherapy was given in a 
median of 6 (1-15) courses. In total, 43 patients received more than 6 courses with a median of 
9 (7-15) courses.
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Pre- and Postchemotherapy
In patients receiving neoadjuvant chemotherapy, the variables size of metastases, CEA level, 
number of metastases, bilobar disease and extrahepatic disease were analyzed before and after 
administration of neoadjuvant chemotherapy. Before neoadjuvant chemotherapy, the mean ± 
SD size, CEA level and number of metastases were 3.98 ± 2.62 cm, 171 ± 568 µg/l and 3.19 
± 1.95, respectively. Before neoadjuvant chemotherapy, 83 patients had bilobar disease and 22 
had extrahepatic disease. After neoadjuvant chemotherapy, the mean ± SD size, CEA level, and 
number of metastases were 2.83 ± 2.45 cm, 21 ± 48 µg/l and 2.64 ± 1.96, respectively. After 
chemotherapy, 81 patients had bilobar disease and 22 patients still had extrahepatic disease. To 
determine the size of the metastases the postchemotherapy abdominal scans were assessed. To 
determine the number of metastases the postsurgery pathological report was examined. Only 
when complete response was reported did the number of metastases decrease. The difference 
between pre- and postneoadjuvant chemotherapy was significant for the size of metastases, 
CEA level, and the number of metastases (P<0.001, P=0.001 and P<0.001, respectively). No 
significant difference was found between bilobar disease and extrahepatic disease before and after 
neoadjuvant chemotherapy (P=0.832 and P=0.999, respectively).

Nordlinger
The CRS of Nordlinger could be applied to 150 patients in group A and to 101 patients in 
group B (Table 1). In group A the median DFS was 16 (95% CI 12-20) months, and the 
median OS was 48 (95% CI 33-63) months (Tables 3, 4). In group A, the Nordlinger score was 
of statistically significant predictive value. There was a significant difference between the CRS 
subgroups for DFS and OS (P=0.028 and P=0.006, respectively). Because of the small numbers 
of patients, the CRS subgroup 3 (CRS 5-6) was pooled together with subgroup 2 (CRS 3-4). 
In group B the median DFS was 13 (95% CI 9-17) months and the median OS was 65 (95% CI 
44-86) months. The Nordlinger score was of predictive value both before and after administration 
of neoadjuvant chemotherapy. In these CRS subgroups a significant difference was found in OS: 
P=0.007 before neoadjuvant chemotherapy and P=0.010 after neoadjuvant chemotherapy.

Fong
The CRS of Fong could be applied to 150 patients in group A and to 101 patients in group B 
(Table 1). In group A the median DFS was 16.0 (95% CI 12-20) months, and the median OS 
was 48 (95% CI 33-63) months (Tables 3, 4). There was a significant difference between the 
CRS subgroups for DFS and OS (P<0.001 and P=0.001, respectively). 
In group B the median DFS was 13 (95% CI 9-17) months, and the median OS was 65 (95% 
CI 44-86) months. Fong’s score was not of significant predictive value when calculated before 
neoadjuvant chemotherapy. 
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In the CRS subgroups no significant difference was found for OS (P=0.592). After neoadjuvant 
chemotherapy, a significant difference (P=0.003) was found between the CRS subgroups for OS.

Nagashima
The CRS of Nagashima could be applied to 193 patients in group A and to 159 patients in group 
B (Table 1). In group A, the median DFS was 14 (95% CI 11-17) months and the median OS 
was 43 (95% CI 34-52) months (Tables 3, 4). In the CRS subgroups a significant difference 
was found for DFS and OS (P=0.001 and P=0.001, respectively). Due to the small numbers of 
patients, the CRS subgroup 3 (CRS≥4) was pooled together with subgroup 2 (CRS 2-3). 
In group B, the median DFS was 9 (95% CI 7-11) months and for OS the median was 47 (95% 
CI 33-61) months. When calculated before neoadjuvant chemotherapy Nagashima’s score was 
not of significant predictive value and no significant difference (P=0.122) was found between 
the CRS subgroups for OS. However, after neoadjuvant chemotherapy, a significant difference 
(P=0.001) was found between the CRS subgroups for OS.

Konopke
The CRS of Konopke could be applied to 145 patients in group A and to 69 patients in group B 
(Table 1). In group A the median DFS was 16 (95% CI 11-21) months, and the median OS was 
51 (95% CI 37-65) months (Tables 3, 4). Between the CRS subgroups a significant difference 
was found in DFS and OS (P=0.002 and P=0.024, respectively). 
In group B the median DFS was 21 (95% CI 3-39) months, and the median OS was 65 months 
(the 95% CI could not be calculated by the SPSS). There was no significant difference between 
the subgroups in OS, either before or after administration of neoadjuvant chemotherapy 
(P=0.092 and P=0.505, respectively).
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Survival outcome after neoadjuvant chemotherapy
Patients with a lower CRS after neoadjuvant chemotherapy, compared to before chemotherapy, 
had the same survival outcome as patients with the same score but who did not have chemotherapy. 
For Nagashima’s score, patients with a lower CRS after neoadjuvant chemotherapy had an even 
better survival outcome than patients with the same score who did not undergo chemotherapy 
(P=0.009).

Discussion

Until now, CRSs have not been evaluated for patients undergoing neoadjuvant chemotherapy 
before resection of CRLM. The present study evaluated CRSs in patients who received 
neoadjuvant chemotherapy prior to resection of liver metastases, and in patients who did not 
receive neoadjuvant chemotherapy.
Our results confirm that the CRSs of Nordlinger, Fong, Nagashima and Konopke could be 
applied to patients without neoadjuvant C chemotherapy; however, when assessed before 
neoadjuvant chemotherapy, not all the CRSs are applicable.
A recent study evaluated eight prognostic scoring systems whereas we examined only four 
CRSs.23 Our reason for not investigating more scoring systems was because we lacked data on 
some variables used for these scores. For example, the score of Ueno et al. uses a pathological 
factor ‘tumor budding’ which is not reported for all patients in our clinic.16 Rees et al. include 
the differentiation of the primary tumor in the score; however, because we are a referral center 
most patients had their primary tumor resected elsewhere and we were unable to obtain all 
information required for this score.14 Schindl et al. use specific laboratory findings in their score, 
but these variables were not available in our prospectively recorded database.13

Generally, CRSs are not used to determine the possibility of surgery in a patient with CRLM, 
but mainly to assess the prognosis of this group of patients after successful surgery. To compare 
results of different studies, it is helpful to assess outcome with knowledge of disease severity. The 
CRSs can be helpful in these cases and are often used.2, 24. However, use of effective neoadjuvant 
chemotherapy might influence the value of the widely used CRSs. 
Small et al. hypothesized that the power of prediction of Fong’s score is reduced due to the effects 
of chemotherapy.20 To our knowledge, the present study is the first to explore this hypothesis 
in a single-center database with four CRSs in patients treated with neoadjuvant chemotherapy. 
Our results support the finding that when the CRS is calculated before starting neoadjuvant 
chemotherapy it is of no predictive value; however, we demonstrate that the scores are applicable 
when the score is addressed after administration of neoadjuvant chemotherapy. Konopke et al. 
described 43 patients who received neoadjuvant chemotherapy.12 
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In their study, the factors concerning liver-related oncological status were determined 
intraoperatively. Konopke et al. also confirmed the prognostic value of their scoring system in the 
patients who received neoadjuvant chemotherapy. This means that the score was determined after 
receiving neoadjuvant chemotherapy so one would expect this score to be applicable. However, 
we could not demonstrate the same result in our group of patients.
In the present study, chemotherapy downstaged the size and the CEA level. When the pathology 
report was consulted and complete response was reported, then the number of metastases 
also decreased significantly from a mean of 3.19 ± 1.95 to 2.64 ± 1.96 (p<0.001). This effect 
changes the CRS. Patients who had a higher risk score before chemotherapy became patients 
with a lower risk score after chemotherapy, with an associated improved survival. Bilobar disease 
showed no statistically significant change after administration of neoadjuvant chemotherapy and 
extrahepatic disease did not change at all.

Conclusion
In the era of effective neoadjuvant chemotherapy, the traditional CRSs may no longer be a reliable 
predictive tool. Based on our findings, if prediction of prognosis is required, all the traditional 
CRSs can be used if they are determined after treatment with neoadjuvant chemotherapy. If 
a prognosis is required before starting neoadjuvant therapy, only the Nordlinger CRS is of 
significant prognostic value.
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Abstract 

Background
The aim of this study was whether the selection with fluorine-18-deoxyglucose positron emission 
tomography (FDG-PET) imaging would result in an improved outcome in surgically treated 
patients with CRLM, stratified by the clinical risk score (CRS) of Fong. 
Patients and methods
Between January 2000 and December 2009, all patients who underwent resection for CRLM 
from two different university teaching hospitals in the Netherlands were analyzed. Patients were 
stratified by the CRS.
Results
In total 613 patients were eligible for analysis. There was no statistical difference in median DFS 
between patients with and without a FDG-PET-scan in both low CRS (17 months (95% CI: 
12-22) versus 14 months (95% CI: 11-17), P=0.332) and high CRS 14 months (95% CI: 7-21) 
versus 9 months (95% CI: 8-10), P=0.073). There was no statistical difference in median OS 
between patients with and without a FDG-PET-scan in both low CRS (64 months (95% CI 54-
74) versus 54 months (95% CI 42-66), P=0.663) and high CRS (39 months (95% CI 23-55) 
versus 41 months (95% CI 34-48), P=0.903).
Conclusions
The present study could not demonstrate that patients selected by a FDG-PET-scan before liver 
resection, and stratified by CRS, have an improvement in DFS or OS.
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Introduction

Colorectal cancer is one of the leading causes of cancer death world-wide.1 Approximately half of 
the patients with colorectal cancer will develop metastatic disease at some point during the course 
of the disease. If metastases are confined to the liver, resection of these metastases is at present the 
standard of care and it has a positive impact on survival.2, 3 After a curative resection of colorectal 
liver metastases (CRLM), cancer relapse is a common phenomenon, with approximately 50% of 
recurrences occurring in the first 2 years.4 In general, 5-year overall survival ranges between 20-
60%, depending on tumor and patient characteristics. In an attempt to identify subgroups with 
a variable risk for relapse and survival, several clinical risk scores (CRSs) have been introduced. 5-9 
The most widely used CRS was described by Fong et al. 10 and the prognostic value of this scoring 
system has been verified by independent investigators.11-13 
Preoperative staging is important for the selection of patients who can potentially undergo 
resection of CRLM. To identify the number and location of colorectal metastases, contrast-
enhanced CT or MRI of the liver is generally used. In addition, an abdominal and chest CT is 
usually performed to exclude extrahepatic disease. To further improve the selection of patients 
for surgery, fluorine-18-deoxyglucose positron emission tomography (FDG-PET)  has been 
assessed in patients with CRLM.14 Some studies suggest that a change in clinical management 
could be expected after FDG-PET,14, 15 whereas other authors claim that the addition of staging 
with a FDG-PET/CT prior to planned liver resection has substantially less impact on surgical 
management than expected.16 If FDG-PET is able to identify the patients with extrahepatic 
disease who are unlikely to benefit from liver resection, the patients with a negative extrahepatic 
FDG-PET should represent a selected subgroup that is more likely to benefit from surgery. This 
might be reflected in an improved disease free and possibly overall survival compared to patients 
who have not undergone preoperative staging with FDG-PET.
In the present study we analyzed whether this selection with FDG-PET would result in an 
improved outcome in surgically treated patients with CRLM, stratified by the CRS of Fong.

Patients and methods

Between January 2000 and December 2009, all patients who underwent liver resection for CRLM 
from two different university teaching hospitals in the Netherlands were analyzed retrospectively. 
In these two hospitals more than a quarter of all patients with colorectal liver metastases undergo 
surgery. Patients were assessed with the CRS according to Fong and excluded from the analysis if 
they had missing data to calculate the CRS. 
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The criteria that are incorporated in this CRS system are: (1) nodal status of primary, (2) disease-
free interval from the primary to discovery of the liver metastases <12 months, (3) number of 
tumors >1, (4) size of the largest tumor >5 cm, and (5) preoperative carcinoembryonic antigen 
(CEA) level >200 ng/ml.10 Each criterion is assigned one point in this CRS and we defined two 
risk groups: Low CRS (0-2 risk factors) and High CRS (3-5 risk factors).

Treatment protocol
The Erasmus MC University Medical Centre Rotterdam and Radboud University Nijmegen 
Medical Centre are tertiary referral hospitals for CRLM. All patients were discussed in 
multidisciplinary tumor boards. In their protocols, perioperative chemotherapy is not considered 
standard of care in all patients with primarily resectable CRLM (i.e.  possibility of an R0 resection, 
the vascular inflow and outflow must be secured, as well as biliary drainage to the remaining 
segments, and a future liver remnant of at least 20-30%).
Patients receive neoadjuvant chemotherapy in case liver metastases are initially unresectable or 
difficult to resect (due to ill location, close to vascular or biliary structures) or when multiple (≥4) 
synchronous metastases are present.
A large proportion of patients in this study already received neoadjuvant chemotherapy in the 
referring hospitals, according to local treatment protocols. Patients treated with neoadjuvant 
chemotherapy received a combination of 5-fluorouracil (5-FU)/capecitabine and oxaliplatin 
or irinotecan, with or without bevacizumab. The response to neoadjuvant chemotherapy was 
assessed after 2 or 3 cycles by CT scan and CEA levels. Further treatment was considered 
depending on tumor response and extent of the disease. If liver metastases were considered 
resectable, a laparotomy was planned at least 3 weeks after the last course of systemic neoadjuvant 
chemotherapy. Bevacizumab had to be excluded from the last course of chemotherapy to ensure 
an interval of at least 6 weeks.
FDG-PET was performed within 5 weeks before surgery in a selection of patients, based on 
a multicentre study or by physician’s choice. At laparotomy the abdomen was examined for 
extrahepatic disease. In case of extrahepatic disease (confirmed by frozen sections) any further 
surgical treatment was only carried out if all tumor deposits could be resected. A minority of 
patients received adjuvant chemotherapy as part of a trial in the Netherlands (HEPATICA) 
irrespective whether or not preoperative FDG-PET was performed.17

Postoperative follow-up consisted of clinical examination and measurement of CEA every 3 
months. In the Erasmus MC University Medical Centre Rotterdam, abdominal imaging 
(ultrasound, CT of the chest and abdomen) was usually performed every 3 months in the first 
year and every 6 months the second year and once per year thereafter. In the Radboud University 
Nijmegen Medical Centre this was every 3 months in the first 3 years and every 6 months in the 
4th and 5th year. 
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If recurrent disease occurred, a decision on further treatment, surgical or systemic, was made by 
the multidisciplinary tumor board.

FDG-PET Imaging
Patients fasted for at least 6 hours and were hydrated with sugar-free liquids. Patients received a 
dose of approximately 4 MBq of 18F-FDG per kilogram of body weight. Scans were acquired 
60–90 min after 18F-FDG injection and processed according to the protocols of the respective 
centre. All scans were visually analyzed by experienced nuclear medicine physicians. Standardized 
uptake values were not calculated. At the time when the data were collected, integrated PET/CT 
scanners were not available in the participating centers.

Outcome
Overall survival (OS) was defined as the interval in months between resection of CRLM and 
death, or the date of last follow-up. Disease-free survival (DFS) was defined as the interval in 
months between resection of CRLM and recurrence, death without recurrence, or date of last 
follow-up without recurrence.

Statistics
Descriptive values are expressed as median with the interquartile range (IQR). Comparison 
between categorical variables was determined by the chi-square tests. Survival analysis was 
performed by the Kaplan-Meier method. Comparison between survival curves was made by log-
rank tests. Univariate analysis was performed with Cox regression analysis. For the multivariate 
analysis only parameters with a P value <0.10 in the univariate model were entered in the Cox 
regression model. Backward elimination was applied. Variables were included if p-values were 
≤ 0.05 and were removed if P-values were > 0.10. The SPSS statistical package (version 17.0, 
Chicago, IL, USA) was used for statistical analysis, where a P-value of ≤0.05 was considered 
statistically significant.

Results

Between January 2000 and December 2009, 665 patients underwent liver resection for CRLM. 
Of these, 52 patients (8%) were excluded due to missing data for calculation of the CRS, leaving 
613 patients eligible for analysis. 
Neoadjuvant chemotherapy was given in 196 (32%) patients. The median number of 
chemotherapy cycles was 6 (IQR 4-7). Adjuvant chemotherapy was administered in 41 patients 
(7%).
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Patient and tumor characteristics were statistically comparable between both groups. PET scans 
were significantly more often performed in patients with longer interval between primary tumor 
and liver resection, and in patients with a low CRS. Patients in the non-PET group received 
significantly more often chemotherapy. Patient characteristics are displayed in Table 1. 

Table 1. Characteristics of patients by FDG-PET-scan
With PET Without PET All patients

Value
N=206

% or IQR Value
N=407

% or IQR Value
N=613 

% or IQR

Male 119 58 262 64 P=0.111 381 62
Age 
	 Median 62 57-70 64 57-70

P=0.236
63 57-70

Primary tumor
Pathology
Rectal cancer 79 38 173 43 P=0.323 252 41
T-stage P=0.624
T3
T4

149
18

72
9

293
41

72
10

442
59

72
10

Positive lymph node 126 61 223 55 P=0.132 349 57
CEA µm/L
	 Median
	 Mean

10.6
60.8

3.3-28.6 17.0
99.9

5.6-61.3
P=0.181

15.0
86.7

4.7-50.5

Liver metastases
Interval < 12 months

116 56 266 65
P=0.029

382 62
Diameter (cm)
	 Median 3.5 2.0-4.6 3.4 2.2-5.0

P=0.141
3.4 2.2-5.0

Number of metastases
	 Median 1 1-3 2 1-3

P=0.061
2 1-3

Bilobar 71 34 148 36 P=0.628 219 36
R1 resection 39 19 75 18 P=0.680 114 19
Extrahepatic disease 9 5 35 8 P=0.055 44 7
Chemotherapy 54 26 179 44 P<0.001 233 38
CRS
	 Low
	 High

146
60

71
29

253
154

62
38

P=0.033
399
214

65
35
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Disease free survival and recurrence
The median follow-up was 36 months (IQR 22-59). During follow up, 414 patients (68%) 
developed a recurrence. For patients with a low CRS the median DFS was 15 months (95% 
confidence interval [CI]: 12-18) and for patient with a high CRS it was 9 months (95% CI: 
7-11), P<0.001. 
DFS was influenced by tumor distribution in low CRS patients and by number of metastases 
in the high CRS patients after multivariate analysis. Chemotherapy did not influence DFS in 
this study. There was no statistical difference in median DFS between patients with and without 
a FDG-PET-scan in both low CRS (17 months (95% CI: 12-22) versus 14 months (95% CI: 
11-17), P=0.332) and high CRS (14 months (95% CI: 7-21) versus 9 months (95% CI: 8-10), 
P=0.073) (Figure 1).

