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enera ll  introductio n 
andd outlin e of the thesi s 





Generall introduction and outline of the thesis 

Thee liver and lung are common sites of metastatic disease of haematogenous spread of solid 
tumourss since all drainage from the portal basin is through the liver, and caval blood first 
passess through the lungs. 
Systemicc therapy should be treatment of first choice in disseminated disease. Unfortunately, 
currentt systemic therapies rarely offers cure and have only minimal impact on survival  1_4. 
Inn some malignancies however, growth kinetics of metastases are slow, the occurrence of 
metastasess is limited in numbers and spread initially only to a single organ. In this situation 
onee could consider local therapy instead of systemic therapy. For justification and 
effectivenesss of surgical treatment for metastatic disease, as a rule, three considerations are of 
paramountt importance: absence of local relapse or persistence of the primary tumour, 
absencee of disseminated disease other than the index lesions, removal of all gross tumour 
shouldd be pursued with maximal conservation of functional tissue. Due to these starting 
pointss only a small number of patients are deemed suitable for surgical removal or other 
typess of local or regional eradication of metastatic disease. 
Surgicall  management of hepatic and pulmonary metastatic disease is not a new concept. The 
firstfirst resection of a metastatic liver lesion was reported in 1888 by Garre and in 1882 
Weinlechenerr published the first resection of metastatic pulmonary disease 5'6. Better 
knowledgee of biologic determinants of malignant disease, improved understanding of 
functionall  anatomy and important advances in technology, surgical technique and 
postoperativee care have improved the outcome of metastasectomy. Nowadays, 5 year 
survivall  rates up to 30-40% after complete surgical resection of both hepatic and pulmonary 
metastasess can be reached 1'2'713. 
Thee eligibility criteria for metastasectomy thus have been broadened in the last decades. 
However,, surgery can only be justified if operative mortality remains substantially below 
anticipatedd 5-year survival rates with reasonable morbidity. Nowadays postoperative 
mortalityy and morbidity has decreased to less than 5% and 25% respectively 914. In this 
thesiss we focus on several aspects of surgical management of hepatic and pulmonary 
metastases. . 

Inn chapters 2, 3, 4 and 5 aspects of surgical management of hepatic metastases are addressed. 
Thee aim is the surgical removal of all metastatic disease. If this aim is not achieved, survival 
wil ll  hardly be influenced and patients are faced only with morbidity or even mortality of the 
surgicall  procedure. Thus, part of success of surgical treatment is good patient selection. 
Inn chapter 2 an analysis of potentially prognostic factors for morbidity and mortality of liver 
resectionn for metastatic disease of all primaries is described. Identification of prognostic 
factorss that determine outcome can help to categorize different patient groups. This can be 
helpfull  in choosing the optimal treatment for an individual patient. 
Off  all metastatic liver malignancies colorectal metastasis is the most common indication for 
hepaticc resection. In chapter 3 a determination of prognostic factors and outcome after 
partiall  hepatectomy for colorectal metastases is reported. 
Recently,, more data of hepatic surgery in non-colorectal cancer has become available, 
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CHAPTERR 1 

suggestingg in selected cases a survival benefit with an estimated overall 5-year survival in 
mostt published series of approximately 20% 15"18. In chapter 4 our results of resection of 
liverr metastases of non-colorectal origin are compared with those found in literature. 
Inn the past few years new techniques for local management of resectable and unresectable 
liverr malignancies have become available. These include thermoablation with either 
cryoprobes,, interstitial laser coagulation and radiofrequency ablation devices. Chapter 5 
reportss on the initial experience with radiofrequency ablation for hepatic tumours in the 
Netherlands. . 

