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SURGICAL TREATMENT OF COLORECTAL LIVER METASTASES

Resection
Colorectal cancer is the second leading cause of cancer related death in Europe. The overall 
survival rate of patients with colorectal cancer is greatly affected by the presence of liver 
metastases, which occurs in about 50% of patients1. The median survival of patients with 
colorectal liver metastases (CLM) is 6-12 months when untreated2. Surgical resection alone 
was long considered the treatment of choice, resulting in cure for some patients. Reported 
5-year survival rates vary from 30 up to 60% in recent years3-6. Traditionally, patients with a 
low tumour burden (4 or less liver metastases and small tumours), unilobar disease and 
disease limited to the liver were considered surgically resectable. Moreover, a resection 
margin of 1 cm had to be attained7,8. Studies conducted in the 21st century have demonstrated 
the possibility to advance to a more pragmatic approach of resectability, by focussing on 
the remnant liver instead of characteristics of the tumour. A patient is nowadays considered 
resectable when all metastases can be completely removed while leaving sufficient 
functional remnant liver9.  Despite the many hopeful improvements in surgical and imaging 
techniques, only approximately 25% of patients are resectable at time of presentation. 

Radiofrequency ablation
Radiofrequency ablation (RFA) is one of the alternative treatment options for patients with 
unresectable colorectal liver metastases. With RFA, heat is generated using an alternating 
current, leading to local tumour destruction, with the advantage of inducing only minimal 
damage to the surrounding liver parenchyma. Some studies report 5-year survival rates as 
high as 30% when treating small tumours10. Although a randomized trial between RFA and 
resection has never been conducted, RFA is considered inferior to resection in terms of 
DFS and overall survival11. The major downside of RFA is the high local recurrence rate, 
mainly occurring in patients with large tumours and patients treated using a percutaneous 
approach. Therefore, RFA should not be used as an alternative for resection but as an 
additional treatment option for patients with severe comorbidity or insufficient liver 
remnants to resect all tumours. Both surgery and RFA are relatively safe procedures. 
Reported morbidity and mortality rates in high volume centres are 10-45% and less than 
5% for surgery and 2-10% and less than 1.5% for RFA4,12-17.
 
Factors affecting outcome after surgery 
Surgical resection or RFA alone is not sufficient as many patients will develop local or 
distant recurrences after surgery of colorectal liver metastasis18. Recurrence rates following 
resection vary between 20-53% of which approximately one third of recurrences are limited 
to the liver19. Reported re-resection rates for intrahepatic recurrence after resection of CLM 
vary from 5-27%, with comparable survival rates as the primary resection18,20. Many 
research groups have attempted to define factors predicting disease free survival after 
surgery of liver metastases in patients with colorectal cancer. There are some 
clinicopathological risk scores able to predict recurrences after resection of colorectal liver 
metastases which can help risk stratification in clinical trials. Unfortunately their accuracy 
is not sufficient enough to be applicable in daily clinical decision making21. Moreover, these 
scores reveal nothing about the processes behind recurrence.
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Technical aspects of RFA
Recurrence rates observed after RFA are significantly higher when compared to resection22. 
Liver recurrence following RFA occurs in 42-86% of patients23. RFA is often used to treat 
intrahepatic tumours and/or recurrences when resection is not possible. Local tumour 
progression at the site of RFA is a major cause of those recurrences, varying from 0-60% 
in literature3,11,24-28. Local tumour control depends on the complete destruction of the entire 
tumour including a sufficient margin of surrounding healthy tissue. Heat generated by RFA 
spreads via thermal conduction within the tissue. The coagulation effect depends on the 
perfusion of the tumour and composition of liver tissue. The radius of surrounding tissue 
that is destroyed depends on the impedance of the tissue and is inversely proportional to 
the square of the distance from the electrode. To create larger ablative areas, multiple 
overlapping ablations can be used. However, repositioning or withdrawal of the needle 
applicator with insufficiently treated tumour cells might cause implantation and outgrowth 
of tumour cells along the tract of the needle applicator as described in literature29. Another 
problem is the ablation of tumours with vicinity close to major hepatic vessels. The 
conductive heat loss caused by the proximity of major vessels, known as the heat-sink 
effect could prevent sufficient heat build-up in areas near the vessel leading to incomplete 
tumour destruction. Therefore peri-vascular tumour location is sometimes considered a 
contraindication for RFA. Besides size, ablative margin and vicinity close to major vessels, 
the local success rate of RFA depends on the experience of the operating physician and 
the use of an open approach30. This thesis examines part of the clinical and technical 
prognostic factors for local recurrence after RFA which are needed to enable improvements 
executing RFA in in vivo tumours.  

Molecular markers
Next to clinical, pathological and technical factors, molecular characteristics of tumours 
have been increasingly studied in colorectal cancer in order to predict outcome or response 
to therapy. For example SMAD4 mutations and microsatellite instability are correlated with 
a poor survival in CRC patients and KRAS mutation status predicts the resistance to 
epidermal growth factor receptor (EGFR) antibodies31,32.  However, a recent study has 
demonstrated that genetic characteristics of hepatic metastases are different from those 
of the matched primary tumour33. 
Therefore, it is important to find biological markers that give insight in the process of 
disease progression of patients with already established CLM as these factors might be 
different from prognostic markers found in patients with primary colorectal cancers. 
Profoundly validated prognostic molecular factors that predict outcome after surgery of 
CLM are still not available. Identifying biological markers associated with a more aggressive 
phenotype may help better define patients at risk for recurrence and could be used to 
determine which patients should undergo surgery and tailor pre- and post-surgical 
treatment. These markers can be found by validating factors, derived from preclinical 
research known to be involved in tumour growth, progression and invasion, in patient 
material and link them to survival. 
Recent developments such as genomics and proteomics make it possible to study the 
expression of thousands of genes or proteins at the same time directly in patient material. 
In primary colorectal tumours, expression profiling can distinguish colorectal tumours with 
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different aggressiveness and metastatic potential34-36. Gene expression signatures 
associated with survival in hepatic metastases from CRC have not yet been identified. 
Linking characteristics of CLM derived from genomics or proteomics to clinical outcome 
or response to therapy, might provide rapid insight into the multifactorial causes of tumour 
progression after resection of colorectal liver metastases.  

Micrometastases 
Intrahepatic recurrences can also be due to micrometastases left in the liver at time of 
resection or RFA. After surgery of colorectal liver metastases, micrometastases are present 
in 30-70%37-40. There are several aspects that make the postsurgical liver an ideal 
environment for the outgrowth of these subclinical liver metastases. Surgery induced 
hypoxia leads to overexpression of hypoxia inducible factors which are factors known to 
induce tumour cell survival and invasion41. After surgery, the liver regenerates to reach its 
original volume. In a regenerating liver, growth factors such as vascular endothelial growth 
factor (VEGF), hepatocellular growth factor (HGF), transforming growth factor (TGF), 
epidermal growth factor (EGF), macrophage inflammatory protein (MIP) en interleukine-6 
(IL-6) are upregulated. Most of these growth factors that play a role in liver regeneration 
also are pro-angiogenic and involved with migration of tumour cells and tumour growth42,43. 

Chemotherapy 
Patients with irresectable metastatic colorectal cancer can be treated with chemotherapy. 
Fluorouracil (5-FU) was the sole active agent for a long time. Since 2000, irinotecan and 
oxaliplatin were approved for clinical use and significantly improved survival of patients 
with metastatic colorectal cancer. Patients treated with regimens including oxaliplatin or 
irinotecan in addition to 5-flourouracil and leucovorin display a median survival of nearly 
two years44. Around the same time humanized monoclonal antibodies that target vascular 
endothelial growth factor (VEGF) and the epidermal growth factor receptor (EGFR) became 
available. Benefit from monoclonal antibodies targeting the EGFR is restricted to patients 
whose tumours do not contain mutated K-ras. Addition of the angiogenesis inhibitor 
bevacizumab to regimes including 5FU in combination with oxaliplatin or irinotecan 
demonstrated a survival benefit for unresectable metastatic colorectal cancer and is now 
the standard first line chemotherapy for this group of patients45,46.  

Multimodality treatment: chemotherapy in combination with surgery
Chemotherapy before surgery is increasingly used to downsize unresectable tumours. 
According to a recent review including 1886 patients with unresectable CLM, the response 
rate to chemotherapy, which is defined as a decrease of 50% or more in the sum of the 
longest diameters of target lesions, was 43-79%. In 23.1% of all patients downsizing led 
to a R0 resection and subsequent possibility for cure47. In resectable disease, chemotherapy 
in combination with surgery has also been proven useful, possibly by inhibition of the 
micrometastases. The results of a meta-analysis comparing surgery versus surgery in 
combination with systemic chemotherapy shows a DFS benefit for the combination of 
surgery with chemotherapy versus surgery alone (pooled HR, 0.71; CI, 0.582-0.878; 
P=0.001)48. From the results of this analysis, the timing of chemotherapy in patients with 
resectable disease is still unclear. Even if surgery is the treatment of choice in patients 



CHAPTER 1 |  13GENERAL INTRODUCTION

with resectable liver metastases, some patients do not benefit from resection because of 
aggressive disease of multiple subclinical tumours causing early recurrence. Some authors 
suggest that neoadjuvant chemotherapy for resectable colorectal liver metastases can 
serve as a biological marker and save patients from futile surgery when progressing on 
chemotherapy. Moreover it will decrease tumour burden, making a R0 resection easier. 
Theoretically this is an appealing approach, however there is no prove that neoadjuvant 
chemotherapy is beneficial in terms of DFS in patients with resectable CLM. A randomized 
controlled trial comparing peri-operative chemotherapy in combination with surgery to 
surgery alone showed an increase in disease free survival rates, but whether this effect is 
attributed to the pre, post, or the combination of pre- and post-chemotherapy is unknown49. 
Two studies demonstrated a disease free survival benefit for adjuvant chemotherapy and 
not for neoadjuvant chemotherapy, retrospectively analysing 466 patients treated with 
neoadjuvant chemotherapy versus 1566 treated with adjuvant chemotherapy50,51. Although 
these studies were retrospective, patients were selected based on similar patient 
characteristics and clinical risk factors. Until this question it answered in a randomized trial, 
patients should be resected first followed by adjuvant chemotherapy.

Targeted therapy
The recent addition of chemotherapy to surgery has prolonged time to recurrence. As 
mentioned above, pro-angiogenic growth factors are upregulated after surgery in the 
regenerating liver. The pro angiogenic factor VEGF is a ligand playing a central role in tumour 
growth, (tumour) blood vessel development and endothelial cell survival52-55. In order to 
grow beyond 2 mm a tumour is largely dependent on angiogenesis, whereby new vessel 
formation ensures an adequate supply of nutrients and oxygen56-58. Preclinical research 
demonstrates that treatment with an angiogenesis inhibitor inhibits the growth of colorectal 
liver metastases59-61. Adding a VEGF inhibitor to the current chemotherapy after resection 
of colorectal liver metastases might improve DFS by further inhibiting the outgrowth of 
liver metastases in a regenerating liver. 
Multimodality treatments for patients with resectable CLM are increasingly used, however 
some patients reach 5 year survival rates without the addition of chemotherapy and some 
patients will not respond to chemotherapy. These patients will be over-treated and 
experience the toxic effects of chemotherapy without additional benefit. Therefore an 
evident need exists for factors that can more precisely predict clinical outcome after surgery 
and factors that can predict response to adjuvant therapy in order to personalize therapeutic 
decision making. 
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OUTLINE OF THE THESIS

Recurrence after surgery of colorectal liver metastases is a major problem, despite all the 
improvements in treatment modalities or combinations thereof. This thesis examines 
factors that might provide insight in disease progression and recurrence in patients 
undergoing surgery for their colorectal liver metastases. Such biomarkers are much needed 
to optimize and personalize treatment strategies in abovementioned patients.
Local tumour progression (LTP) after local ablation of malignant liver tumours negatively 
influences patient survival. In chapter 2 and 3 we examine whether viable tumour cells 
attached to the needle applicator are associated with increased LTP. 
In chapter 4 we discuss the safety and efficacy of treating tumours close to major vessels 
with a multipolar RFA device. Tumours close to major vessels pose a challenge for surgery 
as resection is often impossible. RFA could be an alternative treatment option with the 
downside of the heat sink effect due to the large vessels and consequently insufficient 
heat build-up to destroy the tumour. Theoretically, multipolar RFA is less susceptible to this 
heat sink effect as the electric current moves between RFA applicators and impedance is 
continuously adjusted.
Extensive preclinical research show that soluble CD95L is able to induce tumour invasion. 
This led to the question in chapter 5 whether soluble CD95L, measured in the serum of  
patients undergoing surgery for synchronous liver metastases, is associated with a more 
aggressive subtype and can be used to predict recurrences. 
In chapter 6, we used genomics and proteomics to gain insight in the factors involved in 
the multistep process causing progression and metastases formation in colorectal cancer. 
Therefore differences in gene- and protein expression were determined between stage IV 
CRC patients that had an early and patients that experienced a late recurrence. Using these 
high throughput screening techniques, the factor Maspin was found and its expression in 
different stages of CRC was further examined.
Gene expression profiling of colorectal tumours has led to the identification of gene 
expression signatures associated with metastatic capacity and disease free survival. In 
chapter 7 we examine whether gene expression profiling leads to a better predictor of 
DFS after resection of CLM compared to the known clinical risk scores. 
Neoadjuvant treatment for resectable colorectal liver metastases is increasingly used 
following the example of other cancer types. However, how neoadjuvant chemotherapy 
alters the cellular state of the remaining colorectal liver metastases and whether its effects 
are beneficial is largely unknown. Therefore, we examined differences in gene expression 
of the remaining tumour cells between chemotherapy treated patients compared to chemo-
naive patients in chapter 8. 
In order to grow beyond 2 mm, tumours need their own blood supply. By excreting pro-
angiogenic factors such as VEGF tumours are able to form new vasculature. Because 
preclinical studies show that anti-angiogenic treatment has prevented the outgrowth of 
micrometastases, we present a phase III clinical trial that examines the effect of addition 
of an angiogenesis inhibitor to an adjuvant CAPOX regime on DFS in chapter 9 and 10.
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ABSTRACT

Aim
Local recurrence and needle track seeding are serious complications after local ablation 
for liver malignancies and potentially affect long-term survival. The aim of this study was 
to assess the incidence of viable tissue adherent to the needle applicators after ablation 
to gain insight into the possible mechanisms of local recurrence and needle track seeding. 

Methods
A total of 40 consecutive patients underwent 59 local liver ablations. Cells and tissue 
attached to the needle applicators were analysed for morphology (HE, PAP and Giemsa 
staining) and viability (G6PD staining). 

Results
Macroscopic tissue adherence was visible following 31 of the ablative procedures, all with 
radiofrequency ablation. Four applications were performed percutaneously and 27 during 
an open procedure. Morphologically intact tumour cells could be identified in 8 patients 
(20%), and viable tumour cells in 5 patients (12.5%). Morphologically intact tumour cells 
or viable tumour cells could only be demonstrated when track ablation was not performed. 

Conclusion
Viable tumour cells adherent to the needle applicators were found in an alarming 12.5% 
of patients after local ablation. We recommend track ablation not only after the procedure 
but also during any shifting and (re-)positioning to prevent shedding of viable tumour cells 
during or after ablation.

 INTRODUCTION

Liver surgery is the golden standard therapy for hepatocellular carcinoma (HCC) and liver 
metastases (LM). Unfortunately, only 20% of patients are eligible for partial liver resection1-3. 
Radio-frequency ablation (RFA) and laser-induced thermal therapy (LITT) are alternative 
techniques for local liver ablation. In both techniques, heat is generated leading to local 
tumour destruction with only minimal concomitant damage to the surrounding liver 
parenchyma. RFA and LITT are considered relatively safe techniques with the ability to 
accomplish local disease control4–7. Published long-term results after RFA and interstitial 
laser coagulation (ILC) seem to be promising with 5-year survival rates ranging from 30 to 
40% and 15 to 35%, respectively7–14. However, we have to bear in mind that results in the 
literature are difficult to interpret due to patient selection. At present, no randomised trials 
are available comparing RFA or LITT with partial liver resection for resectable liver 
malignancies. Mortality rates after RFA are low. According to the 3 largest studies including 
more than 6,000 patients treated with RFA, mortality ranges from 0.2 to 0.5%, while 
reported complication rates range from 7.1 to 9.8%8,9,15–17. Mortality and morbidity rates 
after LITT are reported within the same range11. Abdominal bleeding, hepatic abscess and 
biliary tract damage are the most common complications. As RFA and LITT seem to benefit 
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survival, recent studies reporting on needle track seeding (NTS) and high local recurrence 
rates after RFA were perceived with concern, as both phenomena might interfere with 
these good therapeutic 
results12,14,15,18.  Local recurrence after RFA is very common and varies between 2 and 60% 
amongst different studies19,20. Local recurrence can be explained by the outgrowth of 
residual tumour cells after RFA or LITT due to incomplete tumour ablation. Retreatment 
of local recurrence is possible in approximately 55% of the cases21.
However, in case of NTS, tumour cells attached to the electrode are disseminated through 
the liver, which may result in new tumour formation somewhere along the needle track. 
Retreatment is only possible if these tumour deposits are surgically resectable or can be 
treated again with RFA. Peritoneal seeding, however, disables any curative retreatment. 
The incidence of NTS varies between 0 and 12.5% in different studies17,18,22,23. The true 
incidence of NTS after LITT and RFA may be underestimated because of the short follow-
up of studies or because clinicians may have overlooked this uncommon complication.
Track ablation, i.e. cauterisation of the needle/fibre track, is advised in the literature to 
prevent shedding of viable tissue. The aim of this study was to assess the incidence of 
viable tumour tissue adherent to the electrodes (RFA) and fibres (LITT) immediately after 
use to gain insight into the possible mechanisms of NTS and local recurrence.

 PATIENTS AND METHODS

Patients
In this multicentre observational study, between November 2004 and November 2005, 
needle applicators were collected from 40 consecutive patients from 7 centres. This 
study protocol was approved by the ethical committee on human research. Eight patients 
were treated for HCC, while 32 patients were treated for LM. A total of 59 applications 
(46 RFA, 13 ILC) were needed to treat 50 tumours. All patients were enrolled prospectively 
and underwent standard staging before treatment, including computed tomography of 
the abdomen. Medical records were reviewed for patient and tumour characteristics 
(Table 1).

RFA/LITT Procedure
Curative resection was the treatment of choice in all patients. When resection was not 
feasible, patients were considered for RFA treatment or LITT. Patients were not eligible 
for partial hepatectomy because of (multifocal) intra- or extrahepatic disease, inadequate 
functional hepatic reserve, inability to obtain an optimal tumour-free margin, vascular/biliary 
involvement, or when the patients’ physical condition did not allow for major surgery. In 
this study, RFA was mainly performed during an open procedure. A percutaneous approach 
depended on the physician’s preference, the patient’s general condition and the accessibility 
of the tumour. In all cases, the RFA electrode or laser fibre was positioned in the centre of 
the tumour under ultrasound guidance, aiming to induce complete necrosis of all tumour 
tissue with a circumferential necrotic rim of 0.5–1.0 cm of liver parenchyma. If necessary, 
multiple overlapping applications (range: 1–3) were performed to cover the entire tumour. 
RFA was performed using 3 different commercially available RFA systems.



RADIOFREQUENCY ABLATION  |  CHAPTER 2  22  |

The Radionics RF system (Radionics, Burlington, Mass., USA) consists of a 500-kHz RF 
generator (series 3; Radionics) attached to a single or cluster cooled-tip electrode. For small 
tumours, a single electrode with 3.0 or 4.0 cm of exposed metallic tip was used. For larger 
tumours, we used a triple electrode cluster consisting of 3 electrodes with an active tip 
length of 2.5 cm that are triangularly configured and spaced 5 mm apart. A peristaltic pump 
infused normal saline solution into the lumen of the electrode(s) to increase the amount 
of energy deposited. Local temperature was recorded by an embedded thermocouple to 
ascertain therapeutic effectiveness. The Radiotherapeutics RF system (Radiotherapeutics, 
Sunnyvale, Calif., USA) used in this study includes a RF 2000 or 3000 generator system. 
The RF 2000 system consists of a generator that supplies up to 200 W of power and is 
connected to a Leveen™ monopolar array electrode (RTx). After deployment in the centre 
of the tumour, the initial low power was increased at increments of 10 W, according to the 
algorithm provided by the manufacturer, until a major increase in impedance, the so-called 

Table 1 |  Patient and tumour characteristics.

Total number of patients 40

Males 21 (52.5)

Females 19 (47.5)

Age

Mean ± SEM 67 ± 1.97

Interquartile range 95 - 77 

Range 51

95% CI 63.1 - 70.9

Total number of tumours 50

Tumour histology 9

HCC 8 (16) 

Liver metastases 42 (84)

Colorectal 37 (88)

Breast 2 (4.8)

Leyomyosarcoma 2 (4.8)

Unknown of primary tumour (2.4)

Differentiation of primary tumour

Good 0 (0)

Moderate 37 (88)

Poor 5 (12)

Tumour diameter

Mean ± SEM 3.3 ± 0.24

Interquartile range 1.8 - 4.6

Range 0.66 - 8.00

95% CI 2.83 - 3.77

Values in parentheses denote percentages.
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‘roll-off’, was achieved. In all applications, 2 roll-offs were achieved. The RITA RF system 
(RITA Medical Systems, Mountain View, Calif., USA) consists of the RITA RF model 1500 
connected to a 14-G Starbust XL electrode of 2, 3, 4 or 5 cm. The electrode was flushed 
before puncture by injecting saline through the lateral hub. The initial power was set at 50 
W and prongs were positioned 2 cm apart. In a stepwise manner, the prongs were 
positioned up to 5 cm at 110°C, and RF energy was set at 110 W and maintained for 7 
min. After switching off, temperature should be 70°C in all 4 temperature detectors at the 
tip of the 4 prongs for at least 30 s for the ablation to be considered complete.
LITT was applied using a neodymium:yttrium-aluminium-garnet (Nd:YAG) laser (Trumpf 
Medizin Systeme, Umkirch, Germany) at a wavelength of 1,064 nm. Multiple laser fibres 
(range: 1–3) were positioned simultaneously to cover the entire tumour.
 
Track Ablation
In the Radionics RF system, the peristaltic pump was stopped as well as the RFA current 
prior to slow electrode withdrawal (range: 10–30 s) to perform complete track ablation by 
achieving temperatures higher than 60 ° C at the tip of the electrode along the needle track. 
In the RITA RF system, needle track ablation was performed using the automatic track 
ablation modus (range: 30– 60 s). The electrodes were withdrawn at steps of 1 cm until a 
temperature of 80 °C was reached. Laser light (25 W) was continuously delivered during 
slow withdrawal (10–30 s) of the laser fibre in order to provide sufficient necrosis of the 
needle track after LITT. Track ablation could not be performed using the Radiotherapeutics 
RF system.

Histopathology
RFA electrodes and laser fibres were inspected immediately after retraction for the 
presence of macroscopic tissue fragments. Subsequently, all electrodes and fibres were 
rinsed and cleaned in a sterile tube containing complete Williams E (10% FCS, 1% penicillin 
and 1% glutamine, Bio Whittaker Europe). Cells were maintained at room temperature 
during transport and, after transport, the cell suspension was centrifuged for 10 min (21 ° 
C, 900 rpm). The macroscopic tissue fragments appeared too small to fortify the cryostat 
sections and were fixed in 4% formaldehyde and embedded in paraffin. Sections (3–4 µm) 
were stained for routine haematoxylin and eosin (HE) staining for morphological evaluation. 
Unfortunately, immunohistochemical (viability) staining was not possible on paraffin-
embedded material, disabling any viability staining. The remaining cell suspensions were 
used for assembling cytospins which were stained with PAP and Giemsa and frozen for 
viability staining with glucose-6-phosphate dehydrogenase (G6PD).

Morphology
For analytic purposes, pathological examination of stained fragments (HE) or cytospins 
(PAP, Giemsa) were classified as findings of: (1) coagulation necrosis (no cells identifiable), 
(2) morphologically identifiable tumour cells (tumour cells with a distorted cell outline, poorly 
identifiable cytoplasm and/or pyknotic nuclei), and (3) intact tumour cells. A technician from 
the cytological department and the study pathologist independently judged the specimens 
blinded to the applied procedure and the patients’ characteristics.



RADIOFREQUENCY ABLATION  |  CHAPTER 2  24  |

Viability
Viability of cells was determined using G6PD on frozen cytospins. G6PD is a cytosolic 
nicotinamide adenine catalysing the initial step in the hexose monophosphate shunt, 
oxidising glucose-6-phosphate to 6-phosphogluconolactone and reducing NADP to NADPH, 
which is used as a marker of mitochondrial activity 24, 25. Cytospins were scored by 2 
independent investigators blinded to the applied procedure and the patients’ characteristics.

Statistical Analysis
Various parameters were recorded that may possibly influence the occurrence of intact 
tumour-cell adherence on needle applicators as detected on examination after morphological 
(HE, PAP or Giemsa) or viability (G6PD) staining: tumour histology (HCC vs. LM), tumour 
differentiation (good, moderate or poor), tumour size (≤ 3 vs. > 3 cm), subcapsular or deep 
tumour localization (≤ 1 vs. > 1 cm from Glisson’s capsule), type of RFA electrode or laser 
fibre, approach (open vs. percutaneous), number of attempts necessary for correct 
positioning in the centre of the tumour (≤ 1 vs. > 1), total time needed for the correct 
positioning (≤1 vs. > 1 min) and application of track ablation. Univariable analysis using the 
chi2 test was performed for all applications. p<0.05 was considered statistically significant. 
All statistically significant parameters were then analysed again using multivariable logistic 
regression analysis. Again, p<0.05 was considered statistically significant.

RESULTS

A total of 40 patients underwent 59 local liver ablations (46 RFA, 13 ILC). Eleven applications 
were used for the ablation of 8 HCCs and 48 applications for the treatment of 42 LM. 
Thirteen of the 59 applications were performed percutaneously, while 46 applications were 
performed during an open procedure. The characteristics of the applications are listed in 
Table 2.
Track ablation was applied in 31 of 59 applications (53%), was not technically feasible after 
24 applications using RTx electrodes (100%, p = 0.000), and was omitted during the early 
phase of this study, i.e. after 3 applications using Radionics electrodes (21%) and 2 
applications using laser fibres (15%).

Histopathology/Morphology
Macroscopic inspection of the RFA electrodes and laser fibres revealed tissue adhering to 
the electrodes following 31 of the 59 applications (53%). The use of RTx and RITA 
electrodes was inevitably associated with the adherence of macroscopic tissue (100% and 
87.5%, respectively), while no adherence could be observed macroscopically after using 
the Radionics electrode or laser fibre. Morphologically intact tumour cells could be identified 
after 8 of 59 applications (13.6%) in 8 of 40 patients (20%) (Table 2), all performed with 
the RTx electrode. Stained histological sections demonstrated an architecture with tumour 
characteristics without any visible treatment effects. Clear cell outlines, a normal 
cytoplasmatic aspect and normal nuclear structures were observed (Figure 1). Remarkably, 
all applications were performed with the RTx electrode, and track ablation during withdrawal 
of the RTx electrode was not technically feasible.
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Table 2 |  Application characteristics.

Total number of applications 59

HCC 11 (18.6)

Liver metastases 48 (81.4)

Local ablative technique

RFA 46 (78)

ILC 13 (22)

Tumour localization

Subcapsular 43 (73)

Deep 16 (27)

Approach

Open procedure 46 (78)

Percutaneous 13 (22)

Electrode

Radiotherapeutics (RTx) 24 (40)

RITA 8 (14)

Radionics 14 (24)

Laser fibre 13 (22)

Time to positioning, s

Mean ± SEM 75 ± 20.9

Interquartile range 10 - 60

Range 5 - 900

95% CI 35.4 - 114.2

Number of attempts

Mean ± SEM 2.5 ± 0.37

Interquartile range 1 - 2

Range 1 - 9

95% CI 1.82 - 3.25

Total ablation time, min

Mean ± SEM 1781.25 17 ± 1.25

Interquartile range 11 - 21 

Range 5.00 - 40.00

95% CI 14.6 - 19.5

Track ablation

Yes 31

No 28

Values in parentheses denote percentages.
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Figure 1 |  a. Cytospin (PAP) obtained from a needle electrode in which no cells can be 
identified. Only cell remnants, fibrin and erythrocytes are found. b. Cytospin obtained from 
a needle electrode showing morphologically viable hepatocytes. c. Histological appearance 
(HE) of macroscopic tissue fragments adherent to RFA electrodes demonstrating necrotic 
cells, eosinophilic cytoplasm, dilated sinusoids and pyknosis, defragmentation or even loss 
of nuclei. d. HE-stained section of a macroscopically visible tissue fragment obtained from a 
needle electrode after ablation of liver metastases. An area with viable cylindrical cells is seen 
as evidenced by clear cell outlines as well as normal cytoplasmatic structures. e. Tumour cells 
obtained from a needle electrode. However, these tumour cells are likely to be non-viable as the 
cytoplasm is poorly identified and the cell outlines are distorted.

a b

c d

e
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Table 3 |  Univariable analysis on possible risk factors associated with viable tumour cells attached to needle 
applicators per application.

Risk Factors Morphologically 
intact tumour 
cells

P Value G6PD-positive 
tumour cells,  
n = 58
(missing n = 1)

P value

Age

>65 0.639 0.103

<65

Gender

Male 0.305 0.396

Female

Subcapsular

Yes 7/43 0.317 4/42 0.691

No 1/16 1/16  

Type of tumour

HCC 2/11 0.532 1/10 0.864

Metastasis 6/48 4/48 

Differentiation of primary tumour

Moderate 4/42 0.235 4/42 0.728

Poor 2/6 0/6 

HCC 2/11 1/10

Needle

RTx  8/24 0.003 5/23 0.040

RITA 0/8 0/8 

Radionics 0/14 0/14 

Laser 0/13 0/13

Tumour size

≥3 cm 4/30 0.959 2/29 0.640

<3 cm 4/29 3/29 

Approach

Open 8/46 0.102 5/45 0.169

Percutaneous 0/13 0/13 

Time to positioning

>1 min 1/10 0.981 0/10 0.465

≤1 min 4/40 2/39 

Unknown 9 9

Track ablation

Yes 0/31 0.002 0/30 0.015

No 8/28  5/28  
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Viability
Viability staining (using G6PD) was assessed on cytospins of the remaining cell suspension 
after removal of the macroscopic tissue fragments. G6PD staining of frozen cytospins of 
this cell suspension demonstrated viable tumour cells after 5 of 58 applications (8.6%) in 
5 of 40 patients (12.5%). All applications were performed using the RTx electrode without 
track ablation. The occurrence of viable tumour cells as detected by G6PD staining was 
significantly associated with the type of electrode used (20.8 vs. 0%, p = 0.04) and the 
omission of track ablation (20.8% vs. 0%, p = 0.015) in univariable analysis
(Table 3).

Related Parameters
We identified 2 factors to be associated with adherence of either morphologically intact 
tumour cells or viable cells (p < 0.05): (1) type of electrode used (RTx electrode), and (2) 
omission of needle track ablation after tumour ablation. No statistical significance could be 
demonstrated after multivariable analysis, probably due to the small numbers.

DISCUSSION

In this study, tissue adherence was visible macroscopically after 53% of all applications, 
demonstrating displacement of tissue through the liver. Morphologically intact tumour cells 
could be identified after local ablation in 20% of the patients (8/40) and viable tumour cells 
in 12.5% (5/40). 
We hypothesized that when viable tumour cells are detected adherent to the electrode or 
laser fibre during RFA or LITT, it is likely that tumour cells have seeded along the needle 
track and have remained in situ. How-ever, the absence of viable cells adherent to the 
needle applicators after retraction does not exclude the occurrence of seeding before 
retraction. Viable cells could get stuck in the liver parenchyma or skin. This might 
underestimate the incidence of viable tumour cells found in our study. Factors related to 
NTS in the literature are subcapsular location17,19,26, time to positioning19 and differentiation 
of primary tumour17 as well as type of tumour, type of needle, tumour size, approach and 
performance of track ablation. We identified 2 factors that were associated with the 
adherence of either morphologically intact tumour cells or viable cells (p < 0.05): (1) type 
of electrodes used (RTx electrodes), and (2) omission of needle track ablation after tumour 
ablation. In our study, no morphologically intact or viable tumour cells could be demonstrated 
when track ablation was applied, while the incidence of viable cells was 31% (5 of 28 
applications) when track ablation was not performed (p = 0.035). Although track ablation 
is widely recommended in the literature, no track ablation could be performed with the 
RTx electrodes (n = 24). Track ablation was not performed in another 5 applications due to 
underestimating its importance. These observations emphasize the need for better 
implementation of the guidelines recommended in the literature concerning daily clinical 
practice of RFA and LITT. Remarkably, Sofocleous et al27 demonstrated morphologically 
intact tumour tissue adherent to the RITA electrode in 5 of 20 cases (25%), while track 
ablation was performed in all cases; however, no viability staining was performed. In our 
study, 1.4 attempts (range: 1–4) at needle positioning were needed for correct placement. 
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When the electrodes were repositioned, no track ablation was performed, theoretically 
enabling tumour cell dissemination before starting the ablation. We are aware of the 
limitations of this study. First of all, this study was performed in 
7 hospitals with different experience in RFA and LITT. Different commercially available 
devices were used, and no long-term follow-up data were present. Multivariable analysis 
did not demonstrate any statistical significance, probably due to the small number of 
applications with viable tumour cells. 

CONCLUSION

Viable tumour cells adherent to the needle applicators were found in an alarming 12.5% 
of patients after local ablation. We recommend using RFA electrodes or LITT fibres that 
enable track ablation and applying track ablation not only after the procedure but also during 
any shifting and (re-)positioning of the needle to prevent shedding of viable tumour cells 
before complete ablation.
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ABSTRACT

Background
Local tumour progression (LTP) is a serious complication after local ablation of malignant 
liver tumours, negatively influencing patient survival. LTP may be the result of incomplete 
ablation of the treated tumour. In this study we determined whether viable tumour cells 
attached to the needle applicator after ablation was associated with LTP and disease-free 
survival (DFS).

Methods
In this prospective study, tissue was collected of 96 consecutive patients undergoing local 
liver ablations for 130 liver malignancies. Cells and tissue attached to the needle applicators 
were analysed for viability using glucose-6-phosphate-dehydrogenase (G6PD) staining and 
autofluorescence intensity levels of H&E stained sections. Patients were followed-up until 
disease progression. 

Results
Viable tumour cells were found on the needle applicators after local ablation in 26.7% of 
patients. The type of needle applicator used, an open approach and the omission of track 
ablation were significantly correlated with viable tumour tissue adherent to the needle 
applicator. The presence of viable cells was an independent predictor of LTP. The attachment 
of viable cells to the needle applicators was associated with a shorter time to LTP.

Conclusion
Viable tumour cells adherent to the needle applicators were found after ablation of 26.7% 
of patients. An independent risk factor for viable cells adherent to the needle applicators 
is the omission of track ablation. We recommend using only RFA devices that have a track 
ablation functionality. Adherence of viable tumour cells to the needle applicator after local 
ablation was an independent risk factor for LTP.

Abbreviations
HCC: Hepatocellular Carcinoma
LITT: Laser induced thermal therapy 
LM:  Liver Metastasis
RFA: Radiofrequency ablation
LTP: Local tumour progression

INTRODUCTION

The most effective treatment for patients with primary or metastatic liver tumours confined 
to the liver is surgical resection1-2.  Owing to improvements of imaging techniques, 
expanded surgical possibilities and effective neoadjuvant treatment, liver resection is 
nowadays applicable in an increasing amount of patients. Nevertheless, the majority of 
patients with primary or metastatic hepatic malignancies are unresectable. Local tumour 
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destruction by radiofrequency ablation (RFA) or laser induced thermal therapy (LITT) has 
proven to be a safe and effective treatment in patients with unresectable liver 
malignancies3-7.  Reported 5-year survival rates after local ablation are 18-30% for tumours 
smaller than 4 cm8-19.
A major downside of RFA is local tumour progression (LTP) varying from 0-60% in 
literature3,5,20-23.Large tumour size and a percutaneous approach have been reported with 
a higher incidences of LTP according to a meta-analysis of  5224 treated liver tumours 
treated with RFA23. LTP usually is the result of incomplete ablation of the treated tumour. 
Repositioning or withdrawal of the needle applicator with insufficiently treated tumour cells 
might cause implantation and outgrowth of tumour cells along the tract of the needle 
applicator. Previously, Ohlsson and colleagues demonstrated the implantation and 
outgrowth of tumour cells in 1% of patients with HCC and 10% of patients with colorectal 
liver metastases after fine needle biopsy24. In a previous paper on 40 patients who 
underwent local ablation, we observed that tumour tissue was macroscopically visible on 
the needle applicator after 53% of all applications, demonstrating displacement of tissue 
through the liver during and after local ablation. Remarkably, 12.5% of the tumour cells 
attached to the needle applicator were viable immediately after local tumour ablation25. 
Therefore, we hypothesized that tumour dissemination through attached viable cells on 
the needle applicator and subsequent outgrowth of these cells along the needle applicator 
track, potentially threatens patient survival after local ablation. 
The aim of this study was to determine the incidence of viable tumour cells attached to 
needle applicators after ablation and to assess whether the presence of viable tumour cells 
correlated with LTP and disease-free survival.

MATERIAL AND METHODS

Needle applicators were collected after local ablation of 130 malignant liver tumours in 96 
consecutive patients. All 130 liver malignancies of primary or secondary origin were treated 
between November 2004 and November 2006 among 7 centres in the Netherlands. The 
study protocol was approved by the institutional Ethical committees on human research. 
Patients underwent standard staging before treatment, including computed tomography 
of the abdomen. All patient, tumour and ablation characteristics were prospectively 
collected using case report forms during and after ablation and transferred to our prospective 
database.

Inclusion criteria
Patients with unresectable primary or metastatic tumours confined to the liver as decided 
by the surgeon and/or radiologist were considered for this study. Patients 18 years or older 
who were amenable to RFA or LITT treatment were included in the study.