Overall survival
For patient with a low CRS the median OS was 57 months (95% CI: 49-65) and for patients 
with a high CRS it was 39 months (95% CI: 34-44), P=0.004.
OS was influenced by tumor stage of the primary tumor in low CRS patients and by age, tumor 
distribution and chemotherapy the high CRS patients after multivariate analysis. There was no 
statistical difference in median OS between patients with and without a FDG-PET-scan in both 
low CRS (64 months (95% CI 54-74) versus 54 months (95% CI 42-66), P=0.663) and high 
CRS (39 months (95% CI 23-55) versus 41 months (95% CI 34-48), P=0.903) (Figure 1). 
Univariate and multivariate analyses for disease free and overall survival are depicted in tables 2 
and 3.
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Figure 1. Low and high CRS in patients with and without neoadjuvant chemotherapy (CTx): disease-free 
survival (DFS) and overall survival (OS)

DFS = Disease free survival, OS = overall survival, CRS =Clinical risk score, PET = positron emission tomography
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Table 2. Univariate and multivariate analysis. Disease free survival
Low CRS High CRS

Variable Median 
survival

(95% CI)

Univariate
HR(95% CI)

P-value

Multivariate
HR(95%CI)

P-value

Median 
survival 

(95% CI)

Univariate
HR(95% CI)

P-value

Multivariate
HR(95%CI)

P-value

Gender
Female
Male

14 (11-17)
16 (12-20)

0.83 (0.64-1.07)
P=0.146

NS 8 (6-10)
9 (7-11)

1.01 (0.74-1.37)
P=0.969

NS

Age
< 60
≥ 60

13 (10-16)
17 (13-21)

0.85 (0.65-1.10)
P=0.207

NS 9 (7-11)
9 (7-11)

1.20 (0.88-1.64)
P=0.248

NS

Primary tumor
Colon
Rectum

17 (12-22)
13 (10-16)

0.86 (0.67-1.09)
P=0.212

NS 9 (7-11)
9 (7-11)

0.94 (0.69-1.28)
P=0.707

NS

T stage primary 
tumor
T1-3
T4

16 (13-19)
13 (8-18)

1.47 (0.99-2.17)
P=0.057

NS 9 (7-11)
9 (5-13)

1.44 (0.91-2.29)
P=0.117

NS

Lymph node
Negative
Positive

16 (12-20)
15 (11-19)

1.12 (0.87-1.43)
P=0.377

NS 11 (6-16)
9 (8-10)

1.10 (0.71-1.69)
P=0.670

NS

Hepatic 
metastases
Time diagnosis
> 12 months
≤ 12 months

16 (11-21)
14 (12-16)

1.12 (0.88-1.44)
P=0.336

NS 8 (4-12)
9 (7-11)

0.97 (0.57-1.65)
P=0.907

NS

Number of 
metastases
< 4
≥ 4

17 (13-21)
11 (8-14)

1.54 (1.11-2.13)
P=0.010

NS 10 (7-13)
8 (6-10)

1.51 (1.11-2.05)
P=0.009

1.51 (1.07-2.05)
P=0.009

Largest 
metastasis size
< 5
≥ 5

16 (13-19)
14 (10-18)

1.32 (0.70-2.45)
P=0.393

NS 9 (8-10)
9 (5-13)

1.03 (0.81-1.29)
P=0.835

NS

Tumor 
distribution
Unilobar
Bilobar

19 (13-25)
10 (7-13)

1.74 (1.33-2.27)
P<0.001

1.71 (1.29-2.27)
P<0.001

9 (6-12)
9 (7-11)

1.24 (0.91-1.69)
P=1.172

NS

CEA level
< 200
≥ 200

15 (12-18)
12 (4-20)

1.62 (0.86-3.04)
P=0.137

NS 9 (8-10)
7 (4-10)

1.12 (0.77-1.64)
P=0.551

NS

Resection margin
R0
R1

16 (12-20)
11 (8-14)

1.35 (0.96-1.91)
P=0.0.88

NS 10 (8-12)
8 (6-10)

1.27 (0.90-1.80)
P=0.178

NS

Chemotherapy
No
Yes

17 (13-21)
12 (9-15)

1.08 (0.82-1.42)
P=0.561

NS 9 (7-11)
9 (7-11)

1.01 (0.75-1.37)
P=0.936

NS

FDG-PET-scan
No
Yes

14 (11-7)
17 (12-22)

0.88 (0.68-1.14)
P=0.341

NS 9 (8-10)
14 (7-21)

0.73 (0.51-1.04)
P=0.084

NS

NS = Not significant, Univariate P value < 0.10 included in Multivariate analysis
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Table 3. Univariate and multivariate analysis, overall survival
Low CRS High CRS

Variable Median 
survival 

(95% CI)

Univariate
HR(95% CI)

P-value

Multivariate
HR(95%CI)

P-value

Median 
survival 

(95% CI)

Univariate
HR(95% CI)

P-value

Multivariate
HR(95%CI)

P-value
Gender
Female
Male

56 (45-67)
58 (44-72)

0.99 (0.74-1.32)
P=0.933

NS 35 (27-43)
42 (33-51)

0.96 (0.68-1.37)
P=0.832

NS

Age
< 60
≥ 60

64 (55-74)
56 (41-71)

1.07 (0.79-1.43)
P=0.679

NS 55 (32-78)
35 (30-40)

1.52 (1.05-2.19)
P=0.026

1.52 (1.05-2.20)
P=0.027

Primary tumor
Colon
Rectum

58 (45-71)
55 (44-66)

0.96 (0.73-1.28)
P=0.787

NS 39 (28-50)
39 (32-46)

1.02 (0.71-1.47)
P=0.903

NS

T stage primary 
tumor
T1-3
T4

65 (55-75)
33 (24-42)

1.96 (1.31-2.95)
P=0.001

1.99 (1.32-2.99)
P=0.001

42 (34-50)
27 (19-35)

1.69 (1.01-2.83)
P=0.044

NS

Lymph node
Negative
Positive

66 (53-79)
49 (44-54)

1.28 (0.97-1.69)
P=0.081

NS 46 (NR)
39 (33-45)

1.38 (0.79-2.41)
P=0.253

NS

Hepatic metastases
Time diagnosis
 > 12 months
≤ 12 months 64 (50-78)

52 (38-66)
1.06 (0.80-1.40)
P=0.680

NS 34 (28-40)
41 (34-48)

0.84 (0.46-1.52)
P=0.562

NS

Number of 
metastases
< 4
≥ 4

58 (49-67)
45 (28-62)

1.26 (0.87-1.85)
P=0.226

NS 43 (31-55)
34 (23-45)

1.26 (0.88-1.80)
P=0.208

NS

Largest metastasis 
size
< 5
≥ 5

58 (50-66)
49 (32-66)

1.08 (0.75-1.57)
P=0.679

NS
43 (32-54)
32 (25-39)

1.39 (0.98-1.98)
P=0.064

NS

Tumor distribution
Unilobar
Bilobar 57 (46-68)

52 (35-69)
1.16 (0.85-1.59)
P=0.346

NS 46 (22-70)
35 (29-41)

1.36 (0.95-1.95)
P=0.097

1.47 (1.02-2.12)
P=0.039

CEA level
< 200
≥ 200

57 (49-65)
36 (23-49)

1.23 (0.58-2.63)
P=0.588

NS 39 (33-45)
43 (23-63)

0.97 (0.63-1.51)
P=0.896

NS

Resection margin
R0
R1 65 (54-76)

53 (36-70)
1.32 (0.89-1.95)
P=0.165

NS 43 (31-55)
35 (26-44)

2.82 (0.35-22.8)
P=0.325

NS

Chemotherapy
No
Yes

61 (52-70)
47 (65)

1.02 (0.74-1.40)
P=0.903

NS 34 (28-40)
65 (33-97)

0.65 (0.46-0.96)
P=0.016

0.63 (0.44-0.89)
P=0.10

FDG-PET-scan
No
Yes

54 (42-66)
64 (54-74)

0.94 (0.71-1.25)
P=0.665

NS 41 (34-48)
39 (23-55)

1.02 (0.70-1.50)
P=0.904

NS

NS = Not significant, NR =  Not reached, Univariate P value < 0.10 included in Multivariate analysis

Discussion

FDG-PET is used for patients with colorectal cancer to demonstrate extrahepatic disease and 
as a consequence it may improve patient selection for surgical resection of the liver metastases. 
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In the present study we analyzed whether this selection with FDG-PET would result in an 
improved outcome in surgically treated patients with CRLM, stratified by the CRS of Fong. 
FDG-PET prior to liver resection did not significantly improved DFS or OS in patients with 
both low and high CRS in the present series.
The role of FDG-PET in staging CRLM was evaluated in several large studies. Perhaps the 
most important clinical impact of FDG-PET is demonstration of extrahepatic  disease and as 
a consequence the reduction of futile laparotomies which had been demonstrated in several 
studies.14, 15, 18-21 The magnitude of this on surgical management is questioned by the largest 
randomized controlled trial on this subject which demonstrated that only in 3.8% of patients 
a futile laparotomy was avoided.16 The present study could not evaluate whether FDG-PET 
caused a change in clinical management or whether the number of futile operations was reduced 
compared to patients without a FDG-PET, because only patients who underwent resection of 
liver metastases were evaluated.
Besides a change in treatment strategy, FDG-PET might lead to better patient selection and as a 
consequence improved patient outcome after surgery. To our knowledge, the present data are the 
first to investigate the benefit of FDG-PET on patient outcome stratified by the CRS. DFS was 
not different between patients with and without a FDG-PET-scan with a low CRS. In patients 
with high CRS similar results are shown, however, there was a trend toward a difference is DFS 
(14 months (95% CI: 7-21) versus 9 months (95% CI: 8-10), P=0.073)
However in the multivariate analysis this was not an independent factor. 
It has been demonstrated that patients with a high CRS are expected to have a poor tumur 
biology and therefore could potentially have more intra- and extrahepatic disease compared to 
patients with a low CRS.10 By means of a FDG-PET these metastases might have been detected 
and resulted in less disease recurrence, which might explain the trend towards a different DFS. In 
patients with a low CRS there is a minimal risk of occult metastatic disease and the added value 
of a FDG-PET is therefore limited, if not absent.22 
Engledow et al. evaluated the yield of the FDG-PET in an attempt to stratify the use of the 
FDG-PET in patients with CRLM depending on CRS.23 The influence on management failed 
to reach statistical significance between low and high CRS patients. Based on this series, the 
Fong clinical risk score should not be used to rationalize the use of PET/CT in those patients 
being investigated for potential resection of CRLM.23 Schüssler-Fiorenza et al. evaluated whether 
the CRS correlates with yield of FDG-PET in patients with CRLM.22 There was a significant 
association between the CRS and the yield on the FDG-PET-scan and they concluded that 
patients with a low CRS do not benefit from a FDG-PET. 
In the present series, the observation that patients with a high CRS selected by FDG-PET do 
not have a trend towards an improved OS may partially be explained by the fact that currently 
excellent local and systemic treatment therapies for recurrent disease are available.24 
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Patients in the group without a FDG-PET can undergo adequate treatment for recurrence of 
cancer, resulting in survival rates as high as patients in whom occult metastases were potentially 
detected preoperatively. Comparable results were found in a recent randomized controlled trial, 
the largest to date on colorectal liver metastases, which compared perioperative chemotherapy 
with surgery alone.25 Although perioperative chemotherapy improved DFS in these patients, the 
mature overall survival data of this trial were recently presented and no survival difference was 
reported after a median follow up of 7 years.26 
In the study by Ruers et al., fewer futile laparotomies were performed in the FDG-PET group 
than in the conventional group and this also did not translate in a difference in DFS or OS.14 
Some authors, however, reported on an improved overall survival for patients who underwent 
preoperative FDG-PET compared to those in which a FDG-PET was not performed.27, 28 These 
authors conclude that FDG-PET helped in selecting patients who are appropriate for resection 
and thus have a more favorable prognosis.28, 29

A strength of the present study is that it presents data from two tertiary referral centers and tried 
to correct for bias by stratifying patients according to the CRS. However, this retrospective study 
from two combined databases also has its limitations, because patients were not randomized 
to undergo FDG-PET. Since this study only focused on resected patients, information on the 
number of patients who had a futile laparotomy (open-and-close) is lacking. Moreover, the 
number of patients who were not operated on due to unresectable disease preoperatively is also 
missing in this analysis.

Conclusion

Preoperative imaging modalities are of paramount importance for liver surgeons to select the 
right patients for surgery and plan the appropriate surgical strategy removing all metastatic 
disease. Especially patients with colorectal liver metastases and a high CRS have a higher risk 
on extrahepatic disease and early recurrence and should carefully be selected for surgery. This 
retrospective study demonstrated no difference in DFS or OS when patients are selected by a 
FDG-PET-scan in low CRS patients. Despite a trend towards an improved DFS, we could not 
demonstrate benefit of FDG-PET selection in high-risk patients, but future prospective studies 
should focus on this patient category
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Abstract 

Background
The combination of chemotherapy (CTx) and hepatic resection is increasingly accepted as an 
effective treatment for patients with colorectal liver metastases (CRLM). However, controversy 
exists regarding the sequence of surgery and CTx and whether all patients with resectable CRLM 
benefit from perioperative CTx. We investigated whether overall survival was influenced by 
neo-adjuvant CTx in patients with resectable CRLM, stratified by the clinical risk score (CRS) 
described by Fong et al.. 
Methods
Patients who underwent liver resection for CRLM between January 2000 and December 2009 
were analysed. We compared survival rates of patients with and without neo-adjuvant CTx 
stratified by the CRS. The CRS includes five risk factors and defines two risk groups: low CRS 
(0-2) and high CRS (3-5). 
Results
In total 363 patients (64% male) were included, median age 63 years (IQR 57-70). Prior to liver 
resection, 219 patients had a low CRS (65 received neo-adjuvant CTx) and 144 patients had 
a high CRS (88 received neo-adjuvant CTx). None of the patients received adjuvant CTx for 
CRLM. Median follow up was 47 months (IQR 25-82). In the low CRS group, there was no 
significant difference in median overall survival (OS) between patients with and without CTx 
(65 months (95% CI 39-91) vs. 54 months (95% CI 44-64), p=0.31). In the high CRS group, 
there was a significant difference in median OS between patients with and without CTx (46 
months (95% CI 24-68) vs. 33 month (95% CI 29-37), p=0.004).
Conclusion
In our series, patients with a high clinical risk profile benefit from neo-adjuvant CTx. In patients 
with a low risk profile, neo-adjuvant CTx might not be beneficial. 
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Introduction

Colorectal carcinoma is one of the leading causes of cancer death world-wide, mostly as a 
consequence of metastatic disease.1 Administration of combined chemotherapy regimens 
improves survival rates of patients with colorectal liver metastases (CRLM).2-4 If metastases are 
confined to the liver, surgical resection is the most effective therapy, providing the only potential 
for cure.5, 6 However, cancer relapse after curative resection of CRLM is a common phenomenon, 
with recurrence rates up to 50% in the first 2 years.7 In an attempt to reduce these recurrence rates, 
it has been proposed to combine liver resection with systemic chemotherapy, either pre-, peri- or 
postoperatively. Numerous studies have investigated the impact of adjuvant chemotherapy in 
addition to surgery for CRLM, but have failed to show survival benefit.8, 9 Recently, the mature 
results of the landmark EORTC 40983 trial, studying the impact of perioperative chemotherapy, 
were published showing no overall survival benefit for patients in the chemotherapy group.10, 

11 Therefore, the exact role of systemic therapy in combination with liver resection for CRLM 
remains unclear. Nonetheless, a recent report has recommended to treat the majority of patients 
with CRLM with neo-adjuvant chemotherapy.12

In order to predict the likelihood of tumour recurrence and survival after resection for CRLM, 
several Clinical Risk Scores (CRS) have been developed.5, 13-18 The most widely used and validated 
CRS has been described by Fong et al. in 1999.15 In this publication, 5 independent clinical risk 
factors for survival after surgery for CRLM are described. Furthermore, 2 risk groups (high/low) 
are characterized. Although all CRLM may well be regarded as “high risk”, this CRS may play a 
role in explaining the relative lack of efficacy of systemic therapy when combined with surgery in 
the metastasized setting. It is not uncommon in other types of malignancies (e.g. breast, primary 
colon) to restrict the use of adjuvant chemotherapy to those patients with the most advanced 
disease (highest risk profile). The present study was conducted to retrospectively evaluate overall 
survival outcome in patients with and without neo-adjuvant chemotherapy, stratified by their 
clinical risk profile as described by Fong.

Patients and methods

Between January 2000 and December 2009, all consecutive patients who underwent liver 
resection for CRLM were analysed. Patients were assessed by Fong’s CRS and excluded from the 
analysis if they had missing data to calculate the CRS and/or extrahepatic disease. Calculation of 
the CRS was based on clinical data at presentation with CRLM. 
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The clinical prognosticators in Fong’s CRS were: (1) node positive status of primary tumour, 
(2) disease-free interval from the primary to discovery of the liver metastases < 12 months, (3) 
number of metastases > 1, (4) size of the largest metastases > 5 cm and (5) preoperative CEA level 
>200 ng/ml.15 Each criterion is assigned one point. The prognostic value of this scoring system 
has been verified by independent investigators.19, 20 We defined two risk groups: Low risk (CRS 
0-2) and High risk (CRS 3-5). The reason for dividing patients in two groups was to evaluate 
whether the CRS may play a role in explaining the relative lack of efficacy of chemotherapy when 
combined with surgery in the metastasized setting. 

Chemotherapy
Erasmus MC Cancer Institute is a tertiary referral hospital for patients with CRLM. In our 
current protocol, perioperative chemotherapy is not considered as standard treatment for 
patients with CRLM. Patients in our hospital received neo-adjuvant chemotherapy in case of 
multiple (≥4) synchronous metastases. However, a large proportion of patients in this study 
received neo-adjuvant chemotherapy in the referring hospital. The reason for administering one 
type of chemotherapy over another was based on local treatment protocols. All patients received 
a combination of 5-fluorouracil (5-FU)/Capecitabine and Oxaliplatin or Irinotecan, with or 
without Bevacizumab. The response to neo-adjuvant systemic therapy was assessed after two 
or three cycles by CT scan (RECIST criteria) and carcinoembryonic antigen levels. Further 
treatment strategy was discussed according to the tumour response and extent of the disease. 
When the liver metastases were resectable, a laparotomy was planned at least three weeks after 
the last course of neo-adjuvant chemotherapy. Bevacizumab had to be excluded from the last 
course of chemotherapy to ensure an interval of at least six weeks. All patients included in this 
study had resectable CRLM. None of the patients received standard adjuvant systemic therapy 
after liver surgery.
The time period from 2000 was chosen due to the introduction of more effective chemotherapy. 
In our unit, the definition of resectability has not been changed since 2000 (i.e. possibility of an 
R0 resection, the feasibility of securing vascular in- and outflow as well as biliary drainage to the 
remaining segments, and a future liver remnant of at least 20-30%) 

Follow up 
Postoperative follow-up consisted of clinical examination and measurement of CEA every 3 
months. Abdominal imaging (ultrasound, CT-thorax-abdomen) was performed at 3, 6, 9 and 12 
months in the first year, every 6 months the second year and once per year thereafter. If recurrent 
disease occurred, a decision on whether to start new treatment was made by the multidisciplinary 
team. 
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Outcome 
Overall survival (OS) was defined as the interval in months between resection of CRLM and 
death, or the date of last follow-up. Disease-free survival (DFS) was defined as the interval in 
months between resection of CRLM and recurrence, death without recurrence, or date of last 
follow-up without recurrence. 

Statistics 
Descriptive values are expressed as median (interquartile range (IQR)). Variables were compared 
by means of chi-square analysis or Fischer’s exact test (depending on the sample size) or with the 
independent Student’s t test or Mann-Whitney U test when appropriate. Survival analysis was 
performed by the Kaplan-Meier method. Comparison between survival curves was made by log-
rank tests. For the multivariate analysis only parameters with a p value < 0.10 in the univariate 
model were entered in the Cox regression model. The SPSS statistical package (version 21.0, 
Chicago, IL, USA) was used for statistical analysis; a p-value of ≤0.05 was considered statistically 
significant. 

Results

Between January 2000 and December 2009, 442 patients underwent liver resection for CRLM. 
Of these, 77 patients (17%) were excluded due to extrahepatic disease and/or missing data for 
calculation of the CRS. 2 patients were lost to follow up, leaving 363 patients eligible for analysis 
(42 patients extrahepatic disease, 33 patients missing data and 2 patients with both, 2 lost to 
follow up). Neo-adjuvant chemotherapy was given in 153 (42%) patients. 51 patients received 
adjuvant chemotherapy for their primary colorectal cancer (30 patients in the low CRS group 
and 21 patients in the high CRS group, P=0.093). 15 of these patients received further neo-
adjuvant chemotherapy for their liver metastases. 
Neo-adjuvant capecitabine monotherapy was administered in 5 patients and 5-FU/LV 
monotherapy was administered in 3 patients. The majority of patients receiving neo-adjuvant 
chemotherapy received either oxaliplatin-based chemotherapy (88%) or irinotecan-based 
chemotherapy (7%). Sixty-seven patients received concomitant bevacizumab (44%) mostly in 
combination with oxaliplatin (88%). The median number of chemotherapy cycles for all patients 
was 5 (IQR 4-6). The median number of chemotherapy cycles was also 5 (IQR 4-6) in patients 
with a low risk profile and 6 in patients with a high CRS (IQR 4-7).
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Table 1. Characteristics of patients by chemotherapy treatment. Low clinical risk score
    without CTx 

(N=154)
with CTx 
(N=65)

  All patients 
(N=219)

    value % or IQR value % or IQR P value value % or IQR
Male   95 62% 47 72% 0,133 142  
Age median 66 59-72 63 58-70 0,09 65 59-71
Primary tumor            
Rectal cancer 70 46% 36 55% 0,179 106 48%
T stage              
T3   107 70% 40 62% 147 67%
T4   9 6% 7 11% 16 7%
Positive lymph node 61 40% 46 71% 0,145 80 37%
CEA              
  median 15 6-49 16 6-47 0,726 16 6-48
  mean 48   37   45  
Liver metastases            
Synchronous 27 18% 40 62% < 0,001 67 31%
Diameter (cm) median 3,2 2,4-4,4 2,6 2-3,8 0,016 3 2-4
Number of mets median 1 1-2 2 1-4 < 0,001 1 1-2
Bilobar   22 14% 27 42% < 0,001 49 22%
R1 resection 21 14% 10 16% 0,743 31 14%

Patient characteristics are displayed in Tables 1, 2 and 3. Eighty-four patients (24%) had an R1 
resection. The numbers of R1 resections in patients with and without neo-adjuvant chemotherapy 
were comparable: 28% vs. 20% (P=0.09), respectively. An R1 resection occurred more often in 
patients with a high CRS than in patients with a low CRS (38% versus 14%, P<0.001. The 
median follow-up was 47 months (IQR 25-82). Seven patients (1.9%) died postoperatively.