Inn chapters 6, 7 and 8 we focus on pulmonary metastases. The majority of these metastases 
aree located in the periphery of the lung, frequently even immediately subpleural and thus 
cann be easily removed by (multiple) small excisions 19. A deep-seated tumour or central 
lesion,, on the other hand, may require lobectomy or even pneumonectomy. Principally, the 
latterr procedure is in contradiction to the aim for an optimal functional result after surgery 
andd therefore hardly ever indicated for metastatic disease. 
Thee increasing enthusiasm with relation to minimally invasive techniques in the last decades 
hass resulted in the emerge of a new therapeutic modality in thoracic surgery: thoracoscopic 
resection.. Improvements in video camera technology and the development of percutaneous 
endoscopicc instruments have created new possibilities for thoracoscopic resection of lesions 
inn the lung parenchyma, for example lung metastases. The main advantage of the 
thoracoscopicc technique lies in the limited surgical trauma with consequently decreased 
morbidityy 20'21. The peripheral location of pulmonary metastases enables removal of the 
metastasess by wedge resection with the stapling technique. Nevertheless, the main concern 
aboutt this approach is that, although thoracoscopy allows an excellent exposure of the lung 
surfaces,, it does not permit complete lung palpation to identify metastatic lesions not 
detectedd by radiologic imaging 22. 
Thee objective in chapter 6 is to evaluate the results of thoracoscopic pulmonary 
metastasectomyy controlled by a confirmatory thoracotomy in the same patients. Chapter 7 
comparess the outcome of metastasectomy by thoracoscopy with that of thoracotomy in 
patientss who presented with a single lesion. In chapter 8 a case report of a patient presenting 
withh a port-site recurrence after thoracoscopic pulmonary metastasectomy is described. 

Basedd on the encouraging results of hepatic and pulmonary metastasectomy and the 
introductionn of minimal invasive techniques, it seems plausible that there may be an 
indicationn for this approach in selected patients with both liver and lung metastasis. In 
chapterr 9 our experience with metastasectomy in patients with synchronous liver and lung 
metastasess is described. 

Inn chapter 10 the respective findings are discussed and integrated. 
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Perioperativee morbidity in hepatic surgery 

Introductio n n 
InIn the Netherlands most cases of isolated liver metastases occur in patients with colorectal 
cancerr (70%). Median survival of untreated patients is 6 to 12 months 12, 12 to 18 months 
forr patients who received chemotherapy 34 and 42 months for patients who underwent 
hepaticc resection 5. Therefore, if feasible, complete surgical resection of colorectal liver 
metastasess provides the best chance for long-term survival  6. Even liver resection for non-
colorectall  primary tumours show encouraging results in highly selected cases 7. The 
estimatedd 5-year survival in most published series is around 20% 811. An aggressive surgical 
approachh therefore, is indicated to provide the opportunity for maximum benefit. However, 
too achieve a positive end result perioperative morbidity and mortality must be kept to a 
minimum. . 
InIn the last decades several improvements in technological and surgical techniques for the 
treatmentt of hepatic neoplasm-s have had a major impact on operative morbidity and 
mortalityy rates. A better knowledge of both the biologic determinants of colorectal cancer 
andd an improved understanding of functional anatomy of the liver form the basis for these 
advancements.. Currently, the sensitivity of preoperative imaging techniques (computed 
tomographyy (CT)-scan, magnetic resonance imaging (MRI)) has improved considerably to 
thatt compared to the early 1980s. An accurate localization and improved understanding of 
thee relation of the liver neoplasm-s to the hepatic vasculature have played an important role 
whilee peroperative ultrasound (US)-scanning can be utilized for further clarification. After 
thee introduction of both the Pringle's manoeuvre (transclamping of hepatoduodenal 
ligament)) and the Cavitron® Ultrasonic Surgical Aspirator (CUSA) it became possible to 
resectt segmentally, while controlling peroperative blood loss. Thanks to these technical 
improvementss postoperative mortality and morbidity decreased to less than 5% and 25% 
respectivelyy nowadays 8. 
Nextt to these technological and surgical techniques several clinical parameters could be 
relatedd to the perioperative morbidity and mortality. Identifying the main prognostic factors 
cann help to categorize different patient groups. This could be helpful in choosing the 
optimall  treatment for an individual patient. The aim of this study was to identify potentially 
prognosticc factors that predict the morbidity and mortality of liver resection of metastatic 
cancerr in a single institute. 