Exclusion criteria
Patients younger than 18 years, patients unfit for surgery, patients with tumours adjacent 
to or infiltrating large vessel(s) or patients with extrahepatic disease were excluded.
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RFA/LITT procedure
In all treated tumours the RFA electrode or laser fibre was positioned in the centre of the 
tumour under ultrasound or CT guidance with the aim to induce necrosis with a 
circumferential necrotic rim of 0.5 to 1.0 cm. If necessary, multiple overlapping applications 
were performed. RFA was performed using three different commercially available RFA 
systems; the Radionics RF system  (Covidien, Mansfield, MA ) consisting of a 500 kHz RF 
generator connected to 15-G Radionics cool-tip mono- or triple needle applicators varying 
from 2-3 cm in active tip (series 3 Radionics), the Radiotherapeutics RF system (Natick, 
Boston Scientific MA) inducing a RF 2000 or 3000 generator system in combination with 
a 15-G LeVeen needle applicator with deployable tines of 2.5- 4 cm and the RITA RF system 

Figure 1 |  Flowchart inclusion tissue and patients.
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(RITA Medical Systems, Mountain View, CA) consisting of the RITA RF model 1500 
connected to a 14-G Starbust XL needle applicator with deployable tines of 2, 3, 4 or 5 cm. 
LITT was applied using a neodymium:yttrium-aluminum-garnet (Nd:YAG) laser (Trumpf 
Medizine Systeme, Umkirch, Germany) with a wavelength of 1,064 nm. All surgeons 
preferred an open approach.  A percutaneous RFA/LITT was performed when the patient 
was not in sufficient condition to undergo open surgery, or had a small easy accessible 
tumour.  One centre preferred percutaneous RFA above open RFA. This centre used CT 
guidance for positioning of the needle applicator and subsequent control of the ablation 
zone after RFA. 

Tissue collection
RFA electrodes and laser fibres were inspected immediately after retraction for the 
presence of macroscopic tissue fragments. Subsequently, all electrodes and fibres were 
rinsed and cleaned in a sterile tube containing Complete Williams E (10 % FCS, 1% 
Penicillin, Bio Whittaker Europe and 1% Glutamine, Bio Whittaker Europe), within 10 
minutes after ablation. During transport cells were maintained at room temperature. After 
transportation, the cell suspension was centrifuged for 10 minutes (21° C, 50g).  
Macroscopic tissue fragments were fixed in 4% formaldehyde and embedded in paraffin. 
Sections (3-4 µm) were stained with haematoxylin and eosin staining (H&E staining). 
Remaining cell suspensions were used for assembling cytospins which were stained with 
Papanicolaou (PAP) and Giemsa. Four fortified cytospins were stored in -80 °C immediately 
after use for later viability staining with Glucose-6-Phosphate-dehydrogenase (G6PD). 
Samples collected later than 10 minutes after ablation, not collected in Complete Williams 
E or not processed on the same day were excluded (Figure 1).

Determination of viability
Glucose-6-phosphate-diaphorase staining
Glucose-6-phosphate-diaphorase is a cytosolic nictotinamine adenine catalysing the initial 
step in the hexose monophosphate shunt oxidizing glucose-6-phosphate to 
phosphogluconolactone and reducing nicotinamide adenine dinucleotide phosphate (NADP) 
to NADPH. The hydrogen from reduced NADP reduces the nitro blue tetrazolium (NBT) 
used forming NBT-formazan which results in a blue colour in viable cells. 26,27 Defrosted 
cytospins were placed in incubation medium for 15 minutes at 37 ºC. The incubation 
medium consisted of 10 mM Glucose-6-phosphate, 0.8mM NADP, 5mM sodium azide  
(NaN3), 5mM magnesium chloride (MgCl2), 5 mM, 0,4mM 1-methoxyphenazine 
methosulfate (mPMS), 5mM nitro blue tetrazolium (NBT Polyscience, Northampton, UK) 
and 11% Polyvinyl alcohol (PVA: Sigma-Aldrich, St Louis) containing phosphate buffer 
(PH7,45). After incubation, slides were washed with 100mM phosphate buffer for 3 
minutes. Slides were mounted with glycerine and covered with glass. Blue coloration of 
the cytoplasm indicated viable cells. HepG2 cells were used as positive controls. Incubations 
of HepG2 cells were performed in the same medium without any substrate (glucose-6-
phosphate). Because G6PD is a cytosolic stain, the ratio between nucleus size and 
cytoplasm size was compared with the sizes in the Giemsa/Pap stained cytospins of the 
same application containing tumour cells. 
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Autofluorescence
Macroscopic tissue fragments were too small to fortify cryostat sections and were therefore 
embedded in formalin and fixed in paraffin disabling G6PD viability staining. Because 
morphologically intact tumour cells might be a result of heat fixation we added an 
autofluoresence method described by Hennings and colleagues to discriminate between 
heat-fixed tissue and viable tumour tissue. 28 Necrotic cells are known to exhibit increased 
autofluorescence when excited with light at 488 nm, as cellular autofluorescence increases 
with decreasing metabolic activity29-32. 
The study pathologist (FJWtK) determined whether H&E sections contained intact tumour 
tissue. All HE sections containing intact tumour cells were examined for autofluorescence 
using 488 nm wavelength. To validate the method described by Hennings and colleagues 
on tissue of liver tumours, we compared autofluorescence intensities of biopsies containing 
viable tumour cells from CRLM and HCCs with biopsies with known apoptotic or necrotic 
cells of CRLM and HCCs. Biopsies were obtained immediately after resection and snap-
frozen in liquid nitrogen to maintain viability. H&E slides were produced and examined 
under bright-field microscopy using fluorescence microscopy for discrimination of necrotic 
or heat fixed tissue and viable tissue. Images were acquired using a Zeiss Axiovert 200 M 
microscope and Zeiss LSM 510 Software. Unmodified photos were analysed using the 
Zeiss LSM 510 Software. Within each image, six random areas were outlined using the 
polygon function and individually analysed.
Autofluorescence intensity was determined using the histogram function. The mean 
fluorescence intensities with the 95% confidence interval of viable tissue fragments (n=30) 
and of dead tissue fragments (n=30) were determined to define the autofluorescence 
intensities of viable and dead cells, respectively. Mean autofluorescence intensity of the 
30 areas of viable cells was117 (95%CI: 80.139-154.02).  The maximum intensity measured 
in the 30 viable spots was 400. Therefore intensities ranging from 0-400 were considered 
to correspond with viable cells. Mean autofluorescence intensity of the 30 areas that 
contained non-viable tissue was 1462 (95% CI: 1443.78-1480.56). 

Follow-up
Follow-up included abdominal and chest CT scanning within the first month after RFA and 
thereafter at least every six months. Patients with a minimum follow-up of one year were 
included in the survival analysis. Patients undergoing a repeated treatment because of 
technical failure or transplantation within a year after ablation as well as patients receiving 
adjuvant therapy were excluded from the survival analysis. LTP was defined as tumour 
growth adjacent to the original ablated tumour on CT scan. Time to LTP was defined as 
the time between RFA and the first sign LTP. Disease free survival was defined as time 
between RFA and the first sign of recurrence. 

Statistical analysis
Univariable analysis using a chi-square test was performed to see if any of the 
abovementioned factors were associated with the presence of viable tumour cells on the 
needle applicator. Possible factors related to LTP were examined using a multivariable 
logistic regression analysis. Survival time was calculated using the Kaplan-Meier survival 
function. A Cox regression analysis was performed to determine risk factors for time to 
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LTP and disease-free survival. For all analyses a p-value of < 0.05 was considered statistically 
significant. Statistical analyses were performed using SPSS for Windows version 15.0 
(SPSS, Chicago, Illinois, USA).

 RESULTS

During the study period, tissue was collected after ablation in 96 patients (Figure 1). In 21 
patients, samples did not fulfil the criteria for analysis after ablation. For patient-and tumour 
characteristics; see Table 1. Coagulation of the needle track was not possible in case of 
the Radiotherapeutics system used in this study (29 out of 98 applications). Track ablation 
was also not used in one other patient treated with LITT because of subcapsular location 
of the tumour. In all other procedures, track ablation was carried out. Mean tumour size of 
the treated tumours was 3 cm (SD: 1.8). Vascular inflow occlusion (Pringle manoeuvre) 
was used during ablation in 11 out of 75 patients (14,7%). The Pringle manoeuvre was 
used mostly by the surgeon using LITT. This surgeon used the Pringle manoeuvre in all of 
9 patients treated. Only two other hospitals used the Pringle manoeuvre in two cases in 
which the tumours were adjacent to large hepatic vessels.

Vital tumour cells after local ablation
Cytospins stained positive for viable tumour cells in 17 out of 89 applications. Thirty-one 
sections were judged by the study pathologist for presence of morphologically intact 
tumour cells. Twenty-six sections showed low autofluorescence intensities indicating viable 
tumour tissue, whereas 5 tumours demonstrated high autofluorescence intensities 
indicating heat-fixed cells (see Figure 2 and 3). The H&E slides without morphologically 
intact cells all demonstrated high (>1000) autofluorescence levels (results not shown).Of 
the 75 patients treated, viable tumour cells were found after treatment of 20 patients 
(26.7%). Three factors were associated with adherence of viable tumour cells using a 
univariable regression model (p<0.05): 1) the type of electrode used (Radiotherapeutics 
electrode), 2) an open approach 3) the omission of needle track ablation after tumour 
ablation. The omission of track ablation remained the only independent significant factor 
associated with viable tumour cells on the needle applicator as determined with a 
multivariable regression model. There was a significant correlation between the use of 
track ablation and the use of a percutaneous approach (Spearman correlation coefficient 
0.393 p=0.000).  When an open approach was used, track ablation was performed in 53% 
of applications. When a percutaneous approach was used track ablation was used in 92% 
of applications.  There also was a nearly significant correlation between the needle 
applicator used and the use of track ablation (Spearman correlation coefficient 0.561 
p=0.064). Track ablation was applied whenever possible. In two hospitals the 
Radiotherapeutics RF system was used. With this system, track ablation was not possible 
(29 out of 89 applications). With one other application, concerning a subcapsular tumour 
treated with LITT, track ablation was not applied. In 59% of applications with the 
Radiotherapeutics applicator viable cells were found compared to 19 %, 11% and 19% for 
the RITA, Radionics and laser, respectively
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Local tumour progression
Sixty-Four patients had a follow-up of > 1 year and were included in the survival analysis 
(Figure 1). LTP was found in 24 out of 66 patients (36%). Mean time to LTP was 32.82 
(95%CI 27.49-37,26) months, whereas DFS was 12.5 (95%CI 9.76-15,26).

Table 1 |  Patient- and tumour characteristics.

Total number of patients 75

No. of males 45 (60%)

No. of females 30 (40%)

Age (Mean; SD) 65;13.19

Total number of tumours treated 118

Tissue collected of tumours 89

Tumour histology

HCC 18 (20.2%)

LM 71 (79.8%)

Differentiation primary tumour Liver metastases (n=71)

Good 1 (1.4%)

Moderate 54 (77.5%)

Poor 6 (8.5%)

Tumour diameter (Mean, SD) 3 cm; 1.8

Local ablative technique 

RFA 73 (82%)

LITT 16 (18%)

Tumour localization

Subcapsular 47 (55.3%)

Deep 38 (42.7%)

Approach

Open procedure 61 (68.5%)

Percutaneous 28 (31.5%)

Electrode

Radiotherapeutics 29 (32.6%)

RITA 16 (18%)

Radionics 28 (31.5%)

Laser fibre 16 (18%)

Track ablation 

Yes 56 (62.9%)

No 30 (33.7%)

Missing 3 (3.4%)

Viable cells

Yes 26 (29.2%)

No 63 (70.8%)
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Tumour size and viable cells attached to the needle applicators were independent risk 
factors for LTP Cox regression analysis was used to determine risk factors for time to LTP. 
Viable cells attached to the needle applicator appeared to be an independent risk factor for 
a shorter time to LTP. Furthermore, differentiation grade of the primary tumour, tumour 
size, RFA electrode, and the omission of track ablation were factors associated with a 
shorter time to LTP in multivariable analysis (p=0.01, 0.028, 0.001, 0.025, 0.028, 
respectively). The presence of viable cells was not associated with a shortened disease-
free survival or overall survival. Mean overall survival in this study was 33 months. 

Figure 2  |  a HE coupe of morphologically intact tumour cells and stroma.  
b Black and white image of the same HE coupe, made with confocal 
microscope without light. c Image of tumour cells excited with light at 488 
nm showing no autofluoresence (viable). d overlapping image of (b) and (c)

Figure 3 |  Level of autofluorescence intensities. Autofluorescence intensities ranging from 0-400 were. 
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Table 2 |  Analysis of possible risk factors associated with viable tumour cells attached to needle 
applicators of 89 applications.

Risk Factors Vital tumour cells p-Value

Age > 65 13/42 0.434

< 65 7/33

Gender M 11/45 0.605

F 9/30

Subcapsular Yes 15/47 0.637

No 10/38

Missing 1/4

Type of tumour HCC 4/18 0.570

Metastasis 22/71

Differentiation of primary tumour Good 0/1 0.897

Moderate 17/55

Poor 2/6

Missing 0/1

HCC 7/26

Needle applicator Radiotherapeutics 17/29 0.000

RITA 3/16

Radionics 3/28

Laser 3/16

Tumour size > 4 cm 10/32 0.810

< 4 cm 16/57

Approach Open 22/61 0.045

Percutaneous 4/28

Track Ablation Yes 9/58 0.000

No 17/31

Figure 4 |  Kaplan–Meier curves depicting 
time to local tumour progression in the 
group with viable tumour cells and without 
viable tumour cells.
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Table 3 |  Univariable analysis for possible risk factors associated with Time to LTP, DFS, OS (months).
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Age > 65 29.13 ± 3.59 0.204 11.39 ± 1.57 0.676 31.86 ± 2.76 0.419

< 65 30.22 ± 3.26 12.72 ± 2.51 30.44 ± 2.69

Gender M 26.65 ± 2.92 0.334 12.92 ± 1.83 0.669 31.12 ± 2.64 0.896

F 35.93 ± 3.97 11.68 ± 2.10 34.012 ± 3.08

Subcapsular Yes 28.98 ± 3.28 0.429 10.46 ± 1.48 0.142 32.35 ± 2.64 0.917

No 35.32 ± 3.93 14.54 ± 2.34 33.46 ± 3.16

Type of tumour HCC 34.61 ± 2.796 0.090 17.75 ± 4.10 0.090 31.86 ± 4.59 0.955

Metastasis 30.27 ± 3.066 10.30 ± 1.4 33.58 ± 2.39

Differentiation of primary tumour

Good No events 0.070 No events 0.010 11.11 (1 event) 0.465

Moderate 28.33 ± 4.08 10.30 ± 1.29 33.73; ± 3.03

Poor 12.11 ± 3.28 7.38 ± 1.42 19.8 ± 6.73

HCC 34.13 ± 2.99 17.75 ± 4.10 31.86 ± 4.59

Needle Radiotherapeutics 29.54 ± 4.35 0.460 13.68 ± 2.52 0.876 32.10 ± 3.46 0.344

RITA 36.23 ± 6.45 11.88 ± 3.38 39.69 ± 5.09

Radionics 31.55 ± 3.92 12.07 ± 2.06 30.49 ± 3.03

Laser 26.66 ± 6.23 11.33 ± 3.91 30.96 ± 5.98

Tumour size > 4 cm 15.25 ± 3.89 0.001 10.98 ± 3.14 0.663 27.94 ± 4.57 0.203

< 4 cm 36.22 ± 2.96 12.10 ± 1.59 34.49 ± 2.46

Approach Open 34.91 ± 3.14 0.219 13.52 ± 1.71 0.228 34.34 ± 2.69 0.443

Percutaneous 22.71 ± 3.69 10.50 ± 2.35 27.34 ± 2.47

Pringle Yes 28.48 ± 5.65 0.727 10.28 ± 3.26 0.382 31.65 ± 4.81 0.818

No 32.33 ± 2.91 12.94 ± 1.57 33.54 ± 2.34

Track Ablation Yes 32.99 ± 3.39 0.899 10.96 ± 1.76 0.458 33.30 ± 2.75 0.876

No 30.28 ± 3.94 13.75 ± 2.11 32.95 ± 3.06

Cells Yes 32.97 ± 3.87 0.907 13.31 ± 2.04 0.543 35.18 ± 3.08 0.404

macroscopically 
visible

No 31.49 ± 3.45 11.87 ± 1.89 30.79 ± 2.71

Vital cells Yes 21.19 ± 3.27 0.038 14.01 ± 2.38 0.323 34.75 ± 3.41 0.538

no 36.34 ± 3.09 11.91 ± 1.71 32.45 ± 2.57
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DISCUSSION

The majority of patients with liver tumours have unresectable disease. Local ablation 
permits a chance of 5-year survival in case of small tumours (<4 cm). LTP is a major problem 
after local ablative therapies, especially in large tumours, as confirmed by this study 
demonstrating a local recurrence rate of 38%3,5,20-23. The local recurrence rate in this 
observational study is high, however remains within the reported range in literature (0-60%). 
This relatively high rate might be due to the fact that only patients with a minimum follow-
up of one year were included in the analysis for LTP. 
Furthermore, the median follow-up time after ablation was 34 months with 5 recurrences 
occurring far beyond a year.  Studies with a shorter follow-up period, possibly underestimate 
local tumour progression rate. Another explanation could be that the omission of track 
ablation was associated with a shorter time to LTP while in our study, the rate of procedures 
performed without track ablation was high. Tumour size did also influence the LTP 
significantly. Of the patients with a tumour smaller than 3 cm 21% experienced a LTP. Of 
the patients with tumours larger than 3 cm 64% experienced a LTP.
In this study we detected viable tissue present on the needle applicator after local ablation 
in 20 out of 75 patients (26,7%). Track ablation was the only significant factor in the 
multivariable regression analysis that significantly correlated with the presence of viable cells. 
Since track ablation was not possible with the Radiotherapeutics  system, this system 
should be replaced with a system were track ablation is possible.
 Viable cells attached to the needle applicator were associated with a higher risk of LTP 
and a shorter time to LTP. Disease-free survival and overall survival were not affected, 
possibly due to the small number (n=64) of patients available for survival analysis. These 
results show that local ablative therapies do not always produce enough heat to annihilate 
all tumour cells, creating a possibility for outgrowth of residual tumour cells. Our study is 
in line with the results of the study of Sofocleous and colleagues, demonstrating that 
examination of tissue attached to the needle applicator is feasible and can be used to 
predict LTP. In their study they stained tissue after RFA for HCC with KI-67 and caspase-3 
staining33. The immunohistochemical staining characteristics of tumour may be preserved 
in heat-fixed tissue, therefore we used the autofluorescence method, extensively described 
by Hennings and colleagues. This method is able to discriminate between heat-fixed tissue 
and viable tumour tissue28,34. Remarkably, this method showed viable tissue in 26.7% of 
patients. The methods used to demonstrate viability of cells in this study are a limitation 
as they are not easy to apply in daily clinical practice. The protocol for G6PD staining is 
time consuming and not all hospitals have the proper equipment for autofluorescence 
analysis. Our study might very well present an underestimation of the incidence of viable 
tumour cells retrieved from the needle applicator, as the absence of tumour cells on the 
needle applicator does not mean that viable tumour cells had not been implanted during 
the procedure. On the other hand, dislodgement of viable tumour cells does not necessarily 
mean implantation and outgrowth of these cells in the needle track.
 Previous reports, examining needle track implantation after biopsies in CRLM, have shown 
the possibility of outgrowth of displaced tumour cells24,35,36. The finding in this study that 
attachment of viable cells to the needle applicator was associated with a 4 times higher 
risk of LTP and a shorter time to LTP in this study raises serious concerns. Our study 
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underscores the need for more effective tools to assess completeness of local ablative 
therapies on site in order to immediately adjust therapy when residual tumour is detected. 
Track ablation is recommended in literature, but does not seem to have been completely 
implemented in clinical practice as was shown in our study21,37-40. Since this study 
demonstrated that viable tissue adheres to the needle applicators used with RFA/LITT, 
coagulation of needle the track should also be used when the needle applicator is (re) 
positioned in (viable) tumour during or before the ablative procedure. Moreover, this study 
shows that viable tumour tissue is found after RFA/LITT even when track ablation is applied, 
therefore protocols for track ablation should be executed precisely.

CONCLUSION

Viable tumour cells adherent to the needle applicators were found in 26.7% of patients 
after local tumour ablation. Adherence of viable tumour cells to the needle applicator after 
local ablation was an independent predictor of local tumour progression. Since the omission 
of track ablation was the only independent predictor of the presence of viable cells attached 
to the needle applicator, correct track ablation is mandatory. We recommend to use only 
RFA devices with which track ablation can be applied.
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ABSTRACT

Background
Resection of colorectal liver metastases (CRLM) is often hindered by their location close 
to the major hepatic vessels. So far, radiofrequency ablation for perivascular tumours was 
thought to be ineffective and unsafe due to either the heat sink effect or vascular 
thrombosis. The aim of this study was to examine whether RFA using multipolar probes 
could be a safe and effective option for CRLM adjacent to major hepatic vessels. 

Methods
Patients were treated with multipolar RFA during an open procedure using 3 simultaneously 
placed electrodes. In 52 consecutive patients with CRLM, 104 tumours were ablated with 
RFA. In 16 out of 52 (31%) patients, metastases were abutting major hepatic vessels. We 
examined whether perivascular location was a risk factor for local tumour progression. The 
relation between perivascular location and time to local tumour progression and recurrence 
free survival was assessed using cox-regression analysis.

Results
All patients were followed for at least 3 years after RFA unless they deceased before this 
time. Local tumour progression following RFA occurred in 17 out of 144 tumours (12%). 
Tumour size was the only risk factor for local tumour progression in this study. Proximity 
to large vessels was neither a risk factor for local tumour progression, nor for time to local 
tumour progression or recurrence free survival.

Discussion
This study indicates that patients with CRLM abutting any of the large hepatic vessels can 
be safe and effectively treated with RFA when using a multipolar system. 

 INTRODUCTION

Colorectal liver metastases (CRLM) close to major hepatic vessels (≥ 4 mm in diameter) 
are often seen as a contraindication for liver resection due to technical difficulties, limited 
postsurgical remnant liver and a high complication rate1. In these patients, radiofrequency 
ablation (RFA) could be a valid option by selectively ablating the tumour, while sparing 
normal adjacent vasculature and liver tissue. However, the safety and effectiveness of RFA 
adjacent to major hepatic vessels has been debated.
The conductive heat loss caused by the proximity of major vessels, known as the heat-sink 
effect could prevent sufficient heat build-up in areas near the vessel leading to incomplete 
tumour destruction2-5. The heat-sink effect has been reported in the majority of cases of 
RFA near vessels measuring 4 mm or larger in porcine livers6. Indeed, RFA of CRLM 
adjacent to major hepatic vessels was found to be associated with a significantly higher 
incidence of local tumour progression (defined as the outgrowth of residual cells due to 
incomplete ablation) in pre-clinical and clinical studies2-5. 
Local tumour progression diminishes chances of cure as retreatment is often not possible7. 
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Most RFA systems use monopolar electrodes and a generator in which a closed electric 
circuit is formed by the patient, the RFA generator and electrodes. In monopolar RFA 
systems, heat is produced by only one heat source. Heat transfer in the liver relies on 
conduction, which is affected by the perfusion of the tumour, amount of tumour necrosis 
and the conditions and perfusion of surrounding liver parenchyma.
The next generation RFA systems use bipolar electrodes that are less susceptible to the 
“heat sink effect”. These electrodes are typically placed in a triangle or square formation 
at the edges of the tumour. Since the electrical current is moving from one electrode to 
the other, heat is trapped in between. With the multipolar system used in this study, the 
impedance of the tissue is constantly monitored and the power is automatically adjusted 
to the impedance in order to prevent early tissue dehydration and thereby loss of heat 
conduction8-10. Moreover, more electrodes (up to 6) can be placed at the same time within 
one application, thereby increasing the size of the ablation zone and limiting the chance of 
tumour spread through movement of the electrodes. 
The aim of this study was to examine whether patients with CRLM adjacent to any of the 
major hepatic vessels can safely undergo multipolar RFA with efficient local tumour control.

METHODS

Patients and procedures
From August 2003 to November 2008, 52 consecutive patients treated with RFA for their 
CRLM were collected in our prospective database. Collection of data of these patients was 
according to a protocol approved by the ethical committee on human research. Perivascular 
tumour location was defined as less than 1 mm margin between CRLM and a major hepatic 
vessel (vessel ≥ 4 mm in diameter). All patients underwent standard staging, including 
computed tomography (CT) of the abdomen in order to plan treatment strategy. Of all 
patients, the location of major hepatic vasculature regarding to the tumour was determined. 
RFA procedures were performed by two senior hepatic surgeons at laparotomy. Intraoperative 
ultrasound (IOUS) was used for correct placement of the RFA electrodes and to monitor the 
RFA procedure. After RFA the electrode was withdrawn using track ablation. The result of 
the RFA procedure was assessed within 2 weeks after surgery using 3 phase CT scanning 
of the liver and after that at intervals of 6 month during follow up. Local tumour progression 
was defined as a new growing lesion in or abutting the ablation zone. Adverse events were 
recorded using the common terminology criteria for adverse events version 4.0.

RFA system
The Celon multipolar RFA system was used (Olympos-Celon AG medical instruments, 
Teltow Germany). The RFA system is equipped with automatic power control which 
evaluates the time-dependent impedance. The number and placement of the electrodes 
used, tumour and tissue characteristics such as blood perfusion are taken into account. 
The power is automatically adjusted to the real-time resistance of the tissue in order to 
prevent early tissue dehydration and thereby loss of heat conduction. A peristaltic pump 
infused normal saline solution into the lumen of the electrode(s), in order to cool down the 
electrodes and thereby increasing energy deposition. 
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Statistical Analyses
Continuous parametric data are presented as means and standard deviations; continuous 
non-parametric data as medians with ranges; dichotomous data as frequencies. Baseline 
characteristics and median OS were compared between patients with and without 
perivascular tumours using students t-test for parametric continuous data, Mann-Whitney 
U test for non-parametric continuous data and Pearson’s Chi-square for dichotomous 
outcomes. Time to local tumour progression, recurrence free survival (RFS) and overall 
survival (OS) were calculated from the day of surgery to the day of local tumour progression, 
day of first recurrence, or the day of decease, respectively. For local tumour progression, 
time to local tumour progression and recurrence free survival, all patients were censored 
at the time of death or the last follow-up. In case of OS, patients were censored at the 
time of last follow-up. Median time to local tumour progression, recurrence free survival 
and overall survival were estimated by the Kaplan-Meier’s method. The influence of possible 
risk factors on time to local tumour progression, recurrence-free survival and overall survival 
was determined using a univariable and multivariable cox regression analysis. Statistical 
significance was assumed for p-values less than 0.05. Statistical analyses were performed 
using SPSS for Windows version 15.0 (SPSS, Chicago, Illinois, USA). 

RESULTS

In 16 out of 52 (31%) included patients (21 out of 144 tumours (15%), tumours were 
abutting one of the large hepatic vessels. Clinicopathologic factors did not differ between 
patients with and without peri-vascular CRLM, except that patients with peri-vascular 
tumours did receive neoadjuvant chemotherapy significantly more often (Table 1). 
There were no adverse events during RFA. In the perivascular group 3/16 (18.7%) patients 
had post-operative adverse events compared to 10/36 (27.7%) patients in the non-
perivascular group (table2).The number of adverse events did not differ significantly 
between perivascular and non-perivascular patients (p=0.661).

Local tumour progression and Recurrence free survival
All patients were followed for at least 3 years after RFA unless they deceased before this 
time. Median recurrence free survival was 14.8 (3.2-20.9) months. Median overall survival 
was 32.6 (23.0-42.1) months. Eleven patients demonstrated local tumour progression (in 
17/144 tumours (12%), of which 2 patients in the perivascular group (12.5%) and 9 patients 
(25%) in the non-perivascular group. In 8 patients local tumour progression occurred within 
1 year follow up and in 3 patients after 1 year of follow up.  Tumour size (≤/>3.5 cm) was 
the only risk factor correlated with local tumour progression and time to local tumour 
progression. Perivascular location was not a risk factor for local tumour progression or time 
to local tumour progression (Table 4). A lower number of tumours, the administration of 
neoadjuvant chemotherapy and the proximity close to vessels were correlated to a 
prolonged RFS (Table 4). However, in multivariable analysis only the number of tumours 
was significantly associated with RFS (p=0.011). The administration of neoadjuvant 
chemotherapy was the only factor correlated with a prolonged OS (Table 4).
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Table 1 |  Patient- and tumour characteristics.

Nr of patients Perivascular
n=16 

Non-
Perivascular
n=36

p-value
(2-sided)

No. of males 6 24 0.064

No. of females 10 12 

Age (Median ± SD) 68.75 ± 12.43 76.66 ± 10.14 0.175

Interval between primary tumour and LM

Metachronous (> 2months) 10 23 0.082

Synchronous (≤2 months) 6 13 

Differentiation of primary tumour

Poor 1 8 0.105

Moderate 11 22 

Good 1 0

Missing 3 6 

Neoadjuvant chemotherapy

Yes 10 10 0.001

No 6 26 

Pringle manoeuvre

No 2 10 0.240

Yes 14 26 

Number of LM/Patient (Median ± SD) 2.00 ± 7.00 2.50 ± 5.00 0.866

Tumour size largest tumour 11 15 0.071

≤ 3.5 cm 5 21

>3.5 cm 2 9

Local Recurrence 0.308

Figure 1a |  configuration of multi-
polar RFA electrodes

Figure 1b |  post RFA effect after 
treatment with multipolar RFA
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Table 2 |  post-operative adverse events according to CTCAE version 4.0.

Post-operative  
adverse events

Peri-
vascular 
group

CTCAE
grade

Non-
perivascular 
group

CTCAE
grade

Total

Cholecystitis 1 grade 2 1

Abdominal infection 1 grade 3 2 grade 3 3

Dyspnoea 2 grade 2&3 1 grade 3 3

Bronchial infection 1 grade 3 1

Trombo-embolic event 2 grade 2 2

Sepsis 1 grade 4 1

Hepatic failure 1 grade 4 1

Atrial fibrillation 1 grade 2 1

Table 3 |  Local tumour progression (tumour-based).

Risk Factors LTP* No LTP* P-value

Size (cm) (median; SD) 3.5; 1.74 2.5; 1.62 0.011

Pringle 12 100 0.450

No Pringle 5 27

Metachronous 10 68 0.784

Synchronous 7 57

Neoadjuvant 7 41 0.676

No Neoadjuvant 10 86

Perivascular 4 17 0.273

Non peri-vascular 13 110

LTP = local tumour progression

Figure 2a |  tumour adjacent to caval vein and 
between the middle and right hepatic vein.

Figure 2b |  ablation area of tumour adjacent to 
caval vein and between the middle and right 
hepatic vein.
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Table 4 |  Univariable analysis for time to local tumour progression (LTP), recurrence free survival (RFS) and Overall 
survival (OS).

Risk Factors Time to LTP*
HR (95%CI) p-value

RFS
HR (95%CI) p-value

OS
HR (95%CI) p-value

Age
(≥ 65)

1.187 (0.317-4.523) 0.791 1.318 (0.674-2.579) 0.420 1.29 (0.644-2.598) 0.469

Gender
(Male)

1.483 (0.446-4.925) 0.520 0.932 (0.508-1.172) 0.821 0.992 (0.533-0.1847) 0.981

Differentiation of primary tumour
(Poor)

1.451 (0.277-7.596) 0.659 0.843 (0.374-1.901) 0.681 0.903 (0.388-2.100) 0.813

Interval between primary and LM
(Synchronous/Metachronous)

0.687 (0.209-2.253) 0.535 1.158 (0.631-2.126) 0.636 0.898 (0.485-1.662) 0.732

Neoadjuvant chemotherapy
(Yes)

0.750 (0.227-2.477) 0.637 0.419 (0.216; 0.811) 0.010 0.473 (0.251-0.891) 0.021

Pringle 
(Yes)

0.344 (0.105-1.129) 0.078 0.639 (0.318-10281) 0.207 1.070 (0.492-2.329) 0.864

Tumour size largest tumour
(>3.5cm)

1.442 (1.018-2.044) 0.039 1.135 (0.928-1.388) 0.219 1.038 (0.829-1.300) 0.744

Nr of tumours per patient 0.794 (0.536-1.176) 0.250 1.205 (1.023-1.420) 0.026 1.005 (0.848-1.191) 0.955

Perivascular tumour 
(yes)

0.347 (0.074-1.616) 0.177 0.406 (0.194-0.850) 0.017 0.501 (0.248-1.011) 0.059 

Fong score
(smaller < 3)

0.797 (0.445-1.429) 0.447 1.039 (0.785-1.363) 0.809 0.959 (0.702-1.309) 0.790

Figure 3a  |  Kaplan Meier curve depicting RFS 
of perivascular and non-perivascular tumours.

Figure 3b  |  Kaplan Meier curve depicting OS of 
perivascular and non-perivascular tumours.
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DISCUSSION

Radiofrequency ablation for tumours adjacent to major hepatic vessels has been considered 
ineffective due to the heat sink effect. Preclinical work demonstrates that a multipolar RFA 
system is less susceptible to this effect9,11. We examined whether RFA using a multipolar 
system was effective for treating tumours adjacent to the major hepatic vessels in terms 
of local tumour control. The local recurrence rate of 12% in our study is conform literature18.
Size, a known risk factor for local tumour progression after RFA, was the only risk factor 
for local tumour progression in our study12. Perivascular tumour location was not a risk 
factor for (time to) local tumour progression in this study. Patients with perivascular tumours 
even had a longer RFS. Patients with tumours close to vessels received neoadjuvant 
chemotherapy more often, had less tumours and smaller tumours which might explain the 
prolonged RFS in patients with perivascular tumours. This result is in contrast with most 
of the existing literature, demonstrating increased local tumour progression in patients 
with tumours abutting one of the large vessels treated by RFA13,14. There are three clinical 
studies that do report about vessel proximity as a risk factor for local tumour progression 
using monopolar RFA systems. All three report a negative correlation between perivascular 
location of CRLM and local tumour progression after RFA3,5,15. Bowles et al reported 
proximity of large vessels together with tumour size as the two factors independently 
associated with local tumour progression in their study including 76 patients of which 39 
had CRLM15. Similar results were reported by Machi et al, which included 46 patients of 
which 25 had CRLM3. Tumour size and proximity to major hepatic vessels were the only 
two factors significantly associated with local tumour progression. A local recurrence rate 
of 53% when tumours abut the large vessels, compared to only 7% for tumours distant 
from large vessels was reported by Lu et al5. The fact that high local tumour progression  
rates are reported after RFA of tumours close to major hepatic vessels is due to the heat 
sink effect of large vasculature. To overcome this effect, multiple strategies can be applied. 
One of them is to create overlapping ablation areas by replacing the RFA electrodes and 
repeat RFA procedure in one session. Unfortunately, this technique is known to be 
associated with a higher risk of local recurrence due to seeding. Another possibility for 
creating large ablation zones is by applying vascular occlusion which does reduce the heat 
sink effect. De Baere et al reported a series of treatment of tumours abutting large vessels 
with RFA in combination with percutaneous portal or hepatic vein occlusion16. In the above 
mentioned study, treatment of small tumours (≤3,5 cm) showed an improvement in local 
disease control. Unfortunately, venous thrombosis was reported in 9.5% of patients treated 
with percutaneous vein occlusion. Prolonged stasis of blood flow leads to an increased 
chance of acute as well as delayed venous thrombosis and the chance of damaging large 
vessels compromising perfusion of the liver. Therefore, vascular occlusion should not be 
used continuously for long intervals17. In our study, the total vascular inflow occlusion 
(Pringle manoeuvre) was applied in cycles of 15 minutes or less. Another possibility of 
overcoming part of the heat sink effect is using a mulitpolar system versus a monopolar 
system. Heat generated by a monopolar RFA system spreads via thermal conduction within 
the tissue. The coagulation effect depends on the perfusion of the tumour and composition 
of liver tissue. This treatment modality is more susceptible to uncontrolled spread of heat18. 
The multipolar system used in this study is less susceptible to loss of heat conduction. 
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Due to simultaneous electrode application, an area is created in between the probes were 
heat is trapped. This creates an area of necrosis even when large vessels are near. With 
the multipolar system used in this series, the power is automatically adjusted to the 
resistance of the tissue in order to prevent early tissue dehydration and thereby loss of 
heat conduction. In accordance with our results, Terraz and colleagues described no 
differences in local tumour progression rate after RFA of liver metastases close to major 
hepatic vessels (4/18) compared to the local progression rate for tumours treated at 
distance from large hepatic vessels (6/18) using a multipolar RFA device19. In our study no 
difference was found in complication- and local tumour progression rate between 
perivascular and non-perivascular tumours treated with multipolar RFA. The RFA was even 
better for patients in the perivascular group which can be explained by the fact that these 
patients received preoperative chemotherapy more often, had smaller and less tumours. 
In conclusion, this study demonstrates that patients with CRLM abutting large vessels can 
be effectively treated with multipolar RFA without an increased change of adverse events. 
The number of patients is too small to draw any definite conclusions but encourage further 
research. A larger trial should provide evidence if multipolar RFA for perivascular CRLM is 
superior to surgery or monopolar RFA, comparing complication rate, hospital stay and local 
tumour progression.
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ABSTRACT
 
Aim
To assess whether circulating soluble CD95 ligand (sCD95L) levels are associated with 
recurrence-free survival (RFS) in patients with synchronous colorectal liver metastases. 

Patients and Methods
Blood samples were obtained from 62 patients with synchronous colorectal liver metastases 
before and after liver surgery. Serum sCD95L levels were determined using enzyme-linked 
immunosorbent assay (ELISA). Cox regression analysis was performed to determine the 
correlation between sCD95L levels and RFS and overall survival (OS). 

Results
Median follow-up was 33 months. High pre-operative sCD95L levels were associated with 
poor RFS and OS in univariable (p=0.019 and p= 0.020) and multivariable analyses (p=0.020 
and p=0.003). 

Conclusion
PreoperativesCD95L is a potential prognostic factor for RFS and OS of patients undergoing 
surgery for synchronous colorectal liver metastases. Low preoperativesCD95L levels may 
help identify a subgroup of patients with synchronous liver metastases that are likely to 
benefit from liver surgery. 