Disease Free Survival and recurrence
For patients with neo-adjuvant chemotherapy the median DFS was 12 months (95% confidence 
interval (CI) 9-15) and for patients without chemotherapy it was 13 months ((95% CI 10-16), 
P=0.89). In patients with a low CRS there was no difference in the median DFS between patients 
with and without chemotherapy (13 months, (95% CI 9-17)) versus 16 months ((95% CI 10-
22), P=0.86). The 5-year DFS was 33% versus 27% respectively. In patients with a high CRS there 
was a significant difference in median DFS between patients with and without chemotherapy 
(11 months, (95% CI 7-15)) versus 9 months ((95% CI 8-10), P=0.02). The 5-year DFS 
was 24% versus 9% respectively (Figure 1). During follow-up, 267 patients (74%) developed 
a recurrence. Local treatment was performed in 110 patients (41%) (surgery, radiofrequency 
ablation, stereotactic radiotherapy), 116 patients (44%) had palliative chemotherapy and 26 
patients (10%) received neither chemotherapy nor local treatment. 
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Table 2. Characteristics of patients by chemotherapy treatment. High clinical risk score

   
without CTx 

(N=56)
with CTx 
(N=88)  

all patients 
(N=144)

    value % or IQR value % or IQR P value value % or IQR
Male   36 64% 54 61% 0,724 90 63%
Age median 61 57-69 61 56-68 0,397 61 56-68
primary tumor        
Rectal cancer 26 46% 25 28% 0,028 51 35%
T stage          
T3   43 77% 73 83% 116 81%
T4   6 11% 7 8% 13 9%
Positive lymph node 49 88% 68 77% 117 81%
CEA          
  median 26 8-70 55 8-229 0,246 34 8-202
  mean 104 274   208  
Liver metastases        
Synchronous 27 48% 72 82% < 0,001 99 69%
Diameter (cm) median 3,5 2-5,5 4,5 3-6 0,033 4 2,5-5,8
Number of mets median 3 2-3 4 2-5 0,004 3 2
Bilobar   31 55% 55 63% 0,394 86 60%
R1 resection 21 38% 32 38% 0,949 53 38%

Overall Survival 
For patients with neo-adjuvant chemotherapy the median OS was 57 months (95% CI 40-
74) and for patients without chemotherapy it was 45 months (95% CI 38-52), P=0.08. In 
patients with a low CRS there was no difference in the median OS between patients with and 
without chemotherapy (65 months (95% CI 39-91) versus 54 months ((95% CI 44-64), HR 
0.83, P=0.31). The 5-year OS was 52% versus 46% respectively. In patients with a high CRS 
the median OS was significantly higher in patients who received chemotherapy compared with 
those who did not (46 months (95% CI 24-68), versus 33 months (95% CI 29-37), HR 0.57, 
P=0.004). The 5-year OS was 46% versus 20% respectively (Figure 1).

Univariate and multivariate analyses 
In patients with a low CRS, the univariate analysis showed that 2 factors were prognostic for 
OS: T-stage primary tumour (T4) and positive resection margin (R1). In multivariate analysis 
these factors remained prognostic for OS (Table 4). In patients with a high CRS, 2 factors 
were prognostic for OS in univariate analysis: primary tumour location (colon vs. rectum) and 
administration of neo-adjuvant chemotherapy. In multivariate analysis, only administration of 
neo-adjuvant chemotherapy remained of significant influence on overall survival (Table 4). 
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Table 3. Characteristics of patients by CRS

   
CRS low 
(N=219)

CRS high 
(N=144)  

All patients 
(N=363)

    value % or IQR value % or IQR P value value % or IQR
Male   142 65% 90 63% 0,65 232 64%
Age median 65 59-71 61 56-68 0,001 63 57-70
Primary tumor          
rectal cancer   106 48% 51 35% 0,015 157 43%
t stage          
t3   147 67% 116 81%   263 73%
t4   16 7% 13 9%   29 8%
positive lymph node   80 37% 117 81% < 0,001 197 54%
CEA median 16 6-48 34 8-203 < 0,001 19 6-69
  mean 45   208   110  
Liver metastases          
synchronous   67 31% 99 69% < 0,001 166 46%
Diameter (cm) median 3 2-4 4 3-6 < 0,001 3,4 2,2-5
Number of mets median 1 1-2 3 2-4 < 0,001 2 1-3
bilobar   49 22% 86 60% < 0,001 135 37%
R1 resection   31 14% 53 38% < 0,001 84 24%
Chemotherapy          
   Yes   65 30% 88 61% < 0,001 153 42%
   Response          

CR 5 8% 3 3%   8 5%
PR 40 64% 61 69%   101 67%
SD 18 29% 22 25%   40 27%
PD 0 0 1 1%   1 1%

   No   154 70% 56 39%   210 48%

Discussion 

This is the first study to demonstrate that patients with primary resectable CRLM and a 
high clinical risk profile have significant overall survival benefit when adding neo-adjuvant 
chemotherapy to resection for metastases. All patients have a potential follow up of 4 years, as 
can be seen by the few censored cases in the Kaplan Meier curves. 
In the last decade, the development of modern chemotherapeutic agents and biologicals has 
significantly improved OS in patients with CRLM.2-4, 21-28 This success of systemic therapy in 
the palliative setting has prompted studies to evaluate the role of chemotherapy in combination 
with liver resection.9-11, 29 However, these studies often involve strict study protocol inclusion 
criteria. Consequently, patients with a high risk profile -who might benefit the most from 
chemotherapy- are often underrepresented in these studies. Since genuine survival benefit of 
multimodal therapies has not yet been demonstrated, could this low impact of chemotherapy on 
survival then be explained by the relatively low risk profile of the patients in these trials?
The present role of perioperative chemotherapy for primary resectable metastases was established 
in a landmark randomized controlled trial, which compared perioperative chemotherapy with 
surgery alone 10. 
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Table 4. Multivariate analysis, overall survival
 
 
 
 

CRS low (N=219) CRS high (N=144)
Median
Survival

(95% CI)

Univariate 
HR (95%CI)

P-value*
Multivariate

HR (95% CI)

Median
Survival

(95% CI)

Univariate
HR (95% CI)

P-value*
Multivariate

HR (95% CI)

Gender
         

  Male 63 (49-77) 0,934 (0,666-1,310) NS 41 (33-49) 0,961 (0,648-1,424) NS
  Female 49 (36-62) P=0,692   34 (29-39) P=0,841  
Age

       
  < 65 59 (47-71) 1,131 (0,816-1,566) NS 37 (31-43) 1,170 (0,786-1,742) NS
  > 65 54 (38-70) P=0,460   35 (25-45) P=0,438  
Primary tumor

       
  Rectum 57 (42-72) 1,026 (0,742-1,421) NS 34 (28-40) 1,436 (0,969-2,130) 1,340 (0,9-1,995)
  Colon 58 (44-72) P=0,875   43 (27-59) P=0,072 P=0,149
T stage
         
  T4 32 (10-54) 2,447 (1,452-4,124) 2,670 (1,575-4,526) 41 (27-55) 1,134 (0,590-2,179) NS
  T 1-3 59 (49-69) P=0,001 p < 0,001 37 (31-43) p+0,706  
Lymph node

       
  Positive 51 (43-59) 1,279 (0,919-1,779) NS 35 (30-40) 1,429 (0,849-2,406) NS
  Negative 65 (51-79) P=0,279   57 (15-99) p=0,179  
Hepatic Metastases

       
Time diagnosis

       
  < 12 months 54 (43-65) 0,768 (0,554-1,063) NS 37 (31-43) 1,045 (0,595-1,836) NS
  > 12 months 63 (40-86) P=0,112   37 (28-46) P=0,878  
Largest size met

       
  > 5 59 (38-80) 1,123 (0,744-1,696) NS 35 (22-48) 1,244 (0,844-1,831) NS
  < 5 56 (45-67) P=0,581   39 (33-45) P=0,270  
Number mets

       
  > 1 58 (37-79) 1,087 (0,776-1,524) NS 32 (12-52) 1,214 (0,632-2,331) NS
  1 57 (45-69) P=0,627   37 (31-43) P=0,561  
CEA level

       
  > 200 32 (16-48) 1,606 (0,657-3,924) NS 43 (14-72) 0,916 (0,590-1,420) NS
  < 200 58 (48-68) P=0,299   35 (29-41) P=0,916  
Bilobair

       
  Yes 48 (21-75) 1,235 (0,847-1,8) NS 35 (29-41) 1,253 (0,845-1,858) NS
  No 58 (45-71) P=0,272   41 (27-55) P=0,263  
Resection margin

       
  R1 43 (22-64) 1,927 (1,256-2,956) 1,837 (1,187-2,842) 41 (31-51) 1,259 (0,848-1,868) NS
  R0 61 (47-75) P=0,003 p=0,006 34 (27-41) P=0,259  
Chemotherapy

       
  Yes

65 (39-91) 0,825 (0,570-1,195) NS 46 (24-68) 0,572 (0,390-0,841)
0,594 (0,403-

0,876)
  No 54 (44-64) P=0,309   33 (29-37) P=0,004 P=0,009

NS = Not Significant, CEA = Carcinoembryonic Antigen, CRS = Clinical Risk Score, 
Univariate p value < 0.10 included in Multivariate analysis

The mature overall survival data of this trial were recently published; although perioperative 
chemotherapy improved DFS in these patients, no survival difference was seen  after a median 
follow up of 8,5 years.11 This may well be explained by the fact that at present, recurrences 
can be adequately treated by means of systemic and/or local therapies, as the authors suggest. 
Additionally, this trial was not powered upfront to detect differences in overall survival. It may 
be though, as mentioned before, that the lack of impact on overall survival is due to the fact that 
patients eligible for randomization in this trial had a relatively low risk profile. 
Several authors have already proposed the concept of stratification by CRS. 



Chapter 688

Figure 1 Low and high CRS in patients with and without neoadjuvant chemotherapy (CTx): disease-free 
survival (DFS) and overall survival (OS)

Tomlinson et al. demonstrated on actual 10-year survivors of liver surgery for CRLM that 
patients with a low CRS had a cure rate of 21% versus 10% in patients with a high CRS. 
They suggest this finding may be used to identify patients who might benefit from neo-adjuvant 
chemotherapy.30 In a large, non-randomized study by Parks et al., adjuvant therapy did seem to 
improve OS after resection of CRLM.31 In their study, patients with a high CRS had more benefit 
from adjuvant therapy than patients with a low CRS. Subsequently, Rahbari et al. performed 
a similar analysis as in our current study, however, with a different chemotherapy sequence.32 
Instead of neo-adjuvant chemotherapy, they analysed the efficacy of adjuvant systemic therapy 
in addition to resection of colorectal liver metastases and stratified patients according to Fong’s 
CRS. The outcome had a striking similarity to our results. In patients with a high CRS, adjuvant 
chemotherapy was associated with a marked survival advantage, whereas it was of no benefit in 
patients with a low CRS. Additionally, Adam et al. performed an analysis of the LiverMetSurvey 
database on patients with solitary, metachronous, primarily resectable metastases. These patients 
have particularly favourable tumour biology and a low CRS. The authors concluded that these 
patients do not benefit from preoperative chemotherapy.33 
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Finally, Sorby et al. demonstrated in an exploratory retrospective analysis of the EORTC 
Intergroup study 40983 that CEA was the strongest baseline predictive factor for the benefit 
of perioperative FOLFOX.34 They conclude that moderately and highly elevated CEA serum 
levels were both predictive for the benefit of perioperative chemotherapy; an obvious explanation 
would be that elevated CEA is a surrogate for more advanced disease.34 Again these results suggest 
a role for CRS’s when considering chemotherapy in addition to surgery for CRLM. 
This study might be biased due to its non-randomized, retrospective, single-centre design. 
However, patients were included from a prospective database and differences in terms of the main 
characteristics did not influence OS. Further, in our current protocol perioperative chemotherapy 
is not considered to be standard treatment for patients with CRLM. We consider patients for 
neo-adjuvant chemotherapy in case of initially difficult/irresectable liver metastases (ill location) 
or multiple (≥4) synchronous metastases. This implies that even within the high CRS group, 
patients are not comparable in terms of baseline characteristics. However, the “worst” patients 
within this group were treated with neo-adjuvant chemotherapy (see table 2), thus the significant 
overall survival benefit in this group is even more striking. On the other hand, patients within 
the low CRS had comparable survival rates. Patients in this group who received neo-adjuvant 
chemotherapy had significantly worse tumour characteristics (see table 1). Theoretically, these 
patients might have had poorer survival rates without neo-adjuvant chemotherapy. Therefore, 
this study at best suggests that neo-adjuvant chemotherapy will not improve survival in the low 
CRS group. Additional prospective studies are needed to explore the exact role of multimodal 
therapies in patients with a high risk profile. 
Since only patients coming to resection were included in this study, there is a potential bias 
of patients who have progressed on chemotherapy and were therefore not considered surgical 
candidates. This failure to comply with intention to treat principles is inherent to a retrospective 
study. However, progression on chemotherapy is rare - 7% in the EPOC trial 10, 11 - in the present 
era of modern chemotherapeutics and therefore we suggest that this phenomenon did not have a 
major impact on our conclusion. Finally, patients with a high risk profile might not have received 
chemotherapy for other reasons than pure oncologic risk, such as age and comorbidity. However, 
this is highly unlikely because all patients in this study were fit to undergo a partial liver resection. 

Conclusion

In this study we demonstrate that stratifying patients with resectable CRLM according to their 
clinical risk profile, as described by Fong et al., could provide a useful tool for selecting patients 
who are most likely to obtain survival benefit from neo-adjuvant chemotherapy. Although the 
indication for neo-adjuvant chemotherapy may not solely be based on overall survival benefit, we 
believe it should be included in the decision making process.
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Abstract

Background
Efforts to improve the outcome of liver surgery by combining curative resection with chemotherapy 
have failed to demonstrate definite overall survival benefit. This may partly be due to the fact that 
these studies often involve strict inclusion criteria. Consequently, patients with a high risk profile 
as characterized by Fong’s Clinical Risk Score (CRS) are often underrepresented in these studies. 
Conceptually, this group of patients might benefit the most from chemotherapy. The present 
study evaluates the impact of neo-adjuvant chemotherapy in high-risk patients with primary 
resectable colorectal liver metastases, without extrahepatic disease. Our hypothesis is that adding 
neo-adjuvant chemotherapy to surgery will provide an improvement in overall survival (OS) in 
patients with a high-risk profile.
Methods/design
CHARISMA is a multicenter, randomized, phase III clinical trial. Patients will be randomized 
to either surgery alone (standard treatment, arm A) or to 6 cycles of neo-adjuvant oxaliplatin-
based chemotherapy, followed by surgery (arm B). Patients must be ≥ 18 years of age with liver 
metastases of histologically confirmed primary colorectal carcinoma. Patients with extrahepatic 
metastases are excluded. Liver metastases must be deemed primarily resectable. Only patients 
with a CRS of 3-5 are eligible. The primary study endpoint is OS. Secondary endpoints are 
progression free survival (PFS), quality of life, morbidity of resection, treatment response on neo-
adjuvant chemotherapy, and whether CEA levels can predict treatment response.
Discussion
CHARISMA is a multicenter, randomized, phase III clinical trial that will provide an answer to 
the question if adding neo-adjuvant chemotherapy to surgery will improve OS in a well-defined 
high-risk patient group with colorectal liver metastases.
Trial registration
The CHARISMA is registered at European Union Clinical Trials Register (EudraCT), number: 
2013-004952-39.
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Background

Colorectal liver metastases: surgical treatment
Colorectal cancer (CRC) is one of the leading causes of cancer death. It is in the top 3 most 
commonly diagnosed cancers, with over 1.2 million new cases and over 600,000 deaths estimated 
to have occurred in 2008 worldwide.1 In approximately 20% of patients distant metastases are 
present at time of diagnosis.2 The liver is the most common metastatic site. Approximately 50% 
of patients with early-stage disease will eventually develop colorectal liver metastases (CRLM).3, 4 
When metastases of CRC patients are restricted to the liver, possible curative treatment can be 
obtained by surgical resection. Complete surgical resection of CRLM improves 5-year survival 
rates to around 35-60% in selected patients.5-8  However in only 10-20% of patients surgical 
resection of CRLM is feasible. Although surgery for CRLM provides the only potential for 
cure, cancer relapse is a common phenomenon, with a recurrence rate of up to 50% in the first 
2 years after surgery.9

Chemotherapy for colorectal liver metastases
Initially, systemic treatment with 5-fluoruracil based regimens was standard of care in CRLM, 
improving OS from 6 to 10-12 months. The development of chemotherapeutic agents such 
as oxaliplatin and irinotecan has subsequently improved OS to a median of up to 24 months. 
Sequential treatment with all available cytotoxic agents, as well as the introduction of Epidermal 
Growth Factor receptor (EGFR) and Vascular Endothelial Growth Factor (VEGF) binding 
monoclonal antibodies have further increased overall survival.10-13 
The high relapse rate after curative resection of CRLM, and the efficacy of modern systemic 
treatment in the metastatic setting, have prompted investigators to perform numerous studies 
to evaluate the potential role of systemic chemotherapy combined with liver resection. The 
purpose of both adjuvant and neo-adjuvant chemotherapy is to treat microscopic disease that 
is not addressed by surgery. This microscopic disease may be promoting the high relapse rate 
that is observed after liver surgery.9 Notably, current literature suggests that timing of additional 
chemotherapy (adjuvant vs. neo-adjuvant) seems to have no influence on outcome.14 The role 
of perioperative chemotherapy in case of resectable CRLM was established in a randomized 
controlled trial.15 In the mature OS analysis of this trial there was no significant effect on OS after 
a median follow up of 7 years.16 

Stratification by clinical risk score
In the past, several clinical risk scores for the outcome of patients with CRLM have been 
published.7, 17-25 In 1999, Fong et al. described the most widely used CRS.19 This prognostic 
scoring system has been verified by independent investigators.26 
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Several authors have proposed the concept of stratification by CRS in relation to the effects of 
a multimodal treatment strategy on OS. These authors suggest that patients with a high risk 
score have a worse prognosis and might therefore benefit more from chemotherapy compared to 
patients with a low risk score.27-29 
These findings have prompted others and ourselves to retrospectively evaluate data on patients 
who have undergone liver resection for CRLM in the last decade with and without chemotherapy, 
stratified by CRS according to the Fong-criteria.30, 31

As described earlier, efforts to improve outcome of liver surgery by combining the resection with 
chemotherapy have failed to demonstrate definite OS benefit. This may partly be due to the fact 
that these studies often involve strict study protocol inclusion criteria. Consequently, patients 
with a high clinical risk score - which might benefit the most from chemotherapy - are often 
underrepresented in these studies. Since genuine survival benefit has not yet been demonstrated, 
could this low impact of chemotherapy on survival then be explained by the relatively low risk 
profile of the patients included in these trials?

Study aim and hypothesis
The CHARISMA randomized clinical trial will evaluate the effect on OS of neo-adjuvant 
chemotherapy in patients with primary resectable CRLM and a CRS (Fong) of 3-5, thereby 
bearing a poor prognosis. The primary aim of this study is to compare OS in patients with 
resectable liver metastases randomized for treatment with chemotherapy, consisting of 
capecitabine and oxaliplatin (XELOX), followed by surgery versus surgery alone. 
We hypothesize that neo-adjuvant chemotherapy will provide an improvement in OS in this 
high-risk patient group. Secondary endpoints in this study will be progression free survival 
(PFS), quality of life as assessed by QLQ-30 and MFI questionnaires, response to chemotherapy, 
morbidity of surgery and resection rate, and whether carcinoembryonic antigen (CEA) can 
predict for treatment response, PFS, and OS. 

Study design

Patients with CRLM and a high CRS will be evaluated for inclusion by the local multidisciplinary 
team meeting. In this meeting, at least two surgeons with expertise in liver surgery should be 
present. In case of doubt, the imaging can be sent to a central expert panel. Patients are eligible 
for randomization if, in the opinion of a local expert panel, radical resection of the CRLM (R0-
resection) is feasible.
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Patients will be randomized 1:1 to either (figure 1):
Arm A: Surgery of the liver metastases
Arm B: Neo-adjuvant oxaliplatin-based chemotherapy followed by surgery of the liver metastases

Figure 1. Study design

Inclusion

Randomisation

Baseline QoL (QIQ-C30, MFI) Baseline QoL (QIQ-C30, MFI)

Arm B
1 Neoadjuvant chemotherapy (6x XELOX)
· within 2 weeks after randomisation
· within 4 weeks after last CT-scan
· Assessment after 3 and 6 cycles: CT-scan
· Assessment after 6 cycles: toxicity, ECOG performance

status, laboratory analysis incl CEA-level, QoL

2 Surgery

Arm A
Surgery
· within 4 weeks after randomisation
· within 6 weeks after last CT-scan

· 1st visit after surgery (2-4 weeks after surgery) Surgical complications assessment
· 1st and 2nd year after surgery Every 3 months; CEA, ECOG, CT-scan, QoL
· 3rd and 5th year after surgery Every 6 months; CEA, ECOG, CT-scan

Follow up

Study population

Inclusion criteria
Age ≥ 18 years, ECOG performance status 0-1. Histologically confirmed primary colorectal 
carcinoma. Radiological confirmed and primary resectable CRLM. CRS of 3-5 (Fong). Adequate 
bone marrow, liver and renal functions. 