Methodolog y y 
Att the time of data collection 180 liver operations in the Netherlands Cancer Institute / 
Antonii  van Leeuwenhoek ziekenhuis had been registered in a prospective database. We 
evaluatedd only those which were performed between January 1, 1990 and December 31, 
19999 with indication metastases of all primaries, who underwent resection, either existing of 
segmentt resection or hemihepatectomy (N=136). 
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CHAPTERR 2 

Tablee 1: Variable s in the analysi s 

Variabl e e 

Preoperativ ee characteristic s 

Gender* * 
Age* * 
(years) ) 

Preoperativee chemotherapy* 
Previouss liver surgery* 
Hemihepatectomy* * 
Yearr hepatectomy* 

Treatmen tt  characteristic s 

Typee resection* 

Extendedd right hemihepatectomy* 
Sizee of resection* 
Vessell resection* 

Cholecystectomy® ® 

Ultrasonography* * 
Pringlee procedure* 

Pringlee type* 

Pringlee duration* 
(minutes) ) 

Durationn surgery* 
(minutes) ) 

Peroperativ ee characteristic s 

Bloodd loss* 
(ml) ) 

Packedd cells* 

Peroperativee complications* 

Male/Female e 
Meann (SD/median/mir 
Category y 

Category y 

Segment t 
Hemihepatectomy y 
Yess / No 
Major// Minor 
Yes s 

No o 
Yes s 
No o 
Alreadyy done 
Usedd / Not used 
Yes s 
No o 
continuous s 
intermittent t 
Meann (SD/median/mir 
Category y 

Meann (SD/median/mir 
Category y 

Meann (SD/median/mir 
Category y 

l-max) ) 
<50 0 
50-59 9 
60-69 9 
>70 0 
yess / no 
yess / no 
leftt / right 
1990-1992 2 
1993-1995 5 
1996-1997 7 
1998-1999 9 

Venaa cava 
Venaa porta 

-max) ) 
<30 0 
31-60 0 
61-75 5 
>75 5 

-max) ) 
<120 0 
121-180 0 
181-210 0 
>210 0 

-max) ) 
<625 5 
626-1250 0 
1251-2500 0 
>2500 0 

Meann (SD/median/min/max) 
Category y 

Yess / No 

0 0 
1-3 3 
>3 3 

Numbe rr  of patient s 

66/70 0 
58(13/16/25-81) ) 

34 4 
31 1 
44 4 
27 7 

18/118 8 
11/125 5 
26/45 5 

26 6 
41 1 
38 8 
31 1 

65 5 
71 1 

30/106 6 
111/25 5 

3 3 
1 1 

132 2 
110 0 

10 0 
16 6 

117/19 9 
131 1 

5 5 
72 2 
59 9 

53(26/48/0-130) ) 
28 8 
59 9 
29 9 
20 0 

177(55/180/80-390) ) 
29 9 
52 2 
30 0 
25 5 

1755(1504/1238/200-9600) ) 
28 8 
41 1 
36 6 
31 1 

1.3(2.2/0/0-12) ) 
89 9 
27 7 
20 0 

21/115 5 

Typee as used: *Binary 'Interval "Nominal 
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Perioperativee morbidity in hepatic surgery 

StatisticalStatistical methods 
AA stepwise logistic regression analysis was performed to identify factors (see table 1) 
associatedd with the occurrence of acute postoperative complications. In the first stage only 
preoperativee characteristics were considered for inclusion, but in the second and third stage 
alsoo treatment factors and peroperative characteristics were included. In- and exclusion limit 
forr the P-value was 0.05. The amount of blood loss was log-transformed because of its 
extremelyy right-skewed distribution. 
Inn all analyses interval and ordinal variables were primarily considered to be linearly related 
withh log (odds ratio). However, at each step linearity of each variable was tested for and if 
non-linearityy was present (P<0.05) the P-value of linear plus non-linear effect was used in 
thatt step for consideration of inclusion or exclusion. Non-linearity was introduced by 
categorizingg the variables as shown in table 1. Cut points for categorization were chosen to 
resultt in reasonably equally sized categories, while considering only "sensible" values such as 
multipless of 5 for age. 
Residuall  analysis was based on deviance residuals and the diagonal of the hat matrix 12. The 
Hosmer-Lemeshoww statistic 13 was used to judge the fit of the model. 
P-valuess are adjusted for multiple comparisons only where explicitly stated. In those cases 
thiss was done using the procedure of Hommel  14. 95% confidence intervals for percentages 
aree calculated using the exact method of Clopper and Pearson. 