INTRODUCTION

The presence of liver metastases is the major determinant of survival in patients with 
colorectal cancer. Approximately 25% of the patients with colorectal cancer already have 
liver metastases at diagnosis1. The presence of synchronous liver metastases may indicate 
a more aggressive and unpredictable disease course when compared to metachronous 
metastasis2. The optimal strategy for treatment of patients with synchronous liver 
metastases is currently debated3. 
CD95 ligand (CD95L/FS7 associated surface antigen ligand) and its receptor CD95 
(apoptosis inducing protein 1/FS7 associated surface antigen) are transmembrane proteins 
that play an essential role in lymphocyte cytotoxicity and the maintenance of 
immunological homeostasis4. CD95L is known to induce tumour cell apoptosis. However, 
CD95L can also act in a pro-tumourigenic fashion by stimulating tumour cell proliferation, 
survival and invasion5,6. In colorectal cancer, the expression of CD95L is higher in liver 
metastases than in matched primary tumours, and high expression is related to poor 
prognosis7,8. Furthermore, we have recently shown that CD95L stimulates migration and 
invasion of colorectal cancer cells, rather than apoptosis5. Membrane-bound CD95L can 
be cleaved by metalloproteases, which results in a soluble form of CD95L (sCD95L) that 
can be detected in the circulation9. Preclinical studies showed that tumour progression 
is selectively promoted by this sCD95L10. In this study, we investigated whether high 
levels of sCD95L in patients undergoing surgery for synchronous liver metastases are 
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associated with a more aggressive tumour phenotype and can be used to predict 
recurrence-free survival (RFS).

PATIENTS AND METHODS 

Blood samples were obtained from all consecutive patients with synchronous colorectal 
liver metastases before and 24 hours after liver surgery between March 2004 and 
September 2008 at the University Medical Centre Utrecht in the Netherlands. The study 
protocol was approved by the Ethical Committee on Human Research. Written informed 
consent was obtained from all patients. Patients 18 years or older who underwent 
resection with curative intent for synchronous colorectal metastases confined to the liver 
were included in the study. Resection of the primary tumour was followed by liver 
resection as soon as patients had recovered from surgery of the primary tumour. Patients 
were excluded in cases of extrahepatic disease, treatment with local ablative therapies, 
or macroscopic residual disease (R2) after surgery. Patient and tumour characteristics, as 
well as surgical characteristics, were retrospectively drafted from our prospectively 
collected liver database.

sCD95L assay
Venous blood samples were drawn into sterile vacuum tubes before surgery and 24 hours 
after surgery. Blood samples were centrifuged at 1450 g for 15 minutes and immediately 
frozen at -80°C until assayed. The levels of sCD95L in the sera were determined using a 
commercially available solid-phase sandwich enzyme-linked immunosorbent assay (ELISA) 
kit for the quantitative detection of human sCD95L, recognizing both natural and 
recombinant human CD95L (ab45907; Abcam, Cambridge, UK). ELISAs were performed 
according to the manufacturers’ protocol. 

Follow-up 
All patients were subjected to routine follow-up. Computerized tomography scans were 
acquired every 3 months to monitor recurrences. The follow-up data were updated by 
letters and telephone calls to referring physicians and general practitioners. The duration 
of the follow-up and the time between surgery and the detection of recurrence were 
obtained, as well as overall survival (OS) data.

Statistical analyses
RFA and OS were calculated from the day of surgery to the day of the first recurrence, or 
the day of death, respectively. Median RFS and OS were estimated by the Kaplan-Meier 
method. To determine the influence of possible risk factors on recurrence-free and overall 
survival a univariable cox regression analysis was performed. A multivariable cox 
proportional hazards model was used to determine the independent prognostic impact of 
all variables on RFS and OS. Statistical significance was assumed for p-values less than 
0.05. Statistical analyses were performed using SPSS for Windows version 15.0 (SPSS, 
Chicago, IL, USA).
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RESULTS

Sixty-two patients undergoing partial hepatectomy for synchronous colorectal liver 
metastases with curative intent fulfilled the inclusion criteria and were enrolled in this study 
(40 male and 22 female patients, with a median age of 61.23 years, ranging from 33 to 81 
years). Baseline characteristics are shown in Table 1. 
Among 62 patients, 24 died during follow-up. The remaining 38 patients had a median 
follow-up time of 33 months. None of the patients were lost to follow-up. Median RFS as 
calculated by the Kaplan-Meier method was 11.27 months and median OS was 50.46 
months. The median preoperativesCD95L level was 0.1762 ng/ml (95% confidence interval, 
CI=0.12-0.41). The median postoperative level was 0.1643 ng/ml (95% CI = 0.11-0.26). 
Clinical factors that were significantly associated with poor RFS in univariable cox regression 
analysis included a high Memorial Sloan-Kettering Cancer Centre Clinical Risk Score 
(MSKCC-CRS) as defined by Fong et al. (11), (p=0.040, HR=1.395, 95% CI = 0.151-0.979), 
the administration of neoadjuvant chemotherapy (p=0.028, HR=2.345, 95% CI=1.096-
5.017), increasing tumour size (p=0.045, HR = 1.096, 95%CI=1.001-1.205), omission of 
adjuvant chemotherapy (p=0.045, HR=0.395, 95%CI=0.151-0.979) and high pre-operative 
sCD95L levels (p=0.019. HR=2.322, 95%CI=1.272-3.590) (Table 2). For Kaplan-Meier 
survival curves, patients were divided into high (above median preoperative levels) and low 
(below median preoperativelevels) sCD95L groups. Patients in the high preoperative 
sCD95L group (n=31) had a median RFS of 8.08 months (95% C= 4.371-11.79), whereas 
patients in the low pre-operative sCD95L group (n=31) had a median RFS of 15.13 months 
(95%CI=10.63-21.63) (Figure 1). Postoperative levels of sCD95L were not significantly 
associated with RFS (Table 2). Next we employed a multivariable cox regression model 
containing the factors that displayed p-values less than 0.1 in univariable analysis. The 
preoperativesCD95L levels (p=0.009, HR=3.911, 95% CI=1.414-10.817) was found to be 
the only independent risk factor for poor RFS. Factors significantly correlating with OS in 
univariable Cox regression analysis were the amount of ischaemia induced during surgery12 
and high pre-operative sCD95L (p=0.020, HR=2.69, 95%CI=1.168-6.206). Patients in the 
high preoperativesCD95L group (n=31) had a median OS of 31.57 months (95% CI=20.30-
42.84), whereas patients in the low preoperativesCD95L group (n=31) had a median OS 
of 58.38 months (95%CI=44.45-72.31) (Figure 2).
Multivariable analysis showed a significant correlation of severe ischaemia (p=0.06, 
HR=0.457 95% CI=0.261-0.800) and high preoperative level of sCD95L (p=0.003, 
HR=3.674, 95%CI=1.536-8.786) with poor prognosis. To assess whether sCD95L was not 
merely a reflection of the overall tumour load or influenced by cell death induced by 
chemotherapy, we performed an additional binary logistic regression analysis comparing 
sCD95L expression levels with clinicopathological features (Table 3)   None of these 
variables were significantly associated with sCD95L.
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Table 1 |  Patient and tumour characteristics.

Total number of patients 62

Male 40 (64.5%)

Female 22 (35.5%)

Age 60.23; 61.23; 10.68

(Mean; Median; SD)

Location of primary tumour

     Rectum 19 (30.6%)

     Colon 43 (69.4%)

Differentiation of primary tumour

     Good 5 (11.3%)

     Moderate 50 (80.6%)

     Poor 7 (11.3%)

Nodal status

      N+ 36 (58.1%)

      N- 26 (41.9)

Neoadjuvant chemotherapy

     Yes 11 (17.74%)

      No 47 (75.81%)

      Missing 4 (6.45%)

Type of resection

     Minor 34 (54.8%)

     Major (3 segments resected or more) 28 (44.2%)

R0/R1 Resection

     R0 58 (93.5%)

     R1 4 (6.5%)

Blood transfusion required

    No 52 (83.9%)

    Yes 10 (16.1%)

Mean number of liver metastases/patient  2.32

Ischaemia (due to vascular clamping)

     None 25 (40.3%)

     Minor 19 (30.6%)

     Severe 18 (29.0%)

Adjuvant chemotherapy

     Yes 13 (21%)

      No 49 (79%)

Preoperative CEA (ng/ml)
(Mean; median; 95% CI)

44.51; 30.43; (32.33-57.73)

Preoperative sCD95L level (ng/ml)
(Mean; median; 95% CI)

0.2132; 0.1762; (0.12-0.41)

Postoperative sCD95L level (ng/ml)
(Mean; median; 95% CI)

0.1858; 0.1643; (0.11-0.26)
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Table 2 | Risk factors for recurrence-free survival and overall survival identified by univariable. Cox regression analysis.

Hazard ratio 95% CI p-Value Hazard ratio 95% CI p-Value

Age 0.990 0.958-1.023 0.532 0.992 0.952-1.033 0.690

Sex 0.600 0.315-1.144 0.121 0.367 0.125-1.083 0.070

Location primary tumour
(rectum/colon)

0.883 0.467-1.668 0.701 0.740 0.298-1.837 0.516

Differentiation
(good/moderate/poor)

1.050 0.655-1.685 0.838 1.331 0.638-2.774 0.446

Nodal status (N+/N-) 1.761 0.945-3.281 0.075 0.859 0.375-1.965 0.719

Neoadjuvant chemotherapy 2.345 1.096-5.017 0.028 1.606 0.582-4.432 0.360

Blood transfusion 1.541 0.734-32.35 0.253 1.092 0.424-2.813 0.856

Major/Minor resection 1.289 0.717-2.317 0.397 1.331 0.581-3.051 0.449

R1/R0 0.901 0.278-2.919 0.862 3.022 0.865-10.55 0.083

No. of liver metastases 0.971 0.861-1.094 0.624 0.950 0.769-1.174 0.637

Ischaemia
(none/minor/severe)

0.996 0.702-1.414 0.982 0.539 0.316-0.919 0.023

Size of biggest liver tumour 1.096 1.001-1.205 0.045 0.996 0.882-1.124 0.948

Preoperative CEA 1.006 0.998-1.014 0.146 1.003 0.993-1.012 0.548

Bilobar distribution 1.208 0.640-2.777 0.560 0.924 0.354-2.412 0.872

Adjuvant chemotherapy 0.395 0.151-0.979 0.045 0.368 0.048-2.799 0.334

MSKCC-CRS (11) 1.408 1.016-1.953 0.040 0.934 0.589-1.482 0.773

Iwatsuki score (17) 1.041 0.736-1.473 0.819 0.859 0.514-1.435 0.562

Preoperative sCD95L 
(above/below median)

2.322 1.272-3.590 0.019 2.692 1.168-6.206 0.020

Postoperative sCD95L
(above/below median)

0.625 0.339-1.152 0.132 1.203 0.533-2.717 0.656

CI: confidence interval; CEA: carcinoembryonic antigen; MSKCC-CRS: Memorial Sloan Kettering Cancer Centre-
Clinical risk score.
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Figure 1 |  Kaplan-Meier curves illustrating the 
effects of high preoperativesCD95L (above median 
preoperative-value) on recurrence-free survival 
(p=0.019, log-rank test).

Figure 2 |  Kaplan-Meier curves illustrating the 
effects of high preoperativesCD95L (above median 
preoperative-value) on overall survival (p=0.020, 
log-rank test).
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DISCUSSION 

The findings presented point towards a potentially prognostic role for sCD95L regarding 
the biological behaviour of colorectal cancer presenting with synchronous liver metastasis. 
Our results show that high preoperative levels of sCD95L upon presentation are associated 
with an unfavourable outcome, reflected by a median RFS of less than 11 months. sCD95L 
levels were not simply a reflection of overall tumour burden. sCD95L may therefore identify 
a subgroup of patients that is unlikely to benefit from liver surgery and that should be 
referred for up-front chemotherapy and/or biological therapies 13. In contrast, patients 
presenting with low sCD95L levels might be considered for surgery, including a ‘liver first’ 
or ‘simultaneous’ approach. Poor OS was seen in the high sCD95L group. 
Although synchronous liver metastasis is seen as a poor prognostic factor in itself, it does 
not preclude the possibility of long-term survival, and 5-year survival rates of up to 40% 
can still be achieved11, 14. Various studies have defined factors predicting RFS in colorectal 
cancer patients with synchronous liver metastasis such as sex, tumour differentiation, 
postoperative carcinoembryonic antigen (CEA) levels, infiltration in other organs, number 
of metastases and metastatic lymph nodes15, 16. Different combinations of these factors 
have been proposed as clinical prediction models for selecting patients who could benefit 
from surgery 11, 17-19.  Nonetheless, these models are still far from optimal, as they predict 
outcome with a considerable degree of variation20, 21. Progression during preoperative 
chemotherapy is also suggested as a biological marker for poor prognosis. No substantial 
evidence exists that this approach is beneficial to RFS22. Therefore the use of neoadjuvant 
chemotherapy should be preserved for large clinical trials, as chemotherapy induces liver 
toxicity, such as steatosis, steatohepatitis and sinusoidal changes. Preoperative 
chemotherapy increases the risk of postoperative complications (25% vs. 16% p=0.04)22. 
This makes it essential to search for new molecular prognostic factors that include tumour 
status and accurately reflect its biological behaviour15, 23. 
Accumulating evidence suggests a tumour-propagating role for (s)CD95L in malignancies, 
including for colorectal cancer5,7,10. Our results are in line with several other studies in which 
elevated serum sCD95L concentrations are correlated with poor prognosis in large granular 
lymphocytic leukaemia, NK lymphoma, bladder carcinoma, gastric carcinoma, hepatocellular 
carcinoma and breast carcinoma 24, 25. To our knowledge, this is the first study showing a 
correlation between elevated serum sCD95L and poor RFS in colorectal cancer. Conversely, 
in squamous cell carcinoma of the oesophagus, sCD95L levels had no significant prognostic 
effect on RFS, suggesting that the merit of sCD95L measurements may be tumour type-
specific26. Whether sCD95L is merely associated with decreased RFS or whether it is 
causally involved in accelerating tumour progression will be the subject of further studies. 
Although our study is retrospective in nature and based on a relatively small number of 
patients, the differences in outcome that are associated with different sCD95L levels are 
such that further validation studies are justified. Moreover, analysis of sCD95L levels in 
clinical practice is appealing as it can simply be measured in patient blood samples pre 
operatively by using thoroughly validated ELISAs 9, 27. 
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Table 3 |  Factors associated with levels of preoperative sCD95L identified by univariable logistic regression analysis, 
according to whether below (low) or above (high) the median preoperative level (0.1762 ng/ml).

Low sCD95L 
(n=31)

High sCD95L 
(n=31)

p-value HR 95%CI

Age (years) 61.65 (SD 9.63) 58.81 (SD 11.6) 0.296 0.975 0.928-1.023

Sex, n (%)

     Male 21 (67.7%) 19 (61.3%) 0.596 1.326 0.467-3.766

     Female 10 (32.3%) 12 (38.7%)

Location primary tumour, n (%)

     Rectum 8 (25.8%) 11 (35.5%) 0.410 0.632 0.213-1.881

     Colon 23 (74.4%) 20 (64.5%)

Differentiation, n (%)

     Good 4 (12.9%) 1 (3.2%) 0.380 0.724 0.351-1.491

     Moderate 24 (77.4%) 26 (83.9%)

     Poor 3 (9.7%) 4 (12.9%)

Nodal status, n (%)

     N+ 16 (51.6%) 20 (64.5%) 0.305 1.705 0.616-4.720

     N- 15 (48.4%) 11 (35.5%)

Neoadjuvant chemotherapy

     Yes 4 (12.9%) 7 (22.6%) 0.445 1.677 0.433-6.502

     No 23 (74.2%) 24 (77.4%)

Blood transfusion 

     Yes 5 (16.1%) 5 (16.1%) 1.000 1.000 0.258-3.871

      No 26 (83.9%) 26 (83.9%)

Type of resection

     Minor 18 (58.1%) 15 (48.4%) 0.610 1.298 0.476-3.538

     Major 13 (41.9%) 16 (51.6%)

Bilobar distribution

     Yes 7 (22.6%) 11 (35.5%) 0.266 1.886 0.616-5.768

     No 24 (77.4%) 20 (64.5%)

No. of liver metastases 
(mean, SD) 2.55 (SD 3.30) 2.10 (SD 1.83) 0.510 0.934 0.761-1.146

Size of biggest tumour (cm) 
(median, SD) 3.75 (SD 3.86) 4.42 (SD 2.51) 0.228 2.261 0.601-8.505

Ischemia

     none 11 (35.5%) 14 (45.2%) 0.645 0.867 0.474-1.588

     minor 11 (35.5%) 8 (25.8%)

     severe 9 (29%) 9 (29%)

Preoperative CEA (ng/ml) 46.81 (SD 46.7) 43.25 (SD 53.8) 0.771 0.999 0.989-1.009

Adjuvant chemotherapy, n(%)

     Yes 4 (12.9%) 8 (25.5%) 0.228 2.261 0.601-8.505

     No 27 (87.1%) 23 (74.2%)
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In conclusion, our data suggest that high pre-operative levels of sCD95L are associated 
with poor RFS and OS in patients scheduled for surgery for synchronous colorectal liver 
metastases. Obviously, these findings should be regarded as hypothesis-generating and 
require substantiation in larger patient cohorts. A low preoperativesCD95L level may help 
identify a subgroup of patients with synchronous liver metastases that are likely to benefit 
from liver surgery. 
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table 3 continued

Iwatsu score, n (%)

     Grade 1 0 0 0.436 1.279 0.689-2.375

     Grade 2 21 (67.7%) 17 (54.8%)

     Grade 3 4 (12.9%) 7 (22.6%)

     Grade 4 6 (19.4%) 7 (22.6%)

Fong score

    0 0 0 0.471 1.234 0.697-2.186

    1 6 (19.4%) 6 (19.4%)

    2 13 (41.9%) 9 (29%)

    3 10 (32.3%) 13 (41.9%)

    4 2 (6.5%) 3 (9.7%)
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ABSTRACT 

Objective
Here we set out to identify genes and proteins expressed in colorectal liver metastases 
that correlate with short disease-free survival (DFS) after intentionally curative liver surgery. 
In addition, we tested whether expression of the identified factors in primary colorectal 
tumours predicts their propensity for metastasis.   

Summary background data
Little is known about the factors that drive metastasis formation in colorectal cancer (CRC). 
Factors that predict early recurrence of liver metastases may also predict a propensity for 
metastasis in primary CRC.  

Methods
Gene expression profiling and proteomics were used to identify differentially expressed 
genes/proteins in resected liver metastases that recurred within 6 months following liver 
surgery versus those that did not recur for more than 24 months. Expression of the 
identified genes/proteins in stage II (n=243) and III (n=176) tumours was analysed by 
immunohistochemistry on tissue microarrays. Correlation of protein levels with stage-
specific outcome was assessed by uni- and multivariable analyses. 

Results
Both gene expression profiling and proteomics identified SerpinB5/Maspin to be significantly 
correlated with short DFS in stage IV tumours. High Maspin expression is also an 
independent prognostic factor for poor disease-free, and colorectal cancer-specific survival 
in patients with stage III, but not in patients with stage II tumours. 

Conclusions
High Maspin expression correlates with poor outcome in CRC after spread to the local 
lymph nodes. Therefore, Maspin may have a stage-specific function possibly related to 
tumour cell dissemination and/or metastatic outgrowth.         

 INTRODUCTION

Five-year survival rates in colorectal cancer (CRC) vary dramatically from ~93% in patients 
with localized stage I tumours to ~6% in patients with metastasized inoperable disease1.  
The decision to administer adjuvant chemotherapy in CRC is predominantly stage 
dependent. All stage III and high-risk stage II patients are recommended to receive adjuvant 
treatment. In contrast, patients with stage I and low-risk II disease generally do not receive 
adjuvant chemotherapy after resection of the primary tumour, since 5-year survival rates 
are high and there is only minimal benefit in unselected patients2,3.  Recently, gene 
expression profiling has been used to identify high risk stage II patients who can possibly 
benefit from adjuvant chemotherapy. Two published gene signatures have proven to be 
able to select stage II cancer patients for adjuvant treatment: The Oncotype DX Colon 
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Cancer Assay (12-genes) and the ColoPrint (18-genes). Both signatures seem to perform 
better than most conventional risk factors4-6 and are currently being further validated. The 
discovery of novel biomarkers for predicting tumour behaviour is not only valuable from a 
prognostic viewpoint, but can also help to gain insight into the mechanisms that cause 
disease progression and metastasis formation. Differences in tumour cell survival, 
migration, invasion and extracellular matrix remodelling are all likely to play a role7. 
To turn a locally invasive colorectal tumour into a metastasizing one very few, if any, 
additional genetic changes are required8.  It is possible that the factors driving initial 
metastasis formation from the primary tumour also promote tumour recurrence at later 
stages of the disease, following surgical removal of liver metastases9. After resection of 
colorectal liver metastases, the vast majority of patients experience tumour recurrence 
within two years.  However, the patients that remain disease-free beyond two years have 
a good chance of five-year survival without additional therapy10-13.  This is most likely due 
to favourable tumour characteristics. 
The rationale of this study was to obtain further insight into the mechanisms causing 
tumour progression and metastases formation. We used gene expression profiling and 
proteomics to detect differences between stage IV CRC patients that recur within 6 months 
after resection, versus those that fail to recur for more than two years. Subsequently, we 
analysed whether expression of the identified factors also predicts metastasis formation 
in early stages of CRC. 

METHODS

Patients and samples 
Microarray and mass-spectrometry analysis
Biopsies of liver metastases used to identify genes and proteins correlating with poor DFS 
in stage IV CRC patients, as well as patient, tumour and surgical characteristics, were 
derived from our prospectively collected database. Frozen tumour biopsies were collected 
between July 2003 and august 2008 at the University Medical Centre in Utrecht, the 
Netherlands (Dataset 1) (Figure 1). Samples were included if patients were aged 18 years 
or older and received curative resection for histologically confirmed liver metastases from 
CRC.  Patients with a history of non-colorectal malignancies, extra hepatic disease or 
microscopic residual disease (R1) after surgery and patients who received local ablation 
therapy or chemoembolization alone or in combination with resection were excluded. Only 
specimens were included that were snap frozen in liquid nitrogen within 30 minutes after 
resection and were stored at -80ºC.  

Tissue microarray study
Between 1996 and 2005, 454 patients underwent surgical colon cancer resection at the 
Kennemer Gasthuis Hospital in Haarlem, The Netherlands, that were classified as stage II 
(T3–4, N0, M0) or stage III (T1–4, N1–2, M0) according to the 4th edition of the TNM-classification 
system (Dataset 2) (Figure 1). These tumour samples were used to examine any stage-
specific role of the biomarkers retrieved from dataset 1. Patient, tumour and surgical 
characteristics, were retrospectively drafted from clinical and pathology reports. Collection, 
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storage and use of tissue and patient data were performed in agreement with the ‘Code 
for Proper Secondary Use of Human Tissue in The Netherlands’ (Code for Proper Secondary 
Use of Human Tissue in The Netherlands. Available from: http://www.federa.org/codes-
conduct)14. 

Gene expression profiling 
RNA isolation, labeling, and hybridization to whole-genome oligonucleotide high-density 
microarrays were performed as previously described15. We applied total RNA and cRNA 
quality control criteria in accordance with the Tumour Analysis Best Practices Working 
Group16. Gene expression in metastases showing recurrence within six months after 
resection was compared to metastases that did not show recurrence for more than two 
years by using ANOVA17. In a fixed effect analysis, sample, array and dye effects were 
modelled. P-values were determined by a permutation F2-test in which residuals were 
shuffled 5000 times globally. Genes with p<0.05 after family wise error correction were 
considered significant. 

Mass-spectrometry analysis
Tissue homogenization
Frozen tumour tissue sections of 5 stage IV patients with DFS shorter than 6 months and 
5 patients with DFS longer than 24 months were used for mass-spectrometry analysis. 

Figure 1  |  Study workflow.
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The frozen tumour tissue sections were cut into pieces of approximately 20 mg, after 
which they were solubilized in 800µl SDS sample buffer (containing 62.5 mm Tris-HCl, 2% 
w/v SDS, 10% v/v glycerol, and 0.0025% bromphenol blue, 100 mm DTT, pH 6.8) using a 
micro grinder. Denaturation was done by heating samples for 10 min at 100°C. All remaining 
insoluble parts were removed by centrifugation (15 min; 14.000 rpm). 

Fractionation Using Gel Electrophoresis
Equal amounts of protein (50 µg) were separated on NuPAGE Novex Bis-Tris Mini Gels 
(Invitrogen). Gels were stained with Coomassie brilliant blue G-250 (Pierce, Rockford, IL), 
washed and each lane was sliced into ten bands using a band pattern to guide the slicing. 
The gel slicing and in-gel digestion was performed in a laminar flow under keratin-free 
conditions. 

In-gel Digestion, NanoLC-MS/MS Analysis
Gel cubes were equilibrated in 50 mM NH4HCO3 and 50 mM NH4HCO3/50% acetonitrile, 
and reduced in 10 mM DTT at 56°C for 60 min followed by alkylation in 54 mM iodoacetamide 
for 45 min in the dark at room temperature (RT). Gel cubes were washed in 50 mM NH4HCO3 
followed by 50 mM NH4HCO3/50% acetonitrile. The gel cubes were dried in a vacuum 
centrifuge at 50°C and incubated with trypsin (6.25 ng/µl in 50 mM NH4HCO3) overnight at 
25°C. After digestion, peptides were extracted with 1% formic acid followed by  5% formic 
acid/50% acetonitrile. Extracts were pooled and concentrated in a vacuum centrifuge at 
50°C and volumes were adjusted to 50 µl by adding 0.05% formic acid.

NanoLC-MS/MS Analysis 
Peptides were separated by reverse phase chromatography (Ultimate 3000 nanoLC system 
(Dionex LC-Packings, Amsterdam, The Netherlands) equipped with a 20 cm × 75 µm ID 
fused silica column with 3 µm C18 aqua (DrMaisch GMBH, Ammerbuch-Entringen, 
Germany). Peptides were separated at 300 nl/min in a 60 min. gradient of 8–32% acteonitrile 
in 0.05% formic acid. Eluting peptides were ionized in a NanomateTriversa Chip-based 
nanospray source with LC coupler (Advion, Ithaca, NJ), and analyzed on a LTQ-FT hybrid 
mass spectrometer (Thermo Fisher, Bremen, Germany). Intact peptide masses were 
measured in the ICR cell and, in parallel, following an FT pre-scan, the top 5 peptide signals 
(charge-states 2+ and higher) were submitted to MS/MS in the linear ion trap. Dynamic 
exclusion was applied with a repeat count of 1 and an exclusion time of 30s.

Protein identification
MS/MS spectra were searched against IPI human 3.62 (83947 entries) using Sequest 
version 27, rev 12 (Thermo, San Jose, CA, USA). Cysteine carboxamidomethylation and 
methionine oxidation were treated as variable modifications. Peptides precursor ions were 
searched with a maximum mass deviation of 10 ppm and fragment ions with a maximum 
mass deviation of 1 Da. Sequest output files were imported in Scaffold 2.06.1 (Proteome 
software, Portland, OR)and search results of the ten gel bands per biological sample were 
combined. A protein was considered identified when at least 2 unique peptides were 
identified in one of the samples. Peptides were identified with a PeptideProphet18 probability 
score >95% and a ProteinProphet19 probability score >99%. Proteins were (label-free) 
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quantified by spectral counting20,21 i.e. the sum of all MS/MS spectra for each identified 
protein. For each biological sample the spectral counts for each protein were normalised 
on the sum of the counts for that sample and multiplied by the average of the sums across 
samples. Subsequently, the beta-binominal test was applied to detect significantly 
differential proteins between early and late recurrence samples.

Tissue Microarray Construction
Tissue Microarrays (TMAs) were constructed from stage II and III colon cancer samples 
as described previously14,22. In summary, formalin fixed, paraffin embedded specimens of 
resected colon cancer tumours were used as donor blocks. Three 0.6-mm cores were 
taken from the centre of the tumour and three cores from the periphery of the tumour and 
transferred into recipient TMA paraffin blocks.  

Immunohistochemistry 
Formalin-fixed paraffin-embedded cores were deparaffinised with xylene and rehydrated 
in decreasing ethanol dilutions. Endogenous peroxidase activity was blocked with 3% 
hydrogen peroxide. Antigen retrieval was achieved by boiling slides in citrate buffer (pH6) 
for 20 minutes. Slides were then incubated (overnight 4°C) with the monoclonal anti-Maspin 
antibody (clone G167-70; Pharmingen, San Jose, CA, USA) at a 1:1000 dilution. For 
detection, goat anti mouse poly-HRP (Powervision, Immunologic, Immunovision 
Technologies, Brisbane, USA) was used. All slides were developed with diaminobenzidine 
(DAB). Slides were counterstained with filtered hematoxylin, dehydrated through a graded 
series of ethanol’s, immersed in xylene and mounted.    
Immunoreactivity for Maspin was assessed and scored by two independent investigators 
being blinded to clinical, pathological- or survival data. The presence of nuclear and 
cytoplasmic staining in the tumour cells was assessed separately in each sample and 
divided into high and low scores. A combination of intensity (negative, 1+, 2+ or 3+) and 
percentage of stained cells was used to score each core biopsy. Intensity score of 2+ in 
more than 50% of cells or 3+ in more than 10% of cells, was considered high (Figure 4).  
In case of discrepancies between the scoring by the two investigators, the slides were 
reviewed and a consensus was reached. For analytical purposes protein expression was 
divided into high and low scores combining cytoplasmic and nuclear scores.

Western blotting 
The homogenized tumour tissue from all five patients with DFS shorter than 6 months, 
which was used for mass-spec analysis, was used for western blot validation. Equal 
amounts of protein was run out on NuPAGE Novex Tris-Acetate Mini Gel (Invitrogen) and 
was analyzed by Western blotting using antibodies directed against Maspin (clone G167-
70; Pharmingen, San Jose, CA, USA) and β-Actin (AC-15, Novus Biologicals, Littleton, CO). 

Follow-up and survival
All patients were subjected to routine follow-up. The follow-up data were updated by letters 
and telephone calls to referring physicians and general practitioners. The duration of the 
follow-up and the time between surgery and the detection of recurrence were obtained 
as well colorectal cancer specific survival. 
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Statistical analysis
Disease free and colorectal cancer specific survival (DFS and CRC-specific survival) data 
were calculated from the day of surgery to the day of the first recurrence or the day of 
death caused by colorectal cancer. Median DFS and CRC –specific survival were estimated 
by the Kaplan-Meier method. To determine the influence of possible risk factors on DFS 
and CRC-specific survival a univariable cox regression analysis was performed.  A 
multivariable cox proportional hazards model was used to determine the independent 
prognostic impact of all variables on DFS and CRC-specific survival. Statistical significance 
was assumed for p-values less than 0.05. Statistical analyses were performed using SPSS 
for Windows version 15.0 (SPSS, Chicago, IL, USA). 

RESULTS

Gene expression profiling identifies Maspin as a marker for recurrence in stage IV CRC    
Forty-six patients from dataset 1 fulfilled the inclusion- and quality control criteria. To identify 
genes that are differentially expressed, patients with metastases showing short (< six 
months, n=17) and prolonged (> two years, n=13) recurrence times were selected (Table 
1). Gene expression profiling of these 30 tumours revealed that fourteen genes were 
significantly differentially expressed between the two groups: SERPINB5, THEM2, GDF15, 
LYPLA1, AMPD1, ARL6IP5, LAPTM4A, C13ORF3, COLEC11, FYTTD1, BNIP3, SMYD2, 
GTF3c3, ASAP2. Of these genes 11 were up-regulated in the group with DFS shorter than 
6 months (Table 2). SERPINB5, also known as Maspin, was the gene most up-regulated 
in patients with short DFS. Maspin expression was ~2.1 times higher in the tumours of 
patients with short DFS versus the tumours in patients with long DFS (Figure 2A; p=0.01).  
All 46 patients included in dataset 1 were divided into high (above median) and low (below 
median) Maspin expression. The Kaplan-Meier survival curves of these groups (figure. 2B) 
show that patients whose tumours have high Maspin expression levels had a mean DFS 
of 9.4 months (95% CI = 5.79-12.99) compared to a mean DFS of 21.5 months (95% CI = 
15.15-27.94) in the low Maspin group (p=0.007 HR=0.913, 95% CI=0.855-0.975). 
Multivariable analysis shows that Maspin is an independent predictor of DFS (p=0.02, 
HR=2.971, 95% CI=1.168- 7558). Adjuvant treatment was the only other independent 
predictor of DFS (p=0.05, HR=0.329, 95%CI=0.109-0.994).

Mass-spectrometry analysis confirms Maspin as marker for short DFS in stage IV CRC 

In parallel to gene expression profiling we also analyzed differentially expressed proteins in 
patients showing short (< six months) and prolonged (> two years) recurrence times. To 
this end, mass-spectrometry analysis was performed on five tumours from each group 
(Suppl. Table 1). Protein-containing lysates of these tumour tissue samples were fractionated 
on an SDS-PAGE gel, followed by in-gel tryptic digestion (Figure 3A). Analysis of the extracted 
peptides was performed by Nano-LC-MS/MS, followed by database searching. In total, 2097 
unique proteins were identified in all patient samples. Forty-six proteins were present in 
significantly different amounts in the two groups, of which 26 were overrepresented and 
20 were underrepresented in the tumours of patients with short DFS (Table 3).  
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The sets of 14 genes and 46 proteins that showed a significant association with short or 
long DFS contained only 1 overlapping factor: Maspin/SerpinB5 (Figure 3B).  Validation of 
the mass-spectrometry results by western blotting showed that the number of spectral 
counts detected by mass-spec analysis correlates very well with Maspin protein levels 
(Figure 3C).  

Table 1  |  Clinical and pathological characteristics of patients included in micro-array analysis.

Variable Characteristics DFS < 6 months
n=17

DFS > 24 months
n=13

p-value

Sex Male 10 (58.8%) 7 (53.8%) 0.785

Female 7 (41.2%) 6 (46.2%)

Age (years)   

(Mean; Median; SD) 62.24; 65.00; 14.70 63.84; 64.00; 8.09 0.715

Tumour location primary   

Right sided 5 (29.4%) 6 (46.2%) 0.636

Left sided 6 (35.5%) 3 (23.1%)

Rectum 6 (35.5%) 4 (30.8%)

Histological grade   

Well 3 (17.6%)  

Moderate 12 (70.6%) 12 (92.3%) 0.714

Poor 2 (11.8%) 1 (7.7%)

Unknown   

Nodal stage   

N0 8 (47.1%) 7 (53.8%) 0.713

N1 9 (52.9%) 6 (46.2%)

Interval between primary and LM  

Synchronous 8 (47.1%) 3 (23.1%) 0.184

Metachronous 9 (52.9%) 10 (76.9%)

Neoadjuvant chemotherapy   

Yes 5 (29.4%) 2 (15.4%) 0.375

No 12 (70.6%) 11 (84.6%)

Adjuvant chemotherapy   

Yes 16 (94.1%) 6 (53.8%) 0.025*

No 1 (5.9%) 7 (46.2%)

Nr of metastases  

(Mean; Median; SD) 2.41; 2.00; 1.77 1.54; 1.00; 0.88 0.131

Size liver metastases   

(Mean; Median; SD) 5.18; 4.21; 3.37 4.25; 3.70; 2.52 0.408

Preoperative CEA   

(Mean; Median; SD) 111.46; 54.28; 134.77 37.26; 33.30; 30.81 0.125
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Table 2  |  Differentially expressed genes found by micro-array analysis in early (<6 months) versus late (>24 
months) recurrence groups.

Up-regulated genes  in early recurrence group

Gene Description Fold
change

p-value

SERPINB5 Serpin B5 2.1 0.0118

COLEC11 Collectin-11 Precursor 1.4 0.0018

LAPTM4A Lysosomal-associated transmembrane protein 4A  1.3 0.0000

C13orf3 Spindle and kinetochore-associated protein RAMA1  1.3 0.0016

LYPLAL1 Lysophospholipase-like protein 1 1.3 0.0000

GTF3C3 General transcription factor 3C polypeptide 3  1.3 0.0204

AMPD1 AMP deaminase 1 1.3 0.0000

ARL6IP5 PRA1 family protein 3 1.3 0.0000

SMYD2 SET and MYND domain-containing protein 2 1.2 0.0118

ASAP2 Arf-GAP with SH3 domain, ANK repeat and PH domain-containing protein 2 1.2 0.0356

FYTTD1 Forty-two-three domain-containing protein 1 1.2 0.0026

Down-regulated genes in early recurrence group

Gene Description Fold 
change

p-value

THEM2 Thioesterase superfamily member 2  0.8 0.0000

BNIP3 BCL2/adenovirus E1B 19 kDa protein-interacting protein 3 0.7 0.0096

GDF15 Growth/differentiation factor 15 Precursor 0.6 0.0000

Figure 2  |  Microarray analysis of patients with early and late recurrence identifies Maspin to be differentially 
expressed in stage IV CRC. A. Median expression levels of Maspin in the early (<6 months, n=17) and late 
(>24 months, n=13) recurrence groups (p=0.012). B. Kaplan-Meier curves illustrating DFS in patients with 
high Maspin expression (above median) and low Maspin expression (p=0.005, log-rank test).
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Tissue micro array analysis reveals that Maspin staining in the tumour centre is a 
stage specific marker in CRC  

The above results indicate that Maspin could be a prognostic marker for DFS in stage IV 
CRC patients. This prompted us to assess whether this marker had a similar prognostic 
power in stage II and III CRC patients. To this end a total of 243 stage II and 176 stage III 
tumours on tissue microarrays containing FFPE tissue cores were stained with specific 
monoclonal Maspin antibody23-25.  The presence of nuclear and cytoplasmic staining in both 
central and peripheral tumour cores was assessed in each sample and divided in high and 

Figure 2  |  Mass-spectrometry based analysis of proteome differences between patients with early and late 
recurrence in stage IV CRC. A. Coomassie-stained protein gradient gel loaded with protein samples from 
tumours form patients with early (< 6 months) and late (>24 months) recurrence. This gel was used for 
mass-spectrometry analysis. B. Venn diagram showing overlap between differently expressed genes and 
proteins found by micro-array and mass-spectrometry analysis. C. Western blot analysis of Maspin levels in 
patients with early recurrence (< 6 months) and the corresponding amount of spectral counts detected by 
mass-spectrometry analysis.
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low scores. A high score was defined as an intensity score of 2+ in more than 50% of cells 
or 3+ in more than 10% of cells (Table 4, Figure 4). Since Maspin was identified by two 
methods (gene expression profiling and mass-spectrometry) that do not discriminate 
between nuclear or cytoplasmic expression, we also combined the nuclear and cytoplasmic 
groups (Table 4). 
In stage II CRC tumours (n=243), Maspin staining in the tumour centre showed no significant 
differences in time-to-recurrence and CRC-specific survival times (Table 5). Kaplan Meier 
curves of Maspin are depicted in Figure 5 A, B. High Maspin expression was found to be 
correlated with a right-sided tumour location (p=0.001) (Supplemental Table 2).
 In stage III CRC patients (n=176) Maspin staining in the tumour centre was an independent 
predictor of DFS and CRC-specific survival (Table 6, Figure 5 C,D). Patients with combined 
low cytoplasmic and nuclear score had a mean DFS and CRC-specific survival of 94.9 
months (95%CI: 79.8-110.0) and 109.3 months (95%CI=95.19-123.41) versus 35.8 months 
(95% CI: 24 – 47.6; log rank p=0.004) and 42.5 months (95%CI=31.51-53.51; log rank 
p=0.000) in patients with a combined high cytoplasmic and nuclear score. 
High Maspin expression in the tumour centre was also associated with poor histological 
grade, mucinous differentiation and MSI-high status in stage III CRC patients (supplemental 
Table 3). In multivariable analysis mucinous differentiation was the only independent factor 
associated with high Maspin expression. 
Peripheral Maspin staining showed no correlation with DFS or CRC-specific survival in 
stage II patients (Table 5). In stage III patients, only high nuclear Maspin was significantly 
correlated with CRC-specific survival, but not with DFS (Table 6). 
We next validated these results using the microarray data from a cohort of 75 patients with 
stage II CRC and 78 patients with stage III CRC26,27. Kaplan-Meier graphs, generated by 
the R2 microarray analysis and visualization platform (http//r2.amc.nl) show that high levels 
(>median) of Maspin are significantly (p=0.02) correlated with early recurrence in stage III 
but not in stage II CRC patients (Figure 6). 