Before any study related procedure will be pursued, written informed consent must be given 
according to ICH/GCP and national/local regulations.



Chapter 798

Exclusion criteria
Adjuvant chemotherapy for colorectal carcinoma given < 6 months prior to detection of the 
liver metastases. Prior non colorectal malignancies, except for basal or squamous cell carcinoma 
of the skin, or patients with carcinoma in situ of the cervix. Extrahepatic colorectal metastases. 
Locally advanced rectal cancer in situ requiring long-course pre-operative chemoradiotherapy. 
Major surgical procedures < 4 weeks prior to randomization. Pregnancy. History of psychiatric 
disability. Clinically significant cardiovascular disease. Uncontrolled hypertension. Lack of 
physical integrity of the upper gastro-intestinal tract, malabsorption syndrome, or inability to take 
oral medication. Known peripheral neuropathy. Organ allografts requiring immunosuppressive 
therapy. Serious, non-healing wound, ulcer, or bone fracture. Current or recent use of full-
dose oral anticoagulants or thrombolytic agents for therapeutic purposes. Chronic treatment 
with corticosteroids. Serious intercurrent infections. Current or recent treatment with another 
investigational drug or participation in another investigational study. Psychological, familial, 
sociological or geographical conditions hampering compliance to the study protocol and follow-
up schedule. 

Assessment of operability
All patients have to be screened by their treating surgeon for fitness to undergo liver surgery. In 
case of doubt, formal anesthetic assessment is mandatory prior to randomization.

Assessment of resectability
Prior to resection of the CRLM, an expert panel must review imaging of patients enrolled in this 
study in order to determine resectability. Resectability is defined as the possibility to achieve R0 
resection. The liver remnant should comprise a portal vein, a hepatic artery, and a bile duct, one 
of the three main hepatic veins. The liver remnant should have sufficient liver function and 2 
segments free of metastases at the time of resection.
If these prerequisites cannot be met, radiofrequency ablation (RFA) is allowed to obtain 
resectability. However, RFA may only be used in combination with liver resection if the number 
of lesions to be treated with RFA does not exceed 3 and the largest diameter of these lesions is 
less than 3 cm.

Therapeutic regimen of patients Arm A
Patients should preferably be randomized within 2 weeks of the definitive diagnosis of CRLM. 
Patients allocated to Arm A should have their surgery within 4 weeks after randomization and 
within 6 weeks after the last CT scan. Adjuvant chemotherapy after R0 resection is not allowed. 
Protocol therapy ends following the liver resection.
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Therapeutic regimen of patients Arm B
Patients in Arm B will receive 6 cycles of XELOX. Oxaliplatin will be administered in a 130 
mg/m2 dose, Capecitabine in a 1000 mg/m2 dose. Patients should preferably be randomized 
within 2 weeks of the definitive diagnosis of CRLM. Patients allocated to Arm B should start 
neo-adjuvant chemotherapy within 2 weeks after randomization and within 4 weeks after the 
last CT scan. Treatment evaluation will occur after the 3rd and 6th chemotherapy cycle. In the 
case of progressive disease (PD) after the 3rd cycle, a resectability check will take place. If patients 
remained resectable, they will be planned for surgery within 4-6 weeks after completion of the 4th 
cycle. If patients are assessed to be irresectable, they will go off study protocol. 
After the last day of chemotherapy exposure, resection should take place at least 4 weeks, but 
at maximum 6 weeks later. Treatment evaluation can take place according to local hospital 
procedures, but should at least consist of a CT scan of the thorax/abdomen and CEA level. 
Adjuvant chemotherapy after R0 resection is not allowed. Protocol therapy ends following the 
liver resection.

Endpoint

Primary endpoint
Primary endpoint of the study will be OS, calculated from the date of randomization to the 
date of death of the patient, from any cause. Patients still alive at the date of last contact will be 
censored.

Secondary endpoints
PFS will be defined from the date of randomization to the first event defined as local/distant 
recurrence or progression or death from any cause.

Criteria of evaluation
Progressive or recurrent disease can be detected by imaging modalities (e.g. CT scan). A rise in 
serum tumor marker (e.g. CEA) is insufficient. In case of doubt, histological biopsy can provide 
definitive proof of progression/recurrence. 
Response to neo-adjuvant chemotherapy will be evaluated by CT scan using RECIST 1.1 criteria 
32. To evaluate the well-being of patients the European Organization for Research and Treatment 
of Cancer Quality of Life questionnaire (EORTC QoL) will be used. The EORTC QLQ-C30 
is generally used to assess QoL of cancer patients; additionally the Multifactorial Fatigue Index 
(MFI) will be used. Toxicity will be graded according to the Common Terminology Criteria for 
Adverse Events (CTCAE) version 4.0. Surgical complications will be defined according to the 
standard classification of surgical complications.33 
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Postoperative mortality will be defined as any death during hospitalization or within 30 days 
from surgery. Complication and post-operative mortality rates will be securely monitored and 
documented.

Statistical considerations

Sample size and accrual
On the basis of retrospective data, we expect the hazard ratio (HR) for arm B to be 0.60. For the 
detection of a HR of 0.60 for the chemotherapy arm and with an expected 5-year OS of 25% in 

arm A, with two-sided significance level α = 0.05 and power 1 - β = 0.8, 126 deaths have to be 
reported before the final analysis will take place. This number of events is expected to be reached 
after the recruitment of 224 patients with an average accrual rate of 56 patients per year, and an 
additional follow up of 2 years. A HR = 0.60 corresponds to an increase of 5-year OS of 43% 
in arm B.  

Randomization
Eligible patients should be registered after written informed consent and before start of treatment 
(based on inclusion/exclusion criteria). Patients will be randomized for surgery versus neo-
adjuvant chemotherapy followed by surgery in a 1:1 design. During randomization patients will 
be stratified by center, CRS score and status of primary tumor (still in situ vs. resected) with a 
minimization procedure, ensuring balance within each stratum and overall balance. 

Statistical analysis plan
The main analysis addressing the primary endpoint is planned after 126 events. No interim 
analysis is planned. 

Ethics
The study will be conducted in accordance with the ethical principles of the Declaration of 
Helsinki, the ICH-GCP Guidelines, the EU Clinical Trial Directive (2001/20/EG), and 
applicable regulatory requirements. The local investigator is responsible for the proper conduct 
of the study at the study site. 
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Discussion

Currently, multimodal treatment is not incorporated in the standard of care for primary 
resectable colorectal liver metastases. To date, no definite evidence exists favoring administration 
of (neo) adjuvant chemotherapy in CRLM in addition to surgery. Considering the retrospective 
observations that pre-selection of patients by clinical prognostic characteristics may define a 
patient population expected to benefit from chemotherapy, CRS stratification provides the base 
for this randomized controlled trial. 
Preceding studies of peri-operative chemotherapy combined with liver surgery often engaged 
strict study protocol inclusion criteria. Consequently, patients with a high CRS - which might 
benefit the most from chemotherapy - are often underrepresented in these studies. Possibly, this 
low impact of chemotherapy on survival could be explained by the relatively low risk profile of 
the patients included in these trials. Recently, two reports on patients with relatively low risk 
for recurrence have been published. Adam et al. performed an analysis of the LiverMetSurvey 
database on patients with solitary, metachronous, primarily resectable metastases. These patients 
have particularly favorable tumor biology and a low CRS. The authors concluded that these 
patients do not benefit from preoperative chemotherapy.34 A recent systematic review of the 
literature by Lehmann et al. concludes that routine use of neo-adjuvant chemotherapy for 
patients with clearly resectable lesions limited to the liver is not recommended due to a lack of 
benefit on survival.35

As mentioned before, several authors have proposed the concept of stratification by CRS with 
regard to the effects of systemic therapy. Tomlinson et al. demonstrated on actual 10-year 
survivors of liver surgery for CRLM that patients with a low CRS had a cure rate of 21% and 
that patients with a high CRS had a cure rate of 10%.27 They suggest that this finding may be 
used to identify patients who might benefit from neo-adjuvant chemotherapy.27 In a large, non-
randomized study by Parks et al., adjuvant therapy did seem to improve OS.28 In this study, 
patients with a high CRS had more benefit from adjuvant therapy than patients with a low CRS, 
again suggesting a role for CRS when considering chemotherapy.
These reports have stimulated others and our own unit to retrospectively evaluate data on patients 
that underwent liver resection for CRLM in the last decade with and without chemotherapy, 
stratified by CRS according to the Fong-criteria.19 Rahbari et al. have evaluated the role of 
adjuvant chemotherapy in a cohort of 316 patients, of whom 43% were high-risk according 
to the “Memorial Sloan-Kettering Cancer Center CRS” (CRS>2). They found that adjuvant 
chemotherapy had a profound impact on OS in the high-risk population (HR=0.40), whereas 
in low-risk patients HR=0.90.31 In a recent manuscript by Hirokawa et al. similar results are 
described with de use of adjuvant chemotherapy.36 In our population of patients that underwent 
resection for CRLM in Rotterdam (N=365), we have focused on neo-adjuvant chemotherapy. 
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In this study, a pronounced improvement in OS was found in high-risk patients receiving neo-
adjuvant chemotherapy versus no chemotherapy (median 67 months vs. 33 months, HR=0.55 
[95% CI 0.35-0.84], p=0.006). This difference was absent in the low-risk group (median 65 
months vs. 56 months, HR=0.89 [95% CI 0.57-1.40], p=0.62).30 Notably, these studies were 
retrospective and non-randomized. The sample size calculation of the present study is based on 
these retrospective data. 
In a recent editorial by Jarnagin et al. it is suggested that future trials should strongly consider 
stratification by some scoring system29, given the results of the retrospective studies as mentioned 
above. Our study will evaluate patients with resectable CRLM without extra hepatic disease and 
a CRS of 3-5 thereby bearing a poor prognosis. The primary aim of this study is to compare OS 
rates of patients with resectable liver metastases randomized for treatment with chemotherapy 
consisting of capecitabine and oxaliplatin (XELOX) followed by surgery, versus surgery alone. 
We hypothesize that adding neo-adjuvant chemotherapy to surgical resection of CRLM will 
provide an improvement in OS in patients with a high-risk profile. As secondary objectives we 
will study PFS, quality of life, treatment response on neoadjuvant chemotherapy, morbidity of 
surgery and resection rate, and whether CEA can predict for treatment response, PFS, and OS. 

List of abbreviations
CEA		  =	 Carcinoembryonic antigen
CRC		  = 	 Colorectal cancer
CRLM		  =	 Colorectal liver metastases
CRS		  =	 Clinical risk score
ECOG		  =	 Eastern cooperative oncology group 
OS		  = 	 Overall survival
PFS		  = 	 Progression free survival
RCT		  =	 Randomized controlled trial 
RFA		  =	 Radiofrequency ablation
XELOX		  =	 chemotherapy consisting of capecitabine and oxaliplatin
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Abstract

Background
There are no reports available on long-term outcome of patients with the liver-first approach.

Objectives
To present the long-term results of the ‘liver first’ approach in our center.

Design
Retrospective analysis

Setting
Tertiary referral centre

Patients
Patients were included from May 2003 to March 2009.

Interventions
Patients with locally advanced rectal cancer and synchronous liver metastases were first treated 
for their liver metastases. If successful, patients underwent neoadjuvant chemo-radiotherapy and 
surgery for the rectal cancer. If metastases could not be resected, resection of the rectal primary 
was not routinely performed.

Main Outcome Measures
Long term results of the liver-first approach.

Results
Of the 42 patients included (median age 61 years), all but one (98%) started with neoadjuvant 
chemotherapy. In total, 31 (74%) patients completed the ‘liver first’ approach. In 11 patients, 
curative therapy was not possible due to unresectable metastases; in 10 of these patients (91%), 
the primary tumor was not resected. 

Limitations
Retrospective analysis without a control group.

Conclusions
By applying the ‘liver first’ approach, the majority of this group of patients (74%) could 
undergo curative treatment of both metastatic and primary disease in combination with optimal 
neoadjuvant therapy. This strategy may avoid unnecessary rectal surgery in patients with 
incurable metastatic disease. In this selected patient group, long-term survival may be achieved 
with a 5-year survival rate of 67%.
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Introduction

Liver resection is the gold standard for curative therapy of colorectal liver metastases. Treatment of 
patients with advanced rectal cancer and synchronous liver metastases differs from patients with 
colon cancer and synchronous liver metastases because rectal cancer often requires long-course 
neoadjuvant radiotherapy to reduce local recurrence rates.1, 2 Long-course chemo-radiotherapy 
usually takes about 5 weeks to complete, and 6-10 weeks after the last day of radiotherapy patients 
undergo rectal surgery. If no complications occur, synchronous liver metastases will traditionally 
be treated as early as 3 months after rectal surgery. However, complications following rectal 
surgery are common and often delay adequate therapy. In a prospective randomized controlled 
trial Sauer et al. demonstrated that up to 50% of patients do not receive optimal treatment after 
rectal surgery, because of postoperative complications.3

One way to overcome this problem is to start with neoadjuvant radiotherapy (with or without 
chemotherapy) followed by the combination of rectal and liver surgery. Although this approach 
has the advantage of a single operation, combining (extended) pelvic surgery with liver surgery 
might increase morbidity and mortality.4-6 As a consequence, the advantage of the one-stage 
approach in patients with synchronous liver metastases is far from proven in rectal cancer 
patients.7 
Mentha et al. have described the ‘liver first’ approach in patients with colon and rectal cancer 
who have advanced synchronous liver metastases.8 However we carry out the ‘liver first’ approach 
in patients with locally advanced rectal cancer and synchronous liver metastases. This ‘liver 
first’ approach facilitates optimal treatment of the liver metastases and adequate neoadjuvant 
treatment for the primary tumor. Initial results from our center have been published6; this study 
reports on a larger group of patients with a long-term follow-up.
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Patients and methods

All consecutive patients at our center from May 2003 until March 2009 with locally advanced 
rectal cancer and synchronous liver metastases were treated with this protocol. All included 
patients had a potential minimal follow-up of 2 years. 
The treatment protocol has been described earlier and those patients (n=23) are also included in 
this study.6 In summary, patients were primarily treated with systemic neoadjuvant chemotherapy. 
If there was no progressive disease, a laparotomy was performed with the intention to perform a 
resection of the liver metastases. After successful resection of liver metastases, patients were treated 
with neoadjuvant radiotherapy (with or without chemotherapy) for the primary rectal tumor. 
Four weeks after the end of neoadjuvant radiotherapy, a computed tomography (CT) of the 
thorax and abdomen, and pelvic MRI were performed. If there were no unresectable metastases, 
rectal resection was performed 8-10 weeks after the last radiotherapy dose. Resectability of 
metastases was defined as the presence of technically removable metastases (preserving at least 
two segments of the liver parenchyma), and the possibility of an oncological radical procedure. 
If this was not technically possible, metastases were defined as unresectable. None of the patients 
received adjuvant chemotherapy.

Neoadjuvant chemotherapy and response
The response to neoadjuvant chemotherapy was assessed after two or three cycles by CT scan 
and carcinoembryonic antigen levels. When further courses were administered, a CT scan was 
performed after the final course. In the neoadjuvant setting, we prefer a limited number of 
chemotherapy cycles (≤ 6) to prevent increased morbidity and mortality after liver surgery.9, 10 
When the multidisciplinary tumor board deemed the liver metastases resectable based on response 
and extent of the disease, patients were scheduled for liver surgery. Liver surgery was performed 
at least 3 weeks after the last course of systemic neoadjuvant chemotherapy. Bevacizumab was 
excluded from the last course of chemotherapy to ensure an interval of at least 6 weeks between 
administration of bevacizumab and surgery.

Liver resection
Liver resection was performed through a right subcostal incision. The abdomen was thoroughly 
inspected and palpated to detect extrahepatic metastasis or second primary tumors. The liver was 
mobilized, inspected, palpated, and the liver was examined by intraoperative ultrasonography 
when indicated. The hepatoduodenal ligament was palpated and, in case of palpable nodes, a 
radical lymph node dissection of the ligament was performed. Segmental resections were based 
on the segmental anatomy as described by Couinaud.11 All hepatectomies were performed with 
a curative intent (i.e., with a tumor-free hepatic resection margin status). 
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In our clinic, the first CT scan is a roadmap for further surgery. This means that in case of a 
clinically complete response on the CT scan, all known metastases were resected routinely. 
The pathology findings were defined as follows: complete response (CR) was defined as the 
absence of vital tumor tissue, partial response (PR) was defined as the presence of vital tumor cells 
and necrosis, and stable disease (SD) was defined as vital tumor cells and no necrosis.

Chemoradiation and rectal surgery
If liver resection was successful, patients received neoadjuvant radiotherapy (with or without 
chemotherapy) for their locally advanced rectal cancer. In our centre locally advanced rectal cancer 
is defined as a histological proven adenocarcinoma with one of the following characteristics: 
tumor >5 cm at colonoscopy and MRI (clinically large T3); clinically fixed tumor or with 
ingrowth in adjacent organ on MRI (T4); N+ tumor (lymph node >8 mm and/or >4 nodes > 5 
mm on CT scan or MRI). Regardless of size criteria, any lymph node depicted on MRI with an 
irregular border or mixed signal intensity was considered a positive node. T4 tumors, but also 
advanced T3 tumors with a close relation to the circumferential margin, were considered locally 
advanced rectal cancer. 
Patients were treated with a long-course radiotherapy, i.e. 45-50 Gy (in fractions of 1.8-2 Gy) 
with or without chemotherapy (Capecitabine 825 mg/m2 twice a day on radiotherapy days). 
Radiotherapy was followed by surgery with a delay of 6-10 weeks. Intraoperative radiotherapy 
was applied if the distance to the circumferential resection margin (CRM) was <2 mm.12 No 
laparoscopic resections were performed. 

Follow-Up 
Follow-up was performed at the outpatient clinic and consisted of endoscopic surveillance after 
1 year, and abdominal CT or ultrasonography and serum carcinoembryonic antigen every 3 
months during the first year, every 6 months during the second year and once a year thereafter. 
Progression-free survival (PFS) was calculated from the start of neoadjuvant chemotherapy until 
local recurrence, new metastases or date of last follow-up without progression. Overall survival 
(OS) was calculated from the start of treatment until death or the date of the last follow-up.

Statistics
Descriptive statistics are expressed as median (range). Survival analysis was performed by the 
Kaplan-Meier method. The SPSS statistical package (version 17.0, Chicago, IL, USA) was used 
for statistical analysis and a p-value of ≤0.05 was considered statistically significant.
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Results

Between May 2003 and March 2009, 42 consecutive patients with locally advanced rectal cancer 
and synchronous liver metastases were treated and included in this analysis. Table 1 presents the 
patient characteristics.

Neoadjuvant chemotherapy
A flow diagram of the treatment of all 42 patients is given in Figure 1. 
One patient underwent liver metastasis resection without neoadjuvant chemotherapy. Forty-one 
patients were treated with a median of 5 (2-26) cycles of neoadjuvant chemotherapy. Thirty-
six patients received a FOLFOX/CAPOX regimen, of whom 18 patients received concomitant 
bevacizumab. Four patients received leucovorin and 5-FU plus irinotecan, all with bevacizumab. 
One patient received capecitabine and bevacizumab. The majority of patients were treated with 
the intention of the liver first approach (37/42 pts, 88%). 

Table 1. Data on the 42 patients and their tumor characteristics
Value (%)/Median (range)

Male 33 (79%)
Age (in years) 61 (42-78)
Clinical risk score #

Low (0-2)
	 0
	 1
	 2

High (3-5)
	 3
	 4
	 5

22 (52%)
0 (0%)
4 (10%)
18 (43%)

20 (48%)
14 (33%)
5 (12%)
1 (2%)

Liver metastases (preoperative)
Diameter (cm) 2,7 (1-13)
Number of metastases 4 (1-12)
Bilobar 22 (52%)
Extra hepatic 4 (10%)
CEA ug/l 41 (1-5315)
Primary tumor (pathology)
CR
T1
T2
T3
T4

8 (25%)
1 (3%)
3 (9%)

18 (56%)
2 (65%)

N+ 11 (34%)
N1 4 (13%)
N2 7 (22%)
CEA = carcinoembryonic antigen
N+ = positive lymph nodes
CR = Complete response
# = clinical risk score as decribed by Fong et al.
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Five patients were primarily treated with palliative systemic chemotherapy. These 5 patients 
received > 10 cycles of chemotherapy and were then referred to our hospital.

Liver metastases
None of the patients was considered irresectable. Based on the CT scan after chemotherapy, in 
2 patients the metastases disappeared, 31 patients had a PR and 8 patients had SD. Laparotomy 
was performed after a median interval of 6 (0-15) weeks after the last chemotherapy course. 
Forty-one patients underwent a laparotomy for partial liver resection with curative intent (Figure 
1).
 