Tablee 2: Postoperative complications 

Type e Number r Percentage e Re-intervention n 

Nonee 99 
Woundd infection 2 
Liverr bleeding 2 
Bilee leakage 4 
Abscesss 5 
Jaundicee 6 
Bowell obstruction (ileus) 1 
Pneumoniaa 3 
Subfrenicc collection 4 
Pneumothorax x 
Decubitus s 
Pyelonephritis s 
Pulmonaryy embolism 
Heartt failure (dec. cordis) 
Atriall f lut ter 
Splenicc bleeding 
Postoperativee death 

73 3 
1 1 
1 1 
3 3 
4 4 
4 4 
1 1 
2 2 
3 3 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
2 2 
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Tablee 3a: Postoperativ e complications : P-value s fro m stepwis e logisti c regressio n analysis * 

Variabl e e 

Preoperativ ee characteristic s 
Gender r 

Age e 

nonl inearity y 
Preoperativee chemotherapy 
Previouss liver surgery 

Sidee hemihepatectomy 
Yearr resection 

nonl inearity y 

Treatmen tt  characteristic s 
Typee resection 
Ext.. r ight hemihepatectomy 
Sizee resection 
Vessell resection 
Cholecystectomy y 
Sonography y 

Pringle e 

Pringlee type 
Pringlee durat ion 

nonlinearity y 
Durat ionn surgery 

nonl inearity y 

Peroperativ ee characteristic s 
Bloodd loss 

nonlinearity y 

Packedd cells 
nonlinearity y 

Peroperativee complication 

StepO O 

0.69 9 
0.26 6 

0.14 4 
0.54 4 

1.00 0 
0.078 8 
0.017 7 

0.92 2 

0.16 6 

0.20 0 
0.38 8 
0.066 6 
0.61 1 

0.65 5 
0.52 2 
0.93 3 

0.0027 7 
0.82 2 
0.0015 5 

0.81 1 

0.0029 9 
0.54 4 

0.0005A A 

0.046 6 
0.0015 5 

Step l l 
Preoperativ e e 

0.74 4 

0.45 5 
0.13 3 
0.54 4 

0.66 6 
0.13 3 
0.017 7 

0.92 2 

0.077 7 

0.11 1 
0.27 7 
0.18 8 

0.58 8 
0.50 0 
0.82 2 

0.51 1 
0.011 1 
0.84 4 
0.0025 5 

0.69 9 

0.0070 0 
0.52 2 

0.0013A A 

0.033 3 
0.0050 0 

Stepp 2 
Treatmen t t 

0.83 3 

0.45 5 
0.21 1 

0.66 6 
0.62 2 
0.29 9 

0.035 5 
0.71 1 

0.24 4 

0.15 5 
0.55 5 

0.26 6 
0.60 0 
0.91 1 
0.86 6 

0.44 4 
0.21 1 
0.81 1 

0.0025 5 
0.69 9 

0.32 2 

0.50 0 
0.025A A 

0.036 6 

0.13 3 

Stepp 3 
Peroperativ e e 

0.39 9 
0.43 3 
0.27 7 

0.72 2 

0.63 3 

0.26 6 
0.040 0 
0.83 3 

0.19 9 
0.079 9 
0.57 7 

0.20 0 
0.81 1 
0.91 1 

0.77 7 
0.70 0 
0.15 5 

0.56 6 
0.045 5 
0.53 3 

0.31 1 
0.21 1 

0.025A A 

0.036 6 
0.44 4 

** Underlined: covariates adjusted for 
AA Including nonlinearity 

Result s s 
Thirty-sevenn patients (27%; 95% confidence interval: 20-36%) suffered a postoperative 
complication.. Table 2 lists the types and the number of complications and re-interventions. 
Tablee 3a gives the results of the stepwise logistic regression. 
Thee percentage postoperative complications decreased during the observation period (table 
3aa step 1, see also table 4-A), but this may still be due to chance in view of the number of 
variabless tested. 
Whenn treatment characteristics are considered for inclusion (table 3a, step 2), there is 