Figure 4 |  Representative immunohistochemical Maspin staining in colorectal cancer specimens.  
A. Cytoplasmic immunoreactivity with Maspin. Upper panel representing low scores: negative (i) intensity 
1+ in > 50% of cells (ii). Lower panel representing high scores: intensity 2+ (iii) and 3+ (iv) in > 50% of cells. 
B. Nuclear immunoreactivity of Maspin.  Upper panel representing low scores: intensity 2+ in < 50% of cells 
(i/ii). Lower panel representing high scores: intensity 3+ in > 10% of cells (iii/iv).
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Table 3 |  Differentially expressed proteins (p<0,05) found by mass-spectrometry analysis in early (<6 months) 
versus late recurrence (>24 months) groups.   

Up-regulated proteins in early recurrence group

Protein Description Fold 
change

p-value

SERPINB5 Serpin peptidase inhibitor, clade B (ovalbumin), member 5 ∞ 0,01

RNASET2 Ribonuclease T2 ∞ 0,01

ICAM1 Intercellular adhesion molecule 1 ∞ 0,02

EIF2B1 Eukaryotic translation initiation factor 2B, subunit 1 alpha, 26kDa ∞ 0,02

TPSAB1 Tryptase alpha/beta 1 ∞ 0,02

SF3A3 Splicing factor 3a, subunit 3, 60kDa ∞ 0,05

OLFM4 Olfactomedin 4 31,9 0,05

IGFALS Insulin-like growth factor binding protein, acid labile subunit 8,8 0,02

PTK7 PTK7 protein tyrosine kinase 7 8,3 0,02

LANCL1 LanC lantibiotic synthetase component C-like 1 (bacterial) 7,8 0,01

API5 Apoptosis inhibitor 5 5,8 0,05

XPOT Exportin, tRNA (nuclear export receptor for tRNAs) 5,8 0,05

USP7 Ubiquitin specific peptidase 7 (herpes virus-associated) 5,3 0,04

ACSL3 Acyl-CoA synthetase long-chain family member 3 4,4 0,01

NUP155 Nucleoporin 155kDa 4 0,01

CLIC4 Chloride intracellular channel 4 3,9 0,01

KRT6B Keratin 6B 3,6 0,04

MYL9 Myosin, light chain 9, regulatory 3,3 0,03

VARS Valyl-tRNA synthetase 3,2 0

CYFIP1 Cytoplasmic FMR1 interacting protein 1 3,1 0,03

SYNE2 Spectrin repeat containing, nuclear envelope 2 2,8 0,05

NUDT21 Nudix (nucleoside diphosphate linked moiety X)-type motif 21 2,6 0,05

CKAP4 Cytoskeleton-associated protein 4 2,3 0,02

VIL1 Villin 1 2,2 0,04

HSD17B12 Hydroxysteroid (17-beta) dehydrogenase 12 2 0,05
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table 3 continued

Down-regulated proteins in early recurrence group

Protein  Fold 
change

p-value

 PTTG1IP Pituitary tumour-transforming 1 interacting protein ∞ 0,011

 DUT Deoxyuridine triphosphatase ∞ 0,013

 CASP1 Caspase 1, apoptosis-related cysteine peptidase ∞ 0,018

 HSD17B4 Hydroxysteroid (17-beta) dehydrogenase 4 ∞ 0,024

 VWF  von Willebrand factor ∞ 0,024

 RBM14 RNA binding motif protein 14 ∞ 0,026

 LACTB2 lactamase, beta 2 ∞ 0,028

 AMBP Alpha-1-microglobulin/bikunin precursor ∞ 0,042

 ANKRD22 Ankyrin repeat domain 22 ∞ 0,046

 ADCK3 AarF domain containing kinase 3 13,8 0,001

 GYG1 Glycogenin 1 9,0 0,003

 AKR1C3 Aldo-keto reductase family 1, member C3 6,2 0,053

 PTGES2 Prostaglandin E synthase 2 5,4 0,053

 SCCPDH Saccharopine dehydrogenase (putative) 2,8 0,007

 MRPL14 Mitochondrial ribosomal protein L14 2,7 0,011

 CUL4A Cullin 4A 2,7 0,051

 SDCBP Syndecan binding protein (syntenin) 2,6 0,029

 CAST Calpastatin 2,1 0,019

 MCCC2 Methylcrotonoyl-CoA carboxylase 2 (beta) 1,9 0,004

 HMCN1 Hemicentin 1 1,7 0,027

Table 4 |  Immunohistochemical evaluation of nuclear and cytoplasmic staining.

Score Intensity Percentage of cells 

High 3+ >10%

 2+ >50%

Low 3+ <10%

2+ <50%

1+ all

negative  

Combined scoring groups  

Cytoplasmic low AND Nuclear low

Cytoplasmic low AND Nuclear high

Cytoplasmic high AND Nuclear low

Cytoplasmic high AND Nuclear high
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Figure 5 |  In stage III CRC high Maspin expression is correlated to early disease recurrence and colorectal 
specific death.  A. Kaplan-Meier curves illustrating the effects of different Maspin expression levels on 
recurrence-free survival in  stage II CRC patients (p=0.92, log-rank test). B. Kaplan-Meier curves illustrating 
the effect of different Maspin expression levels on colorectal specific survival in stage II CRC patients 
(p=0.97, log-rank test). C. Kaplan-Meier curves illustrating the effects of different Maspin expression 
levels on recurrence-free survival in stage III CRC patients (p=0.004, log rank test). D. Kaplan-Meier curves 
illustrating the effect of different Maspin expression levels on colorectal specific survival in stage III CRC 
patients (p=0.000, log-rank test) * The low cytoplasmic and high nuclear group were left out of the analysis 
due to the low number of tumours in this group (n=4 in stage II, n=2 in stage III).
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DISCUSSION 

In this report we have identified Maspin as an independent prognostic factor for early 
recurrence in stage III and IV CRC patients, but not in stage II patients. Maspin is a member 
of the serine protease inhibitor (serpin) family. In breast cancer, Maspin acts as a tumour 
suppressor by inhibiting tumour cell motility, invasion and tumour growth28. In breast, 
ovarian and lung cancer Maspin expression is correlated with a relatively good prognosis29,30. 
By contrast, studies in lung, breast, gastric and pancreatic cancer show that Maspin 
expression is associated with more aggressive disease31-34. The reasons for these 
discrepancies are presently unknown. 
Mixed stage studies in CRC have failed to reach consensus whether Maspin is associated 
with good or poor prognosis23,35,36.  A study in patients with only stage III disease has shown 
that high nuclear Maspin is significantly correlated with poor overall survival24, which is in 
line with the results presented in this report. We used a combined nuclear and cytoplasmic 
expression score. When scored separately, both nuclear and cytoplasmic scores in the 
tumour centre were predictive of tumour recurrence in stage III patients in univariate 
analysis. Based on the low number of patients in the high nuclear and low cytoplasmic 
staining group, we cannot confirm or refute the hypothesis that Maspin-function may be 
compartment-dependent, as suggested previously24 35. In contrast to the results presented 
here, a previous study failed to detect a significant association of nuclear or cytoplasmic 
Maspin staining with outcome in a large cohort of stage III CRC patients25. Since all three 
studies made use of the same antibody, the different outcome of the study of Fung and 
colleagues may be related to the use of different scoring systems.  

Figure 6 |  External validation,  using the SieberSmith database, confirms that Maspin is a stage dependent 
prognostic marker. A. Kaplan-Meier curves show that high (> median) and low (< median) Maspin expression 
have no significant effect  on recurrence-free survival in stage II CRC patients (p=0.5) B. Kaplan-Meier 
curves illustrate that stage III CRC patients with high (> median) Maspin expression have significant shorter 
recurrence-free survival than patients with low (< median) Maspin expression (p=0.02).
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Table 5 |  Uni- and multivariate analysis of factors influencing disease-free survival in stage II CRC patients.

Univariate analysis

Disease free survival Colorectal specific survival

Variable Hazard 
ratio

95%CI p-value Hazard 
ratio

95%CI p-value

Sex 0.854 0.498-1.464 0.566 0.803 0.434-1.484 0.483

Age (years) 1.008 0.984-1.032 0.535 1.021 0.991-1.051 0.169

Tumour size (mm) 0.990 0.975-1.006 0.215 0.996 0.979-1.013 0.605

Tumour location 1.456 0.830-2.553 0.190 1.271 0.678-2.380 0.455

(right sided/left sided)       

Nodal stage n.a.   n.a.   

(N0/N1/N2)       

No. of lymph nodes retrieved 0.960 0.907-1.015 0.152 0.970 0.911-1.033 0.343

Histological grade 1.925 1.056-3.511 0.033* 1.820 0.923-3.591 0.084

(well/moderate/poor)       

Mucinous differentiation 1.152 0.616-2.155 0.657 1.243 0.623-2.481 0.537

(present/absent)       

Ulceration 1.003 0.536-1.876 0.992 0.998 0.489-2.036 0.995

(present/absent)       

Angioinvasion 2.301 1.156-4.581 0.018* 2.322 1.072-5.028 0.033*

(present/absent)       

Adjuvant chemotherapy 1.289 0.943-1.762 0.112 1.259 0.869-1.768 0.184

(yes/no)       

Microsatelite stability status 0.685 0.458-1.025 0.066 0.791 0.514-1.215 0.284

(MSS/MSI)

Central staining

Cytoplasmatic Maspin score 0.965 0.540-1.726 0.905 0.886 0.453-1.732 0.723

Nuclear Maspin score 0.869 0.370-2.042 0.747 1.070 0.417-2.746 0.887

Combined Maspin score 0.951 0.633-1.429 0.809 0.957 0.595-1.537 0.855

Peripheral staining

Cytoplasmatic Maspin score 0.884 0.480-1.628 0.693 0.545 0.249-1.197 0.131

Nuclear Maspin score 0.662 0.281-1.557 0.345 0.790 0.307-2.032 0.624

Combined Maspin score 1.001 0.735-1.363 0.994 0.809 0.544-1.897 0.297

Multivariable analysis       

Disease free survival Colorectal specific survival

Variable Hazard 
ratio

95%CI p-value Hazard 
ratio

95%CI p-value

Histological grade 2.028 1.097-3.749 0.024    

Angioinvasion 2.338 1.153-4.743 0.019 2.497 1.150-5.421 0.021
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Table 6 |  Uni- and multivariate analysis of factors influencing disease-free survival in stage III CRC patients. 

Univariate analysis       

 Disease free survival Colorectal specific survival

Variable Hazard 
ratio

95%CI p-value Hazard 
ratio

95%CI p-value

Sex 1.054 0.665-1.671 0.821 1.418 0.854-2.354 0.177

Age (years) 0.999 0.979-1.018 0.890 1.011 0.988-1.035 0.366

Tumour size (mm) 1.015 1.002-1.029 0.021* 1.015 1.000-1.031 0.048*

Tumour location 0.808 0.512-1.275 0.360 0.691 0.416-1.148 0.153

(right sided/left sided)       

Nodal stage 2.110 1.328-3.353 0.002* 2.262 1.355-3.777 0.002*

(N0/N1/N2)       

No. of lymph nodes retrieved 0.989 0.942-1.038 0.651 0.992 0.940-1.047 0.765

Histological grade 0.673 0.412-1.099 0.113 0.643 0.367-1.127 0.123

(well/moderate/poor)       

Mucinous differentiation 1.093 0.628-1.902 0.752 1.131 0.612-2.092 0.694

(present/absent)       

Ulceration 0.807 0.463-1.404 0.447 0.560 0.320-1.007 0.053

(present/absent)       

Angioinvasion 3.226 2.029-5.130 0.000* 3.107 1.860-5.189 0.000*

(present/absent)       

Adjuvant chemotherapy 1.127 0.914-1.390 0.264 0.950 0.739-1.221 0.689

(yes/no)       

Microsatelite stability status 1.025 0.713-1.472 0.895 0.365 0.523-1.269 0.365

(MSS/MSI)       

Central staining

Cytoplasmatic Maspin score 1.614 1.006-2.589 0.040* 2.087 1.215-3.583 0.008*

Nuclear Maspin score 2.151 1.305-3.544 0.003* 2.885 1.575-4.967 0.000*

Combined score 1.536 1.148-2.056 0.004* 1.882 1.356-2.611 0.000*

Peripheral staining       

Cytoplasmatic Maspin score 0.894 0.559-1.428 0.638 1.178 0.695-1.995 0.543

Nuclear Maspin score 1.378 0.799-2.374 0.249 1.895 1.057-3.397 0.029*

Combined score 1.007 0.799-1.270 0.950 1.178 0.905-1.533 0.223

Multivariable analysis

Disease free survival Colorectal specific survival

Hazard 
ratio

95%CI p-value Hazard 
ratio

95%CI p-value

Diameter 1.014 1.001-1.027 0.038    

Angioinvasion 2.973 1.792-4.932 0.000 2.733 1.548-4.826 0.001

Combined Maspin score (central) 1.415 1.044-1.919 0.025 1.534 1.176-2.350 0.005
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Tumours with high Maspin expression respond significantly better to adjuvant 5-FU 
chemotherapy in stage III CRC24.  This trend was also observed in our study, although 
patient numbers were too low for this association to reach significance (data not shown). 
Maspin may therefore not only have value as a prognostic marker but possibly also as a 
marker for predicting response to adjuvant treatment in advanced stage CRC. Whether 
Maspin itself could be a drug target depends on whether it is causally involved in facilitating 
the metastatic process.
In this study, Maspin was highly up regulated using two different high-throughput screens 
suggestive of a key role in predicting DFS in stage IV colorectal patients.  To our knowledge 
this is the first study reporting a predictive role for Maspin in stage IV CRC. 
However, it must be noted that identification of Maspin was performed in a relatively small 
cohort. Experimental studies show that high Maspin expression is correlated with increased 
apoptosis resistance in CRC cells37.  Furthermore, it has been shown that circulating tumour 
cells in peripheral blood of CRC patients express high levels of Maspin38. Maspin 
expression levels are also higher at the invasive tumour font when compared to the more 
central parts of CRC tumours23. 
These results combined with the results of our study, demonstrating that high Maspin 
expression is associated with poor prognosis in CRC that have metastasized to local lymph 
nodes or beyond, point to a potential role for Maspin in facilitating the metastatic process. 
Future work should therefore address whether (and how) high Maspin levels promote 
metastasis in advanced stage CRC.
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SUPPLEMENTAL

Supplemental Table 1  |  Clinical and pathological characteristics of patients included in mass-spec analysis.

Variable Characteristics DFS < 6 months
n=5

DFS  > 24 months
n=5

Sex Male 2 2

Female 3 3

Age (years) (Mean; Median; SD) 64.40; 63.00; 6.11 62.80; 64.40; 9.78

Tumour location primary Right sided 3 3

Left sided 1 2

Rectum 1 1

Histological grade Well 0 0

Moderate 5 5

Poor 0 0

Nodal stage N0 2 2

N1 3 3

Interval between primary and LM Synchronous (≤2 
months)

1 3

Metachronous (> 
2months)

4 2

Neoadjuvant chemotherapy Yes 1 1

No 4 4

Adjuvant chemotherapy Yes 0 3

No 5 2

Nr of metastases (Mean; Median; SD) 1.40; 1.00; 0.894 2.40; 3.00; 0.894

Size liver metastases (Mean; Median; SD) 7.60; 5.5; 4.75 4.30; 4.20; 1.49

Preoperative CEA (Mean; Median; SD) 256.32; 272.00; 1.58.17 21.67; 4.00; 30.89
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Supplemental Table 2 |  Patient- and tumour characteristics associated with Maspin expression in stage II 
CRC patients.

Variable Characteristic Low nuclear, 
Low cytoplasmic
n=144

Low nuclear, 
high cytoplasmic
n=62

High nuclear, 
high cytoplasmic
n=33

p-value

Sex

Male 71 (49.3%) 33 (53.2%) 21 (63.3%) 0.229

Female 73 (50.7%) 29 (46.8%) 12 (36.4%)  

Age (years)

(Mean; Median; SD) 71.61; 73.01; 
11.63

71.91; 73,67; 
12.32

76.53; 76.76; 8.04 0.856

Tumour size

(Mean; Median; SD) 4.43; 4.00; 22.06 3,90; 4.00; 2,17 3.82; 3.00; 1.81 0.686

Tumour location

right sided 50 (34.7%) 35 (56.5%) 19 (57.6%) 0.001*

left sided 94 (65.3%) 27 (43.5%) 14 (42.4%)  

No. of lymph nodes retrieved

(Mean; Median; range; SD) 8.32; 7.00; (0-30); 
 5.25

7.39; 6,50;  
(0-23) 4.64

7.76; 7.00; 
(0-28); 5.21

0.447

Histological grade

Well 8 (5.6%) 7 (14,5%) 1 (3.0%) 0.756

Moderate 122 (84.7%) 46 (74.2%) 29 (87.9%)  

Poor 14 (9.7%) 9 (11.3%) 3 (9.1%)  

Mucinous differentiation

Yes 21 (14.6%) 21 (33.9%) 4 (12.1%) 0.086

No 123 (85.4%) 41 (66.1%) 29 (87.9%)  

Ulceration

Present 111 (77.1%) 45 (72.7%) 22 (66.7%) 0.214

Absent 33 (22.9%) 17 (27.3%) 11 (33.3%)  

Angioinvasion

Present 14 (9.7%) 8 (12,9%) 2 (6.1%) 0.955

Absent 130 (90.3%) 54 (87.1%) 31 (93.9%)  

Adjuvant chemotherapy

Yes 18 (12.5%) 11 (17.7%) 2 (6.1%) 0.532

No 122 (84.7%) 50 (80.6%) 30 (90.9%)  

other 4 (2.8%) 1 (1.6%) 1 (3.0%)  

Microsatelite stability status

MSS 96 (66.7%) 41 (66.1%) 22 (66.7%) 0.706

MSI 21 (14.6%) 11 (17.7%) 6 (18.2%)  

Unknown 27 (18.8%) 10 (16.1%) 5 (15.2%)  
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Supplemental Table 3 |  Patient- and tumour characteristics of factors associated with Maspin expression in 
stage III CRC patients.

Variable Characteristic Low nuclear, 
Low cytoplasmic
n=79

Low nuclear, 
High cytoplasmic
n=49

High nuclear,
High cytoplasmic
n=36

p-value

Sex

Male 47 (59.5%) 31 (60.8%) 13 (36.1%) 0.061

Female 32 (40.5%) 20 (39.2%) 23 (63.9%)

Age (years)

(Mean; Median; SD) 70.30; 72.29; 
11.90

70.79; 73.73; 
11.18

72.51; 76.07; 
12.84

0.528

Tumour size

(Mean; Median; SD) 4.16; 4.00; 21.86 4.13; 4.00;1.99 4.31; 3.75; 2.07 0.818

Tumour location

right sided 36 (45.6%) 21 (41.2%) 21 (58.3%) 0.380

left sided 43 (54.4%) 30 (58.8%) 15 (41.7%)

Nodal stage

N1 55 (69.6%) 36 (70.6%) 22 (61.1%) 0.480

N2 24 (30.4%) 15 (29.4%) 14 (38.9%)

No. of lymph nodes retrieved

(Mean; Median; range; SD) 9.32; 9.00;  
(1-19); 4.29

9.63; 8.00;  
(2-22); 4.85

9.89; 8.00;  
(2-25); 5.76

0.152

Histological grade

Well 2 (2.5%) 1 (2.0%) 2 (5.6%)  0.031*

Moderate 67 (84.8%) 40 (78.4%) 22 (61.1%)

Poor 10 (12.7%) 10 (19.6%) 12 (33.3%)

Mucinous differentiation

Yes 11 (13.9%) 12 (23.5%) 13 (36.1%)  0.008*

No 68 (86.1%) 39 (76.5%) 23 (63.9%)

Ulceration

Present 65 (82.3%) 40 (78.4%) 28 (77.8%) 0.518

Absent 14 (17.7%) 11 (21.6%) 8 (22.2%)

Angioinvasion

Present 27 (34.2%) 14 (27.5%) 17 (47.2%) 0.396

Absent 52 (65.8%) 37 (72.5%) 19 (52.8%)

Adjuvant chemotherapy

Yes 40 (50.7%) 25 (49.1%) 19 (52.8%) 0.974

No 35 (44.3%) 20 (39.2%) 17 (47.2%)

other 4 (5.0%) 6 (11.8%)

Microsatelite stability status

MSS 66 (83.5%) 39 (76.5%) 22 (61.1%)  0.045*

MSI 9 (11.4%) 8 (15.7%) 10 (27.8%)

Unknown 4 (5.1%) 4 (7.8%) 4 (11.1%)
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ABSTRACT

Background and Objectives
This study was designed to identify and validate gene signatures that can predict disease 
free survival (DFS) in patients undergoing a radical resection for their colorectal liver 
metastases (CRLM).

Methods
Tumour gene expression profiles were collected from 119 patients undergoing surgery for 
their CRLM in the Paul Brousse Hospital (France) and the University Medical Centre Utrecht 
(The Netherlands). Patients were divided into high and low risk groups. A randomly selected 
training set was used to find predictive gene signatures. The ability of these gene signatures 
to predict DFS was tested in an independent validation set comprising the remaining patients. 
Furthermore, 5 known clinical risk scores were tested in our complete patient cohort.

Results
No gene signature was  found that significantly predicted DFS in the validation set. In 
contrast, three out of five clinical risk scores were able to predict DFS in our patient cohort. 

Conclusions 
No gene signature was found that could predict DFS in patients undergoing CRLM 
resection. Three out of five clinical risk scores were able to predict DFS in our patient 
cohort. These results emphasize the need for validating risk scores in independent patient 
groups and suggest improved designs for future studies.

INTRODUCTION

Colorectal cancer is the third most common cancer in men and the second in women 
worldwide, accounting for approximately 608.000 deaths worldwide1. The liver is the most 
common and often only site of metastatic disease. The development of liver metastases 
in about 50% of patients is the major determinant of survival in patients with colorectal 
cancer. Surgical resection is the best treatment option for patients with colorectal liver 
metastasis offering a median survival of over 40 months after resection compared to a 
median survival of 18 months when treated with chemotherapy and 6 to12 months if 
patients remain untreated2. Unfortunately, 60%-80% of patients will develop local or distant 
recurrences after R0 resection of colorectal liver metastasis2-5. Patients with recurrence 
are likely to benefit from adjuvant chemotherapy. However, 20-40% of the patients do not 
develop recurrence and will probably better be left untreated after liver resection. Since 
chemotherapy is associated with serious morbidity and mortality, the therapy-associated 
risk should therefore be justified by a significant improvement in survival of these patients. 
Many research groups have attempted to define factors predicting disease free survival 
and overall survival (OS) after resection of liver metastasis5,6. Recently, five published clinical 
risk scores, combining different clinical factors, were validated in an independent patient 
cohort demonstrating that two clinical risk scores were able to predict overall survival in 
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an independent set of patients7. Prediction of (disease-free) survival might be improved by 
the use of gene expression which might capture tumour properties not reflected by 
clinicopathological variables. 
Genome wide gene expression profiling  has been used to predict disease outcome or 
response to therapy in many different tumour types 8,9. It has also been shown that 
expression profiling can be used to identify colorectal tumours with different aggressiveness 
and metastatic potential10-13. No study, however, has been published in which gene 
expression was used to predict disease free survival after resection of colorectal liver 
metastasis. Identification of a gene signature able to identify recurrence-prone colorectal 
liver metastases at time of resection would open the way for selection of patients who 
are likely to benefit from aggressive therapy after resection, while withholding others 
unnecessary treatment. 

MATERIALS AND METHODS

Patient Samples
Frozen tumour samples from 148 patients were obtained from the Paul Brousse Hospital 
in Villejuif, France and the UMC Utrecht in the Netherlands between November 2000 and 
August 2010. The study protocol was approved by The Medical Ethical Committee (MEC) 
of the University Medical Centre Utrecht as recognized by article 16 of the WMO (Dutch 
Law on Medical Research with human subjects). Written informed consent was obtained 
from all patients. Samples were included of patients aged 18 years or older who underwent 
curative resection for histologically confirmed liver metastases from CRC. Patients with a 
history of non-colorectal malignancies, extrahepatic disease or macroscopic residual disease 
(R2) after surgery were excluded. Patients who received local ablative therapy or 
chemoembolization alone or in combination with resection were excluded. Only specimen 
were included that were snap frozen in liquid nitrogen within 30 minutes after resection 
and were stored in -80ºC. The amount of stroma, tumour, benign liver cells and necrosis 
was determined by the two study pathologists (C.G and P.J.vD). Patients whose samples 
contained benign liver tissue or insufficient tumour cells were excluded from the study. 
Intraoperative ultrasound of the liver was performed in all patients to assess the size and 
location of the liver metastases. The size of the dataset was determined by the available 
patient tumour samples in the two participating institutions which fulfilled all in- and 
exclusion criteria. Patient-, tumour- and surgical characteristics were extracted from our 
prospectively collected databases. The definition of synchronous liver metastasis (diagnosis 
within two months after initial diagnosis) was based on that provided by the US National 
Cancer Institute. 

Follow-up
All patients received standard follow up with spiral CT of the abdomen and chest every 3 
months to monitor recurrences. Disease free survival was defined as the time from 
resection to the time of the first sign of recurrence on CT scanning. All patients were 
censored at the time of death or the last follow-up. Survival time was determined using 
the Kaplan-Meier survival function. 
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Gene expression profiling 
RNA isolation 
Total RNA was isolated from individual tissue samples using Trizol reagent (Invitrogen) 
following the manufacturer’s protocol. RNA was purified using the RNeasy mini-kit (Qiagen) 
and was subjected to DNase treatment using the Qiagen DNA-free kit. The yield and quality 
of total RNA was checked by spectrophotometry and by the Agilent Bioanalyzer (Agilent). 
Thirteen samples were excluded on the basis of the RNA yield and cRNA yield (RNA 
integrity number [RIN] < 6).  Eight samples were excluded due to amplification failures, 
and 8 more samples did not meet the labeling criteria, resulting in data from 119 samples.

cRNA synthesis and fluorescent labeling
All amplification and labelling procedures were performed in 96 wells plates (4titude, Bioke) 
on a customized Sciclone ALH 3000 Workstation (Caliper LifeSciences), with a PCR PTC-
200 (Bio-Rad Laboratories), SpectraMax 190 spectrophotometer (Molecular Devices), and 
a magnetic bead-locator (Beckman). cRNA products were purified and concentrated with 
RNAClean (Agencourt, Beckman) according to manufacturer’s protocol. mRNA was 
amplified by in vitro transcription using an anchored primer and T7 RNA polymerase on 1 
µg of total RNA. First a double stranded cDNA template was generated including the T7 
promoter. Next, this template was used for in vitro transcription with the T7 megascript 
kit (Ambion) to generate cRNA. During the in vitro transcription, 5-(3-aminoallyl)-UTP 
(Ambion) was incorporated into the single stranded cRNA. Samples with a yield less than 
2000 ng or with small cRNA fragments (median less than 500 nt) were not used. Cy3 or 
cy5 fluorophores (GE Healthcare) were coupled to cRNA. We applied total RNA and cRNA 
quality control criteria in accordance with the Tumour Analysis Best Practices Working 
Group21. The yield and label incorporation of the cy-labeled cRNA was checked using 
spectrophotometry. Only samples with between 1.5% and 3% Cy-incorporation were 
included. Before hybridization, 300-1000 ng of Cy-labeled cRNA from one biopsy was mixed 
with an equal amount of reverse color Cy-labeled material from the reference sample.  

Microarray hybridization  
For each sample, two expression profiles in dye-swap experiments were generated. The 
samples were compared against a commercial reference (Universal Human Reference 
RNA catalog #740000, Stratagene). The Human Array-Ready Oligo set (version 2.0) was 
purchased from Qiagen and spotted on Codelink slides (GE Healthcare) in a dust filtered 
and humidity controlled clean room. The microarrays contained 70-mer oligo-nucleotides 
representing 21.329 human genes and expressed sequence tags (ESTs), as well as 3871 
additional spots for control purposes. Gene annotations were updated by BLAST analysis 
of all feature sequences using ENSEMBL build 55. Arrays were hybridized on a Tecan 
HS4800PRO hybridization station, using the protocol described previously22. Hybridized 
slides were scanned on an Agilent scanner (G2565BA) at 100% laser power and 60-90% 
PMT. After automatic data extraction using Imagene 8.0.1 (BioDiscovery), printtip Loess 
normalization was performed on mean spot intensities23. Dye bias was corrected based 
on a within-set estimate24.



RESECTION  |  CHAPTER 7 |  101EXPLORING GENE SIGNATURES IN CRLM

Data accessibility 
In accordance with proposed MIAME (Minimum information about a microarray experiment) 
standards, primary and processed data as well as protocols were deposited in Array Express 
(http://www.ebi.ac.uk/microarray-as/aer) under accession number E-TABM-1112.

Identification of a recurrence signature
The cohort was randomly divided in a training set (n=75) and a validation set (n=44). The 
latter was not involved in gene selection to avoid a selection bias. For the purposes of 
discovering the gene signature, patients were initially divided in a high risk and a low risk 
group. High risk patients were defined as those with recurrence within 1 year (Figure 2). 
This threshold was based on the observation that a DFS < 1 year is predictive of adverse 
overall survival as described by Fong et al14. 
A division based on DFS ≤ 6 months (high risk) and DFS > 2 years (low risk) was also applied 
(Figure 2B). Using the training set, genes were ranked based on three different metrics 
(signal-to-noise-ratio, t-test statistic and Cox proportional hazard ratio). This ranking was 
done using a multiple sampling approach selecting 2/3 of the samples in each iteration. 
The 75 top ranked genes were used to predict the risk class of the samples in the remaining 
1/3 of samples using nearest mean classification 9 and leave-one-out cross validation 
(LOOCV). Using these predictions a combined area under the curve for 1000 iterations was 
calculated giving an indication of the aggregated predictive power of the 75 gene signatures, 
where a value significantly above 0.5 points to true predictive power. The ranking of the 
genes were averaged over all 1000 iterations25. From the resulting ranked list, the gene 
signature with the strongest prognostic power (measured as overall accuracy of prediction) 
was determined using nearest mean classification and LOOCV starting from the best 
ranked gene and subsequently adding the next highest ranked gene in each iteration 
(forward selection)9. An independent measure of the predictive power was obtained by 
using the resulting gene signature to predict the risk class of the samples in the validation 
set (nearest mean, LOOCV). Kaplan-Meier analyses were used to estimate DFS and survival 
curves for the two predicted risk classes were compared using the Mantel-Cox log-rank 
test.  A power analysis for the log-rank test was done using the PS program26. Functional 
gene set enrichment analysis was performed using the Babelomics 4.2 web-based analysis 
suite including all the databases available for the enrichment analysis27. 

Analysis of differential gene expression
Gene expression in patients treated with neoadjuvant chemotherapy was compared to 
expression in untreated patients using ANOVA28.  In a fixed effect analysis, sample, array 
and dye effects were modelled. P values were determined by a permutation F2-test in 
which residuals were shuffled 5000 times globally.

 Clinical risk scores
A univariate Cox proportional hazards regression model was used to estimate the hazard 
ratios of  five clinical risk scores which were calculated for each patient14-18.  A multivariate 
analysis was also performed entering the factors with p values below 0.1 in the univariate 
analysis. 
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Statistical testing and software
All statistical tests were two-sided and statistical significance was assumed for p values 
less than 0.05. Where applicable, p values were adjusted for their false discovery rate using 
the Benjamini-Hochberg method29. Statistical analyses were done in R 2.7.0 with additional 
Bioconductor packages and SPSS for Windows version 15.0 (SPSS, Chicago, Illinois, USA). 

RESULTS

Patients and tumour samples
Hundred forty-eight patients met the in- and exclusion criteria expression. Profiles were 
successfully obtained for 119 patients. The baseline characteristics of the 119 included 
patients, shown in Table 1, did not differ significantly between the high versus low risk 
group, with the exception of administration of chemotherapy. High-risk patients received 
neoadjuvant chemotherapy more frequently and adjuvant chemotherapy less frequently 
than low-risk patients. Patient samples had a mean tumour cell percentage of 45% (95%CI 
40.75-49.60), necrosis 19% (95%CI 16.19-22.47) and fibrosis 20% (95%CI 16.44-22.71). 
Mean follow up was 26.7 months. A comparison of the baseline characteristics of the 119 
included and 29 excluded patients is shown in Table S1. 

Gene expression signature
Using the training set of 75 patients from both centres, a gene signature was discovered 
consisting of 20 genes (Table S2). This was the most predictive gene signature as measured 
within the training set, able to predict disease free survival with high statistical significance 
(Figure 1A). When used to predict risk for the patients in the independent validation set of 
44 patients, however, this gene signature was unable to significantly predict DFS (Figure 
1B). This points to overfitting on the training set patients, a fact underscored by the area 
under the curve (AUC) of 0.508 (95%CI 0.482-0.534) achieved during the signature 
discovery (see Methods). The power of the log-rank test used is shown in Figure S1. An 
analysis to find functional enrichment for the 20 genes in the signature failed to find any 
significant enrichment. Having failed to find a predictive gene signature, we examined 
whether a stricter definition of the high and low risk groups would result in a better gene 
signature by dividing the training set into a high risk group of patients with a DFS less than 
6 months and a low risk group with a DFS of at least 2 years (Figure 2B). Although the 
validation results of this gene signature seemed to show a positive trend it also failed to 
reach significance (Figure 1C). 
Some of the clinicopathological factors differed significantly between the patients from 
the Paul Brousse Hospital and the University Medical Centre in Utrecht (Table S3). To 
explore the possibility that the previous failure to find a predictive gene signature might 
have been caused by these differences, the gene signature discovery was repeated for 
the UMC Utrecht samples and the Paul Brousse samples separately. The gene signature 
derived from the UMC Utrecht data alone did not hold any predictive power when validated 
(Figure 1D). Validation of the Paul Brousse gene signature, however, did show a positive 
trend (Figure 1E). The result of a multivariate Cox regression, however, suggests that the 
gene signature is not an independent predictive factor (Table 2). 
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Figure 1 |  Kaplan–Meier survival analysis for the discovered gene signatures. Patients are divided into 
a high and a low risk prediction group based on the risk prediction of the different gene signatures. 
Gene signatures were discovered defining high risk as DFS ≤ 1 year and low risk as DFS > 1 year unless 
mentioned otherwise. The hazard ratio of the gene signature prediction is shown with the 95% confidence 
interval between brackets. The p value of the log-rank test is shown as well, with the p value adjusted 
for multiple testing between brackets. A. Survival curves for patients in training set. Gene signature was 
discovered using the same training set. B. Survival curves for patients in the validation set. Gene signature 
was discovered using the full training set. C: Survival curves for patients in the validation set. Gene signature 
was discovered using the full training set defining high risk as DFS ≤ 6 months and low risk as DFS > 2 years. 
C. Survival curves for UMC Utrecht patients in the validation set. Gene signature was discovered using the 
UMC Utrecht subset of the training set. D. Survival curves for Paul Brousse patients in the validation set. 
Gene signature was discovered using the Paul Brousse subset of the training set. E. Like E but including 
only Paul Brousse patients who received neoadjuvant chemotherapy (training and validation set) F. Like E 
but including only Paul Brousse patients who received neoadjuvant chemotherapy (training and validation 
set) 
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Stage of the primary tumour and the administration of neoadjuvant chemotherapy seemed 
sufficient to predict DFS within the validation set. It is possible that neoadjuvant 
chemotherapy, which is administered before the sample collection, had an effect on the 

Figure 2 |  Flow charts showing the study design. A. Original set up of the study: supervised model dividing 
patients with DFS ≤ 1 year versus patients with DFS > 1 year. The gene signature was discovered using the 
training set and subsequently tested on the independent validation set. B. Similar to A, using a supervised 
model dividing patients with DFS ≤ 6 months versus patients with DFS > 2 years. C. Similar to A, including 
only patients treated in Paul Brousse. D. Similar to A, including only patients treated in UMC Utrecht. 
E. Similar to A, including only patients treated in Paul Brousse treated with neoadjuvant chemotherapy.
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gene expression pattern and was therefore an interfering factor in the experimental setup. 
This is confirmed by the absence of predictive power when the signature discovery was 
performed exclusively on Paul Brousse patients who did receive neoadjuvant chemotherapy 
(Figure 1F). Additionally, an analysis of the genes differentially expressed between patients 
treated with neoadjuvant chemotherapy and untreated patients revealed 875 genes that 
were significantly up- or down regulated ((http://www.ebi.ac.uk/microarray-as/aer) under 
accession number E-TABM-1112) suggesting that neoadjuvant chemotherapy induces a 
sizeable change in the measured gene expression. To investigate whether the absence of 
a predictive signature was caused by the neoadjuvant treatment bias in the high risk group 
the signature discovery was repeated using training sets were this bias was removed (Figure 
3) as well as analysing the neoadjuvant treated and untreated patients separately (Figure 
4). The results strongly suggest that the absence of a predictive signature is independent 
of the effects of neoadjuvant treatment, adding the caveat that in some of these comparisons 
the sample size is low. Table S4 shows the predictive performance of all the gene signatures 
described above when used to predict DFS redefined as a dichotomous variable.    