Figure 1: Flow diagram of the 42 study patients.
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Table 2. Surgical procedures in patients with liver metastases
Type of surgery No. of patients
Liver surgery
Two stage resections 4
Extra-anatomic resection 13
Extra-anatomic resection + RFA 5
Left hemihepatectomy 	+ RFA 3
Left hemihepatectomy 	+ extra-anatomic 1
Left hemihepatectomy 	+ extra-anatomic + RFA 1
Right hemihepatectomy 7
Right hemihepatectomy + extra-anatomic 6
Right hemihepatectomy + RFA 1
No resection 1
Primary tumor surgery
Subtotal colectomy 1
LAR 20
APR 10
TEM 1
No operation 10
RFA = radiofrequency ablation; LAR= low anterior resection; APR = abdominal-perineal resection; TEM = 
transanal endoscopic microsurgery 

At laparotomy, one patient was diagnosed with unexpected extensive disease of the liver on per-
operative ultrasound and did not undergo liver resection. Four patients underwent an intended 
two-stage liver resection and 36 patients underwent a one-stage curative liver resection for liver 
metastases (Table 2).
Median hospital stay was 7 (3-19) days. Minor postoperative complications were observed in 10 
patients (5 patients Dindo I, 5 Patients Dindo II)13. 
Histopathological evaluation demonstrated a CR in 3 patients, a PR in 37 patients and SD in 1 
patient. Of the 4 patients scheduled for a two-stage liver resection, the pathologist reported a PR 
in all 4 patients after the first resection. Due to metastatic progression, only 1 of the 4 patients 
completed the second stage resection, after which histopathology showed a PR.
On histological examination, 6/38 (16%) patients had an R1 resection of the rectal liver 
metastases (i.e. the presence of microscopic tumor invasion in the resection margin) of whom 3 
also had intraoperative RFA.

Rectal Cancer
After successful resection of the metastases (n=37), patients received neoadjuvant radiotherapy 
for the rectal cancer (Figure 1). Thirty-five patients received a long-course of radiation therapy 
(total dose of 50 Gy or a biologically equivalent dose) of which 30 patients in combination with 
chemotherapy (capecitabine) followed by an interval of 8 (5-13) weeks before resection of the 
rectal cancer. Two patients received a short-course of radiation (5*5 Gy); one with an interval of 
3 days and one with an interval of 10 weeks before resection.  
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Eleven (26%) patients developed unresectable metastatic disease before rectal surgery and 31 
(74%) patients completed the ‘liver first’ protocol, i.e. complete resection of the metastases and 
the primary tumor. Table 2 presents the characteristics of the liver and rectal surgery performed. 
Median hospital stay after rectal surgery was 8 (4-14) days. Postoperative complications were 
observed in 7 patients: 2 Dindo I, 4 Dindo II and 1 Dindo IIIa13.  Pathological examination of 
the rectum revealed microscopically positive margins in 2 patients; these patients were treated 
with intraoperative radiotherapy because frozen sections were performed during surgery. Eight 
patients (25% of resected patients) had a CR. The 3 patients who had a histological CR of liver 
metastases also had a histological CR of the primary tumor. Two patients with a PR of liver 
metastases, described as mostly necrosis and minimal vital tumor cells, had a CR of the primary 
tumor. Of the 15 patients who had a mixed response of the liver metastases (necrosis and vital 
tumor cells), 3 had a CR of the rectal cancer.
In 10 of the 11 patients (91%) in whom new or progressive unresectable metastases were 
diagnosed, resection of the primary tumor was not performed. Five patients had progressive 
disease before the start of radiotherapy, and radiotherapy was subsequently cancelled. Six patients 
were progressive after neoadjuvant chemo-radiotherapy.
In one of these 11 patients, rectal resection was performed during follow-up because of severe 
symptoms caused by the primary tumor. Three further patients developed symptoms of pain 
and fullness that could be managed with pain medication. Five patients received a diverting 
ileostomy or colostomy to prevent obstruction caused by the rectal tumor; two before 
neoadjuvant chemotherapy, two concomitant with the liver resection and one patient after 
chemo-radiotherapy. The overall survival of these 11 patients was 18 (95% CI: 13-23) months.
 

Figure 2. Data on progression-free survival and overall survival.

LF= liver first
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Follow-up
All patients had a minimal follow-up of 2 years unless death occurred earlier. 
Median length of follow-up was 30.5 (10-91) months. The PFS for the total group was 14 
months (95% CI: 9-19), with a 1, 3 and 5-year PFS of 62%, 36% and 32%, respectively. Median 
OS for the total group was 49 (95% CI: 34-64) months, with a 1, 3 and 5-year survival rate of 
98%, 60% and 43%, respectively (Figure 2).
Median follow-up of the 31 patients who completed the ‘liver-first’ protocol was 39 (16-91) 
months. Median time to progression was 19 (95% CI: 7-31) months, with a 1, 3 and 5-year PFS 
of 74%, 45% and 40%, respectively. The median OS in this group was 69 (95% CI: 30-108) 
months, with a 1, 3 and 5-year OS rate of 100%, 79% and 67%, respectively. (Figure 2)

Discussion

This study reports on the largest series of patients to date with locally advanced rectal cancer and 
synchronous liver metastases who underwent the ‘liver first’ approach. The results show that in 
this selected group of patients the majority (74%) could undergo optimal neoadjuvant treatment 
of both liver metastases and rectal cancer, followed by curative resection of both liver metastases 
and rectal cancer. Of the 11 patients with unresectable metastatic disease, 10 (91%) did not need 
rectal surgery.
The first report on the ‘liver first’ approach was described by Mentha et al. demonstrating the 
safety of this procedure.14 Brouquet et al. described the ‘liver first’ approach and demonstrated 
that it is associated with similar outcomes as the classical approach.15 de Jong et al. described their 
5 year experience with the ‘liver first’ approach and found that it was feasible in approximately 
four-fifth of their patients.16 All of these studies have described the ‘liver first’ approach in patients 
with colon and rectal cancer who have advanced synchronous liver metastases.
A strength of the present study is that all patients had a locally advanced rectal primary with 
synchronous liver metastases. The common denominator of the locally advanced rectal primary 
makes this series unique. Another difference between the present study and the current literature 
is that patients were only included if they had a potential follow up ≥ 2 years. 
Some consider resection of the primary tumor to be indicated when the primary tumor is 
symptomatic.17 However, resection does not provide immediate palliative benefit in case of an 
asymptomatic primary, and is associated with a high mortality (6-10%) and morbidity (20-25%) 
in patients with metastatic disease.17-20 Recent reviews by Venderbosch et al. and Verhoef et al. 
suggest a survival benefit in patients who underwent resection of the primary tumor; however, 
randomized studies are still lacking.21, 22 
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In a review by Poulsides et al. it was demonstrated that in patients with unresectable metastatic 
disease, resection of the primary is not warranted, since almost 14 asymptomatic patients need to 
undergo prophylactic resection of their primary tumor in order to save one patient a subsequent 
operation for obstruction or perforation.23 In our series of 11 patients with locally advanced rectal 
cancer and a high metastatic tumor burden, none of these patients underwent a prophylactic 
resection of the primary tumor. In one patient, secondary resection was necessary at a later stage 
due to symptoms caused by the primary rectal tumor. Five patients with unresected rectal cancer 
received a diverting ileostomy or colostomy to prevent obstruction caused by the rectal tumor, 
even though the primary tumor was still resectable. Two patients received a diverting stoma 
before neoadjuvant chemotherapy, two concomitant with the liver resection and one patient after 
chemo-radiotherapy. One may argue that several or all of the stomas could have been avoided 
had a rectum first approach been chosen. In these specific cases, the disadvantages of a rectal 
resection (with the associated morbidity and mortality) have to be balanced against those of 
stoma construction.
Despite these strengths, a limitation of our study is that it is a retrospective analysis of selected 
patients in a single institute. The referral selection bias and the absence of a control group are 
limitations that need to be considered. A concern regarding the ‘liver first’ approach is non-
response to chemotherapy or progression after initial response in patients who present with 
resectable disease. Another possible concern regarding the liver first approach is that the primary 
tumor may progress beyond resection. This did not occur in our series, nor has it been described 
in the mentioned series.8, 14-16  Even in the patients with progressive extra hepatic metastases, 
the primary tumor did not progress into adjacent structures. In contrast, in case of an excellent 
response to chemotherapy, vanishing metastases may be a concern since the risk of regrowth is 
high.24 Regular imaging after 2 or 3 cycles of chemotherapy is warranted to minimize the risk on 
vanishing metastases and/or progression beyond resection of the primary tumor.
In the present series we found 16% R1 resections after neoadjuvant chemotherapy, which 
might be a concern. In the era of parenchyma-saving surgery, 16% R1 resections is within the 
range reported in the literature. In several large series the reported R1 was 8-24%.15, 25-28 Two 
independent studies demonstrated that in the era of modern chemotherapy, patients with an R1 
resection and chemotherapy perform equally to patients with an R0 resection.27, 29

Three patients who had a histological CR of liver metastases also had a histological CR of the 
primary tumor after additional neoadjuvant chemo-radiotherapy. Two patients, in whom the 
liver metastases were described as mostly necrotic with minimal focal vital cells remaining (PR), 
also had a CR of the primary tumor. It seems that in patients with a CR or a near CR (near total 
necrosis) of the liver, these patients are likely to have a CR of the rectal primary tumor as well, 
albeit after neoadjuvant chemo-radiotherapy. 
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In such cases, resection of the primary tumor may be limited to local excision (transanal excision 
or transanal endoscopic microsurgery) or even watchful waiting. However, prospective studies 
are needed to justify such a strategy. 
In conclusion, in this group of patients, the ‘liver first’ strategy resulted in curative resection of 
both liver metastases and locally advanced rectal cancer in 74% of selected patients. Moreover, 
all patients received optimal treatment for both liver metastases and rectal cancer. In patients 
in whom progressive disease precluded curative rectal surgery, palliative rectal surgery was not 
necessary in 10 of 11 patients. Thereby, unnecessary morbidity, mortality and delay of palliative 
chemotherapy could be avoided.
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Abstract

Background
There is no evidence regarding restaging of patients with locally advanced rectal cancer after a 
long course of neoadjuvant radiotherapy with or without chemotherapy. This study evaluated the 
value of restaging with chest and abdominal computed tomographic (CT) scan after radiotherapy.
Methods 
Between January 2000 and December 2010, all newly diagnosed patients in our tertiary referral 
hospital, who underwent a long course of radiotherapy for locally advanced rectal cancer, were 
analyzed. Patients were only included if they had chest and abdominal imaging before and after 
radiotherapy treatment. 
Results
A total of 153 patients who met the inclusion criteria and were treated with curative intent were 
included. A change in treatment strategy due to new findings on the CT scan after radiotherapy 
was observed in 18 (12 %) of 153 patients. Twelve patients (8 %) were spared rectal surgery due 
to progressive metastatic disease.
Conclusion
Restaging with a chest and abdominal CT scan after radiotherapy for locally advanced rectal 
cancer is advisable because additional findings may alter the treatment strategy.



Is restaging after neoadjuvant chemotherapy neccesary? 125

Introduction
Colorectal cancer is the third most commonly diagnosed cancer in males and the second in 
females women.1 At the time of diagnosis, approximately 25% of patients already have manifest 
liver metastases.2, 3 The lungs represent the second most common site of metastases from colorectal 
cancer. According to non population based studies, lung metastases are present in 10-15% of 
patients with colorectal cancer.4, 5 A population based study by Mitry et al. reported that lung 
metastases are present in 2% of patients with CRC.6 
Distant metastases have implications on the treatment options. For the screening of liver 
metastases, the Dutch Association of Comprehensive Cancer Centers (ACCC), the National 
Institute for Health and Clinical Excellence (NICE) and The American Society of Colon and 
Rectal Surgeons (ASCRS) recommend a computed tomography (CT) or magnetic resonance 
imaging (MRI). For the screening of lung metastases, they recommend the use of a chest X-ray 
or a chest CT-scan.7-9

Locally advanced rectal cancer has a higher risk of developing lung metastases than colon cancer.6, 

8, 10 In patients with locally advanced rectal cancer, improved local control can be achieved with 
a long course of preoperative radiotherapy in combination with neoadjuvant chemotherapy as 
a radiosensitizer.11 However, no advice is given by the ACCC, NICE or by the ASCRS in any 
guideline regarding restaging of patients after neoadjuvant treatment of locally advanced rectal 
cancer (i.e. repeating the imaging, after a long course of neoadjuvant radiotherapy treatment, to 
ensure that in the intervening time no metastases have developed).  This study evaluates the value 
of restaging patients with locally advanced rectal cancer with a CT-scan.

Patients and Methods

Between January 2000 and December 2010, all newly diagnosed patients who received a long 
course of radiotherapy for locally advanced rectal cancer in our tertiary referral hospital were 
analyzed. Patients were included if they had a chest and abdominal CT-scan before and after 
radiotherapy treatment. An MRI was used for local staging before and after radiotherapy. 
Neoadjuvant treatment was given with a curative intent. Patient characteristics were collected 
retrospectively. The database comprised data on age, gender, radiation time and dose, simultaneous 
chemotherapy, pre- and post-radiotherapy chest and abdominal CT-scan, pathological primary 
tumor stage, lymph node stage and type of surgery.
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CT-scan
All CT scans were assessed by radiologists in regular clinical practice. Whenever there was any 
doubt concerning lesions found on the CT-scans, than these scans were reassessed by a panel of 
radiologist and discussed in a multidisciplinary meeting.
Images were acquired after intravenous injection of 150 cc contrast material at 3.5 mL/sec with 
a delay of 80 sec. In addition, an arterial phase scan of the liver was acquired at a delay of 30 
seconds. Positron emission tomography (PET) scan is not used as standard protocol in our centre. 

Locally advanced rectal cancer 
Locally advanced rectal cancer was defined in our centre as a histological proven adenocarcinoma 
with one of the following characteristics: tumor >5 cm at colonoscopy and magnetic resonance 
imaging (MRI) (clinically large T3); clinically fixed tumor or with ingrowth in adjacent organ on 
MRI (T4); N+ tumor (lymph node >8 mm and/or >4 nodes > 5mm on CT scan or MRI). T4 
tumors, but also advanced T3 tumors with a close relation to the circumferential margin (CRM), 
were considered as locally advanced rectal cancer (Regardless of size criteria, any lymph node 
depicted on MRI with an irregular border or mixed signal intensity was considered suspicious 
for metastasis). 
All patients with locally advanced rectal cancer were discussed in a multidisciplinary team that 
consists of colorectal surgeons, hepatobiliary surgeons, gastroenterologists, surgical oncologists, 
medical oncologists, radiation oncologists, radiologists, pathologists and nurse practitioners. 

Chemoradiotherapy
In our centre patients with locally advanced rectal cancer have been treated with a long course of 
neoadjuvant radiotherapy, i.e. 45-50 Gy (in fractions of 1.8-2 Gy) with or without chemotherapy 
(capecitabine 825 mg/m2 twice a day only on radiotherapy days).12 Reasons for selection of 
patients who did not receive chemotherapy were dependent on the co-morbidity of patient. 
Radiotherapy was followed by surgery with a delay of 6-10 weeks. Intraoperative radiotherapy 
was applied if the CRM was <2 mm.13 No laparoscopic resections were performed. 
	
Statistics
Descriptive statistics are expressed as median (interquartile range [IQR]). Pre- and post-CT 
variables are expressed as binary variables and compared with the Mc Nemar test for paired data. 
If fewer than 25 cases change values from the first variable to the second variable, the binomial 
distribution is used to compute the probability. 

Statistical package (version 17.0, Chicago, IL, USA) was used for statistical analysis, where a 
p-value of ≤0.05 was considered statistically significant.
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Results

Between January 2000 and December 2010, a total of 153 patients had imaging before and 
after radiotherapy treatment. Patients were excluded for receiving radiotherapy for recurrence, 
palliative radiotherapy, primary radiotherapy treatment, postoperative radiotherapy treatment, 
and liver-first treatment14; and for not have imaging studies available.
A total of 153 patients with primary locally advanced rectal cancer had imaging studies available 
before and after radiotherapy treatment. A chest CT scan before radiotherapy treatment was not 
performed in 36 patients; they received a chest X-ray. All other patients had an abdominal and 
chest CT scan. The majority of patients were men (61 %), and the median
 

Figure 1. Timeline

2/7/2011 - 3/19/2011
Radiotherapy

5 weeks (IQR 5-5)

1/1/2011
First staging scan

2/7/2011
Begin RTx

3/19/2011
End RTx

6 weeks (IQR 5-8)

4/9/2011
Re-staging scan

3 weeks (IQR 2-5)

5/21/2011
Start Surgery

5 weeks (IQR 3-6)

RADIOTHERAPY

RTx = radiotherapy, IQR = interquartile range

age was 62 (IQR 53–69.5) years. All 153 patients had a chest and abdominal CT scan after 
radiotherapy. The median time between the staging scan and the start of radiotherapy was 6 
weeks (IQR 5–8).The time between end of radiotherapy and the postradiotherapy staging scan 
was 3 weeks (IQR 2–5). The median time between the two scans was 15 weeks (IQR 12.5–17). 
The median time between the end of radiotherapy and surgery was 9 weeks (IQR 8–10). The 
median time between the postradiotherapy scan and surgery was 5 weeks (IQR 3–6) (Fig. 1). 
Chest and abdominal CT scans after radiotherapy demonstrated significant additional findings of 
metastases compared to the scans before radiotherapy, 11 patients (five liver metastases, five lung 
metastases, and one with both liver and lung metastases) versus 25 patients (14 liver metastases, 
seven lung metastases, and four with both liver and lung metastases) (P = 0.001). Details of the 
CT scan findings before and after radiotherapy are described in Table 1. 
Of the 153 patients treated with neoadjuvant radiotherapy with curative intent, 107 received a 
long course of chemoradiotherapy and 46 a long course of radiotherapy only. In ten patients, 
metastases were detected on the staging scan before radiotherapy, and in 143 patients, the scan 
before radiotherapy did not reveal any metastases. Of the 143 patients without metastases on the 
staging scan before radiotherapy, 15 patients (10 %) had metastases on the restaging scan after 
radiotherapy. A change in treatment strategy due to new findings was carried out in 13 patients 
(9 %). A resection for rectum carcinoma was not performed in 7 (5 %) of 143 patients (Table 2).
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Table 1. Diagnostic findings of re-staging after radiotherapy
Before RTx After RTx Nr of patients
Normal Normal 96
Normal LrM 6
Normal LrM + Lung IL 1
Normal LrM + Lung LNS 1
Normal LrM + LnM 1
Normal LnM 3
Normal Liver IL 6
Normal Lung IL 5
Normal Lung LNS 3
Liver IL Normal 5
Liver IL Liver IL 1
Liver IL LrM 2
Liver LNS Normal 1
Liver LNS Liver LNS 2
LrM LrM 2
LrM LrM + LnM 2
LrM LrM + Lung LNS 1
LrM + LnM LrM + LnM 1
Lung IL LrM 1
Lung IL Lung IL 1
Lung IL Lung LNS 2
Lung IL Normal 3
LnM Normal 1
LnM LnM 4
Liver IL + Lung IL Lung LNS 1
Liver LNS + Lung LNS Liver LNS + Lung LNS 1
RTx = Radiotherapy, LrM = Liver metastases; LnM = Lung metastases; IL = Indeterminate lesions; LNS = lesions not 
suspicious 

In the ten patients with metastases detected on the staging scan before radiotherapy, a change in 
treatment strategy was carried out in 5 (50 %) as a result of new findings on the postradiotherapy 
staging scan. A resection for rectum carcinoma was not performed in 5 (50 %) of ten patients 
(Table 3). 
In the total group of 153 patients, a change in treatment strategy due to new findings was carried 
out in 18 (12 %). None of the patients had false-positive metastases on pathology and/or follow-
up. Twelve (8 %) of 153 patients were spared rectal surgery as a result of new findings. 
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Table 2. Metastases found on restaging scan in patient with previously undetected metastases (n=143)
Before RTx RTx After RTx Treatment Change in treatment 

strategy
Normal RTx LrM + Lung IL Palliative CTx Yes
Normal CTxRTx LrM + LnM Palliative CTx Yes
Normal CTxRTx LrM LAR + Liver resection Yes
Normal CTxRTx LrM LAR + Liver resection Yes
Normal CTxRTx LrM Palliative CTx Yes
Normal CTxRTx LrM LAR + Liver resection Yes
Normal RTx LrM Palliative CTx Yes
Normal CTxRTx LrM + Lung LNS LAR + Liver resection Yes
Normal RTx LrM Palliative CTx Yes
Normal CTxRTx LnM APR +  SRx Yes
Normal CTxRTx LnM APR (palliative) + palliative CTx Yes
Normal RTx LnM + other LAR (palliative) No
Liver IL CTxRTx LrM LAR + Liver resection Yes
Liver IL RTx LrM + Other Palliative CTx Yes
Lung IL CTxRTx LrM Laparotomy, Peritoneal 

carcinomatosis è Palliative CTx
No

RTx = radiotherapy, CTx = Chemotherapy, LAR = Low anterior resection, APR = Abdominal perineal resection, 
LrM = Liver metastases, LnM = Lung metastases, SRx = Stereotactic body radiation, IL = Indeterminate lesions; LNS 
= lesions not suspicious

Table 3. Metastases found on restaging scan in patient with previously detected metastases (n=10)
Before RTx RTx After RTx Treatment Change in treatment