evidencee that the longer the duration of surgery the higher the chance of postoperative 
complications,, see also table 4-B. 
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Tablee 3b: Gall bladde r problems/Icteru s or 
analysis * * 

Variabl e e 

Preoperativ ee characteristic s 
Gender r 
Age e 
Preoperativee chemotherapy 
Previouss liver surgery 
Sidee hemihepatectomy 
Yearr resection 

Treatmen tt  characteristic s 
Typee resection 
Ext.. r ight hemihepatectomy 
Sizee resection 
Vessell resection 
Cholecystectomie e 
Sonography y 
Pringle e 
Pringlee type 
Pringlee duration 
Durationn surgery 

Peroperativ ee characteristic s 
Bloodd loss 
Packedd cells 
Peroperativee complication 

Abscess ::  P-value s fro m stepwis e logisti c regressio n 

Galll  bladde r / Icteru s 
Step O O 

0.93 3 
0.54 4 
0.13 3 

# # 
0.13 3 
0.91 1 

0.038 8 
0.0068 8 
0.49 9 
0.21 1 
0.97 7 
0.71 1 
0.98 8 
0.75 5 
0.072 2 
0.15 5 

0.092 2 
0.075 5 
0.0037 7 

Step l l 
Treatmen t t 

0.70 0 
0.16 6 
0.17 7 

# # 
0.10 0 
0.82 2 

0.17 7 
0.0068 8 
0.95 5 
0.22 2 

# # 
0.89 9 

# # 
0.41 1 
0.093 3 
0.17 7 

0.13 3 
0.065 5 
0.024 4 

Step O O 

0.67 7 
0.41 1 
0.85 5 

# # 
0.49 9 
0.0053 3 

0.38 8 
0.43 3 
0.052 2 
0.18 8 
0.49 9 
0.10 0 
0.013 3 
0.53 3 
0.76 6 
0.0088 8 

0.070 0 
0.0070 0 
0.023 3 

Absces s s 
Step l l 
Preoper . . 

0.70 0 
0.71 1 
0.93 3 

# # 
0.15 5 
0.0053 3 

0.18 8 
0.60 0 

# # 
0.65 5 

# # 
0.92 2 
0.12 2 
0.13 3 
0.50 0 
0.0085 5 

0.18 8 
0.064 4 
0.083 3 

Stepp 2 
Treatmen t t 

0.34 4 
0.64 4 
0.79 9 

# # 
0.075 5 
0.0057 7 

0.67 7 
0.35 5 

# # 
0.89 9 

# # 
0.49 9 
0.15 5 
0.46 6 
0.13 3 
0.0085 5 

0.70 0 
0.79 9 
0.64 4 

** Underlined: covariates adjusted for 
## Problems because of empty cells 

Furtherr adjustment for the infusion of packed cells during surgery (table 3) markedly 
increasess the P-value for duration of surgery, as already happened the other way round (see 
stepp 2). This is due to the high association between the two variables, making it difficult to 
decidee whether they both predict complications independently. However, the association 
betweenn packed cells and complications seems to be non-linear: more complications for 
eitherr no packed cells (21/89) or >3 (13/20) and less in between (3/27). 
Noo other characteristics were found to be independently associated with postoperative 
complications. . 
AA separate analysis of abscess and subfrenic collection doesn't lead to further new findings 
(seee table 3b, last 3 columns). 
However,, bile duct problems/jaundice appear to occur more often after extended 
hemihepatectomyy (P=0.0068, see also table 4-C), while there is no evidence that the 
incidencee of these complications decreases with more experience. 
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Tablee 4: Correlation s 