Validation of clinical risk scores
The univariate survival analysis results for all clinicopathological factors are depicted in 
Table 3. In a multivariate Cox regression model, containing the factors that displayed 
p-values less than 0.1 in univariable analysis, higher stage of the primary tumour (p=0.006, 
HR=1.444, 95% CI=1.110-1.877),  major resection (p=0.005, HR=2.190, 95% CI=1.268-
3.784), the number of liver metastases (p=0.031, HR=1.142, 95% CI=1.012-1.289) and 
the administration of adjuvant chemotherapy (p<0.001, HR=0.382, 95% CI=0.237-0.617) 
were found to be independent risk factors for poor DFS. 
All items of the clinical risk scores were documented except for the status of the 
hepatoduodenal lymph nodes, which made it impossible for the risk score of Zakaria to be 
higher than 2. Because we did not include patients with extrahepatic disease in this study, 
the Basingstoke risk score was not complete. Three out of five clinical risk scores predicted 
DFS accurately in our patients including the Basingstoke, Fong and Nordlinger risk scores 
(Table 3). Of these, the score by Fong performed best. Kaplan Meier curves for high and 
low risk predicted patients, based on the different clinical scores, are depicted in Figure 5. 

Table 2 |  Univariate and multivariate Cox regression analysis for risk factors associated with DFS (months) in Paul 
Brousse validation set

Univariatea Multivariateb

P valuec HR 95% CI P valuec HR 95% CI

Neoadjuvant chemotherapy 0.046 5.32 1.02-9.96 0.083 3.87 0.84-17.79

Stage primary tumour 0.003 11.09 1.43-85.70 0.028 9.90 1.27-77.02

Gene signature prediction 0.12 2.03 0.83-5.01 0.69 1.25 0.42-3.72

DFS, disease free survival; HR, hazard ratio; CI, confidence interval. a Only showing factors with p ≤ 0.05 as well 
as Gene signature prediction. b Multivariate model includes factors with p ≤ 0.05 in univariate analysis (Neoadjuvant 
chemotherapy and Stage primary tumour) as well as Gene signature prediction. c P values were calculated with 
the use of log-rank test. d TNM stages 1 and 2 versus 3 and 4.
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Figure 3 |  Kaplan–Meier survival analysis for gene signatures based on training sets without neoadjuvant 
treatment bias. Patients are divided into a high and a low risk prediction group based on the risk prediction 
of the different gene signatures. Gene signatures were discovered defining high risk as DFS ≤ 1 year and 
low risk as DFS > 1 year unless mentioned otherwise. In all training sets the ratio of patients treated with 
neoadjuvant chemotherapy to untreated patients in high and low risk group was kept as equal as possible 
to preclude any treatment bias. The hazard ratio of the gene signature prediction is shown with the 95% 
confidence interval between brackets. The p value of the log-rank test is shown as well, with the p value 
adjusted for multiple testing between brackets. A. Survival curves for patients in the validation set. Gene 
signature was discovered using the full training set controlled for the neoadjuvant treatment bias. B. Survival 
curves for patients in the validation set. Gene signature was discovered using the full training set defining 
high risk as DFS ≤ 6 months and low risk as DFS > 2 years and controlling for the neoadjuvant treatment 
bias. C. Survival curves for UMC Utrecht patients in the validation set. Gene signature was discovered using 
the UMC Utrecht subset of the training set controlled for the neoadjuvant treatment bias. D. Survival curves 
for Paul Brousse patients in the validation set. Gene signature was discovered using the Paul Brousse 
subset of the training set controlled for the neoadjuvant treatment bias. 
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Figure 4 |  Kaplan–Meier survival analysis for gene signatures based on training sets stratified according 
to neoadjuvant treatment. Patients are divided into a high and a low risk prediction group based on the risk 
prediction of the different gene signatures. Gene signatures were discovered defining high risk as DFS ≤ 
1 year and low risk as DFS > 1 year unless mentioned otherwise. Both training and validation sets were 
separated into neoadjuvant treated and untreated patients. Results are only shown where the training sets 
contained enough high and low risk patients to make signature discovery possible. The hazard ratio of the 
gene signature prediction is shown with the 95% confidence interval between brackets. The p value of the 
log-rank test is shown as well, with the p value adjusted for multiple testing between brackets. A. Survival 
curves for patients in the validation set. Gene signatures were discovered using the full training set stratified 
by neoadjuvant treatment. B. Survival curves for untreated UMC Utrecht patients in the validation set. Gene 
signature was discovered using untreated UMC Utrecht patients in the training set. C. Survival curves 
for neoadjuvant treated Paul Brousse patients in the validation set. Gene signature was discovered using 
neoadjuvant treated Paul Brousse patients of the training set. 
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Figure 5 |  Kaplan–Meier survival analysis for clinical risk predictors. Survival curves based on all 119 
patients using known clinical predictors. The hazard ratio of the clinical risk predictor is shown with the 95% 
confidence interval between brackets. The p value of the log-rank test is shown as well, with the p value 
adjusted for multiple testing between brackets. A. Iwatsuki (high risk ≥ 3, low risk < 3). B. Basingstoke 
(high risk ≥ 10, low risk < 10). C. Fong (high risk ≥ 3, low risk < 3). D. Mayo (high risk ≥ 2 low risk < 2). E. 
Nordlinger (high risk ≥ 4, low risk < 4). 
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Table 3 |  Univariate Cox regression analysis for possible risk factors associated with DFS (months). 

Category Subcategory Mean DFS (95%CI) HR 95%CI HR P 
valuea

Sex Male  18.61 (13.49-23.72) 1.082 0.707-1.654 0.718

Female 19.12 (12.55-25.71)

Age ≤ 65 17.87 (12.64-23.09) 0.986 0.556-1.264 0.399

> 65 16.67 (12.64-20.70)

Location of primary 
tumour

Rectum 21.63 (12.16-31.10) 0.989 0.623-1.570 0.963

Colon 17.21 (13.19-21.23)

Differentiation 
primary tumour

Good 15.82 (5.94-25.70) 1.219 0.672-2.210  0.514

Moderate 19.54 (14.22-24.86) 0.899 0.680-1.189 0.456

Poor 12.73 (7.34-18.12)

Stage primary tumour 1 35.23 (18.21-52.24) 0.460 0.154-1.416 0.178

2a/b 24.54 (6.38-12.03) 0.913 0.455-1.833 0.699

3a/b 20.69 (4.33-12.20) 0.446 0.244-0.812 0.008

4a/b 10.41 (1.06-8.33)

Nodal Status N+ 14.87 (11.15-18.59) 1.293 0.830-2.014 0.256

N- 274.34 (15.51-33.165)

Interval primary 
tumour and LM

Metachronous  
(> 2months)

23.221 (16.22-30.23) 0.687 0.458-1.029 0.069

Synchronous  
(≤2 months)

13.86 (9.57-18.15)

Neoadjuvant 
chemotherapy

Yes 11.92 (9.52-14.32) 1.764 1.164-2.674 0.008

No 25.58 (17.79-33.36)

Type of resection Minor (3 segments 
resected or less)

22.08 (16.20-27.96) 0.610 0.404-0.922 0.019

Major 11.54 (8.27-14.81)

R0/R1 Resection R0 20.69 (15.24-26.14) 0.888 0.561-1.405 0.611

R1 13.35 (9.81-16.90)

Blood transfusion No 18.48 (14.18-22.78) 0.775 0.495-1.212 0.264

Yes 16.63 (8.92-24.33)

Distribution Bilobar 16.80 (12.31-21.30) 1.018 0.680-1.526 0.931

Unilobar 19.83 (12.63-27.03)

Adjuvant 
chemotherapy

Yes 23.88 (17.47-30.29) 0.564 0.378-0.843 0.005

No 11.70 (8.40-15.0)

Tumour size largest 
LM

≤ 5 cm 20.57 (15.91-25.43) 0.518 0.341-0.794 0.002

> 5 cm 12.14 (6.86-17.42)

Tumour cell 
percentage

0.998 0.989-1.007 0.596

Necrosis percentage 0.999 0.990-1.008 0.817
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DISCUSSION

This study was designed to identify and validate a gene expression based classifier that 
predicts DFS. Unfortunately, we were unable to find a gene signature that could significantly 
predict DFS in an independent validation set. A gene signature developed using only Paul 
Brousse patient samples did show a positive trend upon validation. However, in a multivariate 
Cox regression model, the signature did not prove to be an independent factor for DFS. 
Instead of reflecting tumour biology, the gene signature appeared to be influenced by a bias 
in prior administration of chemotherapy, a possibility which should be taken into account 
when conducting future studies. This view was strengthened both by the absence of 
predictive power in a gene signature designed in a subset including only Paul Brousse 
patients receiving neoadjuvant chemotherapy as well as an analysis of differential gene 
expression between patients treated with neoadjuvant chemotherapy and untreated patients 
which showed 875 genes differentially expressed. To rule out that the absence of a 
predictive gene signature was caused by the neoadjuvant treatment bias in the high risk 
patient group, the signature discovery was repeated using training sets were the neoadjuvant 
bias was removed as well as analysing the neoadjuvant treated and untreated patients 
separately. Similar to earlier results of this study the resulting gene signatures were not 
predictive of DFS in the validation set indicating that the overrepresentation of neoadjuvant 
treatment in the high risk patient group does not explain the lack of positive results.  
We also tested five known clinical risk scores and found that Basingstoke, Fong and 
Nordlinger significantly predicted DFS in our patient group. The fact that three out of five 
scores were predictive is remarkable given the fact that these clinical risk scores (CRS) 

table 3 continued

Category Subcategory Mean DFS (95%CI) HR 95%CI HR P 
valuea

Fibrosis percentage 0.995 0.983-1.006 0.364

Preoperative CEA 1.140 0.938-1.385 0.189

Postoperative CEA 1.167 0.950-1.439 0.141

Nr. of metastases 2.156 1.227-3.788 0.008

Fong low risk < 3 23.43 (17.34-29.51) 0.543 0.352-0.804 0.005

high risk ≥ 3 10. 03 (7.68-12.38)

Nordlinger low risk < 4 25.49 (17.75-33.25) 0.594 0.395-0.893 0.018

high risk ≥ 4 12.13 (9.61-14.67)

Iwatsuki grade low risk < 3 20.94 (15.05-26.83) 0.705 0.472-1.053 0.117

high risk ≥ 3 15.58 (10.45-20.72)

Mayo Score low risk < 2 18.12 (13.94-22.29) 0.819 0.522-1.285 0.399

high risk ≥ 2 17.06 (9.14-24.98)

Basingstoke index low risk < 10 20.71 (15.56-25.86) 0.551 0.338-0.898 0.016

high risk ≥ 10 9.94 (5.95-13.93)

DFS, disease free survival; HR, hazard ratio; CI, confidence interval; LM, lymph nodes; CEA, carcinoembryonic 
antigen. a P values were calculated with the use of log-rank test.
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were developed in an era where the use chemotherapy in primary CRC was rare14-18.  
The same five clinical risk scores were recently validated by Reissfelder and colleagues. 
They found that the Fong and Iwatsuki scores were able to predict disease specific survival 
in their patients but not Nordlinger and the Basingstoke index7. It is remarkable that only 
the Fong score was predictive in both studies. The non-significant correlation of the Iwatsuki 
score with DFS could be due to the fact that the highest score could not be calculated, 
since we did not record the status of the hepatoduodenal lymph nodes. 
The question remains: why did we not find a signature predicting DFS after resection of 
colorectal liver metastases? Difficulties in predicting (disease free) survival with gene 
expression profiling have been reported recently. Lauss et al evaluated the performance 
of 8 published gene signatures in predicting recurrence in bladder cancer of which none 
survived the validation19. A review evaluating gene signatures developed for predicting 
survival in lung cancer in 16 studies were all found inadequate for use in clinical practice 
because of lacking or insufficient validation. In these studies, either the signature did not 
outperform clinical factors or the authors did not address the influence of any of the 
clinical factors20.
We do believe that the design of our study was of sufficient quality to be able find a gene 
signature for predicting DFS. However, it cannot be excluded that a usable gene signature 
does exist but was not found due to limiting factors in our study. These potential factors 
include our definition of high and low risk patients in the signature discovery, the number 
of patients included in the study especially in light of the heterogeneity of the patient group, 
the inclusion of patients from only two medical centres, the existence of a prior treatment 
effect and limits to the sensitivity of microarrays. 
Liver metastases are by their nature biased towards a more aggressive subgroup of CRC. 
It could therefore be speculated that gene expression patterns that characterize rapidly 
recurring liver metastases are too subtle to be uncovered using the sample size employed 
in this study. Moreover, recurrence after resection of liver metastases might not be 
dependent on the characteristics of the liver metastasis itself, but on the presence of 
micrometastases at the time of liver resection. 
Although we cannot exclude the existence of a predictive gene signature, no added benefit 
of gene expression signatures for the prediction of disease free survival in metastatic 
colorectal disease could be established based on the results of this study. Finally, the Fong 
clinical risk score, already validated by Reissfelder et al7, is the most powerful risk score 
for predicting DFS of patients with resected CRLM of the five tested risk scores in our 
study. This clinical risk score should be used for stratification in prospective clinical studies 
examining the possible benefit of adjuvant therapies in patients undergoing surgery for 
CRLM. 
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SUPPLEMENTAL

Figure S1 |  Power of the log-rank test. 
The statistical power of the log-rank test as 
a function of the hazard ratio of the gene 
signature prediction in the validation set.  
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Table S1  |  Patient- and tumour characteristics of the in- and excluded patientsa.

Category Subcategory Included 
patients

Excluded 
patients

Total P 
valueb

Total number of patients 119 29 148  

Sex  Male 77 (64.7%) 16 (55.2%) 93 (62.8%) 0.342

Female 42 (35.5%) 13 (44.8%) 55 (37.1%)

Age (Mean; SD) 61.4 (11.43) 63.55 (9.72) 61.82 (11.12) 0.348

Location of primary tumour Rectum 30 (25.2%) 10 (34.5%) 40 (27.2%) 0.316

Colon 89 (74.8%) 19 (65.5%) 108 (73.0%)

Differentiation primary 
tumour

Good 16 (13.4%) 6 (20.7%) 22 (14.9%) 0.084

Moderate 86 (72.3%) 22 (75.9%) 108 (73.0%)

Poor 17 (13.4%) 1 (3.4%) 18 (12.2%)

Nodal Status N+ 66 (55.5%) 16 (55.2%) 82 (55.4%) 0.489

N- 40 (33.6) 13 (44.8%) 53 (35.8%)

Missing 13 (10.9%)  13 (8.7%)

Interval primary tumour 
and LM

Metachronous  
(>2 months)

61 (51.3%) 12 (41.4%) 73 (49.4%) 0.342

Synchronous  
(≤2 months)

58 (48.7%) 17 (58.6%) 75 (50.6%)

Neoadjuvant chemotherapy Yes 64 (53.8%) 13 (44.8%) 77 (52.1%) 0.893

No 55 (46.2%) 16 (55.2%) 71 (47.9%)

Type of resection Minor (≤3 segments 
resected)

76 (63.9%) 18 (62.1%) 94 (63.5%) 0.857

Major 43 (36.1%) 11 (37.9%) 54 (36.5%)

R0/R1 Resection R0 88 (73.9%) 21 (72.4%) 109 (73.6%) 0.756

R1 29 (24.4%) 8 (27.6%) 37 (25.0%)

Missing 2 (1.7%)  2 (1.4%)

Blood transfusion No 86 (72.3%) 17 (58.6%) 103 (69.6%) 0.119

Yes 31 (26.1%) 12 (41.4%) 43 (29.1%)

Missing 2 (1.7%)  2 (1.4%)

Distribution Bilobar 50 (42.0%) 7 (24.1%) 57 (38.5%) 0.076

Unilobar 68 (57.1%) 22 (75.9%) 90 (60.8%)

Missing 1 (0.8%)  1 (0.7%)

Mean number of LM/
Patient

2.58 (2.43) 2.41 (1.59) 2.55 (2.28) 0.725

Tumoursize biggest 
metastases (cm)

4.93 (3.17) 4.03 (2.28) 4.75 (3.02) 0.160

Preoperative CEA (Mean, SD) 79.98 (146.36) 27.8 (81.26) 72.67 (139.99) 0.175

Postoperative CEA (Mean, SD) 12.57 (50.27) 2.39 (2.15) 10.51 (45.06) 0.219

Adjuvant chemotherapy Yes 68 (57.1%) 14 (48.3%) 82 (55.4%) 0.390

No 51 (42.9%) 15 (51.7%) 66 (44.6%)

LM, lymph nodes; CEA, carcinoembryonic antigen. a Percentages may not total 100 because of rounding. b P 
values were calculated with the use of Mann-Whitney test for continuous variables and Fisher’s exact test for 
categorical variables.
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Table S2 |  Univariate Cox regression analysis for the signature genesa.

Gene Name Training Validation

P valueb HR 95% CI P valueb HR 95% CI

CCDC85A       0.087 0.17 0.02-1.29 0.623 0.05 0-1.65

MYNN          <0.001 169.07 17.94-1593.2 0.784 0.17 0-8.37

RP11-347C12.2 0.001 27.06 4.75-154.14 0.951 1.11 0.04-33.16

CPLX1        0.017 0.05 0.01-0.51 0.784 2.73 0.35-21.28

hsa-mir-103-2 0.029 9.27 1.39-61.82 0.951 1.16 0.06-21.75

FRMD6 0.017 8.59 1.63-45.3 0.737 0.21 0.02-2.59

genomic:ch
rX-142692034-142692102

0.010 10.68 2.39-47.66 0.951 0.55 0.04-8.25

OR5P2        0.012 0.1 0.02-0.48 0.951 1.21 0.05-30.29

C6orf141      0.030 0.08 0.01-0.72 0.935 0.37 0.01-11.06

FAM174B       0.012 20.91 2.82-155.14 0.737 2.68 0.6-12.03

Unknownc        0.021 13.38 1.67-107.32 0.935 0.45 0.02-9.33

RIPK4        0.012 0.07 0.01-0.44 0.784 0.15 0-5.53

GPR143        0.044 0.12 0.02-0.89 0.951 1.63 0.11-23.58

ITSN1         0.012 0.04 0-0.38 0.458 127.3 1.96-8283.46

MAPKAPK2                   0.013 0.03 0-0.38 0.623 63.68 0.79-5107.74

KIAA0562 0.012 10.83 2.01-58.17 0.784 3.56 0.16-77.07

PARN          0.065 9.5 0.92-98.25 0.784 0.27 0.01-7.13

OTUD5         0.012 31.23 2.66-366.01 0.951 1.22 0.05-32.62

ZNF134        0.077 6.58 0.84-51.79 0.690 11.99 0.45-319.46

BAT2 <0.001 6.77 3.06-14.98 0.951 0.93 0.28-3.13

HR, hazard ratio; CI, confidence interval; DFS, disease free survival. a Discovered using all samples in training set 
defining high-risk as DFS ≤ 1 year and low-risk as DFS > 1 year. b Adjusted for multiple testing with Benjamin-
Hochberg. c Probe sequence cannot be confidently mapped to a transcript or genomic location.
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Table S3 |  Patient- and tumour characteristics per centre.

Category Subcategory Paul Brousse UMC Utrecht Total P valueb

Total number of patients 73 46 119

Sex Male 46 (63.0%) 31 (67.4%) 77 (64.7%) 0.627

Female 27 (37.0%) 15 (32.6%) 42 (35.3%)

Age (Mean, SD) 60.98(11.75) 62.04 (11) 61.4 (11.43) 0.621

Location of primary 
tumour

Rectum 16 (21.9%) 14 (30.4%) 30 (25.2%) 0.299

Colon 57 (78.1%) 32 (69.6%) 89 (74.8%)

Differentiation primary 
tumour

Good 12 (16.4%) 5 (10.9%) 16 (13.4%) 0.656

Moderate 50 (68.5%) 36 (78.3%) 86 (72.3%)

Poor 11 (15.1%) 5 (10.9%) 16 (13.4%)

Nodal Status N+ 41 (56.2%) 25 (54.3%) 66 (55.5%) 0.143

N- 19 (26.0%) 21 (45.7%) 40 (33.6)

Missing 13 (9.6%)  13 (10.9%)

Interval primary tumour 
and LM

Metachronous  
(>2 months)

32 (43.8%) 29 (63.0%) 61 (51.3%) 0.043

Synchronous  
(≤2 months)

41 (56.2%) 17 (37.0%) 58 (48.7%)

Neoadjuvant 
chemotherapy

Yes 54 (74.0%) 36 (78.3%) 64 (53.8%) <0.001

No 19 (26.0%) 10 (21.7%) 55 (46.2%)

Type of resection Minor (≤3 segments 
resected)

40 (54.8%) 36 (78.3%) 76 (63.9%) 0.014

Major 33 (45.2%) 10 (21.7%) 43 (36.1%)

R0/R1 Resection R0 45 (61.6%) 43 (93.5%) 88 (73.9%) 0.001

R1 26 (35.6%) 3 (6.5%) 29 (24.4%)

Missing 2 (2.7%)  2 (1.7%)

Blood transfusion No 45 (61.6%) 41 (89.1%) 86 (72.3%) 0.004

Yes 26 (35.6%) 5 (10.9%) 31 (26.1%)

Missing 2 (2.7%)  2 (1.7%)

Distribution Bilobar 37 (50.7%) 31 (67.4%) 68 (57.1%) 0.088

Unilobar 35 (47.9%) 15 (32.6%) 50 (42.4%)

Missing 1 (1.4%)  1 (0.8%)

Mean number of LM/
Patient

2.86 (2.75) 2.13 (1.73) 2.58 (2.43) 0.120

Tumoursize biggest 
metastases (cm)

4.93 (3.17) 4.93 (3.19) 4.93 (3.17) 0.014

Tumour cell percentage  
(Mean, SD)

39.70 (17.43) 53.04 (28.18) 45.18 (23.62) 0.004

Necrosis percentage 
(Mean, SD)

20.82 (15.52) 16.96 (19.73) 19.33 (17.30) 0.014

Fibrosis percentage 
(Mean, SD)

24.41 (15.33) 16.96 (19.73) 19.66 (17.25) 0.177

Preoperative CEA 
(Mean, SD)

86.39 (166.14) 67.36 (97.20) 79.98 (146.36) 0.533

Postoperative CEA 
(Mean, SD)

15.11 (62.48) 8.67 (21.19) 12.57 (50.27) 0.572

Adjuvant chemotherapy Yes 18 (24.7%) 33 (71.7%) 51 (42.9%) <0.001

No 55 (75.3%) 13 (28.3%) 68 (57.1%)

LM, lymph nodes; CEA, carcinoembryonic antigen. a Percentages may not total 100 because of rounding.  
b P values were calculated with the use of Mann-Whitney test for continuous variables and Fisher’s exact test for 
categorical variables.
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Table S4 |  Signature performances for predicting DFS as a dichotomous outcomea.

Training
Allb

Validation
Allc

Validation
Strictd

Validation
UMCUe

Validation
PBf

Validation
PB treatedg

Accuracy 87% 57% 61% 41% 63% 58%

Sensitivity 85% 58% 67% 38% 63% 64%

Specificity 89% 55% 55% 44% 64% 40%

PPV 93% 61% 64% 38% 71% 75%

NPV 77% 52% 58% 44% 54% 29%

AUC 0.87 0.57 0.61 0.41 0.63 0.52

ORh 
(P value/corrected 
P value)

43.02
(<0.001/<0.001)

1.69 
(0.55/0.77)

2.39 
(0.22/0.50)

0.5 
(0.64/0.77)

2.8 
(0.25/0.50)

1.2 
(1/1)

DFS, disease free survival; UMCU, UMC Utrecht; PB, Paul Brousse; PPV, positive predictive value; NPV, negative 
predictive value; AUC, area under the curve; OR, odds ratio. a High risk (DFS ≤ 1 year) vs low risk (DFS > 1 year).
b Signature trained on all samples in training set and validated on all samples in training set. c Signature trained on 
all samples in training set and validated on all samples in validation set. d Signature trained on samples in training 
set, validated on samples in validation set. For the training step high risk was defined as DFS ≤ 6 months and low 
risk as DFS > 24 months. e Signature trained on UMC Utrecht samples in training set and validated on UMC 
Utrecht samples in validation set. f Signature trained on Paul Brousse samples in training set and validated on Paul 
Brousse samples in validation set. g Signature trained on Paul Brousse samples treated with neoadjuvant 
chemotherapy in training set and validated on Paul Brousse samples treated with neoadjuvant chemotherapy in 
validation set. h Odds ratio for DFS ≤ 1 year (High Risk prediction vs Low Risk prediction). P values are based on 
Fisher’s exact test.
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ABSTRACT 

Background
Neoadjuvant chemotherapy is increasingly used to treat patients with resectable colorectal 
liver metastases to reduce tumour burden. However, the clinical benefit of such treatment 
and how it may alter the behavior of the remaining tumour mass is unknown. 

Aim
To document the gene expression changes in  colorectal liver metastases (CRLM) treated 
with neoadjuvant chemotherapy compared to chemotherapy naïve tumours. 

Methods
Gene expression profiling was performed on tumour biopsies of 119 patients, of which 64 
had received neoadjuvant chemotherapy and 55 were chemo-naïve. Patient-and tumour 
characteristics as well as disease-free survival data were prospectively collected. 
Bioinformatics tools (GO ontology database, KEGG pathway database, Ingenuity pathway 
and String analysis) were used to identify pathways and molecular and cellular functions 
which are differentially regulated in chemotherapy-treated tumours compared to 
chemotherapy naïve tumours.

Results
Eight hundred seventy five genes were significantly differentially expressed of which four 
hundred sixty were significantly upregulated in chemotherapy-treated tumours when 
compared to chemotherapy naïve tumours. Enrichment tools revealed that genes controlling 
the inflammatory and immune-response were significantly overrepresented in 
chemotherapy-treated tumours. The majority of these genes has been associated with 
tumour progression. 

Conclusion
Chemotherapy administered before resection of CRLM induces expression of inflammation 
and immune response-related genes in residual tumour tissue. This may promote tumour 
progression and/or resistance to chemotherapy. 

INTRODUCTION

Adjuvant chemotherapy prolongs the disease free survival (DFS) of colorectal cancer (CRC) 
patients after an intentionally curative resection of their liver metastases1. In addition, neo-
adjuvant chemotherapy can convert initially unresectable CRC liver lesions into resectable 
ones in 23% of all cases. This has led to an increased number of patients with CRLM that 
can undergo a curative resection, improving the survival rate2. Neoadjuvant chemotherapy 
is increasingly used for patients with resectable colorectal liver metastases. It is based on 
the belief that response to chemotherapy can be used as a biomarker, saving non-
responders from futile surgery3. When successful, neoadjuvant chemotherapy decreases 
tumour load and facilitates R0 resection. Proof that neoadjuvant chemotherapy prolongs 
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DFS (and/or overall survival (OS)) in patients with resectable CRLM is lacking and its use 
is therefore debated. A potential danger associated with the use of chemotherapy prior to 
resection is that tumours may develop chemoresistance, which may negatively affect 
treatment response at later stages. This has indeed been shown in other cancer types4,5. 
In addition, pre-clinical research has shown that chemotherapy sometimes induces a more 
aggressive tumour phenotype6,7. How neoadjuvant chemotherapy alters the biology of liver 
metastases and surrounding tissue in colorectal cancer patients and what the clinical 
implications of such changes might be is not known. 
In order to gain insight into the effects of neoadjuvant chemotherapy on liver metastases, 
we compared the gene expression profiles of tumours that have previously been exposed 
to chemotherapy and those that have not, at time of resection. Bioinformatics enrichment 
tools were used to identify the biological processes that were represented by the 
differentially expressed genes. 

 METHODS 

Patients & Samples 
Frozen tumour samples from 148 patients were obtained from the Paul Brousse Hospital 
in Villejuif, France and the University Medical Centre (UMC) Utrecht in the Netherlands 
between November 2000 and August 2010. The study protocol was approved by The 
Medical Ethical Committee (MEC) of the UMC Utrecht as recognized by article 16 of the 
WMO (Dutch Law on Medical Research with human subjects). Written informed consent 
was obtained from all patients. Samples were included of patients aged 18 years or older 
who underwent curative resection for histologically confirmed liver metastases from CRC.  
Samples from 119 patients with resectable colorectal liver metastastases fulfilled all in- and 
exclusion criteria, which have been previously described8. Patient-, tumour- and surgical 
characteristics were extracted from our prospectively collected databases (Table 1).

Neoadjuvant chemotherapy
Treatment decisions for all patients were made by a multidisciplinary treatment planning 
group based on the number, size, and distribution of hepatic tumours. Forty six patients 
received neoadjuvant chemotherapy. In the Paul Brousse Hospital neoadjuvant 
chemotherapy for resectable metastases was indicated for ≥ 3  liver metastases, 
synchronous metastases with the primary tumour in place, or for marginally resectable 
disease. In the UMC Utrecht neoadjuvant patients received chemotherapy only in case of 
borderline resectability or in order to bridge time to surgery when the interval between 
diagnosis of liver metastases (LM) and hepatectomy was longer than 4 weeks for logistic 
reasons. In 20% (2 patients in the UMC Utrecht, 11 patients in the Paul Brousse Hospital) 
neoadjuvant chemotherapy was administered for initially irresectable metastases. 
Irresectability was defined as the technical inability to completely remove all metastases 
while leaving at least 30% of normal liver parenchyma. Most patients (90.6%) received 
5-FU based chemotherapy of which 11 patients received 5-FU monotherapy, 37 patients 
received FOLFOX (folinic acid, 5-FU and oxaliplatin) and 10 patients received 5FU in 
combination with irinotecan. Two patients received bevacizumab and 4 patients received 
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Table 1 |  patient- and tumour characteristics.

Neoadjuvant 
chemotherapy

Chemotherapy-naive P-value

Total number of patients 64 55

No. of males  37 (57.8%) 40 (72.7%) 0.125

No. of females 27 (42.2%) 15 (27.3%)

Age (Mean; SD) 59.21 (10.97) 63.93  (11.54) 0.050

PB 54 (84.4%) 19 (34.5%) 0.000*

UMCU 10 (15.6%) 36 (65.5%)

Location of primary tumour

Rectum 12 (18.8%) 18 (32.7%) 0.507

Colon 52 (81.3%) 37 (67.3%)

Differentiation primary tumour

Good 7 (10.9%) 9 (16.4%) 0.075

Moderate 45 (70,3%) 41 (74.5%)

Poor 12 (18.8%) 5 (9.1%)

Nodal Status

N+ 40 (62.5%) 26 (47.3%) 0.131

N- 15 (23.4%) 25 (45.5%)

Missing 9 (14.1%) 4 (7.3%)

Interval between primary tumour and LM 
Metachronous (> 2months)

22 (34.4%) 39 (70.9%) 0.001

Synchronous (≤2 months) 42 (65.6%) 16 (29.1%)

Type of resection

Minor (3 segments resected or less) 34 (53.1%) 42 (76.4%) 0.010

Major 30 (46.9%) 13 (23.6%)

Distribution

Bilobar 31 (48.4%) 19 (34.5%) 0.109

Unilobar 32 (50%) 36 (65.5%)

Missing 1 (1.6%)

Tumoursize biggest metastases (cm) 5.21; 3.40 4.61; 2.87 0.298

Preoperative CEA (Mean, SD) 77.16; 135.40 78.9; 142.30 0.947

Postoperative CEA 19.3; 62.0 6.25; 16.60 0.169

Adjuvant chemotherapy

Yes 41 (64.1%) 27 (49.1%) 0.506

No 23 (35.9%) 28 (50.9%)

Fong score

low risk < 3 41 (64.1%) 43 (78.2%) 0.137

high risk ≥ 3 12 (21.8%) 12 (21.8%)
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irinotecan in addition to a FOLFOX regimen as second line therapy. Four patients received 
irinotecan monotherapy and 2 patients received oxaliplatin monotherapy. Patients received 
a median of 7 cycles (SD 5.5) of neoadjuvant chemotherapy. The interval between 
neoadjuvant chemotherapy and surgery was 3-4 weeks. 

Analysis of differential gene expression
RNA isolation, labeling, and hybridization to whole-genome oligonucleotide high-density 
microarrays were performed as described8. We applied total RNA and cRNA quality control 
criteria in accordance with the Tumour Analysis Best Practices Working Group9. Gene 
expression in patients treated with neoadjuvant chemotherapy was compared against 
untreated patients by using ANOVA10. In a fixed effect analysis, sample, array and dye 
effects were modelled. P-values were determined by a permutation F2-test in which 
residuals were shuffled 5000 times globally.

Enrichment analysis 
The list of differentially expressed genes between chemotherapy treated and chemotherapy 
naïve patients with a p value < 0.05 was imported in the Database for Annotation, 
Visualization and Integrated Discovery (DAVID ) (v6.7)11,12. In DAVID the GO ontology 
database was used for Functional Annotation and the KEGG pathway database was used 
to identify associated pathways. Ingenuity Pathway Knowledge Base tool (Ingenuity IPA, 
version 7.6;) was used to identify canonical pathways and biological functions. Furthermore, 
the list of differentially expressed genes was imported in the online STRING database of 
known and predicted protein interactions13. Testing multiple tools is recommended14. 
Pathway and network analysis was performed with only direct relationships. 

RESULTS 

Neoadjuvant therapy shows no benefit in terms of DFS
Univariable cox regression analysis showed that neoadjuvant chemotherapy was correlated 
with shorter DFS, whereas adjuvant chemotherapy was correlated with prolonged DFS 
(Figure 1A+B). The Fong clinical risk score also predicted DFS15. Cox regression analysis 
for factors associated with DFS was previously described8. Patients with a high Fong score 
received neoadjuvant chemotherapy more often. Even when tested on patients with a low 
Clinical Risk score only (Fong score < 3), patients treated with neoadjuvant chemotherapy 
had a shorter DFS, while patients treated with adjuvant chemotherapy prolonged DFS 
(Figure 1C + D).  
Strikingly, adjuvant treatment prolonged DFS in chemo-naïve patients but failed to do so 
in patients that had received prior neoadjuvant chemotherapy (Figure 2A + B). Therefore, 
neoadjuvant chemotherapy appears to neutralize the beneficial effect of adjuvant 
chemotherapy. 

Functional annotation and pathway analysis 
Eight hundred seventy five genes were differentially (p<0.05) expressed in chemotherapy-
treated and –naïve tumours. Four hundred seventy-one genes were up-regulated in 
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chemotherapy-treated tumours. Next, we used the Ingenuity Pathway Knowledge Base 
tool (IPA), the String database of known and predicted protein interactions and the Database 
for Annotation, Visualization and Integrated Discovery (DAVID ) to identify which molecular 
and cellular functions and canonical pathways were represented by the genes enriched in 
chemotherapy-treated tumours (Figure 3).  
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Figure 1| A. Kaplan-Meier curves illustrating recurrence-free survival of patients treated with 
neoadjuvant chemotherapy (n=64) and chemonaive patients (n=55)(p = 0.07, long-rank test).  
B. Kaplan-Meier curves illustrating recurrence-free survival of patients treated with adjuvant chemotherapy 
(n=68) and patients without treatment after surgery (n=51) (p = 0.05, long-rank test). C. Kaplan-Meier curves 
illustrating recurrence-free survival of patients with a Fong clinical risk score smaller than 3, treated with 
neoadjuvant chemotherapy (n=41) and chemonaive patients (n=43)(p = 0.028, long-rank test). D. Kaplan-
Meier curves illustrating recurrence-free survival of patients with a Fong clinical risk score smaller than 3, 
treated with adjuvant chemotherapy patients (n=44) without treatment after surgery (n=40)(p = 0.003, 
long-rank test).
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IPA identified “Cell to Cell Interaction“ and “Cell Death and Survival ” as top molecular 
and cellular functions in chemotherapy-treated tumours. All genes in the “Cell-to-Cell 
interaction”-group are involved in binding, recruiting and/or activating inflammatory cells. 
In addition, six of the top-seven enriched Canonical pathways were related to the 
inflammatory and immune responses, including the IL-8 signaling pathway (Table 2). 
The String database was used to identify known and predicted interactions between the 
genes upregulated in chemotherapy-treated tumours. String analysis identified four major 
clusters of which two are involved in regulating the immune response and antigen 
presentation (Figure 4). The two other clusters contained genes controlling oxidative 
phosphorylation and oxidative stress (Figure 4). The Gene Ontology Functional Annotation 
tool (category in DAVID bioinformatics) showed that Immune Response, Anti-Apoptosis, 
Generation of Precursor Metabolites and Energy, and Positive Regulation of Cell Proliferation 
are the main functional processes that are up-regulated in chemotherapy-treated tumours 
(Figure 3).  The KEGG Pathway Analysis tool (category in DAVID bioinformatics), identified 
Antigen Processing and Presentation, and Oxidative Phosphorylation as the main pathways 
enriched in chemotherapy-treated tumours (Figure 3). Based on the above analyses we 
conclude that tumours that have been treated with chemotherapy are characterized by 
increased expression of genes controlling inflammation, immune response, oxidative 
phosphorylation and cell survival (Figure 1).

Genes involved in the immune/inflammatory response 
We further analyzed the factors that were identified by at least two enrichment tools. The 
above analyses identified 62 genes enriched in chemotherapy-treated tumours that control 
the inflammatory and immune response. We performed in-depth literature search (PubMed, 
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Figure 2 |  A. Patients without neoadjuvant chemotherapy are depicted. Kaplan-Meier curves illustrating 
recurrence-free survival of patients treated with adjuvant chemotherapy (n=27) and patients without 
treatment after surgery (n=28) (p = 0.000, long-rank test). B. Patients treated with neoadjuvant chemotherapy 
are depicted. Kaplan-Meier curves illustrating recurrence-free survival of patients treated with adjuvant 
chemotherapy (n=41) and patients without treatment after surgery (n=23) (p = 0.974 long-rank test).
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Table 2) to assess the function of these genes in tumour progression and/or suppression. 
Ten genes had previously not been linked to cancer. Twelve genes play a role in generating 
anti-tumour immune responses. Eight genes are related to cancer progression or inhibition 
in a context-dependent manner. Thirty-two genes were correlated with an immune response 
that promotes cancer progression (Table 2). The main molecular and cellular functions 
represented by this group are recruitment, binding and activation of immune cells. The 
main canonical pathways represented are IL-8 signaling, leucocyte extravasation, and 
antigen-presentation (Table 2)

Inflammatory response
Recruitment, binding and activation of immune cells
Five of these genes are part of the TGF-beta pathway (TGFBR2, TGFB3, RRAS, RAF1 and 
BMPRA1) which has been implicated in suppression of anti-tumour immunity and in the 
stimulation of epithelial-to-mesenchymal transition (EMT) of tumour cells, rendering them 
more invasive, therapy-resistant and stem cell-like16,17. 