LrM RTx Progression of LrM palliative CTx Yes
LrM CTxRTx LrM LAR + Liver resection No
LrM CTxRTx LrM LAR + Liver resection No
LrM CTxRTx LrM + LnM Palliative CTx Yes
LrM RTx LrM + LnM Palliative CTx Yes
LnM CTxRTx LnM APR No
LnM CTxRTx LnM LAR No
LnM RTx Progression of LnM Supportive care Yes
LnM CTxRTx LnM APR + Lobectomy No

LrM + LnM RTx LrM + Progression of LnM Palliative CTx Yes
RTx =  Radiotherapy, CTx = Chemotherapy, LAR = Low anterior resection, APR = Abdominal perineal resection, 
LrM = Liver metastases, LnM = Lung metastases

Discussion

We evaluated the value of restaging with CT scan for distant metastases after neoadjuvant 
radiotherapy with or without chemotherapy in patients with locally advanced rectal cancer. A 
change in treatment strategy due to new findings was observed in 12 % of the patients. In the 
total group, 8 % of patients were spared rectal surgery due to progressive metastatic disease. Local 
staging of rectum carcinoma has important implications for the choice of optimal treatment. In 
patients with locally advanced rectum cancer, improved local control can be achieved with a long 
course of preoperative radiotherapy in combination with neoadjuvant chemotherapy.15

Distant metastases have implications on the treatment options. For the screening of liver 
metastases, there is a consensus amongst oncologists to perform a computed CT or MRI. For the 
screening of lung metastases, they recommend the use of a chest X-ray (CXR) or a CT-scan.7-9 
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It is known that locally advanced rectal cancer has a higher risk of developing metastases than 
colon cancer.4, 6, 8, 10 The recommended treatment for locally advanced rectal cancer is a long course 
of radiotherapy with or without chemotherapy.8 Surgery is usually planned 6-10 weeks after 
finishing neoadjuvant therapy. During these 3 months, metastases can develop that previously 
were too small to be detected, or were not present at all. Therefore it seems prudent to restage 
for distant metastases after radiotherapy and before commencing surgery, since new findings in 
this relatively long period might alter the treatment options. In case of unresectable metastatic 
disease, resection of the primary tumor is unnecessary from an oncological point of view.16-19  
Through re-staging, patients might therefore be spared an unnecessary extensive pelvic operation. 
We found a large interval between the staging scan and the beginning of radiotherapy. Most 
patients were referred to our hospital and this wide interval is a consequence of logistic 
management. We do not know whether this wide range has an influence on the outcome of our 
study. 
Local staging techniques have previously been described for locally advanced rectal cancer.20-25 To 
our knowledge this is the first study describing re-staging for distant metastases, after radiotherapy 
and before commencing surgery in patients with locally advanced rectal cancer. 
Restaging is only necessary if there are consequences for the treatment strategy in case of 
additional diagnostic findings. Additional findings can result in treatment of metastases, or 
in case of unresectable metastases, no resection of rectal tumor and optional treatment with 
palliative chemotherapy. In our series, 12 % of the total group of 153 patients had a change 
in the treatment due to findings on the postradiotherapy CT scan. A resection for locally 
advanced rectal cancer was prevented in 67 % of the latter patients as a result of findings on the 
postradiotherapy CT scan.
Several studies have demonstrated the abdominal CT scan to be a reliable diagnostic tool for 
detecting liver metastases, and CT scan has proven to be better than ultrasound.26-28 There are 
limited data describing the optimal chest staging strategy for these patients.29 Some authors 
conclude that the low incidence of pulmonary metastases and minimal consequences for the 
treatment plan limits the clinical value or routine staging chest CT before operation.29, 30 It has 
several disadvantages such as costs, radiation exposure, and prolonged uncertainty because of 
the frequent finding of indeterminate lesions.30 However, these results were not assessed in the 
selected group of patients with locally advanced rectal cancer. Choi et al. demonstrated that 
staging before neoadjuvant radiotherapy with a chest CT for patients with locally advanced rectal 
cancer seems reasonable.5 Moreover, these patients can benefit from resection of pulmonary 
metastases, since resection can significantly improve survival.31 In our specific patient population, 
all patients will have two CT-scans with a median interval of 15 weeks. In case of indeterminate 
lesions, this will help to differentiate between metastases or benign lesions. 
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We recognize the limitations of this retrospective study in our single centre database; patients 
were not randomized to have a restaging scan or not, with all inherent biases. Only patients 
who had complete imaging before and after radiotherapy are included. However, more patients 
received restaging scans but not all preoperative imaging was available. Not including these 
patients can cause bias in this study.
In conclusion, this study demonstrated that restaging with a CT-scan after radiotherapy is a 
worthwhile step in the treatment of locally advanced rectal cancer because additional findings 
may alter this treatment strategy.
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Abstract

Since patients with incurable metastatic colorectal cancer (CRC) only have a relatively limited life 
expectancy, and resection of the primary tumor is accompanied by both morbidity and mortality, 
it is under debate whether resection of the primary tumor has an effect on survival or quality 
of life. The rationale behind the resection strategy is that prophylactic surgery prevents future 
complications. With current new chemotherapy regimens, a relatively low number of patients 
with metastatic CRC require surgery for their primary tumor. Many studies concerning the 
management of incurable stage IV CRC have been performed and most studies suggest a survival 
benefit for patients undergoing surgical resection of the primary tumor compared with those who 
received palliative treatment. However, in stage IV CRC with unresectable metastases, the role of 
a palliative resection of the primary tumor has never been assessed properly. Because randomized 
clinical trials are lacking, it is difficult to draw conclusions from the present literature.
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Introduction

Colorectal cancer (CRC) is one of the two most commonly diagnosed cancers, with approximately 
1.2 million new cases each year and more than 600,000 annual deaths estimated to occur 
worldwide.1 In addition, roughly one-fifth of patients presents with incurable disseminated 
disease.2 In the last decade, development of new chemotherapeutic biological agents has 
significantly improved overall survival (OS) of these patients.3-12 
A palliative resection of the primary tumor is frequently performed 13 and there is a clear 
indication for surgery when patients present with symptoms of the primary tumor. However, if 
patients present with absence or mild symptoms, the indication for resection is less obvious. Since 
patients with incurable metastatic CRC (mCRC) only have a relatively limited life expectancy 
and resection of the primary is accompanied with both morbidity and mortality 14-16, it is under 
debate whether resection of the primary tumor has an effect on survival or quality of life.17, 18 
Many studies concerning the management of incurable stage IV CRC have been performed; 
however the advantage of a palliative resection of the primary tumor has never been assessed 
properly.19 Moreover, most studies do not even report whether a resection of the primary has 
been performed.20

In this paper we aim to evaluate the role of surgery of the primary in stage IV CRC with 
unresectable metastases. 

Treatment of metastatic colorectal cancer (mCRC)

 At diagnosis of CRC, approximately 20% of the patients present with synchronous mCRC, 
and the liver is the predilection site in half these patients.21, 22 The lungs represent the second 
most common site of metastases from CRC and according to non population based studies lung 
metastases are present in 10-15% of patients with colorectal cancer.23, 24

When metastases are limited, a possible curative treatment can be obtained by surgical resection, 
however, only 15-20% of patients is resectable.25 Median 5-year survival for patients undergoing 
an R0 resection of the metastases is approximately 30% (range 15-67%).26 Despite complete 
resection and neoadjuvant or adjuvant chemotherapy regimens, recurrences occur in 75% of the 
patients.27 Extrahepatic disease in combination with liver metastases was generally considered 
a contraindication for surgery.28 However, resection of both intrahepatic and extrahepatic 
colorectal metastases should be considered if resection of all metastatic sites can be complete and 
the disease is controlled by chemotherapy.29 
In patients with unresectable metastases, palliative systemic chemotherapy is the treatment of 
choice. 
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With systemic combination chemotherapy response rates of 40-70% have been reported 
resulting in a median overall survival rate of approximately 22 months.30-32 Most frequently used 
combinations are oxaliplatin or irinotecan plus capecitabine or 5-fluorouracil (5-FU) with or 
without bevacizumab. In case of K-RAS wild type tumors, anti-epidermal growth factor receptor 
(EGFR) antibodies such as panitumumab and cetuximab are being used.33 

Resection of the primary tumor in patients with 
unresectable synchronous mCRC

Traditional surgical teaching promotes resection of the primary tumor in patients with 
unresectable metastases, even if the primary is asymptomatic. The rationale behind this strategy 
is that prophylactic surgery prevents future complications of intestinal obstruction, perforation 
and haemorrhage.34 However, resection does not provide immediate palliative benefit in case 
of an asymptomatic primary tumor, and surgery is associated with high mortality (5-13%) and 
morbidity (23-48%) in patients with metastatic disease.16, 34-37  Some studies tried to selectively 
apply prophylactic surgery in patients with a low metastatic tumor burden because these patients 
are presumed to be at risk for obstruction because of long survival. If the metastatic tumor burden 
is extensive, resection of the primary is unlikely to benefit the patient and is associated with a 
high risk of postoperative complications. These patients are probably better served by focusing on 
the disseminated component of their disease and start with systemic treatment early on in their 
course, reserving surgery for when and if symptoms from the primary tumor are substantial.35, 38 
Other studies have shown no association between the incidence of complications and the extent 
of metastatic disease.39, 40 Due to recent advances in systemic chemotherapy, the risks and benefits 
of immediate or deferred surgical strategy are under debate.
Some clinicians in favor of the surgical approach argue that if the asymptomatic primary cancer 
is not resected, patients will develop disabling symptoms such as weight loss and nutritional 
depletion (secondary to “near” obstruction) and anemia due to bleeding of the primary tumor. 
Arguments supporting surgery include a lower reported operative mortality for elective surgery in 
patients with stage IV disease (3-6%), compared with the more threatening operative mortality 
rates for non-elective resections in patients with advanced and symptomatic disease (20-40%).34, 

41, 42  Another argument supporting this concept, is that preoperative staging is sometimes unclear 
and that surgery is considered the last and most effective diagnostic tool for the correct staging 
of abdominal tumors before treatment.19 In addition, patients are provided with psychological 
comfort who feel that the “cancer” has been removed.35 
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Chemotherapy first in patients with unresectable 
synchronous mCRC

The advocates of a chemotherapy first approach prefer to avoid complications at least in non 
symptomatic patients. The argument of those who prefer “elective” surgery due to higher 
mortality if emergent surgery is required, was addressed in several studies,  were the risk of death 
was found to be extremely low.39, 43-45 In fact, Poultsides et al. compared their study population 
with studies with elective colon resection in the metastatic setting and found that it appears that 
this deferred approach is associated with at least comparable perioperative mortality.46  Another 
argument for chemotherapy first, is that chemotherapy will not only treat the metastases but 
also the primary tumor; many patients will have improvements of their symptoms and therefore 
evading a possible resection.37, 47 Chau et al. demonstrated that overall, 86% of patients had an 
improvement in symptoms. Of the patients with symptoms, 71% had diminished pelvic pain/
tenesmus, 90% had improvement in diarrhea/constipation, 100% had reduced rectal bleeding, 
and 93% had weight stabilization or weight gain.
Advocates of the deferred surgical approach argue that surgery at diagnosis can delay or even 
preclude systemic chemotherapy, and that most patients will never develop symptoms and these 
patients could be spared an unnecessary operation. Additionally, primary CRC surgery may alter 
the host immune response in such a way that tumor growth is increased in the post operative 
period.48, 49 An argument against resection is that patients with unresectable metastasis from 
colorectal cancer who have undergone palliative resection of the primary still face the prospect of 
further intestinal complications, which may require further surgery (Table 1).34, 50 After resection 
of the primary tumor, these patients may develop local recurrence or adhesions which can result 
in obstruction and require subsequent surgery.
A decade ago, when patients were treated with single agent 5-FU chemotherapy, approximately 
20% of patients with mCRC treated with chemotherapy required palliative surgery for symptoms 
related to their intact primary CRC.39, 40, 46, 50, 51 In recent years, combinations with modern 
chemotherapy like FOLFOX, XELOX and FOLFIRI have attained response rates of 50% and 
disease control rates of 85% in prospective clinical trials.6, 52  With these modern chemotherapy 
regimens, approximately 7% (range 3-22%) of patients with mCRC required surgical palliation 
for their intact primary CRC, as stated in an elegant review by Poultsides.43-46 These data 
suggest that with effective chemotherapy almost 14 asymptomatic patients need to undergo 
prophylactic resection of their primary tumor in order to save one patient a subsequent operation 
for obstruction or perforation.46 There are indications that this has led to a decrease over time 
in the percentage of resection of the primary tumor in case of unresectable metastatic colorectal 
disease.13
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Table 1. Study results on stage IV colorectal cancer and unresectable metastases, in which the non-resection 
arm was treated with chemotherapy

Author
Years of 
study

Number of 
patients

Received 
chemotherapy 

(%)

Secondary 
palliative surgical 

intervention

Palliative 
Resection of 

primary

Scoggins40 1985-1997 resection 66 0 2 (3%) -
chemo 23 100 2 (9%) 0

Tebbutt50 1990-1999 resection 280 100 14 (5%) -
chemo 82 100 8 (10%) 1 (1%)

Konyalian53 1991-2002 resection 62 58 # -
chemo 47 60 17 (36%) 0

Galizia54 1995-2005 resection 42 100 0 -
chemo 23 100 6 (26%) ¶

Ruo51 1996-1999 resection 127 0 6 (5%) -
chemo 103 83 30 (29%) 0

Michel45 1996-1999 resection 31 97 0 -
chemo 23 100 5 (22%) 3 (13%)

Serela39 1997-2000 resection - - - -
chemo 24 88 6 (25%) 4 (17%)

Benoist44 1997-2002 resection 32 94 0 -
chemo 27 100 4 (15%) 3 (11%)

Karoui55 1998-2007 resection 85 99 27 (32%) -
chemo 123 100 15(12%) 15 (12%)

Aslam56 1998-2007 resection 366 63 ¥ -
chemo 281 36 128 (46%) 0

Bajwa57 1999-2005 resection - - - -
chemo 67 100 27 (40%) 25 (37%)

Muratore43 2000-2004 resection - - - -
chemo 35 100 1 (3%) 0

Poultsides37 2000-2006 resection - - - -
chemo 233 100 16 (7%) 8 (3%)

Seo58 2001-2008 resection 144 100 22 (15%) -
chemo 83 100 4 (5%) 1 (1%)

# Konyalian53 not described; 12 patients with complications mostly infectious
¶ Galizia54 not described; 2 colon perforations, 1 intestinal hemorrhage, 1 bowel obstruction, 2 surgery owing to 
bowel perforation or stent dislocation
¥ Aslam56 not described; 11 full thickness wound dehiscence, 11 intra-abdominal collections, 11 anastomotic leak, 
7 intra-abdominal sepsis, 5 hemorrhage, 4 postoperative ileus, 1 splenic tear, 1 inter-loop fistula

Survival 

Several studies have been performed to analyze overall survival of patients with stage IV CRC and 
unresectable metastases to examine whether to resect the primary or not. Recently, Venderbosch 
et al. performed a retrospective analysis of two phase III studies (CAIRO and CAIRO2)8, 59 and 
investigated the prognostic and predictive value of resection of the primary tumor in stage IV 
mCRC patients.60 They demonstrated that resection of the primary tumor was a significantly 
important prognostic factor for survival in these patients. They also performed a review of the 
literature and identified 22 nonrandomized studies, most of which showed improved survival for 
mCRC patients who underwent resection of the primary tumor. These results were confirmed in 
a systemic review by Anwar et al..48 An overview of these studies is presented in table 2.
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However, in all studies presented a selection bias cannot be excluded. Most studies were not 
randomized, performed in single centers and were retrospective of nature. Patients with a good 
performance status were more likely to undergo surgery whereas those with extensive disease 
were more likely to be offered chemotherapy instead. In the absence of randomized controlled 
trials, the best evidence is obtained from case-matched studies. A case-matched study by Benoist 
et al. compared 27 patients with asymptomatic colorectal cancer and irresectable synchronous 
liver metastases who received chemotherapy, with 32 matched patients who were treated by 
initial resection of the primary tumor. They found no difference in survival between the operative 
and the non-operative management.
Prospective studies on this topic are currently planned. Recently a protocol has been developed 
in the Netherlands for stage IV colon cancer patients with unresectable metastases.61 In this 
trial patients will be randomized to either systemic therapy until progression or unacceptable 
toxicity or to resection of the primary tumor followed by systemic therapy until progression 
or unacceptable toxicity. The endpoint of the trial is overall survival and the trial is powered to 
identify a survival benefit of 6 months in the surgery group. Also the National Surgical Adjuvant 
breast and Bowel Project has started a phase II Trial using 5-fluorouracil, leucovorin, and 
oxaliplatin chemotherapy plus bevacizumab for patients with unresectable stage IV colon cancer 
and synchronous asymptomatic primary tumor.62 The primary endpoint is the event rate related 
to the intact primary tumor requiring surgery. In both trials only patients with colon cancer will 
be randomized and patients with rectal cancer are excluded. Also a trial from Australia/New 
Zealand “SUPER” is currently running: “A randomized phase III multicentre trial evaluating the 
role of palliative surgical resection of the primary tumor in patients with metastatic colorectal 
cancer”.63 Patients will be randomized to compare chemotherapy followed by surgery to surgery 
alone. The primary outcome is to determine whether surgical resection of the primary tumor in 
patients with stage IV colorectal cancer decreases intestinal complications and improves overall 
survival and quality of life.  For patients with rectal cancer and unresectable systemic disease a 
phase III randomized clinical trial is recently conducted in the Netherlands. In this trial the role of  
radiotherapy in providing local control will be studied and patients will be randomized to either 
standard chemotherapy alone or short term course radiotherapy (5x5 Gy) on the primary tumor 
followed by standard of care chemotherapy. The primary endpoint is the number of patients 
requiring an unplanned surgical intervention related to symptoms of the primary rectal tumor.
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Table 2. Studies comparing resection versus non-resection of the primary tumor in stage IV colorectal cancer 
and unresectable metastases. Resection was defined as resection of the primary tumor and non-resection was 
defined as surgical intervention without resection of the primary

Author
Years of 
study

Number 
of 

patients

OS 
(months) p value Postoperative 

Mortality % p-value

Makela34 1974-1983
Resection 66 15 -- 5 --

non-
resection 30 7 17

Scoggins40 1985-1997
Resection 66 14.5 0.59 5 --

non-
resection 23 16.6 --

Liu14 1986-1991
Resection 57 11 -- 9 --

non-
resection 6 3 17

Tebbutt50 1990-1999
Resection 280 14 0.08 -- --

non-
resection 82 8.2 --

Konyalian53 1991-2002
Resection 62 13 <0.0001 5 --

non-
resection 47 5 6

Beham64 1993-2003
Resection 46 18 <0.001 3 --

non-
resection 21 8 0

Costi19 1994-2003
Resection 83 9 <0.001 8 0.397

non-
resection 47 4 15

Yun65 1994-2004
Resection 283 15.3 <0.001 3 --

non-
resection 93 5.3 --

Stelzner66 1995-2001
Resection 128 11.4 <0.0001 12 0.784

non-
resection 58 4.6 10

Galizia54 1995-2005
Resection 42 15.2 0.03 -- --

non-
resection 23 12.3 --

Law16 1996-1999
Resection 150 7 <0.001 7 0.01

non-
resection 30 3 21

Ruo51 1996-1999
Resection 127 16 <0.001 2 --

non-
resection 103 9 --

Michel45 1996-1999
Resection 31 21 0.718 0 --

non-
resection 23 14 --

Mik67 1996-2000
Resection 52 21 NS -- --

non-
resection 82 14 --

Benoist44 1997-2002
Resection 32 23 -- 0 --

non-
resection 27 22 --

Kaufman68 1998-2003
Resection 115 22 <0.0001 -- --

non-
resection 69 3 --

Aslam56 1998-2007
Resection 366 14.5 <0.005 8 --

non-
resection 281 5.83 --

Continued on next page
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Continued

Author
Years of 
study

Number 
of 

patients

OS 
(months) p value Postoperative 

Mortality % p-value

Bajwa57 1999-2005
Resection 32 14 0.005 3 --

non-
resection 35 6 --

Evans69 1999-2006
Resection 45 11 0.2056 16 --

non-
resection 57 7 36

Chan70 2000-2002
Resection 286 14 <0.001 -- --

non-
resection 125 6 --

Frago71 2000-2008
Resection 12 39.1 0.008 8 --

non-
resection 43 1.0 6

Seo58 2001-2008
Resection 144 22 0.076 0 --

non-
resection 83 14 --

Venderbosch60 2003-2004
Resection 258 17 0.0001 -- --

Non-
resection 141 11 --

2005-2006
Resection 289 21 0.0001 -- --

Non-
resection 159 13 --

Summary

In stage IV CRC with unresectable metastases, the role of resection of the primary tumor remains 
unclear. Because randomized clinical trials are lacking, it is difficult to draw conclusions from 
the present literature. With current new chemotherapy regimen, including VEGF and EGF 
inhibitors, a relatively low number of patients with mCRC require surgery for their primary 
tumor. Most studies suggest a survival benefit for patients undergoing surgical resection of the 
primary tumor compared to those who received palliative treatment. However, these results are 
likely to be influenced by selection bias and therefore prospective randomized controlled trials 
are needed to address this question.
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Surgery for colorectal metastases has established itself in the last couple of decades and is now 
mainstay of treatment for stage IV colorectal patients, provided that the metastases are deemed 
resectable. To further specify the role of surgery in this patient category, numerous aspects still 
need to be elucidated. In the present thesis, we aimed to address some of these aspects. In Part 
I, the important technical issue of organ preserving surgery is discussed. Part II focused on the 
question whether we can predict the outcome of patients after surgery, so as to define which 
patients are expected to have most benefit of surgery, and possibly to define which patients 
are likely to benefit from multimodality therapy. Part III is dedicated to the role of surgery 
within the multimodality treatment that is nowadays standard-of-care especially in patients with 
synchronously metastasized (locally advanced) colorectal cancer.