Figure 3 |  Trial flow.
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In addition, we found high expression of the inflammatory cytokines CCL2, CCL3, CCL19 
and CCL21 in chemotherapy-treated tumours, as well as mediators of tumour necrosis 
factor (TNF) signaling that have been linked to inflammation and tumour progression 
(TNFAIP8, TNFRSF18, TNFSF12/TWEAK). In colorectal cancer TNF alfa signaling is 
associated with an increased spread of tumour cells to the liver. In contrast high expression 
of TWEAK is correlated with a higher overall survival rate in CRC patients18. 
Three S100 protein family members (S100A4, S100A9 en S100A13) were upregulated in 
chemotherapy-treated tumours. S100 proteins are linked to poor prognosis and early tumour 
recurrence and chemotherapy resistance in colorectal cancer19-21. Moreover S100 proteins 
promote the formation of a ‘pre-metastatic niche’, which occurs through stimulation of the 
expression of pro-inflammatory cytokines, MMPs and other S100 proteins22-24.

IL-8 signaling
The IL-8 pathway is overrepresented in chemotherapy-treated tumours (10 genes). IL8 
attracts and activates inflammatory cells, promotes Epithelial–Mesenchymal Transition of 
Human CRC cells, promotes the cancer stem cell phenotype25,26 and is associated with 
early tumour recurrence in CRC27. In vitro data also show an important role for IL8 signaling 
in chemotherapy resistance in colorectal cancer25

Figure 4 |  STRING analysis of all up-regulated genes showed four major clusters involved in immune 
response, antigen presentation, oxidative phosphorylation and oxidative stress. 
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Table 2 |  Molecular and cellular function (Ingenuity and GO analysis).

Tumour 
progression/
inhibition Function

Inflammatory response: Recruitment, binding and activation of immune cells

TGF signalling

TGFBR2 - TGFb mediated growth inhibition

TGFB3 + Stimulation of EMT and MAPK dependent invasion

RAF1 + Activates MEK1 and MEK2, which in turn phosphorylates to 
activate ERK1 and ERK2

RHOC + Reorganization of the actin cytoskeleton, gene transcription, 
survival, and proliferation

RRAS + Small GTPase that stimulates adhesion, migration, proliferation and 
survival

TNF signalling

TNFSF12 +/- Activates the fibroblast growth factor-inducible-14 (Fn14), may act 
pro-apoptotic (-), pro-angiogenesis, pro-inflammatory, pro-migration 
and invasion

TNFRSF18 - Abolish the anti- immune suppression mediated by Tregs and 
stimulate tumour-specific T cell responses.

TNFAIP8 + Inhibition of caspase mediated apoptose

S100 proteins 

S100A9 + Activation of MAPK and NF-κB signaling 

S100A4 + Upregulation of matrix metalloproteinase-13

S100A13 + Release of FGF-1

Chemokines

CCL19 - Regulates motility of dendritic cells. 

CCL2 + Attracts tumour-associated magrophages

CCL21 +/- Prevents apoptosis via the ERK pathway (+). Stimulation of 
antitumour T-cells response by DC accumulation (-)

CCL3 +/- Recruitment of antitumour immune cells. Stimulates tumour 
angiogenesis and progression by attracting TEMs (Tie2 expressing 
monocytes)

CD proteins

CD300A unknown

CD47 + Immune escape by supression of NK tumour cell cytotoxicity. 

CD48 + Immune escape by inducing NK dysfunction 

CD58 unknown

CD59 + Inhibits complement activation

CD74 +/- NF-kappaB  signalling (+) Antigen presentation, B-cell differentiation 
and inflammatory signalling (-)

CD83 +/- Anti-tumour immune response: recruitment of dendritic cells (-). 
Expression on tumour cells: interference with maturation of 
dendritic cells (+)

ACTA2/alfa-Sma + Cytoskeletal protein increased during transdifferentiation of 
epithelial cells (EMT). 

AREG/AREGB + Binds and activates epidermal growth factor receptor (EGFR), 
tumour stimulating role in breast, liver and colorectal cancer

ARRB2 + Activation of Wnt signaling
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Table 2 continued

Tumour 
progression/
inhibition Function

Inflammatory response: Recruitment, binding and activation of immune cells

C1QA unknown

CDK4 + Regulation of cell cycle progression by transition from growth phase 
into S and M phase

CLEC11A unknown

CTNND1/p120 +/- Anti-inflammatory protein. Involved in cell-cell adhesion, cell 
proliferation, tumour cell migration and cancer progression

CTSS + Enzyme involved in degradation of extracellular matrix, facilitating 
tumour growth and metastases formation

DCN - Stabilization of cadherin

FCER1G unknown

FCGR1A +

FNTA + Farnesylation of Ras GTPases 

GPX1 -/+ Anti-oxidant function limiting inflammation and mutations (-), anti-
oxidant function protecting tumour cells from ROS (+)

GRN + Promotes cell migration of cancer cells involving the ERK pathway

HAVCR2/TIM-3 + Immune checkpoint molecule; negative regulator of IFN-κ producing 
CD4+ and CD8+ T cells.

ITGAM + Accumulation of tumour promoting myeloid cells

ITGB2 +/- Upregulated in inflammation related neoaplasia

LY96 + Promotion of EGFR singling

PLTP unknown

PPP3CB unknown

SIRPA + Interacts with CD47 in order to escape immunosurveillance

SIRT1 + Inhibits TGF beta induced apoptosis

TYROBP + Promote fusion between cancer cells and macrophages inducing 
tumourcells with a more invasive phenotype

VCAM1 + Escape t-cell immunity when expressed on tumourcells, facilitate 
extravasation of  circulating cancer cells to aid metastasis formation, 
pro-angiogenic

Pathways
(Ingenuity 
& KEGG)

tumour 
progression/
inhibition

IL-8 Signalling

ARRB2 (see above)

GNAI2 (see above)

IQGAP1/RASAL - Ras inactivation

ITGAM (see above)

ITGB2 (see above)

NCF2 (see above)

RAF1 + Activates MEK1 and MEK2, which in turn phosphorylates to 
activate ERK1 and ERK2

RHOC + Reorganization of the actin cytoskeleton, gene transcription, 
survival, and proliferation
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Table 2 continued

Tumour 
progression/
inhibition Function

Inflammatory response: Recruitment, binding and activation of immune cells

RRAS +  Small GTPase that affects cell processes such as adhesion, 
migration, proliferation and survival

VCAM1 (see above)

Leukocyte Extravasation Signalling

ITGB2 (see above)

TIMP3 -  Inhibitor of matrix metalloproteinases

VCAM1 (see 
above)

ITGAM (see above)

MYL6 unknown

MMP25 + Stimulates mmp2 which degrades components of the 
extracellular matrix needed for cell migration

ACTA2 (see above)

NCF2 + NADPH oxidase cytosolic component, anti-apoptotic

RAPGEF4 unknown

CTNND1 (see above)

Antigen Presentation 

HLA-DOA unknown

HLA-DRA - Class II HLA molecule, presenting peptides derived from 
extracellular  proteins

HLA-DQA1 - Class II HLA molecule, presenting peptides derived from 
extracellular  proteins

HLA-DRB1 - Class II HLA molecule, presenting peptides derived from 
extracellular  proteins

HLA-DMB - Class II HLA molecule, presenting peptides derived from 
extracellular  proteins

CD74 (see above)

HLA-DPB1 - Class II HLA molecule, presenting peptides derived from 
extracellular  proteins

HLA-DPA1 - Class II HLA molecule, presenting peptides derived from 
extracellular  proteins

Therapy 
resistance

Il-8 signaling, ACTA2, AREG, CCL2, CD47, CD59, CDK4, HAVCR2, ITGAM, ITGB2, SIRPA, SIRT1, TGFBR2, RAF1, 
RHOC
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Leucocyte extravasation
The factors described above attract and activate inflammatory cells. In addition, a group of 
ten genes promotes leucocyte extravasation into tumour tissue (VCAM, ITGB2, TIMP3, 
ITGAM, MYL6, MMP25, ACTA2, NCF2, RAPGEF4, CTNND1). VCAM, ITGAM ACTA2 and 
CTNND1 are clinically relevant in CRC. Circulating VCAM1 predicts recurrence in CRC28. 
ACTA2 expression in tumour tissue correlates with the amount of myofibroblast and is 
correlated with poor prognosis in CRC29. CTNND1 shifts from a membrane to a cytosolic 
localization in late stage colorectal cancer and this is correlated with poor prognosis30. 
Expression of CTNND1 in liver metastases is associated with a poor prognosis, 
downregulation of E-cadherin, and EMT31. ITGAM is expressed by myeloid cells which are 
recruited via CCL2 and promote the development of liver metastases32,33. 

Immune response 
Cellular response
Besides being pro-inflammatory, TNFRSF18, CCL21, CCL19, CCL3, CD83 are also involved 
in attracting cells of the adaptive immune system, such as B-cells, dendritic cells and 
cytotoxic and regulatory T-cells34-38. 

Human leukocyte antigen (HLA) system
Interestingly, a group of seven HLA class II (HLA-DMB, HLA-DOA, HLA-DPA1, HLA-DPB1, 
HLA-DQA1, HLA-DRA, HLA-DRB1) genes are highly expressed in chemotherapy-treated 
tumours. No HLA class I or III genes were found. This may facilitate the generation of 
tumour antigen (TA)-specific immune responses, and promote the interaction of tumour 
cells with natural killer (NK) cells and T cells39-42. In addition, CD74 is essential for the correct 
folding and transport of class-II molecules and for antigen loading.  In case of cancer, CD74 
is the receptor for macrophage migration inhibitor factor and serves as a survival factor in 
CRC cells by promoting Akt phosphorylation and Bcl-2 expression43. 

DISCUSSION 

Several arguments suggest that neoadjuvant chemotherapy may be beneficial to cancer 
patients even if they present with resectable metastases. For instance, overall survival 
could be improved when systemic therapy is initiated as early as possible. In addition, 
debulking of the metastatic load may facilitate radical resection of the tumour-containing 
liver tissue. However, in the present study we have shown that adjuvant chemotherapy, 
but not neoadjuvant chemotherapy, prolongs DFS in patients with metastatic CRC. 
Importantly, the patient groups receiving either neo-adjuvant or adjuvant chemotherapy 
had comparable clinical risk scores, implying that the group of patients that received neo-
adjuvant chemotherapy was not intrinsically at a higher risk of developing tumour 
recurrence. These results are in line with two retrospective studies in which the patients 
were also selected on similar clinical parameters and risk factors44,45. Strikingly, we found 
that neoadjuvant chemotherapy seems to neutralize the beneficial effect of adjuvant 
chemotherapy on DFS, possibly due to neoadjuvant chemotherapy-induced 
chemoresistance.  



RESECTION  |  CHAPTER 8136  |

Our study further demonstrates that the tumours that had been exposed to neoadjuvant 
chemotherapy show increased expression of genes involved in inflammation and immune 
response regulation at the time of resection. Chemotherapy-induced cell death and the 
resulting necrotic mass may cause inflammation of residual peri-necrotic tumour tissue. 
Whether or not the immune system plays a critical factor in chemotherapy-induced tumour 
cell death is currently debated46. An influx of immune cells into tumour tissue can have 
either anti- or pro-tumourigenic effects47,48. Activation of the adaptive immune system may 
promote the generation of an anti-tumour immune response which could help eradicating 
remaining cancer cells.  High anti-tumour CD8+ T lymphocyte levels in gastrointestinal 
cancers are linked to a better prognosis49. In breast cancer, high CD8+ T-cell and low 
regulatory T cell (Treg) levels correlate with complete pathological response to neoadjuvant 
chemotherapy50,51. This is in line with our finding that antigen presentation and T cell 
activation appear to be promoted after chemotherapy, at least when judged by gene 
expression profiling.
Chronic inflammation is widely recognized as a pro-tumourigenic condition that fosters 
tumour initiation and progression. Inflammation recently has been authenticated as an 
enabling hallmark of cancer. It has been suggested that dedifferentiation of non-stem cells 
triggered by signals from the inflammatory microenvironment may lead to the generation 
of tumourigenic cancer stem cells52,53. We propose that inflammation induced by 
chemotherapy may also promote tumour recurrence at the late metastatic stages of cancer. 
Inflammatory  mediators can release mutagenic reactive oxygen species, attract growth 
factors, survival factors, angiogenic factors and factors that stimulate epithelial to 
mesenchymal transistion (EMT). In our study CCL2, TWEAK, ACTA2, CTNND1, S100 
proteins, SIRT1, TGF beta, TNF alfa and IL8 signaling all play a substantial role in EMT. The 
majority of immune response related genes in post-chemotherapy tumour tissue in our 
study has a tumour-promoting effect and many of them (ACTA2, AREG, CCL2, CD47, CD48, 
CD59, CDK4, CTSS, GRN, HAVCR2, ITGB2, S1004, SIRPA, TYROBP, VCAM1, NCF2, RAF1, 
RHOC) have previously been associated with early tumour recurrence. Even when resection 
is radical, micrometastases in the near or more distant vicinity of the resected tumour can 
be present in the remaining liver tissue54-56. The chemotherapy-induced inflammatory 
response may stimulate these micrometastases to grow out.  
A number of studies have employed gene expression profiling to document the  differences 
between chemotherapy-resistant and -sensitive tumours57-60. However, this approach is 
not suitable for identifying gene expression changes caused by chemotherapy itself, since 
all tumours have been exposed to chemotherapy. Because almost all tumours eventually 
develop resistance, chemotherapy-induced changes in gene expression in the surviving 
tumour tissue may uncover mechanisms of drug resistance and post-chemotherapy tumour 
maintenance. 
The ‘chemotherapy-group’ in this study consisted of several different regimens. Despite 
these differences, we were able to define a clear, general, chemotherapy-induced gene 
expression program. Further studies are warranted to examine the changes in gene 
expression by individual chemotherapeutics. This will be challenging as most patients are 
treated with a combination of drugs. Indeed, the subgroups in the present study are too 
small to determine such correlations. 
Clearly, validation of the results is needed in separate independent patient cohorts. In 
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addition, functional assays in mouse models should address whether the changes in gene 
expression reflect changes in tumour behavior and whether these offer the possibility for 
therapeutic targeting. One possibility that follows from the present work and that of others 
in breast cancer is that chemotherapy may prime CRC tumours for T cell-mediated 
clearance61. (Fridlander 2010). At the same time the inflammatory response after 
chemotherapy might stimulate outgrowth of residual tumour cells62. It is yet unclear 
whether the balance of the chemotherapy induced immune response tips towards pro- or 
anti-tumourigenic. This balance may be very delicate and depend on many variables 
including the genetic make-up of the host (the patient) and the tumour.  
In conclusion, our work suggests that the valuable but limited chemotherapeutic options 
for the treatment of metastatic CRC are best preserved for the adjuvant setting when only 
subclinical tumour burden is present. In addition, the changes in chemotherapy-induced 
gene expression that we have reported here offer a basis for identifying the factors (or 
pathways) on which chemotherapy-refractory colorectal liver metastases may critically 
depend.  
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ABSTRACT

Background
About 50% of patients with colorectal cancer are destined to develop hepatic metastases. 
Radical resection is the most effective treatment for patients with colorectal liver 
metastases offering five year survival rates between 36-60%. Unfortunately only 20% of 
patients are resectable at time of presentation. Radiofrequency ablation is an alternative 
treatment option for irresectable colorectal liver metastases with reported 5 year survival 
rates of 18-30%. Most patients will develop local or distant recurrences after surgery, 
possibly due to the outgrowth of micrometastases present at the time of liver surgery. 
This study aims to achieve an improved disease free survival for patients after resection 
or resection combined with RFA of colorectal liver metastases by adding the angiogenesis 
inhibitor bevacizumab to an adjuvant regimen of CAPOX.

Methods/Design 
The Hepatica study is a two-arm, multicentre, randomized, comparative efficacy and safety 
study. Patients are assessed no more than 8 weeks before surgery with CEA measurement 
and CT scanning of the chest and abdomen. Patients will be randomized after resection 
or resection combined with RFA to receive CAPOX and Bevacizumab or CAPOX alone. 
Adjuvant treatment will be initiated between 4 and 8 weeks after metastatectomy or 
resection in combination with RFA. In both arms patients will be assessed for recurrence/
new occurrence of colorectal cancer by chest CT, abdominal CT and CEA measurement. 
Patients will be assessed after surgery but before randomization, thereafter every three 
months after surgery in the first two years and every 6 months until 5 years after surgery. 
In case of a confirmed recurrence/appearance of new colorectal cancer, patients can be 
treated with surgery or any subsequent line of chemotherapy and will be followed for 
survival until the end of study follow up period as well. The primary endpoint is disease 
free survival. Secondary endpoints are overall survival, safety and quality of life. 

Conclusion 
The HEPATICA study is designed to demonstrate a disease free survival benefit by adding 
bevacizumab to an adjuvant regime of CAPOX in patients with colorectal liver metastases 
undergoing a radical resection or resection in combination with RFA.

BACKGROUND

Colorectal cancer (CRC) is the second leading cause of cancer-related-deaths in the western 
world. The incidence of CRC is still increasing1-3 . About 50% of patients with progressed 
colorectal cancer develop liver metastasis4. The pathway from colon to liver metastases 
is via the portal vein and liver metastases are usually the first metastases to appear, often 
without signs of systemic dissemination meaning possibility of cure for these patients5. 
The median survival of patients with colorectal liver metastases is 6-12 months if 
untreated6-7. Complete surgical resection is the only treatment modality that offers hope 
for cure, resulting in 5 year survival for 36-60%8-11. Improved imaging, and surgical 
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techniques as well as neoadjuvant therapy have increased the number of patients receiving 
R0 resection for colorectal liver metastasis. R0 resection is defined as a resection with 
tumour free margins as confirmed by the pathologist. Liver resection is a relatively safe 
procedure with mortality rates less that 5 %12,13.  Unfortunately only approximately 25% 
of patients are resectable at time of presentation. Radiofrequency ablation (RFA) is an 
alternative treatment option with promising five year survival rates for patients with small 
(< 4cm) colorectal liver metastases. There are few studies reporting long term survival 
after RFA ranging from 18-30%14-19. The success rate of RFA greatly depends on size and 
open approach of the tumours treated as shown in a large meta-analysis examining 5224 
treated tumours20. In all abovementioned studies, treated tumours had a mean diameter 
of less than 5 cm and patients did not have more than 3 tumours per patient on average.  
Surgical resection or RFA of CRLM alone is obviously not sufficient as 40%-70% of patients 
will develop local or distant recurrences after surgery of colorectal liver metastasis. 
Different clinical studies comparing surgery and systemic adjuvant therapy with surgery 
and observation demonstrate a benefit in disease free survival (DFS) for the treatment 
arm21-24. Adding chemotherapy after resection might prevent the outgrowth of 
micrometastases present in the liver at the time of resection25. Portier and colleagues 
published the results of the first randomized controlled phase III study comparing surgery 
with observation with surgery and adjuvant chemotherapy with 5FU/LV, demonstrating a 
disease free survival benefit for the systemic chemotherapy arm24. Chemotherapy regimens 
for advanced colorectal cancer have improved. FOLFOX and CAPOX have proven to be 
most effective regimens in the treatment of advanced colorectal cancer.  In the CAPOX 
regimen infusional 5FU is replaced with the oral derivate capecitabine26.

After resection or RFA, regeneration of the liver takes place until the liver has reached its 
original volume. This takes about 6 months till a year27-29. Directly after liver resection, 
growth factors such as vascular endothelial growth factor (VEGF), hepatocellular growth 
factor (HGF), transforming growth factor (TGF), epidermal growth factor (EGF), macrophage 
inflammatory protein (MIP) en interleukine-6 (IL-6) are upregulated. Most of these growth 
factors that play a role in liver regeneration also are pro-angiogenic and involved with 
migration of tumour cells and tumour growth. Because of this production of many pro-
angiogenic factors, the liver is a perfect environment for angiogenesis and tumour growth. 
Because small metastases (< 5 mm) are not detectable on CT scanning, there is a chance 
that micrometastases are present in the liver at the time of resection. Oxygen and other 
nutrients reach the tumour cells by diffusion, however to exceed beyond 2 mm, a tumour 
needs its own blood supply30. Pre-clinical studies demonstrate an excessive increase in 
the growth of intra-hepatic and extra-hepatic tumours after hepatectomy compared with 
sham operated mice 25,31,32. Adding an anti-angiogenic target, such as bevacizumab, seems 
a logical next step in the attempt to further improve disease free survival (DFS) for patients 
with resected colorectal liver metastases. Bevacizumab is a monoclonal antibody against 
VEGF and has proven to be effective in patients with metastatic colon cancer33.  
The effect of adjuvant therapy can not yet be measured or predicted. In order to investigate 
the underlying mechanisms of recurrence and to predict which patient is most likely to 
benefit from adjuvant therapy, blood and tissue will be collected during and after therapy. 
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METHODS/DESIGN

Primary objective  
To demonstrate a disease free survival benefit by adding bevacizumab to an adjuvant regimen 
of CAPOX chemotherapy in patients with colorectal liver metastases undergoing radical 
resection or radical resection in combination with RFA. The disease free survival is defined as 
the interval between randomization and recurrence of disease or death, whatever occurs first. 

Secondary objective
Secondary objectives are to compare survival, toxicity and quality of life. Survival is defined 
as the interval between randomization and death of any cause. The grade of toxicity will 
be assessed using the NCI-CTC criteria version 3.0. Quality of life will be studied by means 
of the EORTC QLC C30.

Design
The Hepatica study is a two-arm, international, multicentre, randomized, comparative 
efficacy and safety study comparing adjuvant CAPOX vs CAPOX and bevacizumab in 
patients with resected or resected in combination with ablated colorectal liver metastases. 
Randomization is stratified according to clinical prognostication and treatment site. 

Stratification
Treatment assignment will be stratified, based on 
(i) number (< 4 or ≥ 4) of liver metastases; 
(ii) metachronous or synchronous liver metastases; 
(iii) prior adjuvant chemotherapy or no prior adjuvant chemotherapy; 
(iv) blood transfusion or no blood transfusion post liver surgery;
(v) treatment site;
(vi) neoadjuvant treatment with 3 cycles of  CAPOX;
(vii) use of RFA in combination with resection 
Criteria for RFA:   -  largest liver tumour </= 4 cm 

-  number of liver tumours </= 3.

Setting
Patients will be enrolled in 28 Dutch hospitals and 3 Swedish centres.

Eligibility criteria
Inclusion Criteria
In order to be eligible for the trial, patients have to fulfil the following criteria:
1. Signed written informed consent obtained prior to any study-specific procedure;
2. Age ≥ 18 years;
3.  Liver metastases radically resected (R0 resection) or liver metastases radically 

resected in combination with RFA 
Criteria for RFA:  -largest liver tumour </= 4 cm 

-number of liver tumours </= 3;
4. Study medication started ≥ 4 and ≤ 8 weeks post liver surgery;
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5. Histologically confirmed liver metastasis of colorectal cancer after surgery;
6. ECOG performance status 0 or 1 (Appendix 1);
7.  Adequate haematology: neutrophils ≥ 1.5 x 109/L, platelets ≥100 x 109/L, Hb ≥ 5.5 

mmol/L, INR ≤ 1.5, APTT < 1.5 X UNL;
8.  Adequate biochemistry: total bilirubin ≤1.5 UNL, ASAT and ALAT ≤2.5 x UNL, alkaline 

phosphatase ≤ 2.5 x UNL, serum creatinin ≤ 1.5 UNL.
9. Urine dipstick < 2+ for protein.

Exclusion Criteria
Patients presenting with any of the following criteria are not eligible for the study:
1. Extra-hepatic metastatic disease;
2. Adjuvant chemotherapy given < 6 months prior to detection of the liver metastases.
3.  Chemotherapy for metastatic disease with the exception of max 3x CAPOX given as 

neoadjuvant therapy max 6 weeks before resection of the colorectal liver metastases;
4.  Prior non colorectal malignancies, except adequately treated basalioma of the skin or  

carcinoma in situ of the cervix;
5. Bleeding diathesis or coagulation disorders or the need for full-dose anticoagulation;
6. Major surgical procedure < 4 weeks prior to start of study treatment;
7. Radiofrequency ablation without resection;
8. Females with a positive pregnancy test (within 14 days before treatment start);
9. Lactating women;
10.  Fertile women (< 2 years after last menstruation) and women of childbearing potential 

not willing to use effective means of contraception;
11.  History of psychiatric disability judged by the investigator to be clinically significant, 

precluding informed consent or interfering with compliance for oral drug intake;
12.  Clinically significant (i.e. active) cardiovascular disease e.g. cerebrovascular accidents 

(≤ 6 months prior to randomization), myocardial infarction (≤ 1 year prior to 
randomization), uncontrolled hypertension while receiving chronic medication, unstable 
angina, New York Heart Association (NYHA) Grade II or greater congestive heart failure, 
or serious cardiac arrhythmia requiring medication;

13.  Lack of physical integrity of the upper gastro-intestinal tract, malabsorption syndrome, 
or inability to take oral medication;

14.  Known peripheral neuropathy, including oxaliplatin-induced neuropathy > grade 1. 
Absence of deep tendon reflexes as the sole neurological abnormality does not render 
the patient ineligible;

15.  Organ allografts requiring immunosuppressive therapy;
16.  Serious, non-healing wound, ulcer, or bone fracture;
17.  Chronic treatment with corticosteroids  (dose of ≥ 10 mg/day methylprednisolone 

equivalent excluding inhaled steroids);
18. Serious intercurrent infections (uncontrolled or requiring treatment);
19. Current or recent (within the 28 days prior to randomization) treatment with another 

investigational drug or participation in another investigational study;
20. Patients with known allergy to Chinese hamster Ovary cell proteins or other recombinant 

human or humanized antibodies or to any excipients of bevacizumab formulation, 
platinum compounds or to any other component of the study drugs.
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Randomization
After having properly checked all eligibility criteria, stratification parameters and having 
obtained patient’s written informed consent, patients will be randomized by fax at the Trial 
Office IKO Nijmegen (fax 024-3619080). Randomized treatment will be confirmed by fax 
or email within one (1) working day. Randomization takes place with TENALEA, this program 
uses a minimization procedure.

Ethics 
This study is to be conducted according to globally accepted standards of Good Clinical 
Practice, and in agreement with the latest revision of the Declaration of Helsinki (2000, 
including the notes of clarification 2002 and 2004) and local regulations.
This protocol has been submitted and approved by the Ethical Committee (EC) of the 
University Medical Centre Utrecht (http://www.umcutrecht.nl/MeTC) and the Central 
Committee on Research Involving Human Subjects (www.ccmo.nl) in accordance with 
Dutch legal requirements. The independent medical ethics committees of all participating 
hospitals have approved the study protocol 
Administrative changes to the protocol are minor corrections and/or clarifications that have 
no impact on the study conduct. The EC may be notified of administrative changes at the 
discretion of the investigator. Oral and written informed consent in form is obtained from 
all patients prior to randomization.

Safety
All serious adverse events during the study period, whether or not considered by the 
Investigator to be related to study treatment, must be reported by fax to the central data 
management office (Trial Office IKO, 024-361 90 80) within 24 hours using the completed 
SAE report. The principal investigators are responsible for the management of the safety 
reporting requirements according to the local regulations and guidelines. Copies of all report 
submissions by the principal investigators to regulatory authorities and to the ethical 
committee that has approved the study will be provided to the pharmacovigilance 
department of the license holders of the study drugs. If necessary, additional information 
and clarifications on cases will be forwarded to the license holders by the principal 
investigator. An independent monitoring committee will discuss all reported (serious) 
adverse events.

Monitoring 
A data and safety monitoring board will monitor the recruitment, the reported serious 
adverse events and the data quality at least every 2 months. Relevant information will be 
included in regular study reports, and will be made available to an Independent Data 
Monitoring Committee (IDMC), which will be independent of the trial organizers.
The IDMC will review the data and safety data on a regular basis and report their findings 
to the principal investigator. The principal investigator will submit these reports to the ethics 
committee.
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Data quality assurance
Data forms will be entered in the database of the NKI-AVL Data centre by a double data 
entry procedure. Computerized and visual consistency checks will be performed on newly 
entered forms; queries will be issued in case of inconsistencies.

On-site quality control
The sponsor will perform on-site monitoring. The monitoring visits will be scheduled at a 
frequency of  1 visit per site every 6 months which may be adapted according to the site 
accrual. The aim of on-site visits will be:
- To evaluate the local facilities available to the responsible investigator for performing 

clinical trials and to comply to all requirements of the present protocol;
- To assess the consistency of the data reported on the CRF with the source data (source 

data verification);
- To check that all SAE’s have been properly reported;
- To resolve all previous unanswered queries.

Interim Analysis
An interim analysis will be conducted 12 months after all participating hospitals have started 
the inclusion of patients or 18 months after inclusion of the first patient. An independent 
data monitoring committee (IDMC) will assess:
1. Safety, especially any unexpectedly high frequency of serious adverse events; 
2. Data compared with previous experience which are the basis of the current the trial; 
3.  Any safety or efficacy data that do not justify the continuation of the trial as planned, 

including statistically significant differences between treatments.
The IDMC will decide on the impact of any findings for the continuation of the trial.

Statistical Analysis
All statistical analyses will be done according to the intention-to-treat principle, i.e. all eligible 
patients will be included in the analysis in the arm to which they were randomized 
independently of whether they received the assigned treatment or not. The final analysis 
will be performed when 191 events (recurrences or deaths) will be observed. It is estimated 
that this will be possible approximately 1 year after the last patient is randomized in the 
study. In the final analysis tables presenting the distribution of the stratification and other 
important factors of all cases entered by treatment arm will be included.
Disease free survival and survival curves will be constructed by means of the Kaplan Meier 
technique. Curves by treatment arm will be compared using the log rank test. To adjust 
for possible confounding factors, the treatment effect will also be estimated by adjusting 
Cox’s proportional hazard regression model.
Clinical and laboratory toxicity graded according NCI-CTC (version 3.0) will be collected for 
all patients. Comparisons by treatment of the continuous variables will be done by means 
of Student’s t-test. Comparisons of categorical date (e.g. grades of toxicity) will be done 
by the chi-square test.
Quality of life will be measured using the QLC-C30 questionnaire will be completed by the 
patients between surgery and the start of adjuvant treatment and every 6 months thereafter, 
until 2 years after surgery. Quality of life assessment is discontinued when adjuvant 
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treatment is discontinued (i.e. in case of progression in arm A or B or when off-study for 
any reason). Changes over time in quality of life items will be evaluated with a repeated 
measurement ANOVA using a mixed effect modelling procedure (SAS Proc Mixed). This 
model allows retaining in the analysis patients who drop out during follow-up. F-tests are 
used for testing main effects of group and time and an interaction effect of group and time

Sample Size
The primary endpoint of the study is the DFS measured from randomization. Patients will 
be randomized just after R0 resection (+/- RFA). Patients receiving 3 courses of CAPOX 
before resection will also be included in the study. It is expected that about ¼ of the patients 
will have been treated by resection and RFA. The median DFS is estimated to be 9 months 
for RFA treated patients and 20 months in resection treated patients. The median of the 
whole mixed group is estimated to be 17 months.
Based on the results in previous recent series, it is hypothesized that the addition of 
bevacizumab to CAPOX would result in a decrease of at least 1/3 of the hazard of 
progression (HR=0.67)34-36. The total number of events that is necessary to provide 80% 
power to detect such a decrease, if truly present, with a 2 tailed logrank test at 5% 
significance is 191. Assuming an accrual rate of 100 patients per year, a total of 300 patients 
would be randomized (150 receiving Bevacizumab and 150 not) in 3 years. If all patients 
are followed for about 1 year further after accrual is completed, 191 events would be 
observed and the study will have the required power.
The total duration of the study would then be 4 years and patients would have been 
followed for 1 to 4 years, depending on whether they were included at beginning or by the 
end of the accrual in the study.

 Follow-up
Assessments during Study Treatment Phase
- Adverse events will be collected continuously during the Study Treatment Phase and 

followed  until the event is either resolved or adequately explained, even after the patient 
has completed his/her study treatment.

- Concomitant diseases/treatment and compliance to study drugs will be monitored 
continuously during the Study Treatment Phase.

- History, vital signs, weight, ECOG Performance Status, urinalysis (dipstick) will be 
performed at each visit. Toxicity assessment, haematology, serum chemistry will be 
performed at each visit until cycle 8.  If dipstick analysis shows ≥2+ protein, 24-hours 
urine needs to be collected for accurate measurement of renal protein excretion.

- ECG and chest X-ray will be performed as clinically indicated.
- Assessment for recurrence (abdominal CT, CEA measurements AND chest CT) will be 

done after surgery but before randomization (before cycle 1). Thereafter every 3 months 
in the first two years. If the patient shows signs of a recurrence / new colorectal cancer 
(e.g. clinical status OR rising CEA), possible re-operation or/and further cancer therapy 
will be recorded.

- Nature and duration of any hospitalization, treatment of any adverse event and nature 
and duration of any outpatient care will be recorded during the Study Treatment Phase.
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Assessment during Follow up Phase 
-CEA determinations will be done every 3 months after surgery for the first two years and 

thereafter every 6 months until a confirmed recurrence/new CRC and at end of follow-
up after 5 years.

- Assessment for recurrence (abdominal CT AND chest CT) will be done every 3 months 
for the first two years after cycle 8 of chemotherapy and every 6 months thereafter until 
a confirmed recurrence/new CRC and at the end of follow-up after 5 years, or if the 
patient shows signs of a recurrence / new colorectal cancer (e.g. clinical status OR rising 
CEA). Possible re-operation or/and further cancer therapy will be recorded.

- Extended follow-up of hypertension, proteinuria and wound healing complication until 
resolution.

- Additional cancer therapy to be recorded as it occurs.

Study medication
Capecitabine
Capecitabine is an oral fluoropyrimidine carbamate rationally designed to generate 5-FU 
preferentially in tumour tissue through exploitation of high intratumoural concentrations of 
thymidine phosphorylase (TP), an enzyme present at significantly increased concentrations 
in a wide range of tumour types, including colorectal, breast and gastric cancers, compared 
with normal tissue37.
Human pharmacokinetic studies have shown that after oral administration, capecitabine is 
readily and almost completely absorbed through the gastro-intestinal wall, thus avoiding 
direct intestinal exposure to 5-FU. Capecitabine is metabolized to 5-FU via a three-step 
enzymatic cascade, with the final stage of this conversion mediated by TP38. 

Oxaliplatin
Oxaliplatin is a platinum derivative in which the platinum atom is complexed with a 1,2 
diaminocyclohexane (DACH) and with an oxolate ligand. It was synthesized with the goal 
of trying to overcome resistance to first- and second generation platinum compounds 
(Sanofi-Synthelabo, 2001). The mechanism of action of oxaliplatin is similar to that of 
cisplatin as well as other platinum (Pt) compounds. Studies conducted to date indicated 
that the types and percentages of Pt-DNA adducts formed by oxaliplatin were qualitatively 
similar to those formed by cisplatin, but preclinical data suggested several unique attributes 
of the cytotoxic/antitumour activity of oxaliplatin. Oxaliplatin demonstrated a broad spectrum 
of in vitro cytotoxicity and in vivo antitumour activity that differed from that of either cisplatin 
or carboplatin. Oxaliplatin was active against several cisplatin-resistant cell lines, colon 
carcinoma and other solid tumours that were not responsive to cisplatin. In addition, 
oxaliplatin in combination with 5-FU led to synergistic antiproliferative activity in several in 
vivo models39.

Bevacizumab
Bevacizumab is a humanized monoclonal antibody targeting vascular endothelial growth 
factor (VEGF or VEGF-A) which is a ligand with a central role in signalling pathways 
controlling tumour blood vessel development and survival40-43. VEGF binding to cell surface 
receptors stimulates the process of angiogenesis, the formation of blood vessels. These 
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receptors, VEGF receptors 1 and 2, are found on vascular endothelial cells. VEGF binding 
stimulates endothelial cell proliferation, migration and survival41,44,45.
The mode of action of bevacizumab can be summarized as follows:
- Prevents the formation of new blood vessels, thereby inhibiting the growth of existing 

tumours and preventing metastases from developing blood supply.
- Normalizes existing tumour blood vessels. The subsequent effects include reduction of 

the tortuousness of tumour blood vessels and normalization of vessel permeability. The 
latter effect is important because tumours usually exhibit high interstitial pressure which 
can prevent chemotherapeutic agents penetrating tumours and accessing tumour cells, 
where they exert their effects. Normalization of permeability, and therefore intratumoural 
pressure gradients, thus, promotes chemotherapy access46. 

- Produces blood vessel breakdown, probably through inhibition of the anti-apoptotic 
effects of VEGF on immature endothelial cells. VEGF also has activities beyond 
angiogenesis, affecting immune function via inhibition of dendritic cell maturation, 
formation of lymph vessels and lymphatic metastasis. All of these actions indicate that 
VEGF may be an important target for anticancer drug development. Bevacizumab has 
proven to be clinically effective in phase III studies with solid tumours.

 
Treatment program
Arm A (CAPOX+Bevacizumab) consists of 8 cycles of CAPOX (either all cycles 
postoperatively or 3 cycles preoperatively followed by 5 cycles postoperatively). 
Postoperatively patients will be treated with: bevacizumab at 7.5 mg/kg, administered as 
an intravenous infusion over 20-30 minutes for a maximum of 48 weeks. CAPOX will be 
given as follows: oxaliplatin administered as a 130 mg/m2 intravenous infusion over 2 hours 
(day 1, every 3 weeks) in combination with capecitabine, which will be administered orally 
at a dose of 1000 mg/m2 twice-daily (equivalent to a total daily dose of 2000 mg/m2), with 
first dose the evening of day 1 and the last dose the morning of day 15, given as intermittent 
treatment (3-week cycles consisting of 2 weeks of treatment followed by 1 week. without 
treatment). After completion of the 8 CAPOX cycles, bevacizumab will be continued as 
single agent (7.5 mg/kg q3w) treatment. Bevacizumab will be stopped after 48 weeks .
Arm B (CAPOX) consists of 8 cycles of CAPOX (either all cycles postoperatively or 3 cycles
preoperatively followed by 5 cycles postoperatively). CAPOX will be given as follows: 
Oxaliplatin administered as a 130 mg/m2 intravenous infusion over 2 hours (day 1, every 
3 weeks) in combination with capecitabine, which will be administered orally at a dose of 
1000 mg/m2 twice daily (equivalent to a total daily dose of 2000 mg/m2), with first dose 
the evening of day 1 and the last dose the morning of day 15, given as intermittent 
treatment (3-week cycles consisting of 2 weeks of treatment followed by 1 week without 
treatment).
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DISCUSSION

Patients undergoing radical resection or radical resection in combination with RFA for their 
colorectal liver metastases can be included in this randomized controlled phase III trial 
where they will receive adjuvant treatment with CAPOX or CAPOX and bevacizumab. There 
has been much debate during the development of the study whether or not to include a 
surgery only arm. There were no results of randomized trials that compared surgery with 
surgery and adjuvant treatment for patients with resectable colorectal liver metastases 
until November 2006. However, worldwide patients were commonly treated with adjuvant 
chemotherapy even in the absence of positive studies. Portier et al. demonstrated, in a 
phase III randomized controlled trial a disease free survival benefit for surgery and adjuvant 
chemotherapy with 5FU and Leucovorin compared to surgery alone in patients with 
resectable colorectal liver metastases24. Nordlinger and colleagues presented the results 
of a RCT comparing surgery with surgery and peri-operative chemotherapy47. With this 
publication, the debate has shifted towards whether or not to treat this specific patient 
group with peri-operative chemotherapy instead of adjuvant chemotherapy. The intention 
to treat analysis of Nordlinger’s study unfortunately demonstrated only a trend in disease 
free survival benefit towards the treatment arm. From the results of this study and previous 
adjuvant studies it cannot be concluded that peri-operative chemotherapy is better than 
adjuvant chemotherapy. We have amended the protocol in December 2009 to allow 3 
cycles CAPOX to be administered to bridge time to surgery. However, the steering 
committee of the study does feel that adjuvant treatment unless proven to be inferior of 
peri-operative chemotherapy in a randomized trial, is preferred. Since this amendment, we 
also allow patients in the study that undergo resection in combination with RFA. RFA is a 
frequently used in addition to resection in patients where the liver volume is insufficient 
to resect all tumour tissue. Since local recurrence is a frequent phenomenon after RFA in 
larger tumours we only allow patients with tumours smaller than 4 cm20. Also RFA alone 
or RFA for more than 3 tumours is not allowed in the study.  
Administering pre-operative chemotherapy to patients with resectable colorectal liver 
metastases and thereby postponing a possible curative treatment seems undesirable since 
there are many disadvantages associated with neoadjuvant treatment. Neoadjuvant 
chemotherapy induces liver toxicity, such as steatosis, steatohepatitis and sinusoidal 
changes. Patients receiving pre-operative chemotherapy increase their chance of post-
operative complications significantly (25% vs 16%)47. Some patients undergoing 
neoadjuvant treatment demonstrate complete radiologic response. This only translates to 
complete pathologic response in 3-4% of the cases48. Remarkably complete pathologic 
response is sometimes seen in patients demonstrating incomplete radiologic response. It 
is therefore well established that all initial metastases should be resected. Moreover, due 
to chemotherapeutic alterations in the liver parenchyma, the original lesions are difficult 
to identify. Patients who progress during chemotherapy might result in inoperable patients 
due to this delay. There is also the danger of operating on benign lesions. Since there is 
no demonstrated benefit of peri-operative chemotherapy compared to adjuvant treatment, 
there is no justification to jeopardize resectability. Immediate surgery is preferred and 
results in direct control of the hepatic tumour without additional toxicity and should 
therefore not be postponed when possible. Response to preoperative chemotherapy could 
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serve as a biological marker for good prognosis. Nonetheless patients with poor response 
still reach 5 year survival. Adjuvant chemotherapy can overcome many of the disadvantages 
mentioned above with equal benefit of increasing DFS. Neoadjuvant treatment should be 
preserved for irresectable patients in order to reduce tumour mass and transfer a substantial 
number of patients to resectable. However for resectable patients, there is no trial 
comparing a peri-operative regimen with adjuvant chemotherapy in terms of DFS. Until 
the result of such a study demonstrates a benefit for either arm it seems unjustifiable to 
postpone a possible curative treatment. 
Because pro-angiogenic factors are upregulated during liver regeneration it is conceivable 
that liver regeneration will be inhibited if angiogenesis is inhibited. Clinical studies show 
that patients receiving bevacizumab undergoing surgery have more wound healing 
complications than patients not receiving bevacizumab (13% vs 3,4%)49. This difference 
might be explained by the relative long half life of bevacizumab compared to the compound 
(PTK/ZK) used in the animal model. Fortunately a five week interval between bevacizumab 
treatment and resection had shown to be sufficient to diminish the effect on wound healing 
and liverregeneration50. Unfortunately oxaliplatin has a negative impact on the liver 
parenchyma demonstrating in sinusoidal obstruction syndrome in 20% of all patients51. 
Ribero et al show in a retrospective study the pathological response and dilation of sinusoids 
in the liver of patients who have been treated with neoadjuvant Folfox in comparison with 
patients who were treated with bevacizumab and FOLFOX52. Forty-three patients received 
FOLFOX and 62 patients received flood and bevacizumab. The bevacizumab group showed 
a significant tumour regression in comparison with the FOLFOX group. Remarkably the 
incidence and severity of sinusoidal dilatation reduced in the bevacizumab. This phenomenon 
might be due to the fact that oxaliplatin treated sinusoid cells release MMP-2 and MMP-9 
which induce the destruction of extracellular matrix and degeneration of endothelial cells. 
VEGFG induces the expression of MMP-9. By inhibiting VEGF, MMP-9 will also be inhibited. 
 
Conclusion 
The HEPATICA study is designed to demonstrate that adjuvant treatment with the 
combination of bevacizumab and CAPOX is superior to CAPOX alone as adjuvant 
chemotherapy in terms of disease free survival in patients with colorectal liver metastases.
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Prof. R. Adam, Surgeon, Hospital Paul Brousse Paris, France
Prof. Dr. E. van Cutsem , Medical Oncologist, Katholieke Universiteit Leuven, Belgium
Prof. Dr. T. Wiggers, Surgeon, University Medical Centre Groningen, the Netherlands
Prof. Dr. D.J. Richel, Medical Oncologist, Academical Medical Centre Amsterdam
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Participating Centres 
The principal investigators of the local hospitals are mentioned below. Investigators are of 
the department of Surgery (S), Oncology (O) or Gastroenterology (G).
Academic Medical Centre Amsterdam: ORC Busch (S), DJ Richel (O); Amphia Hospital 
Breda: A Rijken (S), OJL Loosveld (O); Atrium Medical Centre Heerlen: J Wals (O); Deventer 
Hospital: M Liem (S), ALT Imholz (O); Diakonessenhuis Utrecht: CI Perre (S), D ten Bokkel 
Huinink (O); Gelre Hospital Apeldoorn EJ Hesselink (S), JM Smit (O); Jeroen Bosch Hospital 
Den Bosch: K Bosscha (S), JFM Pruijt (O); Leiden University Medical Centre: R Tollenaar 
(S), AJ Gelderblom (O) ; Maastricht University Medical Centre: CHC Dejong (S) RLH Jansen 
(O); Maxima Medical Centre Veldhoven: R Roumen (S), G Vreugdenhil (O); Meander Medical 
Centre Amersfoort: B van Ooijen (S), C Rodenburg (O); Medical Centre Alkmaar: CH 
Smorenburg; Medical Centre The Hague: JRM van der Sijp (S), HM Oosterkamp (O); 
Medical Centre Leeuwarden JPEN Pierie (S), MB Polée (O); Medical Spectrum Twente 
Enschede: JM Klaase (S), MCJC Legdeur (O); Onze Lieve Vrouwe Gasthuis Amsterdam: 
PJ Borgstein (S), B de Valk (O); Saint Elisabeth Hospital Tilburg: JMGH van Riel (O); 
Slingeland Hospital Doetinchem: EW Muller (O); Antoni van Leeuwenhoek Hospital; F van 
Coevorden (S) A Cats (G); Tergooiziekenhuizen Blaricum/Hilversum HP van den Berg; 
University Medical Centre Groningen: RJ Porte (S) KP de Jong (S), GA Hospert (O); 
University Medical Centre Utrecht: R van Hillegersberg (S), EE Voest (O); VieCuri Venlo: 
AJ van der Wouw (O); VU Medical Centre Amsterdam: MP van den Tol (S) E Boven (O) 
Westfriesgasthuis Hoorn: JWD de Waard (O); Haga Hospital The Hague: JEA Portielje (O); 
Röpcke-Zweers Ziekenhuis - Saxenburg Groep Hardenberg: EA Runhaar (O); Gelderse Vallei 
Apeldoorn: C Sietses (S), E Balk (O)
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ABSTRACT

Background
Bevacizumab is a humanized monoclonal antibody targeting vascular endothelial growth 
factor (VEGF), which plays a central role in blood vessel development, thereby facilitating 
growth and survival of tumours. Recurrence after resection of colorectal liver metastases, 
presumably caused by the outgrowth of micrometastases, might decrease when VEGF is 
inhibited. This study examines the efficacy and safety of adding bevacizumab to an adjuvant 
regime of CAPOX in patients undergoing radical resection for their CRLM.

Methods
Patients with resected CRLM were randomized after surgery to receive CAPOX and 
bevacizumab (arm A) or CAPOX alone (arm B) as adjuvant treatment. CAPOX was given 
in both arms for a total of 8 cycles. Bevacizumab was administered for 16 cycles in arm A. 
The primary endpoint was disease-free survival (DFS). Secondary outcomes were overall 
survival (OS), toxicity and quality of life. Due to slow accrual the study was preliminary 
closed in October 2010.

Results
Between January 2007 and September 2010, 79 patients were randomized of which 40 
patients were treated with CAPOX and bevazicumab and 39 patients were allocated to 
treatment with CAPOX after resection of their CRLM. At the time of analysis (December 
2012), 19 events were encountered in arm A and 19 events in arm B. One year DFS rate 
was 82% and 68% for arm A and B respectively (p=0.73). Toxicity was evaluated for 77 
patients. No significant differences in grade 3, 4, and 5 toxicity between the 2 arms were 
found. Quality of life scores were higher in arm A, of which emotional functioning  and 
global quality of life score were significant.

Conclusions
The final analysis in 79 patients showed a non-significant DFS benefit for patients treated 
with both CAPOX and bevacizumab with a similar toxicity rate and slightly higher QoL 
scores. In spite of the slow accrual with subsequent premature closure of the study, the 
position of bevacizumab in this setting remains an important question. 

BACKGROUND

Long-term survival of patients with resectable metastatic colorectal cancer has been 
achieved in selected patients who could undergo radical resection, with five year survival 
rates of 30-60% when treated with surgery alone1-4.  Unfortunately, the majority of patients 
will experience a recurrence after resection. To improve treatment outcome,  the 
combination of surgery with  chemotherapy for patients with resectable colorectal liver 
metastases was examined in 3 randomized controlled trials. These studies demonstrated 
a marginal benefit compared to surgery alone 5-7. Therefore novel approaches are needed 
to improve the prospect of patients with liver metastases amendable to surgery. A thorough 



RESECTION  |  CHAPTER 10 |  163BEVACIZUMAB AFTER RESECTION OF CLM

analysis of resected livers revealed that micrometastases are present in 30-70% of patients 
undergoing curative resections for colorectal liver metastases (CRLM)8-11. The outgrowth 
of these subclinical tumours after resection is assumed to be one of the major factors 
responsible for the observed high recurrence rates. It is shown that immediately after liver 
resection pro-angiogenic growth factors such as vascular endothelial growth factor (VEGF) 
are upregulated in order to support physiological liver regeneration and re-establish its 
original volume. VEGF is a ligand playing a central role in tumour growth, (tumour) blood 
vessel development and endothelial cell survival12-15. Neutralizing the VEGF and VEGF 
receptor (VEGFR) signalling pathways has improved treatment outcome in a number of 
diseases16,17. Bevacizumab, a humanized monoclonal antibody targeting VEGF-A, is now 
considered an integral part of first line chemotherapy for patients with metastatic colorectal 
cancer. It has been postulated that micro-metastasis are more susceptible to anti-angiogenic 
treatment because they are more dependent on the local production of VEGF. Supportive 
evidence comes from preclinical research where treatment with an angiogenesis inhibitor 
inhibited the growth of colorectal liver metastases18-20. Given the fact that the residual liver 
most likely contains micrometastasis and that liver resections induce a growth factor 
response, including increased concentrations of VEGF, we argued that the addition of 
bevacizumab to standard post resection chemotherapy might lower the recurrence rate in 
patients undergoing resection for their colorectal liver metastases. To test this hypothesis 
we performed a randomized controlled study in this patient population. 

METHODS

Patients
Patients aged over 18 years were eligible if they had radically resected, histologically proven 
CRLM. Eligible patients needed to have an ECOG performance status score below two 
and adequate bone marrow, hepatic and renal functions. Study medication had to be started 
between 4-8 weeks after resection of the CRLM. Exclusion criteria were: extrahepatic 
metastatic disease, a major surgical procedure within 4 weeks of CRLM resection, 
chemotherapy given at an interval smaller than 6 months prior to detection of the LM. 
Patients with prior non colorectal malignancies were not eligible, with the exception of 
adequately treated basalioma of the skin or carcinoma in situ of the cervix. Patients with 
bleeding diathesis or coagulation disorders were excluded from the study as well as 
patients who were pregnant, lactating or patients with reproductive potential not 
implementing adequate contraceptive measures. For detailed in- and exclusion criteria see 
the published protocol for this study21.

Treatment
Four to eight weeks after surgery for CRLM, treatment with either capecitabine, oxaliplatin 
(CAPOX) and bevacizumab or CAPOX alone was started. All treatment cycles were 
administered at intervals of 3 weeks. Treatment of patients in arm A consisted of oral 
capecitabine (1000 mg/m2 twice daily) day 1 through day 14, oxaliplatin 130 mg/m2  infusion 
on day 1 and bevacizumab 7.5 mg/kg infusion  on day 1 for a duration of 8 cycles followed 
by bevacizumab alone (7.5 mg/kg every 3 weeks) for another 8 cycles. Patients assigned 



RESECTION  |  CHAPTER 10164  |

to arm B received capecitabine (1000 mg/m2 twice daily) day 1 through day 14 and oxaliplatin 
130 mg/m2 infusion on day 1 for 8 cycles. Treatment was continued until 16 cycles in arm 
A and 8 cycles in arm B were completed or until there was progression of disease or 
unacceptable toxicity, whichever occurred first. 

Amendment of the trial 
The study protocol was amended in November 2009 based on the input of participating 
centres because of slow accrual rate. The amendment allowed 3 preoperative cycles of 
CAPOX . It also allowed RFA of tumours smaller than 4 cm and of a maximum of three 
tumours when the liver volume was insufficient to resect all tumour tissue but only in 
combination with surgery. As stratification factors neoadjuvant treatment with 3 cycles of 
CAPOX and use of RFA in combination with resection were added. 

Study design
The Hepatica study was designed as a phase III, two-arm, multicentre, randomized, 
controlled study, comparing adjuvant CAPOX and bevacizumab (arm A) versus CAPOX 
alone (arm B) in patients with resected CRLM in terms of DFS, OS, toxicity and QoL. This 
study was conducted in 28 centres in the Netherlands and 2 centres in Sweden. 
Randomization was done centrally by a minimization technique with stratification according 
to the number of liver metastases (< 4 or >=4), metachronous or synchronous metastases, 
prior adjuvant chemotherapy, blood transfusion and treatment site. The study and its 
amendments were approved by the Central Committee of Human-related Research and 
by the local ethics committees of all participating centres. Written informed consent was 
required from all patients before study entry.

Primary endpoint
The primary endpoint of this study was disease free survival (DFS). At the start of the 
study, it was calculated that if the 3-year DFS in the control arm was 35%, an improvement 
to 45% in the bevacizumab arm (HR 0.76) could be detected with 80% power if the 
sample size was 620 patients in total. This would be achieved in 6 years (4 years accrual 
and 2 years follow-up). In November 2009 the eligibility criteria were modified to allow 
neoadjuvant treatment and RFA for a group of patients with high risk of recurrence  and 
the sample size was re-calculated. It was calculated that in order to detect a difference 
between the groups with a HR of 0.67, 300 patients should be recruited in 3 years, with 
1 year further follow-up. 

Secondary endpoints
Secondary endpoints were overall survival, toxicity and quality of life. Toxic effects were 
assessed according to the US National Cancer Institute Common Toxicity Criteria, version 
3.0 before each cycle of treatment. History, vital signs, weight, ECOG performance status, 
serum chemistries and hematology were determined before each treatment cycle. 
Modification of the dose of all drugs in case of hematological or non-hematological toxic 
effects was executed as specified per protocol. 
Quality of life was measured using the QLQ-C30 questionnaire of the European Organization 
for Research and Treatment of Cancer (EORTC) before start of adjuvant treatment, 
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thereafter every 6 months for 2 years after surgery. The QLQ-30 measures the quality of 
life separated by function and symptom areas22. Next to the 5 functional scales (physical 
functioning, role functioning, cognitive functioning, emotional functioning, social functioning) 
and a scale for global QoL, there are 3 symptom scales (fatigue, nausea/vomiting, and pain) 
and 6 single items (dyspnoea, insomnia, appetite loss, constipation, diarrhoea, and financial 
difficulties). 

Data collection 
An independent data and safety monitoring committee(IDMC)  monitored  recruitment, 
reported serious adverse events and  data quality at least every 2 months. Relevant 
information was included in regular study reports, and was made available to the IDMC. 
Data forms were entered in a database by a double data entry procedure. Computerized 
and visual consistency checks were performed on newly entered forms; queries were 
issued in case of inconsistencies. Verification of all data (100%) was done for one of the 
two first subjects at each site, one of subjects 3-10 and thereafter one subject per 10 
randomized or treated subjects.

Funding of the trial 
This was an investigator initiated study supported in part by the Dutch Cancer Society, 
Roche and Sanofi Aventis. The funding source had no role in the design, conduct, data 
collection, data analysis, or interpretation of the study or the results. 

Statistical analysis
Disease free survival (DFS) time was calculated from randomization until recurrence of 
disease or death, whichever occurred first. Patients alive without recurrence of disease 
were censored at last follow-up. Overall survival was calculated until death of any cause. 
All patients, whether eligible or not, were included in the efficacy analysis according to the 
intention to treat principle. A univariate Cox proportional hazards regression model was 
used to estimate the hazard ratios of all clinicopathological factors recorded and treatment 
arms. Toxicity was analyzed for all patients who received at least one cycle of treatment. 
Quality of life was evaluated using a mixed effect modelling procedure (SAS Pros Mixed), 
allowing to retain patients with missing values in the analysis. A first-order autoregressive 
covariance structure was used so that correlations between measurements declined 
exponentially with the distance between them. Treatment and baseline value were entered 
as covariates. Patients with missing baseline values were removed from the model, but 
still taken into account in the calculation of mean per time point. F-tests were used to 
assess the interaction effect of treatment and time. Analyses were performed using SAS 
version 9.2 and R version 2.15.0. 

Premature closure of the trial
Due to the slow accrual of the study which would have extended the total accrual time to 
eight years and the outcome of the NSABP C-08 and AVANT study, which demonstrated 
no benefit of the addition of bevacizumab to an oxaliplatin-based adjuvant regime after 
resection of stage II and III colorectal cancer the steering committee decided to preliminary 
close the Hepatica study In October 201023-25.
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RESULTS

Patients 
Between January 2007 and September 2010, 79 patients were randomized in the study. 
Forty patients were allocated to arm A (CAPOX + bevacizumab) and 39 patients were 
allocated to receive treatment according to arm B (CAPOX alone) (Figure 1). Of the 79 
patients, 25 were included after the amendment in November 2009. Overall, one patient 
(2%) received preoperative chemotherapy in arm A and one patient (3%) in Arm B. Two 
patients (5%) were treated with RFA in combination with surgery in Arm A and one (3%) 
in arm B. Baseline characteristics are depicted in Table 1 and 2. Two patients (one in Arm 
A, and one in arm B) withdrew their consent after randomization. These patients were 
censored at the first day, since it was not allowed to collect data after randomization. There 
was one patient (in Arm B) who did not receive treatment because two liver metastases 
were discovered on postoperative CT scan before the start of adjuvant treatment. In 
accordance to the intention to the intention to treat principle, this patient was included in 
the analysis. The patient was counted as having progression at the date of discovery of 
the metastases.

* Patients could not be included in analysis
** Patients were kept in analysis according to the intention to treat principle

2

Figure 1 |  Trial profile.
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Treatment 
In arm A, one patient withdrew informed consent immediately after randomization and did 
not receive adjuvant chemotherapy. Twenty-two patients (56.4%) completed the full 16 
cycles. Ten patients were not able to complete all cycles due to toxicity. Two patients had 
recurrent disease before the end of chemotherapy. In 2 patients in arm A the reason for 
discontinuation of treatment was unknown. Twenty-two patients (57.9%) patients 
completed the full 8 cycles according to the study protocol. In arm B, one patient withdrew 
informed consent immediately after randomization and did not receive adjuvant 
chemotherapy. One patient was diagnosed with recurrent disease before start of 
chemotherapy. Three patients discontinued treatment due to recurrence of their cancer 
and 8 patients discontinued treatment due to toxicity. One patient received bevacizumab 
in arm B (major protocol violation). Of 4 patients in arm B the reason of discontinuation is 
unknown. Treatment characteristics are depicted in Table 3.

Table 1 |  Patient stratification factors at baseline.

Randomized Treatment

ArmA: CAPOX+bev ArmB:CAPOX Total

Total 40 (51 %) 39 (49%) 79

Gender    

Male 26 (65%) 27 (69%) 53 (67%)

Female 14 (35%) 12 (31%) 26 (33%)

Presentation of the livermetastases    

metachronous 20 (50%) 20 (51%) 40 (51%)

synchronous 20 (50%) 19 (49%) 39 (49%)

Number of livermetastases    

<4 metas 32 (80%) 32 (82%) 64 (81%)

>=4 metas 8 (20%) 7 (18%) 15 (19%)

Prior adjuvant chemotherapy    

yes 4 (10%) 3 (8%) 7 (9%)

no 36 (90%) 36 (92%) 72 (91%)

Blood transfusion received    

yes 8 (20%) 7 (18%) 15 (19%)

no 32 (80%) 32 (82%) 64 (81%)

Neoadjuvant 3 cycles of CAPOX    

yes 1 (2%) 1 (3%) 2 (3%)

no 12 (30%) 11 (28%) 23 (29%)

NA 27 (68%) 27 (69%) 54 (68%)

Local treatment of livermetastases    

RFA+resection 2 (5%) 1 (3%) 3 (4%)

resection  only 38 (95%) 38 (97%) 76 (96%)
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Survival
At the time of analysis, December 2012, 19 events occurred in both Arm A and Arm B. 
One-year DFS rate was 82% and 68% for arm A and B respectively (log rank p=0.74). Two-
year DFS rates were 59% and 54% for arm A and B respectively (log rank p=0.73). 
Univariable cox regression analysis was performed. Results of this analysis are depicted in 
Table 4. Five patients deceased in arm A and 7 in arm B. Two year overall survival rate was 
94% for both arms (p=0.43). Survival curves for DFS and OS are depicted in Figure 2.

Table 2 |  Patient baseline demographics and disease status.

Randomized Treatment

ArmA: CAPOX+bev ArmB: CAPOX Total

Total 39 (51 %) 38 (49%) 77

Age  at randomisation    

Median 62 61 61 

25% 75% quartile 57 70 53 63 55 66

Performance status    

WHO 0 17 (44%) 13 (34%) 30 (39%)

WHO 1 6 (15%) 11 (29%) 17 (22%)

NA 16 (41%) 14 (37%) 30 (39%)

Histological grade    

well differentiated 2 (5%) 4 (11%) 6 (8%)

moderately differentiated 27 (69%) 28 (74%) 55 (71%)

poorly differentiated 6 (15%) 1 (3%) 7 (9%)

unknown 4 (10%) 5 (13%) 9 (12%)

N status    

N0 18 (46%) 15 (39%) 33 (43%)

N1 12 (31%) 12 (32%) 24 (31%)

N2 6 (15%) 6 (16%) 12 (16%)

NX 3 (8%) 5 (13%) 8 (10%)

Location of primary tumour    

colon 13 (33%) 17 (45%) 30 (39%)

rectum 14 (36%) 13 (34%) 27 (35%)

rectosigmoid 12 (31%) 8 (21%) 20 (26%)

Radical resection    

R0 38 (97%) 36 (95%) 74 (96%)

R1 1 (3%) 0 (0%) 1 (1%)

unknown 0 (0%) 1 (3%) 1 (1%)

NA 0 (0%) 1 (3%) 1 (1%)

Radiotherapy    

no 27 (69%) 28 (74%) 55 (71%)

yes 12 (31%) 10 (38%) 22 (28%)

NA 1 (3%) 1 (3%) 2 (3%)
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Toxicity
Toxicity was evaluated for 77 patients and is listed in Table  5. In general, toxicities were 
comparable between the two arms. Most common toxicities were hypertension (23.1% 
in arm A, 15.8% in arm B), mucositis/stomatis (17.9% arm A versus 21.1% in arm B) and 
sensory neuropathy (17.9% in arm A versus 21.1% in arm B). In total there were two grade 
5 toxicities. In arm A one patients died of terminal kidney failure three years after 
randomization. In arm B one patient experienced a grade 5 toxicity of mucositis. This patient 
died from respiratory failure after aspiration of blood as a complication of mucositis probably 
caused by capecitabine. This patient received one cycle of CAPOX. 

Table 3 |  Treatment information.

Randomized Treatment

ArmA: CAPOX+bev ArmB: CAPOX Total

Total 39 (51 %) 38 (49%) 77

Total number of cycles given    

Median 16 8 8 

25% 75% quartile 6 16 6.2 8.0 6 16

Completed according to protocol 22 (56%) 22 (57%) 44 (57%)

Reason Discontinuation    

progression 2 (5%) 3 (8%) 5 (6%)

toxicity 10 (25%) 8 (21%) 18 (23%)

patient refusal 2 (5%) 0 (0%) 2 (3%)

intercurrent death 0 (0%) 0 (0%) 0 (0%)

major protocol  violation 0 (0%) 1 (3%) 1 (1%)

lost to follow-up 0 (0%) 0 (0%) 0 (0%)

other 2 (5%) 4 (10%) 6 (8%)

NA 1 (5%) 0 1 (1%)

No. of Capecitabine  cycles    

Sample size 39 36* 76

Median 8 8 8 

25% 75% quartile 5 8 6.8 8.0 5 8

No. of Oxaliplatin cycles    

Sample size 39 36* 76 

Median 7 8 7 

25% 75% quartile 5 8 5 8 5 8

No. of Bevacizumab cycles    

Sample size 39 36* 76 

Median 13 0 13 

25% 75% quartile 5.5 16.0 0 0 0 13

*for 2 patients in arm B it was not registred how many cycles they received due to recurrence directly after 
randomization. There was one patient in arm B that received bevacizumab
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Quality of life
Fifty eight patients were evaluated for quality of life. Compliance with completing QoL 
questionnaires compared to baseline dropped to 59% at 6 months, 43% at 12 months, 41% 
at 18 months and 29% at 24 months (Table 6).  Patients receiving CAPOX + bevacizumab 
(Arm A) had a higher mean score in all QoL functional scales  at  baseline except from 
emotional functioning (Table 7) and a lower mean score in all QoL symptom scales at 
baseline except for insomnia. In the functional scales all scores were higher during the 2 
years in arm A compared to arm B of which global quality of life and emotional functioning 
reached significance. Both these scores were higher than the 10 points cut-off for clinical 
significance at 18 and 24 months compared to baseline (Figure 3). Scores of physical 
functioning, role functioning, cognitive functioning an social functioning were higher after 
18 months than at baseline for both arms. All the symptom scales scores were lower at 
two years in arm A except for insomnia. There were no significant differences in symptoms 
between patients receiving CAPOX + bevacizumab and CAPOX alone (Table 7). 

Figure 3 |  Quality of life Global Functional. 

Figure 2 |  Kaplan-Meier curves depicting disease free- and overall survival probability for patients receiving 
CAPOX and CAPOX + bevacizumab.
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Table 4 |  Univariable Cox models for Disease free survival.

Level name Events N HR Lower 95% 
Upper

95% 
Score P

Randomized Treatment

Arm A: CAPOX+bev = 40 1 0.7432

Arm B: CAPOX 19 39 1.112 0.588 2.102

Male 27 53 1 0.4432

Female 11 26 0.76

Age at randomisation

per unit 38 77 0.978 0.944 1.013 0.2131

Age at randomisation

[34,65) 27 55 1 0.7654

[65,75] 11 22 0.899 0.445 1.813

Location of primary tumour

colon 15 30 1 0.2671

rectum 16 27 1.274 0.629 2.58

rectosigmoid 7 20 0.616 0.251 1.512

Histological grade

well differentiated 4 6 1 0.5117

moderately differentiated 27 55 0.543 0.188 1.561

poorly differentiated 4 7 0.528 0.131 2.129

unknown 3 9 0.328 0.073 1.476

N Status

N+ 22 36 1 0.0539

N0 12 33 0.507 0.25 1.025

Presentation of the 
livermetastases

metachronous 19 40 1 0.8612

synchronous 19 39 1.058 0.56 2.001

Prior adjuvant chemotherapy

yes 5 7 1 0.3038

no 33 72 0.612 0.238 1.574

Adjuvant chemotherapy

no 32 69 1 0.2213

yes 6 8 1.722 0.713 4.156

Blood transfusion received

yes 5 15 1 0.1601

no 33 64 1.94 0.757 4.973

Number of livermetastases

<4 metas 30 64 1 0.4314

>=4 metas 8 15 1.367 0.626 2.989

log CEA tumour marker

per unit 16 40 1.246 0.844 1.839 0.2668

The variable ‘Radical resection’ was not entered because there were 0 events in the ‘R1’ group.
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Table 5 |  No. of patients with toxicities of CTC grade 3, 4 or 5.

ArmA: CAPOX+bev
38 (50 %)

ArmB: CAPOX
38 (50%)

Total
76

Allergic reaction/hypersensitivity 1 (2.6%) 0 (0.0%) 1 (1.3%)

Cardiac  ischemia/infarction 1 (2.6%) 0 (0.0%) 1 (1.3%)

Hypertension 9 (23.7%) 6 (15.8%) 15 (19.7%)

Hypotension 0 (0.0%) 0 (0.0%) 0 (0.0%)

Other cardiac  symptoms 2 (5.3%) 1 (2.6%) 3 (3.9%)

Fatigue  (malaise,  asthenia) 3 (7.9%) 2 (5.3%) 5 (6.6%)

Fever 0 (0.0%) 1 (2.6%) 1 (1.3%)

Weight loss 0 (0.0%) 0 (0.0%) 0 (0.0%)

Other constitutional symptoms 0 (0.0%) 0 (0.0%) 0 (0.0%)

Alopecia 0 (0.0%) 0 (0.0%) 0 (0.0%)

Hand-foot  syndrome 3 (7.9%) 1 (2.6%) 4 (5.3%)

Injection  site reaction/extravasation 0 (0.0%) 0 (0.0%) 0 (0.0%)

Nail changes 0 (0.0%) 0 (0.0%) 0 (0.0%)

Other skin symptoms 0 (0.0%) 0 (0.0%) 0 (0.0%)

Diarrhoea 7 (18.4%) 8 (21.1%) 15 (19.7%)

Mucositis/stomatitis 1 (2.6%) 1 (2.6%) 2 (2.6%)

Nausea 1 (2.6%) 0 (0.0%) 1 (1.3%)

Vomiting 1 (2.6%) 1 (2.6%) 2 (2.6%)

Other gastrointestinal symptoms 2 (5.3%) 3 (7.9%) 5 (6.6%)

Haemorrhage/bleeding 0 (0.0%) 1 (2.6%) 1 (1.3%)

Febrile  neutropenia 0 (0.0%) 2 (5.3%) 2 (2.6%)

Infection 2 (5.3%) 3 (7.9%) 5 (6.6%)

Dizziness 0 (0.0%) 0 (0.0%) 0 (0.0%)

Neuropathy-sensory 7 (18.4%) 8 (21.1%) 15 (19.7%)

Other neurological  symptoms 0 (0.0%) 2 (5.3%) 2 (2.6%)

Abdominal  pain,  cramping 1 (2.6%) 1 (2.6%) 2 (2.6%)

Headache 0 (0.0%) 1 (2.6%) 1 (1.3%)

Other pain 0 (0.0%) 1 (2.6%) 1 (1.3%)

Cough 0 (0.0%) 0 (0.0%) 0 (0.0%)

Dyspnoea 1 (2.6%) 0 (0.0%) 1 (1.3%)

Hiccoughs (hiccups,  singultus) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Pneumonitis/pulmonary infiltrates 0 (0.0%) 0 (0.0%) 0 (0.0%)

Other pulmonary symptoms 0 (0.0%) 0 (0.0%) 0 (0.0%)

Thrombosis/embolism 4 (10.5%) 2 (5.3%) 6 (7.9%)

Other vascular  symptoms 1 (2.6%) 1 (2.6%) 2 (2.6%)

Any of above toxicities worst grade 21 (55.3%) 18 (47.4%) 39 (51.3%)
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Table 6 |  Quality of life compliance per score. 

Number of observations

Baseline At 6 months At 12 months At 18 months At 24 months

CAPOX+bevacizumab 29 18 12 14 10

CAPOX 29 16 13 10 7

Table 7 |  Quality of life scores in time. Reported values are means ± standard deviation.

Interaction treatment by time

Baseline Month 6 Month 12 Month 18 Month 24 P-value

Global quality of life (high score is better)

Global health status / QoL 0.04

CAPOX+bev 74.1 ± 12.9 67.1 ± 22.6 82.6 ± 12.5 86.9 ± 13.0 86.9 ± 12.6

CAPOX 71.0 ± 21.8 65.1 ± 24.0 70.5 ± 21.7 65.8 ± 20.6 65.8 ± 18.5

Functional scales (high score is better)

Physical Functioning 0.99

CAPOX+bev 88.9 ± 11.7 80.7 ± 15.5 90.6 ± 10.4 92.9 ± 11.5 92.9 ± 8.3

CAPOX 84.1 ± 16.8 72.9 ± 21.3 82.4 ± 20.0 86.2 ± 13.3 86.2 ± 10.1

Role Functioning 0.12

CAPOX+bev 79.4 ± 23.4 65.7 ± 20.2 83.3 ± 17.4 90.5 ± 15.6 90.5 ± 13.2

CAPOX 66.7 ± 30.8 58.8 ± 32.9 63.1 ± 29.4 71.7 ± 22.3 71.7 ± 13.1

Emotional Functioning 0.04

CAPOX+bev 79.6 ± 18.0 80.6 ± 16.2 91.0 ± 9.7 89.9 ± 19.1 89.9 ± 17.8

CAPOX 81.0 ± 15.1 77.6 ± 19.2 75.6 ± 30.3 84.2 ± 22.4 84.2 ± 15.5

Cognitive Functioning 0.97

CAPOX+bev 90.8 ± 18.1 86.1 ± 16.4 93.1 ± 11.1 92.9 ± 12.6 92.9 ± 13.7

CAPOX 87.9 ± 17.8 82.3 ± 20.6 87.2 ± 20.6 90.0 ± 21.1 90.0 ± 24.4

Social Functioning 0.13

CAPOX+bev 93.7 ± 9.4 80.6 ± 15.4 91.7 ± 11.2 95.2 ± 10.2 95.2 ± 11.8

CAPOX 76.4 ± 29.0 68.8 ± 29.7 78.2 ± 30.0 88.3 ± 19.3 88.3 ± 25.5

Symptom scales (high score means more problems)

Fatigue 0.59

CAPOX+bev 20.0 ± 16.4 36.4 ± 20.1 11.1 ± 14.2 12.7 ± 14.4 12.7 ± 13.3

CAPOX 27.0 ± 25.9 43.8 ± 28.7 23.0 ± 26.7 20.0 ± 20.8 20.0 ± 18.0

Nausea / Vomiting 0.93

CAPOX+bev 1.1 ± 4.2 7.4 ± 11.7 1.4 ± 4.8 2.4 ± 6.1 2.4 ± 10.4

CAPOX 2.9 ± 10.0 11.8 ± 12.9 1.2 ± 4.5 5.0 ± 15.8 5.0 ± 8.1

Pain 0.47

CAPOX+bev 12.8 ± 19.4 17.6 ± 28.3 13.9 ± 17.2 10.7 ± 18.0 10.7 ± 15.1

CAPOX 20.1 ± 25.0 16.7 ± 26.4 19.0 ± 33.2 21.7 ± 27.3 21.7 ± 20.2
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DISCUSSION

This randomised phase III study showed a non-significant improvement in DFS for patients 
treated with a combination of CAPOX and bevacizumab compared to CAPOX alone. Addition 
of bevacizumab did not increase toxicity of the CAPOX regimen. Comparison of quality of 
life scores between the treatment arms revealed a significant difference in emotional 
functioning and global quality of life in favour of CAPOX plus bevacizumab. 
 Although this study did not reach its intended accrual and was therefore prematurely 
closed, several relevant observations were made. First, median and 2-year DFS rates were 
not different between the two treatment arms. However, the one year survival rate in our 
study was better for treatment with CAPOX-B when compared to CAPOX alone. This 
finding has similarity with the outcome of the C08 study where during treatment with 
bevacizumab, i.e., the first six months, DFS was better compared to CAPOX alone while 
this effect was rapidly lost when bevacizumab was stopped. This suggests that the addition 
of bevacizumab may have a temporary growth delaying effect on the outgrowth of 
metastases but does not lead to increased cure rates which is the ultimate goal of adjuvant 
treatment. The findings are in line with the outcome of the C08 and AVANT studies, both 
large, randomized and well executed studies, where no DFS or overall survival benefit for 
bevacizumab was established. An important difference between the HEPATICA study and 
the C08 and AVANT studies is that our study included patients with established metastases 
whereas the two others studies included patients with high risk of recurrence after 
resection of the primary tumour. It could be argued that, given the high risk of recurrent 

Table 7 continued

Dyspnoea 0.9

CAPOX+bev 10.0 ± 17.8 11.8 ± 26.2 5.6 ± 13.0 7.1 ± 14.2 7.1 ± 9.6

CAPOX 17.9 ± 26.4 23.5 ± 28.3 11.9 ± 16.6 20.0 ± 28.1 20.0 ± 17.8

Insomnia 0.22

CAPOX+bev 21.1 ± 27.0 20.4 ± 30.5 22.2 ± 35.8 23.8 ± 33.1 23.8 ± 33.3

CAPOX 11.9 ± 18.6 15.7 ± 23.9 33.3 ± 39.2 23.3 ± 27.4 23.3 ± 25.2

Appetite loss 0.47

CAPOX+bev 7.8 ± 18.9 18.5 ± 32.8 0.0 ± 0.0 2.4 ± 8.9 2.4 ± 0.0

CAPOX 10.7 ± 27.3 13.7 ± 23.7 4.8 ± 12.1 6.7 ± 14.1 6.7 ± 17.8

Constipation 0.43

CAPOX+bev 5.7 ± 12.8 16.7 ± 17.1 8.3 ± 15.1 7.1 ± 14.2 7.1 ± 23.6

CAPOX 12.6 ± 27.3 14.6 ± 24.2 2.6 ± 9.2 13.3 ± 23.3 13.3 ± 16.3

Diarrhoea 0.75

CAPOX+bev 6.9 ± 13.7 13.0 ± 23.3 2.8 ± 9.6 11.9 ± 16.6 11.9 ± 17.2

CAPOX 13.8 ± 27.5 18.8 ± 24.2 12.8 ± 16.9 13.3 ± 32.2 13.3 ± 16.3

Financial Problems 0.93

CAPOX+bev 4.6 ± 11.7 3.7 ± 15.7 5.6 ± 13.0 4.8 ± 17.8 4.8 ± 16.1

CAPOX 4.8 ± 14.9 10.4 ± 16.0 10.3 ± 21.0 6.7 ± 14.1 6.7 ± 32.5
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disease, prolonged treatment with bevacizumab post resection of liver metastases is 
beneficial. In the metastatic setting studies have shown benefit of treatment with 
bevacizumab even beyond progression26. Another important observation is that we did not 
observe increased numbers of metastatic lesions in the bevacizumab arm. Based on 
preclinical studies this was a serious concern, because it was shown that within 7 days 
after cessation of anti-VEGF treatment  accelerated tumour growth occurred as a result of 
rapid revascularizationt27,28. In a regenerating liver, which is the physiological state after 
partial liver resections, this may even be more relevant because angiogenesis is constantly 
active. The preclinical concept of accelerated  tumour growth when bevacizumab treatment 
was interrupted was supported by a small series of patients with colorectal liver metastases, 
receiving peri-operative chemotherapy in combination with bevacizumab29. Furthermore, 
preclinical studies showed an increased invasiveness after treatment with a VEGF/VEGFR 
inhibitor. This phenomenon is described in preclinical studies which have shown that in 
certain conditions antiangiogenic treatment can cause a hypoxic and protumourigenic 
inflammatory state30,31. These studies created awareness that treatment with bevacizumab 
could also have negative effects on the survival of colorectal cancer patients. In the adjuvant 
setting in resected stage II and III CRC, the addition of bevacizumab shows no benefit in 
the NSABP C-08 and AVANT trials but, it also did not show an increased number of 
metastases32,33. In our study, patients already had established metastases which define a 
population at higher risk for microscopic residual disease than in the aforementioned 
NSABP C-08 and AVANT trials and still could not determine accelerated recurrence. This 
indicates that in this setting the preclinical studies did not have a clinical correlate. As 
expected we found no differences in toxicities between the two treatment arms. There is 
extensive experience with both the CAPOX and CAPOX-B regimens that supports the 
notion that toxicity is not significantly different with the exception of specific bevacizumab 
related toxicities such as hypertension and proteinuria. In our study we included patients 
with liver only metastatic disease who were undergoing subsequent liver resections. A 
reduced liver capacity may result in  temporary impairment of liver function and altered 
clearance of chemotherapeutic agents34. Although we did not perform pharmacokinetic 
studies the toxicity profile does not seem to indicate excessive toxicity compared to the 
toxicity seen in patients treated with CAPOX(-B) without liver resections35,36. In general, 
patients in arm A scored higher on quality of life, of which the functional scales global 
quality of life and emotional functioning reached significance. It should be taken into account 
that compliance dropped to 41.3% at 18 months. Reasons for non-completion of the QoL 
forms were not known and could be due to the patient’s condition. Compliance was 
however not different between the two arms.
Our study has encountered significant problems in recruitment ultimately leading to a 
premature closure of the trial. Unfortunately this is a common problem in studies 
investigating peri- or postoperative treatment of patients with colorectal liver metastases5-7. 
Institutions have developed their own programs for hepatic surgery, chemotherapy or local 
interventions hampering joint efforts to resolve clinical problems. Patient numbers are 
generally small and the time needed to include sufficient patients long. This unfortunately 
prohibits definitive answers and clinical guidance. We therefore hope that accrual in recently 
designed trials using anti-VEGF therapy in stage IV patients with resectable LM such as 
the BOS3 (NCT01646554) and the PERIMAX (NCT01540435) studies will be excellent.  
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In terms of timing of chemotherapy, we have to await the results a study conducted by 
the National Cancer Institute (NCT 01189227) comparing perioperative with postoperative 
FOLFOX/FOLFERI and a study initiated by the Yonsei University (NCT01632722) comparing 
perioperative versus postoperative FOLFOX/FOLFERI in combination with bevacizumab in 
patients undergoing resection for their CRLM. 
In conclusion, adding bevacizumab to CAPOX as adjuvant treatment after curative resection 
of colorectal livermetastases is safe but does not seem to improve long term outcome in 
these patients.  
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The presence of liver metastases is the major determinant of survival in patients with 
colorectal cancer1. The pathway from colon to liver metastases is via the portal vein and 
liver metastases are usually the first metastases to appear often without signs of systemic 
dissemination. Radical resection of colorectal liver metastases means a possibility of cure, 
resulting in a 5 year survival of 30-60%2-5. Improved imaging, surgical techniques as well 
as neoadjuvant therapy have increased the number of patients receiving R0 resection for 
colorectal liver metastasis. In case of irresectable metastases, radiofrequency ablation, 
using heat to destroy tumour tissue, is an alternative surgical treatment option. 
This thesis describes factors associated with outcome of patients undergoing surgery for 
colorectal liver metastases.