Part 1
In part one, we analyzed surgical techniques that could lead to more liver parenchyma saving 
operations. The purpose of chapter 2 was to investigate the influence of a non-anatomical liver 
resection (NAR) compared with an anatomical resection (AR) on morbidity, mortality, margin 
positivity, disease-free, and overall survival. The study demonstrated no significant difference in 
outcome between patients with colorectal liver metastases (CRLM) after AR or NAR. The 5-year 
disease-free (AR 30% versus NAR 32%) and overall survival (AR 49% vs. NAR 39%) in our 
study are consistent with the literature. Since there was no significant difference in morbidity, 
mortality, recurrence rate, or survival according to resection type, we concluded that a NAR can 
be used as a save procedure to preserve liver parenchyma.

Another more detailed technique of the NAR, is to perform a resection as close to the metastasis 
as possible and therefore preserve even more liver parenchyma. This width from the metastasis to 
the resection margin is the called the surgical margin status. Several studies have described risk 
factors for the outcome of patients with CRLM and the surgical margin status has been described 
as the major determinant of survival after resection, with R1 resections (incomplete resection) 
doing worse compared to R0 resections (complete resection). However, the impact of the several 
proposed cut-off points regarding R0 resections remains controversial. 
Most studies performed on this subject did not evaluate the specific group of patients who received 
neoadjuvant chemotherapy before resection of CRLM. In chapter 3 we analyzed whether a 
resection margin of 0 mm is sufficient in the era of effective neoadjuvant chemotherapy. We 
found that in patients with neoadjuvant chemotherapy, those with a R1 resection did not fare 
worst than those with a R0 resection. An explanation might be that neoadjuvant chemotherapy 
decreases micrometastases in the periphery. We also analyzed whether margin width ≤ 2 mm or > 
2 mm influenced survival. This proved to be the case in patients who had a R0 resection without 
neoadjuvant chemotherapy. 
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In patients with neoadjuvant chemotherapy this phenomenon could not be demonstrated. A 
similar trend was found if a tumor-free margin of 0-5 mm versus > 5 mm was chosen. It seems 
that the width of the resection margin still correlates with survival, but this only applies to 
patients who did not receive chemotherapy.

Part 2
A clinical risk score (CRS) is a predictive tool for patients with CRLM who undergo resection. 
The predictive value of these CRSs is well-established, but as most CRSs were designed in an 
era when chemotherapy prior to surgery was seldom used, this raises the question whether CRSs 
can still adequately predict outcome when neoadjuvant chemotherapy is part of the treatment 
protocol. In chapter 4 we argue that when the CRS is calculated before starting neoadjuvant 
chemotherapy it is of no predictive value; however, we demonstrate that the scores are applicable 
when the score is addressed after administration of neoadjuvant chemotherapy. In this study, 
chemotherapy downstaged the size and the CEA level. When the pathology report was consulted 
and complete response was reported, then the number of metastases also decreased significantly. 
This effect changes the CRS. Patients who had a higher risk score before chemotherapy became 
patients with a lower risk score after chemotherapy, with an associated improved survival. 
Bilobar disease showed no statistically significant change after administration of neoadjuvant 
chemotherapy and extrahepatic disease did not change at all. Although it is impossible to make 
any definitive conclusions, the data would suggest that response to neoadjuvant therapy, as 
measured by the variables that comprise the clinical risk scoring systems, may be associated with 
better survival. Based on our findings, if prediction of prognosis is required, we believe that 
all the traditional CRSs can be used if they are determined after treatment with neoadjuvant 
chemotherapy. 

A strategy to identify patients with a certain risk which might benefit more from several types of 
available diagnostic tools or therapies, is to stratify them in risk groups within a CRS. Fluorine-
18-deoxyglucose positron emission tomography (FDG-PET), one of the available diagnostic 
tools, is used for patients with colorectal cancer to demonstrate extrahepatic disease and as a 
consequence it may improve patient selection for surgical resection of the liver metastases. In 
chapter 5 we analyzed whether this selection with FDG-PET would result in an improved 
outcome in surgically treated patients with CRLM if they are stratified by the CRS of Fong. We 
found that FDG-PET prior to liver resection did not significantly improve disease free survival 
(DFS) or overall (OS) in patients with both low and high CRS in the present series. It has been 
demonstrated that patients with a high CRS are expected to have a poor tumor biology and 
therefore could potentially have more intra- and extrahepatic disease compared to patients with 
a low CRS. 
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By means of a FDG-PET these metastases might have been detected and resulted in less disease 
recurrence, which might explain the trend towards a different DFS. In patients with a low CRS 
there is a minimal risk of occult metastatic disease and the added value of a FDG-PET is therefore 
limited, if not absent. The observation that patients with a high CRS and selected by FDG-PET 
do not have a trend towards an improved OS may partially be explained by the fact that currently 
excellent local and systemic treatment therapies for recurrent disease are available.

Chapter 6 deals with patients who received chemotherapy and stratifies them by the CRS of Fong. 
Patients with a high CRS who received neoadjuvant chemotherapy had a better OS than patients 
without chemotherapy. This in contrast to patients with a low CRS who had no advantage of 
neoadjuvant chemotherapy in terms of OS. Chapter 6 proposes that the Fong CRS may therefore 
be a powerful tool in selecting patients most likely to benefit from neoadjuvant treatment. The 
present role of perioperative chemotherapy in the case of resectable metastases was established in 
a randomized controlled trial (EORTC Intergroup trial 40983), which compared perioperative 
chemotherapy with surgery alone. Although perioperative chemotherapy improved DFS in these 
patients, the mature overall survival data of this trial showed no survival difference. We propose 
that this may be due to the fact that most patients had a relatively low CRS. Also other authors 
performed a similar study as ours with a different chemotherapy sequence. They used adjuvant 
chemotherapy instead of neoadjuvant chemotherapy and the results were strikingly similar and 
therefore support our hypothesis. 
Although this is a retrospective analysis, it seems that only patients who bare a high risk of 
developing metastases are the ones who will benefit the most from neoadjuvant chemotherapy. 

Chapter 7 describes a randomized multicentre clinical trial (based on the conclusions drawn in 
chapter 6) which will evaluate the impact of neoadjuvant chemotherapy in patients with high 
risk resectable colorectal liver metastases without extrahepatic disease. Our hypothesis is that 
adding neo-adjuvant chemotherapy to surgery will provide an improvement in overall survival 
in this high-risk patient group. 

Part 3
In the case of locally advanced rectal cancer with synchronous metastases there are several options 
in the treatment strategy and preoperative diagnostics.  
Chapter 8 reports on the largest series of patients to date with locally advanced rectal cancer and 
synchronous liver metastases who underwent the ‘liver first’ approach. The results show that in 
this selected group of patients the majority (74%) could undergo optimal neoadjuvant treatment 
of both liver metastases and rectal cancer, followed by curative resection of both liver metastases 
and rectal cancer. 
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Of the 11 patients with unresectable metastatic disease, 10 (91%) did not need rectal surgery. 
Previous reports have described the ‘liver first’ approach, however this was in patients with colon 
and rectal cancer. A strength of the present study is that all patients had a locally advanced 
rectal primary with synchronous liver metastases. Some patients required a diverting stoma and 
one may argue that a stoma could have been avoided had a rectum first approach been chosen. 
The disadvantages of a rectal resection (with the associated morbidity and mortality) have to be 
balanced against those of stoma construction. A concern regarding the ‘liver first’ approach is 
non-response to chemotherapy or progression in patients who present with resectable disease. 
Another possible concern regarding the liver first approach is that the primary tumor may 
progress beyond resection. 

In case of locally advanced rectal cancer there is a long period of neoadjuvant treatment. After 
initial diagnostics and neoadjuvant treatment there is a chance that occult metastases become 
apparent which may alter the treatment strategy.  Chapter 9 evaluated the value of restaging with 
CT scan for distant metastases after neoadjuvant radiotherapy with or without chemotherapy in 
patients with locally advanced rectal cancer. A change in treatment strategy due to new findings 
was observed in 12% of the patients. In the total group, 8% of patients were spared rectal surgery 
due to progressive metastatic disease. The low incidence of pulmonary metastases might limit 
the clinical value or routine staging chest CT before operation. However, results of previous 
studies concerning lung metastases were not assessed in the selected group of patients with locally 
advanced rectal cancer. Restaging might also have several disadvantages such as costs, radiation 
exposure, and prolonged uncertainty because of the frequent finding of indeterminate lesions. 
However, based on this study a change in treatment strategy in 12% of patients is high, and 
therefore restaging in the group of patient with locally advanced rectal cancer is advised.

There remains a difficult decision in patients who present with or develop unresectable metastatic 
disease when the primary colorectal cancer is still present.
Chapter 10 discusses whether resection of the primary tumor has an advantage in the stage 
IV colorectal cancer.  An advantage of resection might be prevention of intestinal obstruction, 
perforation or hemorrhage. However when there are no symptoms, surgery does not provide 
immediate palliative benefit. Moreover surgery is associated with considerable morbidity en 
mortality. It is discussed that elective surgery for the primary tumor comes with less morbidity. 
When the primary is not resected, it might lead to disabling symptoms such as weight loss, 
nutritional depletion and anemia. The advocates of a chemotherapy first approach prefer to avoid 
complications at least in non symptomatic patients. 
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The argument of those who prefer “elective” surgery due to higher mortality if emergent surgery 
is required, was addressed in several studies, were the risk of death was found to be extremely 
low. Another argument for chemotherapy first, is that chemotherapy will not only treat the 
metastases but also the primary tumor; many patients will have improvements of their symptoms 
and therefore evading a possible resection. Most studies suggest a survival benefit for patients 
undergoing surgical resection of the primary tumor compared to those who received palliative 
treatment. However, these results are likely to be influenced by selection bias and therefore 
prospective randomized controlled trials are needed to address this question. These trials have 
been conducted worldwide. 
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General discussion and future perspectives

Surgical resection can be performed if there will be sufficient residual liver after resection to 
enable survival of the patient, corresponding to 20-25% of the total functioning liver volume. 
Patients with pre-existent liver disease such as steatosis, cirrhosis or chemotherapy associated 
steatohepatitis need at least 30-40% of the liver remnant to survive. In addition, one of the three 
main hepatic veins must be preserved and the liver remnant has to comprise a portal vein, hepatic 
artery and a bile duct. Although surgery for CRLM is at present the only treatment with curative 
intent, cancer relapse is a common phenomenon, with up to 50% recurrences in the first 2 years. 
Therefore it is wise to preserve as much liver parenchyma as possible, since new resections might 
be needed. 
A multidisciplinary and multimodal approach is necessary to achieve optimal individual 
cancer treatment. Defining the most appropriate sequence or combinations of treatments has 
become very challenging in this era of numerous available treatments. Optimization through 
systemic chemotherapy is difficult. The standard neoadjuvant treatment of patients with 
initially unresectable liver-only metastases currently consists of combination chemotherapy 
of a fluoropyrimidine plus either oxaliplatin or irinotecan and with triple chemotherapy 
(fluoropyrimidine+oxaliplatin+irinotecan) shows promising results. The addition of a targeted 
drug to chemotherapy has been shown to increase response rates, which provides a clear rationale 
for use in this setting, but a clear preference for either the anti-VEGF antibody bevacizumab 
or one of the anti-EGFR antibodies cetuximab or panitumumab has not been demonstrated 
in this setting. In the Netherlands a randomized controlled trial has been conducted to answer 
this question (CAIRO5 trial). For the remaining patients with multi-organ metastases, it is 
unknown whether adding maximal tumor debulking to chemotherapy will benefit survival. The 
ORCHESTRA trial in the Netherlands has been conducted to answer this question. 
To further improve survival rates, in case a resection is not possible or when the future liver 
remnant is anticipated to be small, several local therapies have been applied for the treatment of 
unresectable liver metastases in the past few years including radiofrequency ablation/microwave 
ablation (RFA), stereotactic ablative radiotherapy (SBRT), portal vein embolization (PVE), two 
stage hepatectomies and associating liver partition with portal vein ligation (PVL) for staged 
hepatectomy (ALPPS). A two stage hepatectomy is a strategy in patient with bilobar disease 
were one hemi liver is cleared of metastases with wedge resections. Then a PVE is used to induce 
hypertrophy. After 6 to 8 week a new resection will be planned after restaging. A newer technique 
to further improve hypertrophy is the ALLPS. In addition to the PVE the liver is also transected, 
leaving only arterial inflow, hepatic venous outflow and biliary drainage intact.
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Other local therapies comprise irreversible electroporation (IRE), which employs electrical pulses 
that permeabilize cellular membrane and consequently lead to cell death, and arterial modalities 
such as selective internal radiation therapy (SIRT), drug eluding beads (DEBS), trans-arterial 
chemo-embolization and hepatic artery infusion of chemotherapy.
The above-mentioned methods are not required in patients with resectable metastases and 
sufficient remnant liver. It is well established, including our own results from chapter 2, that a 
non-anatomical resection is comparable to an anatomical resection. It is now standard care to 
perform a non anatomical resections to preserve liver parenchyma for potential future resections. 
However, the impasse concerning the surgical margin width remains. Must surgeons pursue a R0 
resection? Should this remain the standard goal is this field, or should surgeons seek boundaries in 
the era of neoadjuvant chemotherapy? Our results, as results from other authors, suggest that an 
R1 resection should not be a contraindication to surgery with curative intent. There is data that 
suggests that an R1 resection is associated with a higher risk of developing hepatic recurrences, 
not only at the surgical site but also elsewhere in the liver. Concerning the recurrences at the 
surgical site, it might be argued that this is a result of micrometastases that were not treated, 
either by chemotherapy or by surgery. 
More relevant is why metastases reoccur elsewhere in the liver or even in other organs. Is it 
because they were occult or is it because of poor tumor biology? Some studies within this thesis 
have focused on surgical techniques to improve outcome. Reoccurrence elsewhere in the liver or 
in other organs cannot be explained by surgical techniques and therefore future studies should 
be more focused on tumor biological behavior of metastases or primary cancer to explain this 
phenomenon. Next steps in research should be more focused on understanding why current 
treatments fail and metastases re-occur. This might help us in identifying patients who will or will 
not benefit from certain treatment and thereby avoiding unnecessary treatments. 
In order to predict the likelihood of tumor recurrence and survival after resection for CRLM, 
several Clinical Risk Scores (CRS) have been developed. These scores are based on clinical 
findings that are a surrogate for advanced disease. If we can find patients with a high risk for 
relapse then they might be subjected to more aggressive treatment to improve survival rates. In 
chapter 6 we tried to identify patient with high risk based on a clinical risk and confirmed this 
hypothesis. In the future we hope to use the gathered information from the prospective trial 
described in chapter 7 to select patients who might benefit from neoadjuvant chemotherapy. 
However, clinical presentation does not inform us about different metastatic pathways. There is 
a desire for biological markers to inform us why these patients develop such risk and perhaps in 
the future a more tailor made therapy could be applied. 
Currently, the only marker routinely used in clinical practice of individualized metastatic 
colorectal cancer treatment is K-RAS, since treatment with anti-EGFR antibodies was found to 
be only effective in patients with K-RAS wild-type tumors. 
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Another prognostic and response predictive marker extensively studied in relation to prognosis 
and treatment response, but not yet used in routine clinical practice, is microsatellite instability 
status. CRC patients with microsatellite instable stage II and III tumors have a better prognosis 
compared to patients with microsatellite stable CRC. For patients with mCRC this relationship 
could not be proven, mainly due to the low incidence of microsatellite instable mCRC tumors. 
Circulating tumor cells are cells that circulate in the peripheral blood of cancer patients, originating 
from either primary or metastatic disease. Recently, the prognostic value of circulating tumor 
cells in blood was subject of a meta-analysis, showing that detection of these circulating tumor 
cells in the peripheral blood of patients with resectable colorectal liver metastases is associated 
with disease progression and poor survival. Obtaining primary tumor or metastatic tumor tissue 
for analysis preoperatively is often difficult and invasive. An advantage of circulating tumor cells 
is that they can be obtained by venapunctures. In studies performed at our centre we could not 
identify patients at risk for early disease recurrence after curative resection of colorectal liver 
metastases. Further development of this technique might give us insights in metastatic tumor 
biology and further individualized cancer treatment. 

When patient are diagnosed with locally advanced rectal cancer, preoperatively they are expected 
to undergo a long course of (chemo) radiation therapy. Surgery is usually planned 6-10 weeks 
after finishing neoadjuvant therapy. If this specific group is diagnosed with synchronous 
livermetastases the liver first approach is preferred as described in chapter 8.  In patient with 
coloncancer the liver first approach is feasible and non inferior to primary cancer resection first. 
A randomized controlled trial should be conducted to find out whether the liver first approach 
has a better survival compared to treating the primary locally advanced rectal cancer first. In our 
study we also found that patient with a complete response of the metastases after neoadjuvant 
chemotherapy also tended to have a complete response of their primary tumor. In the future in 
such cases, resection of the primary tumor may be limited to local excision (transanal excision or 
transanal endoscopic microsurgery) or even watchful waiting. However, prospective studies are 
needed to justify such a strategy. 
During approximately 3 months of preoperative treatment for locally advanced rectal cancer, 
metastases can develop that previously were too small to be detected, or were not present at 
all. In chapter 9 we explained why restaging for distant metastases should be performed, since 
new findings in this relatively long period might alter the treatment options. Recently other 
researchers from the Netherlands have been exploring their own results and found very similar 
results as ours. In the future we expect restaging to become standard of care in patients with 
locally advanced rectal cancer. In this instance the CT-scan was investigated as a modality and 
seems justifiable because it can be obtained easily and might also be used for restaging of the 
primary tumor regression. 
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In this case a CT-scan of the thorax-abdomen can be performed for the purpose of restaging for 
metastases but also for restaging of the primary tumor.
In stage IV CRC with unresectable metastases, the role of resection of the primary tumor remains 
unclear. To answer this question, prospective studies on this topic have been conducted. The 
CAIRO4 trial has been developed in the Netherlands for stage IV colon cancer patients with 
unresectable metastases. In this trial patients will be randomized to either systemic therapy or to 
resection of the primary tumor followed by systemic therapy. Also the National Surgical Adjuvant 
breast and Bowel Project has started a phase II Trial chemotherapy for patients with unresectable 
stage IV colon cancer and synchronous asymptomatic primary tumor.  Another trial from 
Australia/New Zealand “SUPER” is currently running: “A randomized phase III multicentre 
trial evaluating the role of palliative surgical resection of the primary tumor in patients with 
metastatic colorectal cancer”. Patients will be randomized to compare chemotherapy followed by 
surgery to surgery alone. With current new chemotherapy regimens, a relatively low number of 
patients with metastatic CRC require surgery for their primary tumor. Many studies concerning 
the management of incurable stage IV CRC have been performed and most studies suggest 
a survival benefit for patients undergoing surgical resection of the primary tumor compared 
with those who received palliative treatment. Because randomized clinical trials are lacking, it is 
difficult to draw conclusions from the present literature. And the above mentioned trials have to 
be awaited.
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In de afgelopen decennia heeft de chirurgie zich bewezen als behandeling voor colorectale 
levermetastasen waarbij chirurgie de voorkeursbehandeling is indien er sprake is van resectabele 
metastasen. Er moeten echter nog een aantal aspecten worden opgehelderd om de rol van 
chirurgie bij deze patiënten categorie nader te specificeren. In dit proefschrift worden enkele 
van deze aspecten besproken. In deel I wordt de belangrijke technische kwestie van parenchym 
sparende chirurgie besproken. Deel II richt zich op de vraag of we de prognose van patiënten 
kunnen voorspellen na de operatie, maar ook om te voorspellen welke patiënten naar verwachting 
het meeste voordeel zullen hebben van de behandeling. Deel III is gewijd aan de rol van chirurgie 
bij de multimodale behandeling in patiënten met synchroon gemetastaseerde of het lokaal 
gevorderde colorectaal carcinoom.

Deel 1
In deel I worden chirurgische technieken geanalyseerd welke tot weefsel sparende behandelingen 
kunnen leiden. In hoofdstuk 2 wordt besproken of een niet-anatomische resectie (NAR) van 
de lever even goed is vergeleken met een anatomische resectie (AR). Er werd gekeken naar 
morbiditeit, mortaliteit, positieve snijvlakken, ziektevrije overleving en algehele overleving. 
We zien dat er geen significant verschil bestaat tussen de twee benaderingen. De 5-jaar ziekte 
vrije overleving (AR 30% versus NAR 32%) en algehele overleving (AR 49% vs. NAR 39%) is 
gelijk aan de bekende literatuur. We concluderen dan ook aan de hand van onze uitkomsten dat 
een NAR geen significante verschillen vertoont met een AR als we kijken naar de morbiditeit, 
mortaliteit, recidief ziekte of algehele overleving. 