Radiofrequency ablation: technical aspects affect patient outcome
Local tumour progression (LTP) is a frequent complication after local ablation of malignant 
liver tumours, negatively influencing patient survival. LTP may be the result of incomplete 
ablation of the treated tumour. The local success rate of RFA greatly depends on tumour 
size, ablation margin, a percutaneous approach and vicinity close to major hepatic vessels6,7. 
In chapter 3 we demonstrated that the presence of viable tumour cells attached to the 
RFA needle applicators is also associated with an increased chance of LTP. Viable tumour 
cells attached to the needle applicators were found after local ablation in 26.7% of patients 
(chapter 2 and 3). An independent risk factor for viable cells adherent to the needle 
applicators is the omission of track ablation. When track ablation was not applied, viable 
tumour cells were present after 54.8% of RFA applications, compared to only 15.5% of 
RFA applications when track ablation was executed. Fortunately, most currently used RFA 
devices have a track ablation functionality. Technical protocols for track ablation should be 
precisely executed in order to diminish the chance of local recurrence. Most protocols for 
track ablation were originally designed and used at the end of RFA treatment. However, 
the needle applicator is often re-positioned during an ablative procedure when tumour 
destruction is not yet completed. Since viable tumour tissue was found even after complete 
ablation of the tumour in 26.7% of patients, execution of the track ablation protocol is 
important whenever a needle applicator is (re)positioned in (viable) tumour tissue. 

As mentioned above, vicinity close to major hepatic vessels is an independent risk factor 
for local tumour progression8. The conductive heat loss caused by the proximity of major 
vessels, known as the heat-sink effect often prevents sufficient heat build-up in areas near 
vessel leading to incomplete tumour destruction. RFA systems using multipolar electrodes 
seem less susceptible to the “heat sink effect”9. These electrodes are typically placed in 
a triangle or square formation at the edges of the tumour. Since the electrical current is 
moving from one electrode to the other, heat is trapped in between them. In chapter 4 
we demonstrated that the use of multipolar RFA in patients with peri-vascular tumours 
was safe and effective and did not increase the chance of local tumour progression. 
Although our series is small, these results encourage further research for the use of 
multipolar RFA in this setting. Previous studies using monopolar RFA all demonstrated a 
major increase in LTP when treating patients with tumours close to vessels. Only a 
randomized controlled trial comparing multipolar RFA with monopolar RFA and surgery 
examining LTP and complication rates can determine the use of multipolar RFA for patients 
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with perivascular tumours. Radiofrequency ablation ideally coagulates the tumour 
completely without ablating too much viable structures. Profound surgical skills and 
knowledge about the technology  are needed to optimally place the electrodes around the 
liver tumour in order to obtain sufficient ablative margins. At the same time, there should 
be a continuation of studies pointed towards heat application and diffusion in human tissue 
in order to accurately regulate the amount of energy, thereby diminishing the chance of 
incomplete ablation and improving patient outcome. 

Biological markers 
Surgery of colorectal liver metastases results in cure for some patients or prolonged survival 
for others10. Unfortunately, because of rapidly progressive disease or microscopic disease 
leading to early recurrence, there is a group of patients that will not benefit at all from liver 
surgery. These patients experience a recurrence immediately after surgery. Prognostic 
factors associated with outcome after surgery for colorectal liver metastases would open 
the way for selection of patients who are likely to benefit from surgery and possibly the 
addition of chemotherapy, while withholding others unnecessary treatment. 

Circulating CD95L as a prognostic factor for outcome after surgery of CLM
CD95 ligand (CD95L/FS7 associated surface antigen ligand) and its receptor CD95 
(apoptosis inducing protein 1/FS7 associated surface antigen) are transmembrane proteins 
that play an essential role in lymphocyte cytotoxicity and the maintenance of immunological 
homeostasis. CD95L is known to induce tumour cell apoptosis. However, CD95L can also 
act in a pro-tumourigenic fashion by stimulating tumour cell proliferation, survival and 
invasion. Preclinical research has demonstrated that CD95L stimulates migration and 
invasion of colorectal cancer cells, rather than apoptosis11. Membrane-bound CD95L can 
be cleaved by metalloproteases, which results in a soluble form of CD95L (sCD95L) that 
can be detected in the circulation12. In chapter 6 we demonstrated that high pre-operative 
levels of sCD95L are associated with poor DFS and OS in patients scheduled for surgery 
for synchronous colorectal liver metastases. Low levels of soluble CD95L could identify a 
subgroup of patients with synchronous colorectal liver metastases that benefit from 
surgery. After extended validation soluble CD95L might be added as one of the factors 
aiding clinical decision making.  

Maspin as a stage specific marker
In chapter 8 we used both gene expression profiling and proteomics to identify factors 
correlated with DFS in colorectal liver metastases. These high throughput screens identified 
SerpinB5/Maspin to be significantly correlated with short DFS in stage IV tumours. In this 
chapter we have validated expression of Maspin in a large cohort of stage II and III CRC 
patients. Maspin was an independent prognostic factor for early recurrence in stage III 
CRC patients, but not in stage II patients. More stage specific markers have been 
reported13,14. This way more insight is gained in the factors involved with progression at 
various changes in the neoplastic process. The differences in tumour cell behaviour at 
various stages might also explain the differences in response to chemotherapeutics. A 
study examining the response of the primary tumour and the corresponding lymph nodes 
and livermetastases to chemotherapy, demonstrated that the liver metastases where 
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responding much better than the primary tumour15. Ultimately, unravelling the factors 
involved at various stages of CRC cancer might lead to specific therapies for colorectal 
cancer confined to the colon and metastasised cancer. 

Clinical risk score outperforms gene expression signature as a prognostic factor 
Genome wide gene expression profiling has been used to predict disease outcome or 
response to therapy in many different tumour types16,17. In colorectal cancer, two gene 
signatures, the Oncotype DX Colon Cancer and the Coloprint signature were validated and 
show independent prognostic value regarding outcome after surgery next to the clinical 
risk factors currently used to determine which patients with stage II colon cancer should 
receive adjuvant chemotherapy18. In chapter 5 we aimed to identify and validate gene 
signatures that can predict disease free survival in patients undergoing a radical resection 
for their colorectal liver metastases (CLM). In order to be useful in clinical decision making, 
a gene signature must either be an addition to the known clinical risk scores or outperform 
the clinical risk scores. In chapter 5 we have validated five known clinical risk scores. Three 
out of five clinical risk scores predicted DFS of which the clinical risk score described by 
Fong et al was the most powerful risk score in our study. This risk score was the only 
clinical risk score predictive in both our study and another large validation set19. Based on 
these results, validation of prognostic seems necessary in more at least two independent 
patient cohorts. 
We discovered a gene signature consisting of 20 genes. This signature was the most 
predictive as measured within the training set, able to predict disease free survival with 
high statistical significance. However, upon validation in an independent set, this signature 
was not able to predict DFS. Our study underlines the importance of independent validation, 
showing that an initial promising and significant result within training data can completely 
disappear upon validation. The fact that the signature did not hold upon validation could be 
due to overfitting on the training data caused by imbalance between number of variables 
and samples. Moreover, liver metastases of colorectal cancer represent an aggressive 
subgroup. Differences in gene expression of patients with CLM that recur within one year 
and those that remain disease free might be too small to detect using the sample size 
employed in this study. Moreover, recurrence after resection of liver metastases might not 
be dependent only on the characteristics of the liver metastasis itself, but on the presence 
of micrometastases at the time of liver resection. Another possibility in our study seemed 
that instead of reflecting tumour biology, the gene signature appeared to be greatly 
influenced by prior administration of chemotherapy. Interestingly, the administration of 
neoadjuvant chemotherapy itself was independently associated with a worse DFS. 
Therefore, the discovered signature seemed able to predict which patient received 
neodjuvant chemotherapy, instead of independently predicting recurrence. Theoretically, 
one would expect that using gene expression of tumour biopsies obtained at the time of 
resection, an aggressive subtype of CLM could be discovered, regardless of prior 
chemotherapy. Unfortunately this could not be proven in our study. The problem of gene 
expression profiles not able to outperform clinical factors is mentioned before. Quite a few 
studies seem unrealistically optimistic, by presenting positive results without validation 
sets or executing a multivariable analysis20. Surprisingly the clinical risk score of Fong21, 
developed in an era where neoadjuvant chemotherapy was not used, was able to predict 



CHAPTER 11 |  185GENERAL DISCUSSION

DFS in our patients group of which a large number received chemotherapy. Possibly, a 
larger and more homogeneous (chemotherapy naïve) group of patients could have led to 
a  predictive gene signature. 

Upregulation of immune response related genes in neoadjuvant treated patients
Gene expression between patients treated with neoadjuvuant chemotherapy versus 
chemonaive patients at the time of resection of their CLM demonstrated an upregulation 
of immune response related genes (chapter 6). The immune response after systemic 
chemotherapy is ideally tumour-antagonizing but can also be tumour-promoting. 
Unfortunately the majority of  immune response related factors we found were correlated 
with cancer progression. The implications of these results are unclear. It leads to the 
hypothesis that LM of patients that are neoadjuvantly treated acquire mechanism able to 
overcome the anti-cancer effects of chemotherapy by upregulation of genes associated 
with a pro-tumourigenic immune response. This way adjuvant chemotherapy might be less 
effective. These findings are interesting in perspective of the current debate regarding the 
timing of chemotherapy in patients undergoing surgery for resectable colorectal liver 
metastases. An interval before resection in which neoadjuvant chemotherapy is 
administered has been proposed as a test of time. When progressing during  neoadjuvant 
chemotherapy, patients could theoretically be spared from surgery22. However, evidence 
for this method is lacking. Retrospective published series, and our own series (chapter 6) 
failed to demonstrate a survival advantage in patients receiving systematic neoadjuvant 
treatment even when matched for the clinicopathologic factors 23-25. There is no proof at 
this time that neoadjuvant chemotherapy is beneficial for resectable disease in terms of a 
randomized controlled trial. Together with the possibility that neoadjuvant chemotherapy 
has not only anti-cancer effects, but might also upregulate the gene expression of pro-
tumourgenic factors, resectable patients should be resected after diagnosis. Since adjuvant 
chemotherapy therapy has proven to be beneficial in terms of DFS  after both resection 
and RFA, chemotherapy might better be preserved for the micrometastatic setting until 
these effects are further elucidated. 26,27. 

Angiogenesis inhibition after resection of colorectal liver metastases: affecting 
outcome?
In chapter 9 and 10 we describe the HEPATICA study. This study examined whether adding 
the angiogenesis inhibitor bevacizumab to a CAPOX regime improves disease free survival 
for patients with resected colorectal liver metastases. The outcome analysis of 79 patients 
included in this randomised phase III study shows a non-significant improvement in DFS 
for patients treated with a combination of CAPOX + bevacizumab compared to CAPOX 
alone. One year survival rate was 82% and 75% for arm A and B, respectively. Due to the 
slow accrual of the study and the outcome of two large randomized controlled trials (NSABP 
C-08 and AVANT) which demonstrated no benefit of the addition of bevacizumab to an 
oxaliplatin based adjuvant regime after resection of stage II and III colorectal cancer in 2672 
and 3451 patients, the steering committee decided to preliminary close the Hepatica study 
In October 201028-30.
After the results of the NSABP C-08 and AVANT study, it was hypothesized that bevacizumab 
is only effective in the treatment of macrometastatic disease present at the time of 



CHAPTER 11186  |

antiangiogenic therapy. Macrometastases have high interstitial pressure and have already 
undergone the angiogenic switch, which can be countered with anti-angiogenic therapy. 
However, adjuvant treatment after resection of CLM might be different from the adjuvant 
setting in operated stage II and III CRC. Antiangiogenic treatment in our study takes place 
in a regenerating liver, were angiogenesis is continuously upregulated and therefore is an 
ideal microenvironment for tumours to grow.  Hence, bevacizumab might inhibit outgrowth 
of tumours in a regenerating pro-angiogenic liver whereas there is no role for bevacizumab 
in a non angiogenic environment, such as microscopic disease in stage II and III CRC. The 
differences in survival as calculated with a cox regression was not significant. The number 
of patients are too low to draw any definite conclusions. Combining data of ongoing trials 
with bevacizumab in this setting will hopefully provide a definite answer in the near future  

FUTURE PERSPECTIVES

This thesis demonstrates that it is possible to find factors affecting outcome after surgery 
of CLM. The validation of five different clinical risk scores in two separate patients set 
showed that only one score was an independent prognostic factor in both validation sets. 
This fact demonstrates the importance of external validation of prognostic factors in more 
than one set. Factors associated with outcome might initially look promising but only a few 
identified factors will be usefull in clinical management. Since more and more multimodality 
treatments are used in the management of CLM, there is also a need for predictive factors 
next to prognostic factors. Prognostic factors are characteristics associated with a patient’s 
clinical outcome, such as likelihood of survival or relapse. Predictive factors are 
characteristics that correlate with likelihood of response to therapy. For example, colon 
cancer patients with positive lymph nodes have a poorer prognosis than patients without 
nodular involvement. However this factor does not predict response to chemotherapy. It 
would be ideal to find factors that remain their prognostic value regardless which therapy 
is given or even better: factors that are both prognostic and predictive such as the presence 
of the estrogen receptor on breast cancer tumours cells. For stage II CRC, Gray et al reports 
on a molecular risk score predicting recurrence which holds its value regardless of whether 
adjuvant therapy was used31. Traditionally, finding a prognostic marker is derived from 
animal and/or in vitro models. Subsequently, these factors are tested in the clinical setting 
using patient material. In chapter 5 we used such method. CD95L was proven to be 
associated with a more invasive subtype of colorectal liver metastases in an in vitro model11. 
Subsequently we showed that the amount of circulating CD95L, easily measured in the 
serum of patients, was correlated with outcome in patients undergoing surgery for 
synchronous liver metastases. Unfortunately, often the controlled preclinical behaviour of 
tumour cells in a labaratory does not translate into the behaviour of tumour cells in patients. 
Therefore direct measurement of the expression of thousands of genes/proteins directly 
in patient material seems an extremely attractive method finding prognostic markers. This 
way, much of the in vivo experiments can be skipped. Disappointingly, Venet et al showed 
that sets consisting of at least 100 of randomly selected genes in breast cancer had a 90% 
chance to be significantly associated with outcome32. Therefore, they suggest in order to 
find a clinically relevant signature, it should perform better than a random set. The authors 
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showed that proliferation genes were present in most published signatures associated 
with outcome as well as in randomly selected gene sets because of their abundance. The 
expression of these proliferation genes is known to be associated with outcome, therefore 
also randomly selected gene sets are prognostic.
Many gene expression profiling studies in CRC have been performed, but little overlap 
exists. Multiple reasons have been proposed to explain this lack of reproducibility in the 
gene expression profiling studies in CRC. These include insufficient power, lack of validation 
of results, differences in experimental protocol and statistical pitfalls in analysing microarray 
expression data for cancer outcome. These difficulties suggest that it might be better to 
go back to the more traditional way of moving from bench to bedside and testing only one 
factor at the time.
However, Lascorz et al suggest that the difficulty in finding gene signatures is caused by 
the too conservative testing strategy where each gene is considered as an independent 
factor33. They suggests that gene selection methods which take into account relationships 
among genes is superior to methods that assume independence among genes outside 
their functional contexts. Selecting genes in their functional context can be achieved using 
bioinformatics enrichment tools such as Gene ontology and KEGG on overlapping genes 
found in different gene expression studies to see which pathways are commonly 
upregulated. 
Possibly such strategy might be a valuable option in the quest for prognostic factors after 
surgery of CLM. Known factors associated with outcome after surgery of CLM, either 
derived from preclinical research, proteomics and gene expression progression from 
different research groups might be combined and entered in enrichment tools. This might 
speed up the process of unravelling pathways related to rapid tumour progression. 

In conclusion, despite all the current knowledge, survival rates vary widely after resection 
of colorectal liver metastases and can still not be predicted accurately. The identification 
of molecular prognostic markers next to existing clinicopathologic factors are needed to 
facilitate individualized patient therapy. This thesis presents a careful start of the search 
for such markers. Since validation of known factors is of major importance, research in this 
field should continue and requires consequent, systematic and standardized collection of 
tissue specimens from patients with CLM. Because large patient numbers are needed, 
nationwide collaboration is important to warrant enough material. Large multicentre studies 
such as the Hepatica study, have demonstrated that multidisciplinary and multicentre 
collaboration are feasible in the Netherlands in patients undergoing resection for their 
colorectal liver metastases. 

Be patient, for the World  is broad and wide (E.A. Abbott)
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CHIRURGISCHE BEHANDELING VAN LEVER METASTASEN

Jaarlijks wordt bij ongeveer 12.000 mensen in Nederland de diagnose colorectaal carcinoom 
(dikke darm kanker) gesteld en overlijden 5.000 patiënten aan de ziekte. De 
overlevingskansen van patiënten met dikke darm kanker nemen sterk af als er sprake is 
van metastasen (uitzaaiingen). Darmkanker zaait bij ongeveer de helft van de patiënten uit 
naar de lever. Doordat metastasering in eerste instantie plaats vindt via de leverpoortader 
(vena porta), kan het zijn dat er sprake is van levermetastasen, zonder dat er sprake hoeft 
te zijn van verdere uitzaaiingen. Voor deze patiëntengroep is genezing mogelijk, indien er 
complete chirurgische verwijdering van al het tumorweefsel plaats kan vinden. Vijf jaar na 
een dergelijke operatie is nog ongeveer 30-60% van de patiënten in leven. Met name 
studies uit recente jaren laten de hoge 5-jaars overlevingscijfers zien, wat voor een groot 
deel verklaard kan worden door de recente toevoeging van aanvullende chemotherapie na 
chirurgie. Indien er te veel tumoren in de lever aanwezig zijn, of de conditie van de patiënt 
een dergelijke operatie niet toe laat, zijn er alternatieve lokale behandelingen. Één daar van 
is radiofrequente ablatie. Bij radiofrequente ablatie worden er één of meerdere naald 
elektrodes in of om de tumor geplaatst, waarbij een hoogfrequente wisselstroom wordt 
gegenereerd. Dit zorgt er voor dat ionen in het weefsel willen meebewegen met de stroom. 
Hierdoor ontstaat frictionele hitte die de tumorcellen vernietigd. Het voordeel van RFA is 
dat het een lokale behandeling betreft, waarbij de mortaliteit en morbiditeit lager zijn dan 
bij resectie. Het nadeel van RFA is echter dat het niet altijd lukt de gehele tumor te 
vernietigen, waarbij er tumor recidiveert op de plek waar de ablatie heeft plaats gevonden. 
De overlevingskansen liggen lager voor patiënten die RFA ondergaan dan wanneer een 
complete resectie kan plaats vinden. 

Recidief van tumoren na chirurgie
Helaas komt bij veel patiënten met colorectale levermetastase de kanker terug na de 
operatie. Soms kan een patiënt opnieuw geopereerd worden. Een manier om de 
recidiefkans te verminderen is het geven van chemotherapie na chirurgie. Inmiddels wordt 
dit in vele ziekenhuizen standaard aangeboden aan patiënten die een resectie ondergaan 
voor colorectale levermetastasen. Op dit moment is het niet goed mogelijk te voorspellen 
welke patiënten baat zullen hebben bij een resectie of een aanvullende behandeling met 
chemotherapie. Omdat een operatie en chemotherapie risico’s met zich meebrengen is er 
daarom een duidelijke behoefte aan biomarkers die de (ziekte vrije) overleving voorspellen 
na resectie of RFA. De grootte van tumoren, het interval tussen de primaire colon tumor 
en het ontstaan van levermetastasen, het aantal tumoren, bloedverlies tijdens resectie, de 
aanwezigheid van micrometastasen (tumoren te klein voor detectie met huidige 
beeldvorming) zijn allen risico factoren voor een grotere kans op recidief. Deze voorspellers 
zijn echter niet nauwkeurig genoeg om in de kliniek gebruikt te worden bij het nemen van 
beslissingen. Bovendien geven zij geen inzicht in de mechanismen die ten grondslag liggen 
aan de recidivering van tumoren of van de agressiviteit van subtypen tumoren. Eerder 
onderzoek in onze onderzoeksgroep liet zien dat afklemmen van de bloedtoevoer, wat 
wordt gebruikt om de effectiviteit van RFA te vergroten en bloedverlies tijdens leverresectie 
te verkleinen, ook nadelige effecten kan hebben. Het zuurstof gebrek dat daardoor ontstaat 
speelt ook een rol in de versnelde uitgroei van tumor cellen*. Inzicht in dergelijke 
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voorspellende factoren kan lijden tot het aanpassen van behandelstrategieën en het 
ontwikkelen van nieuwe behandelingsmethoden. Indien bijvoorbeeld voorspeld kan worden 
welke patiënten na een operatie zeer lang overleven, kan bij deze patiënten aanvullende 
chemotherapie achterwege worden gelaten. Omgekeerd kan bij patiënten die geen baat 
zullen hebben bij een dergelijke operatie en of chemotherapie de patiënt een behandeling 
bespaard blijven. 
Het onderzoek beschreven in dit proefschrift richt zich op de verschillende voorspellende 
factoren bij patiënten die een operatie ondergaan voor hun colorectale levermetastasen. 
Er wordt daarbij gekeken naar zowel technische, klinische en celbiologische factoren
*proefschrift Dr. M. W. Nijkamp

Technische aspecten van radiofrequente ablatie
Lokaal recidief, het terugkeren van tumoren op de plaats waar ablatie heeft plaats gevonden, 
komt vaak voor na radiofrequente ablatie van colorectale levermetastasen. Omdat hitte 
vaak gegenereerd wordt in het midden van de tumor is de warmtespreiding door de rest 
van de tumor afhankelijk van de geleiding en weerstand van het tumor en leverweefsel. 
Onderzoek laat zien dat het optreden van lokaal recidief afhankelijk is van de grootte van 
de tumor, de nabijheid van grote vaten, of er sprake is van een open of percutane (door de 
huid) procedure en van de ervaring van de uitvoerende chirurg. 
In hoofdstuk 2 en 3 laten we zien dat er na ablatie vitale cellen aan de naald aanwezig zijn 
in 26.7% van de patiënten. De aanwezigheid van vitale cellen is naast eerder genoemde 
factoren ook een voorspeller voor een lokaal recidief. In hoofdstuk 4 onderzoeken we de 
ablatie van tumoren naast grote vaten. Tumor ablatie van tumoren naast grote vaten ( > 4 
mm) wordt vaak gezien als een contra indicatie voor RFA omdat de continue bloedstroom 
zorgt dat er hitte verloren gaat en complete destructie van tumoren verhinderd. Eerdere 
studies laten zien dat het aantal lokaal recidieven veel groter is na RFA voor tumoren naast 
grote vaten. Dit kan voorkomen worden door het nabijgelegen vat af te klemmen. Echter 
langdurig klemmen brengt trombose risico met zicht mee. RFA apparaten, waarbij er 
gelijktijdig meerdere electroden worden gebuikt (multipolaire RFA) zijn de laatste jaren 
ontwikkeld. De wisselstroom verloopt tussen de elektroden, waarbij het vermogen real-
time wordt aangepast aan de gemeten weerstand in het weefsel. In hoofdstuk 4 laten 
we in een serie van 52 patiënten zien dat het percentage lokaal recidief niet hoger is na 
ablatie van tumoren bij grote vaten indien vergeleken wordt met RFA van tumoren die niet 
bij grote vaten liggen. Deze resultaten zijn veelbelovend en dienen gevalideerd te worden 
in een grotere serie patiënten. 

Moleculaire factoren
Omdat er patiënten zijn die direct na operatie de kanker terug krijgen, lijkt het niet zinvol 
dat die groep patiënten een operatie ondergaan. Tegelijkertijd bestaat er ook een groep 
patiënten die lang overleven na een operatie waarbij een operatie zeker zinvol is, maar 
waarbij aanvullende chemotherapie wellicht niet nodig is. Preklinische onderzoek houdt 
zich continue bezig met de factoren die het gedrag van colorectale tumor cellen bepalen. 
Een van die factoren is de receptor CD95, wat geactiveerd wordt door CD95-ligand. CD95 
is een receptor die indien geactiveerd, in staat is apoptose (geprogrammeerde celdood) te 
initiëren. Eerder preklinisch onderzoek laat zien dat deze geactiveerde receptor echter ook 
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andere signaleringswegen kan activeren en in bepaalde omstandigheden juist tumor groei 
en invasie kan stimuleren.** Hypoxie (verminderde zuurstofspanning), wat ontstaat tijdens 
chirurgie en RFA, is een van dit soort situaties. In hoofdstuk 5 laten we zien dat een hoog 
niveau van CD95-Ligand in het bloed van patiënten die een resectie ondergaan voor 
levermetastasen samengaat met een kortere ziekte vrije overlevingsduur. CD95 Ligand is 
mogelijk dus een van factoren die kunnen helpen bij het selecteren van patiënt die baat 
hebben bij leverchirurgie. 
*proefschrift Dr. F.J. H. Hoogwater

Sinds de introductie van genomics en proteomics kunnen de relatieve expressieniveaus 
(activiteit) van duizenden genen en hoeveelheid eiwit aanwezig in tumor tegelijk bestudeerd 
worden. Het (agressieve) gedrag van tumoren hangt samen met de activiteit van genen 
en eiwitten. In hoofdstuk 6 hebben we tumoren geselecteerd van patiënten met colorectale 
levermetastasen die na de operatie zeer snel de ziekte terug krijgen (binnen 6 maanden) 
en patiënten die lang ziekte vrij blijven (meer dan 2 jaar). Hoge Maspin expressie was de 
enige factor die zowel met proteomics als genomics werd geïdentificeerd, geassocieerd 
met een kortere ziektevrije overleving in patiënten na een operatie voor colorectale 
levermetastasen. Hoge expressie van het eiwit Maspin was tevens voorspellend bij 
patiënten die een operatie ondergingen voor colon carcinoom met ziekte stadium III (met 
uitzaaiingen naar de lymfeklieren) en niet in patiënten met ziekte stadium II (geen uitzaaiing 
naar de lymfklieren). Dit geeft aan dat factoren een verschillende rol aannemen in 
verschillende stadia van dikke darm kanker. Dit gegeven kan mogelijk ook de oorzaak zijn 
voor het verschil in de reactie op chemotherapie in verschillende stadia van de ziekte. 

Klinische risico scores voorspellen overleving beter dan gen expressie profielen
Zoals boven genoemd hangt de agressiviteit van tumoren samen met de activiteit van 
genen. In hoofdstuk 7 wilden we een set genen ontwikkelen die verschillend tot expressie 
komt in subtypen tumoren met verschillende agressiviteit. Voor dikke darm kanker zijn er 
dergelijke genensets (genexpressie profielen) ontwikkeld die de ziekte vrije overleving 
kunnen voorspellen. 
Daarnaast werden tevens 5 eerder ontwikkelde klinische risico scores getest. We vonden 
een set van 20 genen die de ziektevrije overleving accuraat kon voorspellen. Echter in een 
nieuwe groep patiënten bleek de genenset niet overeind te blijven. Twee van de 5 klinische 
risico scores voorspelden de ziekte vrije overleving wel. Er zijn een aantal redenen waarom 
een genenset niet ontwikkeld kon worden, belangrijk voor toekomstige studies. Omdat er 
sprake is van gemetastaseerde ziekte , is er al sprake van een agressievere subgroep van 
tumoren. Het kan zijn dat het aantal patiënten te klein is om de verschillen binnen deze 
groep te kunnen detecteren. Omdat er naar de expressie van zeer veel genen in één keer 
wordt gekeken bestaat er een grote kans van “overfitting”, het willekeurig overeenkomen 
van de expressie van een set genen met een agressief fenotype. Dit probleem kan worden 
aangepakt door minder genen te selecteren om te onderzoeken. De door ons geïncludeerde 
patiënten kregen bovendien veelal neoadjuvante chemotherapie (chemotherapie 
voorafgaand aan resectie) . De patiënten behandeld met chemotherapie bleken een heel 
andere genexpressie te hebben dan patiënten die niet behandeld werden met 
chemotherapie. 
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Deze laatste bevinding leidde tot het onderzoek beschreven in hoofdstuk 8 waar we laten 
zien dat de genen opgereguleerd in patiënten die neoadjuvante chemotherapie kregen met 
name een rol spelen in de immuun respons. De immuunrespons kan zowel tumor remmend 
werken als tumor stimulerend. Nader literatuur onderzoek naar deze genen wee s uit dat 
de meerderheid van de genen een tumor stimulerende rol lijkt te hebben. Verdere onderzoek 
moet aantonen of deze genen daadwerkelijk een tumor stimulerende functie hebben en 
of zij mogelijk een rol spelen bij chemotherapie resistentie.

Anti-angiogene therapie 
In hoofdstuk 9 en 10 wordt het Hepatica onderzoek gepresenteerd. Dit onderzoek gaat 
na of toevoeging van een angiogeneseremmer aan een CAPOX-regime na resectie van 
colorectale levermetastasen zich vertaalt in een langere ziektevrije overleving voor deze 
patiëntengroep. Preklinische onderzoeken laten een versnelde groei zien van intrahepatische 
tumoren na resectie. Behandeling met anti-angiogene middelen bleek de door resectie 
gestimuleerde uitgroei van tumoren te kunnen vertragen. Na een resectie regenereert de 
lever totdat hij zijn oorspronkelijke volume opnieuw heeft bereikt. Dit duurt ongeveer zes 
maanden tot een jaar. Gedurende deze tijd produceert de lever veel pro-angiogene eiwitten, 
waarvan vascular endothelial growth factor een centrale rol speelt. Dit maakt de 
regenererende lever een geschikte omgeving voor angiogenese en tumorgroei. Vascular 
endothelial growht factor (VEGF), een circulerende groeifactor, vervult een belangrijke rol 
in vaatnieuwvorming voor tumoren. Omdat kleine metastasen (< 5 mm) veelal niet te 
detecteren zijn, bestaat de kans dat er micrometastasen achterblijven na resectie. Zuurstof 
en andere voedingstoffen bereiken deze achtergebleven tumorcellen door diffusie, maar 
om een diameter groter dan 2 mm te kunnen bereiken heeft een tumor een eigen 
bloedvoorziening nodig. Bevacizumab is een monoklonaal antilichaam dat aangrijpt op VEGF, 
die in fase-III-onderzoeken bij solide tumoren zijn klinisch effect heeft bewezen. Het 
Hepatica onderzoek toont aan dat het veilig is bevacizumab toe te voegen aan CAPOX en 
dat er een niet significante verbetering is in ziekte vrije overleving indien bevacizumab 
wordt toegevoegd. Helaas is de Hepatica studie voortijdig gestopt. De patientengroep 
geincludeerd in de Hepatica studie is te klein om een conclusie te trekken. Combineren 
van data van de Hepatica studie met momenteel nog lopende soortgelijke studies geeft 
hopelijk een definitief antwoord op de vraag welke rol bevacizumab moet spelen in de 
behandeling van patiënten die een resectie ondergaan van colorectale levermetastasen. 

Conclusie en toekomst
Overleving van patiënten na chirurgische behandeling voor colorectale levermetastasen 
varieert enorm. Door de toevoeging van chemotherapie is de ziektevrije overleving 
verbeterd van deze patiëntengroep. Echter de overlevingskansen van patiënten die in 
aanmerking komen voor chirurgie kunnen niet goed worden voorspeld, waardoor er bij 
sommige patiënten sprake is van onder- en bij ander van overbehandeling. De resultaten 
van de onderzoeken gepresenteerd in dit proefschrift laten zien dat het mogelijk is, met 
behulp van patiënten materiaal verzameld in en om de operatie, factoren te vinden die 
voorspellend zijn voor de ziektevrije overleving en zo meer inzicht te krijgen in de 
mechanismen die een rol spelen bij de recidivering van ziekte. Dit betreft zowel technische 
aspecten, moleculaire factoren (Maspin, sCD95L) en klinische risico scores.
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Door de geboekte vooruitgang en het toenemende multidisciplinaire karakter van 
behandeling, dienen onderzoekers rekening te houden met de veranderingen in 
tumorweefsel geïnduceerd door onder andere chemotherapie zoals wij in dit proefschrift 
laten zien. Het gestandaardiseerd verzamelen van grote aantallen patiënten gegevens, 
weefsel en bloed, voor, tijdens en na elke behandeling is daarom nodig, zodat de 
mechanismen die een rol spelen bij response op therapie duidelijk worden en als basis 
kunnen dienen voor selectie van patiënten die baat hebben bij chirurgie en of chemotherapie.

Wij laten tevens zien dat initieel veelbelovende resultaten niet altijd overeind blijven na 
validatie. Daarom is toetsing van gevonden factoren in grote onafhankelijke patiëntengroepen 
noodzakelijk om de betrouwbaarheid van de gevonden data vast te stellen. 
Meerdere reeds uitgevoerde studies in verschillende Nederlandse Ziekenhuizen zoals de 
Hepatica studie, laten zien dat er in Nederland een goede infrastructuur bestaat, die grote 
multidisciplinaire en multicentrische studies mogelijk maken bij patiënten met colorectale 
levermetastasen. Samenvoeging van data van dergelijke grote gerandomiseerde studies 
moeten uitkristalliseren wat de beste behandeling is voor deze patientengroep. 
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