Meerdere studies hebben risicofactoren beschreven voor de uitkomsten van patiënten met 
colorectale levermetastasen (CRLM). De resectiemarges tijdens een operatie worden gekenmerkt 
als een van de belangrijkste risicofactoren voor de overleving, waarbij de R1 resectie een slechtere 
overleving heeft vergeleken met de R0 resectie. Echter is de invloed van de verschillende 
afkappunten bij de R0 resecties niet duidelijk. De meeste studies die dit onderwerp bespreken 
hebben niet de patiënten geëvalueerd die neoadjuvante chemotherapie hebben gekregen voor 
de resectie van de levermetastasen. In hoofdstuk 3 hebben we gekeken of een resectiemarge van 
0 mm genoeg is in het tijdperk met effectievere chemotherapie. We vonden dat de ziektevrije 
overleving en algehele overleving gelijk was bij patiënten met een R0 of R1 als zij neoadjuvante 
chemotherapie krijgen. We hebben ook nog bekeken of een marge van ≤ 2 mm of > 2 mm 
invloed had op de overleving en dit bleek alleen zo te zijn bij patiënten die een R0 resectie 
ondergingen en geen chemotherapie kregen. Indien zij wel chemotherapie kregen verdween dit 
effect. Hetzelfde resultaat werd ook gevonden als we een marge van 0-5 mm vergeleken met > 5 
mm. Het lijkt er dus op dat de marge van de resectie nog wel invloed heeft op de overleving, maar 
dit geldt alleen voor patiënten die geen chemotherapie hebben gekregen.
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Deel 2 
Een klinische risico score is een instrument waarmee voorspellingen gedaan kunnen worden  
over patiënten met CRLM die een resectie ondergaan. Meestal worden ze dus niet gebruikt om 
te zien of patiënten geopereerd zullen worden, maar met name om iets over de overleving te 
kunnen zeggen. De voorspellende waarde van de klinische risico scores is bevestigd in meerdere 
studies. Echter is dit voornamelijk geweest in het tijdperk vóór de neoadjuvante chemotherapie. 
In hoofdstuk 4 zien we dat indien een risico score voor het starten van chemotherapie gebruikt 
wordt deze geen voorspellende waarde heeft, maar als men de score na chemotherapie toepast 
deze wel weer een voorspellende waarde heeft. In dit hoofdstuk laten we zien dat chemotherapie 
de grootte van de metastasen doet afnemen en ook dat het CEA afnam. Bij een pathologisch 
complete respons zagen we ook het aantal metastasen afnemen. Dit effect verandert ook de risico 
score. Patiënten die voor de chemotherapie een hoge risico score hadden werden patiënten met 
een lagere risico score nadat zij chemotherapie kregen en hiermee gepaard gaande ook een betere 
overleving hebben gekregen. Er werd geen verandering gezien indien er sprake was van bilobaire 
of extrahepatische metastasen. Het lijkt erop dat een respons op chemotherapie, gemeten 
met de variabelen van de risico score, geassocieerd is met een betere overleving. Gebaseerd 
op deze resultaten is het advies om de risico score toe te passen nadat patiënten neoadjuvante 
chemotherapie hebben gekregen.
Een FDG-PET wordt gebruikt voor patiënten met een colorectaal carcinoom om extrahepatische 
ziekte aan te tonen. Hiermee kan het een betere selectie leveren van patiënten die in aanmerking 
zouden kunnen komen voor een resectie van de levermetastasen. 
In hoofdstuk 5 hebben we bekeken of deze selectie met de FDG-PET scan een verbeterde 
overleving zou geven in patiënten met CRLM welke dan nog onderverdeeld worden aan de hand 
van de risico score. Een FDG-PET scan vóór de operatie leverde geen ziektevrije overleving op en 
ook geen algehele overleving bij patiënten met een lage risico score of hoge risico score. 
Eerder is al wel aangetoond dat patiënten met een hoge risico score een slechte tumor biologie 
hebben en daardoor een grote kans op meer intra- en extrahepatische metastasen. Men zou 
verwachten dat deze metastasen gedetecteerd worden en hierdoor minder recidieven op zouden 
treden. In onze studie werd wel een trend gezien die hierop duidt, echter was dit niet significant 
verschillend. In patiënten met een lage risico score is er maar een kleine kans op occulte metastasen 
en de waarde van de FDG-PET is daarom maar beperkt. We zagen dat patiënten met een hoge 
risico score en geselecteerd met de FDG-PET geen verbetering hadden in overleving. Dit zou 
verklaard kunnen worden doordat er tegenwoordig zeer goede locale en systemische therapieën 
bestaan. 
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In hoofdstuk 6 werden patiënten geanalyseerd die neoadjuvante chemotherapie hebben gekregen 
en vervolgens ingedeeld werden in een risico score volgens Fong. 
Patiënten met een hoge risico score en die neoadjuvant chemotherapie kregen, hadden een betere 
overleving vergeleken met patiënten zonder chemotherapie en een hoge risico score. Bij patiënten 
met een lage score werd dit verschil niet gevonden. In hoofdstuk 6 stellen we voor dat dit een 
efficiënte manier zou kunnen zijn om onderscheid te maken tussen wie wél en wie géén baat zou 
kunnen hebben van de chemotherapie. De huidige rol van perioperatieve chemotherapie werd 
beoordeeld in een gerandomiseerde studie (EORTC Intergroup trial 40983) waarbij er werd 
gerandomiseerd tussen perioperatieve chemotherapie en chirurgie. Er was een klein voordeel in 
ziekte vrije overleving, echter was de algehele overleving niet verschillend. Ook de langetermijn 
resultaten laten dit zien. Het zou kunnen komen doordat er goede lokale en systemische 
therapieën bestaan. Wij denken echter dat er te veel patiënten met een lage risico score in de 
studie zaten. Sommige van onze resultaten zouden verklaard kunnen worden omdat er patiënten 
al afvallen doordat er progressie optreedt van de metastasen tijdens de chemotherapie. Echter 
zien we in de literatuur dat deze afvallers maar een zeer klein aantal patiënten betreft. Daarnaast 
hebben andere auteurs een vergelijkbare studie verricht als die van ons, maar dan met adjuvante 
chemotherapie. Ook zij vonden deze opvallende bevindingen.

In hoofdstuk 7 beschrijven we een gerandomiseerde studie die gebaseerd is op hoofdstuk 6. Deze 
studie zal de invloed van neoadjuvante chemotherapie in patiënten met een hoge risico score en 
resectabele lever metastasen (zonder extrahepatische ziekte) evalueren. Onze hypothese is dat 
neoadjuvante chemotherapie een overlevingswinst geeft in patiënten met een hoge risico score.

Deel 3
Wanneer er sprake is van een lokaal gevorderd rectum carcinoom met synchrone levermetastasen 
dan zijn er verschillende preoperatieve diagnostische testen en behandelopties. Hoofdstuk 8 
beschrijft de grootste serie patiënten tot op heden die een lokaal gevorderd rectumcarcinoom 
hebben met synchrone lever metastasen en die een zogenaamde ‘liver first’ benadering kregen. 
In de resultaten zagen we dat 74% een optimale therapie kregen voor zowel de lever als voor 
het rectum carcinoom. Van de patiënten met niet-resectabele metastasen hoefden er 91% geen 
rectum operatie te ondergaan. De “liver first’  benadering is al wel eerder beschreven, maar 
dit was bij een mix van patiënten met colon en rectum carcinoom. Het sterke punt van deze 
studie is dat alle patiënten een lokaal gevorderd rectumcarcinoom hadden. Sommige patiënten 
hadden een stoma nodig en men kan zich voorstellen dat indien we het rectum eerst opereren, dit 
wellicht voorkomen had kunnen worden. Echter moet met de afweging maken tussen een stoma 
of de complicaties gepaard gaande met grote rectumchirurgie. 
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Een zorg bij de ‘liver first’ benadering is dat er patiënten zijn die niet reageren op chemotherapie 
maar wel een resectabele tumor hebben. 
Een andere zorg is dat de primaire tumor zo ver groeit dat deze niet meer te opereren valt. 
Indien er sprake is van lokaal gevorderd rectumcarcinoom is er een langdurige periode van 
neoadjuvante behandeling. Na de diagnose en voorafgaande behandeling zou het kunnen zijn 
dat voorheen niet ontdekte metastasen nu wel zichtbaar worden en daardoor de behandeling 
strategie veranderen. In hoofdstuk 9 wordt de waarde van opnieuw stadiëren middels een CT 
scan, na neoadjuvante radiotherapie met of zonder chemotherapie, geëvalueerd in patiënten met 
een lokaal gevorderd rectumcarcinoom. Er werd een verandering in behandelstrategie gevonden 
in 12% van de patiënten. In 8% van de patiënten werd rectumchirurgie achterwege gelaten in 
verband met progressie van de metastasen. De lage incidentie van longmetastasen beperkt de 
klinische relevantie van routinematig CT-scan onderzoek preoperatief. Echter is deze opvatting 
gebaseerd op een patiëntengroep die geen lokaal gevorderd rectumcarcinoom hadden. Opnieuw 
stadiëren zou ook nadelen kunnen hebben zoals het kostenplaatje, blootstelling aan radiatie en 
nieuwe onzekerheden bij twijfelachtige afwijkingen. Recent hebben Nederlandse onderzoekers 
deze studie opnieuw verricht bij een homogene groep patiënten, waarbij dezelfde resultaten 
werden gevonden. 

Bij patiënten met metastasen waarbij het colorectale carcinoom nog in situ is, is het nog 
onduidelijk of er een resectie moet plaats vinden van de primaire tumor.
In hoofdstuk 10 bespreken we het effect van resectie van de primaire tumor in het geval van stadium 
IV colorectaalcarcinoom. Voorbeelden hiervan zijn een obstructie door de tumor, perforatie of 
een bloeding. Echter geeft resectie geen direct palliatief effect indien er geen symptomen zijn. 
Verder geeft een operatie ook morbiditeit en mortaliteit. Sommigen zijn van mening dat een 
electieve ingreep minder gecompliceerd verloopt vergeleken met een spoedoperatie en dat er 
derhalve wel geopereerd moet worden. Het zou ook kunnen zijn dat als de tumor geen directe 
problemen geeft deze wel kan leiden tot gewichtsverlies, ondervoeding en bloedarmoede. Anderen 
geven juist de voorkeur om eerst chemotherapie te geven bij patiënten die geen klachten hebben. 
Als tegenargument wordt beweerd dat het risico bij een spoedoperatie wel meevalt conform de 
literatuur. Nog een argument om eerst met chemotherapie te behandelen is dat niet alleen de 
metastasen behandeld worden maar ook meteen de primaire tumor wordt meebehandeld en 
hierdoor kunnen eventuele symptomen verdwijnen. 
De meeste studies over dit onderwerp suggereren dat er een overlevingsvoordeel bestaat indien 
de primaire tumor wordt verwijderd. Echter zijn de meeste studies beïnvloed door een selectie 
van patiënten in de studies. Om dit duidelijk te krijgen zijn er wereldwijd nu gerandomiseerde 
studies gestart die dit proberen aan te tonen dan wel uit te sluiten.



Chapter 12166

Discussie en toekomst perspectieven

Een chirurgische resectie kan worden uitgevoerd als er voldoende rest lever overblijft na resectie, 
overeenkomend met 20-25% van de totale werkende lever. Patiënten met een reeds bestaande 
leverziekte zoals steatose, cirrose of chemotherapie geassocieerd steatohepatitis dienen ten minste 
30-40% van de lever over te houden om te overleven. Bovendien moet een van de drie levervenen, 
een poortader en arterie en een galweg behouden blijven. Hoewel chirurgie voor CRLM op 
dit moment de enige in opzet curatieve behandeling is, is een recidief een veel voorkomend 
verschijnsel, met ongeveer 50% recidieven in de eerste 2 jaar. Daarom is het verstandig om zoveel 
mogelijk leverparenchym over te houden na de operatie omdat er mogelijk nog een resectie dient 
plaats te vinden in de toekomst.

Een multidisciplinaire en multimodale aanpak is noodzakelijk om een optimale individuele 
behandeling van kanker te bereiken. Het bepalen van de meest geschikte volgorde of combinaties 
van behandelingen is zeer uitdagend geworden in dit tijdperk van de vele beschikbare 
behandelingen. Optimalisatie door middel van systemische chemotherapie is hierdoor ook 
moeilijk geworden. De standaard neoadjuvante behandeling van patiënten met aanvankelijk 
inoperabele lever metastasen bestaat momenteel uit een combinatie chemotherapie van een 
fluoropyrimidine samen met ofwel oxaliplatine of irinotecan en met triple chemotherapie 
(fluoropyrimidinetherapie + oxaliplatine + irinotecan) welke veelbelovende resultaten tonen. De 
toevoeging van targeted therapy aan chemotherapie heeft aangetoond de respons te verhogen, 
maar een duidelijke voorkeur voor de anti-VEGF antilichaam bevacizumab of een van de 
anti-EGFR antilichamen cetuximab of panitumumab is niet aangetoond. In Nederland is een 
gerandomiseerde gecontroleerde trial opgezet (CAIRO5) om deze vraag  te beantwoorden. Voor 
de overige patiënten met meervoudige orgaan metastasen, is het onbekend of het toevoegen 
maximale tumor debulking plus chemotherapie de overleving doet toenemen. De ORCHESTRA 
trial in Nederland is opgezet om deze vraag te beantwoorden. 

Om de overlevingskansen te verbeteren, in het geval dat een resectie niet mogelijk is of als de 
toekomstige restlever te klein zal zijn, zijn er verschillende lokale therapieën beschikbaar voor de 
behandeling van inoperabele metastasen, waaronder radiofrequente ablatie / microwave ablatie 
(RFA), stereotactic ablative radiotherapy (SBRT), portal vein embolisatie (PVE), twee stappen 
hepatectomie en associating liver partition with portal vein ligation (PVL) for staged hepatectomy 
(ALPPS). Een twee-stappen hepatectomie is een strategie bij patiënten met bilobaire ziekte 
waarbij metastasen in een hemi lever worden verwijderd middels wig resecties, waarbij vervolgens 
een PVE gebruikt wordt om hypertrofie te induceren in de restlever. 
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Na 6 tot 8 weken zal een nieuwe resectie worden gepland. Een nieuwere techniek om de 
hypertrofie te verbeteren is ALLPS. Naast de PVE wordt ook de rest lever doorgenomen, 
waardoor alleen arteriële instroom, hepatische veneuze uitstroom en galwegdrainage intact blijft. 
Andere lokale therapieën bestaan irreversible electroporation (IRE), die elektrische pulsen geeft 
waardoor de celmembraan permeabel wordt en tot celdood leidt, en arteriële modaliteiten zoals 
“selective internal radiation therapy” (SIRT), drug eluding beads (DEBS), transarteriële chemo- 
embolisatie en de arteriële chemotherapie.

De bovengenoemde methoden zijn niet vereist bij patiënten met resectabele metastasen en 
voldoende restlever. Het is aangetoond, met inbegrip van onze eigen resultaten uit hoofdstuk 
2, dat een niet-anatomische resectie vergelijkbaar is met een anatomische resectie. Het is nu 
standaard zorg om een niet-anatomische resecties uit te voeren om op deze wijze leverparenchym 
voor potentieel nieuwe operatie te behouden. Echter, de discussie met betrekking tot de 
chirurgische marge blijft bestaan. Moeten chirurgen streven naar een R0 resectie en moet dit 
de norm blijven op dit gebied, of moet chirurgen juist de grenzen opzoeken in het tijdperk van 
de neoadjuvante chemotherapie? De resultaten in dit proefschrift, maar ook de resultaten van 
andere auteurs, suggereren dat een R1 resectie geen contra-indicatie is voor een in opzet curatieve 
operatie. Er zijn gegevens die suggereert dat een R1 resectie is geassocieerd met een hoger risico 
op het ontwikkelen van hepatische recidieven, niet alleen in het operatiegebied maar ook elders 
in de lever. Wat betreft de recidieven in het operatiegebied, zou men kunnen stellen dat dit een 
gevolg is van micrometastasen die niet behandeld werden, hetzij door chemotherapie of door een 
operatie.
Wat veel belangrijker is, is de vraag waarom metastasen terugkomen elders in de lever of zelfs 
in andere organen. Is dat omdat ze er al waren en nog niet zichtbaar waren voor ons of is het 
vanwege de slechte tumor biologie? Onze studies in dit proefschrift hebben zich onder andere 
gericht op de chirurgische technieken om uitkomsten van de operatie te verbeteren. Een recidief 
elders in de lever of in andere organen kan niet verklaard worden door chirurgische technieken. 
Toekomstige studies moeten zich meer richten op het biologisch gedrag van metastasen of van de 
primaire ziekte om dit verschijnsel te verklaren. In de toekomst dienen we uit te zoeken waarom 
de huidige behandelingen falen en waarom er metastasen recidiveren. Dit kan ons helpen bij het 
identificeren van patiënten die wel of niet zullen profiteren van een bepaalde behandeling en 
daarmee kunnen onnodige behandelingen worden voorkomen.
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Om de kans op een recidief en de overleving na resectie van CRLM te voorspellen, zijn er diverse 
Clinical Risk Scores (CRS) ontwikkeld. Deze scores zijn gebaseerd op klinische bevindingen die 
een surrogaat voor gevorderde ziekte zijn. Als we patiënten kunnen vinden met een hoog risico op 
een recidief dan zouden zij een agressieve behandeling kunnen krijgen om de overlevingskansen 
te verbeteren. In hoofdstuk 6 hebben we geprobeerd om de patiënten te identificeren met een 
hoog risico op basis van een klinische risicofactoren en bevestigden hiermee de bovenstaande 
hypothese. In de toekomst hopen we, met de verzamelde informatie van de prospectieve studie 
beschreven in hoofdstuk 7, om patiënten te kunnen selecteren die kunnen profiteren van 
neoadjuvante chemotherapie. Echter, de klinische presentatie van deze patiënten informeert ons 
niet over de verschillende paden van metastasering. Er is behoefte aan biologische markers om in 
te zien waarom deze patiënten een bepaalde risico hebben en in de toekomst een meer op maat 
gemaakte therapie kan worden toegepast.

Momenteel is K-RAS de enige marker die routinematig klinisch wordt gebruikt in de behandeling 
van gemetastaseerde colorectale kanker, aangezien behandeling met anti-EGFR antilichamen 
alleen effectief bleek bij patiënten met K-RAS wildtype tumoren. Een andere prognostische en 
respons voorspellende marker die uitgebreid is bestudeerd, maar nog niet gebruikt wordt in de 
dagelijkse klinische praktijk, is microsatelliet instabiliteit status. CRC patiënten stadium II en III 
met microsatelliet instabiele tumoren hebben een betere prognose dan patiënten met microsatelliet 
stabiel CRC. Voor patiënten met gemetastaseerd CRC kan deze relatie niet worden bewezen. 
Dit is vooral te wijten aan de lage incidentie van microsatelliet instabiliteit in de metastasen. 
Circulerende tumorcellen zijn cellen die circuleren in het perifere bloed van kankerpatiënten 
en zijn afkomstig van primaire of metastatische ziekte. Onlangs werd de prognostische waarde 
van circulerende tumorcellen in bloed in een meta-analyse beschreven. Er blijkt dat detectie 
van deze circulerende tumorcellen in perifeer bloed van patiënten met resectabele colorectale 
levermetastasen ziekteprogressie kan voorspellen maar ook de overleving. Het preoperatief 
verkrijgen van weefsel uit de primaire tumor of uit de metastase voor analyse is vaak moeilijk en 
invasief. Een voordeel van circulerende tumorcellen is dat deze verkregen kunnen worden door 
simpele venapuncties. Verdere ontwikkeling van deze techniek zou ons inzicht kunnen geven 
in de metastatische tumor biologie en het verder individualiseren van behandeling van kanker. 

De “National Surgical Adjuvant breast and Bowel Project” is een studie gestart bij patiënten 
met niet resectabele metastasen en een niet symptomatische coloncarcinoom. De “SUPER” trial 
uit Australie/Nieuw Zeeland is een fase 3 studie die patiënten randomiseert tussen resectie en 
chemotherapie of resectie alleen. Met de huidige chemotherapie zijn er maar een paar patiënten 
met metastasen die chirurgie nodig zullen hebben voor hun primaire tumor. 
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Er zijn veel studies verschenen over patiënten met niet resectabele metastasen en veel van deze 
studies laten een overlevingswinst zien als primaire tumor verwijderd wordt in vergelijking met 
alleen palliatieve chemotherapie. Omdat er het geen gerandomiseerde studies zijn is het moeilijk 
om hier conclusies aan te verbinden. Hopelijk zullen in de toekomst de bovengenoemde studies 
hier een antwoord op geven.
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