4A::  Correlatio n Postoperativ e complication s --Year r 

POO complication s 
Yearr  metastasectom y No 

1990-19922 15 
1993-19955 28 
1996-19977 31 
1998-19999 25 

Totall 99 

4B::  Correlatio n Postoperativ e complication s -

metastasectom y y 

Yess  (%) 

111 (42) 
13(32) ) 
7(18) ) 

6(19) ) 

377 (27) 

-- Duratio n of surger y 

POO complication s 
Duratio nn of Surger y No 

<120minn 26 
121-1800 min 39 
181-2100 min 20 
>210minn 14 

Totall 99 

4C::  Correlatio n Bil e duc t problems/Jaundic e -

Yess {%) 

3(10) ) 
133 (25) 

100 (33) 
111 (44) 

377 (27) 

Numbe r r 
off  procedure s 

26 6 
41 1 
38 8 
31 1 

136 6 

Numbe r r 
off  procedure s 

29 9 
52 2 
30 0 
35 5 

136 6 

-- Extende d righ t hemihepatectom y 

Bil ee duc t problem s / Jaundic e 
Ext .. hemihepatectom y No Yes (%) 

Noo 102 
Yess 23 
Totall 125 

4 (( 4) 
7(25) ) 

111 ( 8) 

Numbe rr  of 
procedure s s 

106 6 
30 0 

136 6 

Residuall  analyses didn't raise doubts about the validity of the analysis. 
Noo perioperative factor was determined to be exclusionary when considering a patient for 
resection. . 

Discussio n n 
Hepaticc metastases are usually from colorectal origin (70%). Left untreated, the 5-year 
survivall  rate for these patients is 1% 2-14. Surgical resection is the only treatment that offers 
aa change of long term survival and sometimes of cure 6. Some specialized centers have 
demonstratedd 5-year survival rates up to 40% after complete metastasectomy in selected 
casess 15~18. However surgery can only be justified if operative mortality remains substantially 
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beloww the anticipated 5-year survival rates. This study showed morbidity and mortality rates 
off  27% and 2% respectively. This is in agreement with the experience from other series 
8,19,20 0 

Thee aim of this study was to identify potentially prognostic factors that determine the 
morbidityy and mortality. This could help to categorize different patient groups which could 
bee helpful in choosing the optimal treatment for an individual patient. The following 
(various)) prognostic perioperative risk factors analysed in many series are mentioned: extent 
off  resection, vena cava resection, concomitant colon and hepatic resection, blood loss, 
perioperativee blood transfusion and operative time 21"24. In the logistic model we found the 
durationn of surgery (P=0.0025) and the number of packed cells given during surgery 
(P=0.0013)) as perioperative prognostic factors for postoperative complications in general; 
specificc for bile duct related problems we found a relation with an extended right 
hemihepatectomyy (P=0.0068). These results are comparable with literature. 
Durationn of surgery, amount of blood loss, amount of packed cells given and occurrence of 
perioperativee complications are all markedly associated with each other, making it difficult 
too decide statistically which is the best predictor of postoperative complications. All these 
factorss may be considered to be indicators of the occurrence of untoward events during 
operation.. No preoperative factor or treatment characteristic was found to predict such 
events.. Hence, indications used in this study to select the patients for hepatic surgery seem 
too have been adequate and cannot be strengthened on the basis of our results. Also, no major 
differencess in safety were found between the different types of surgical procedures used in 
thiss study and hence treatment selection should be based on other criteria such as efficacy 
andd costs. The only exception is the relatively high occurrence of bile duct related problems 
afterr extended right hemihepatectomy. 
AA specific problem in hepatic surgery is the occurrence of perihepatic abscess or fluid 
collection,, especially caused by bile leakage (in this study 8%). The presence of bile, blood, 
devitalisedd tissues and fluid accumulation in the space left empty by the removal of liver 
parenchymaa may provide the ideal environment for bacterial growth and may impair the 
normall  host defence mechanisms 25,26. In our series we found evidence of a relationship 
betweenn bile duct problems resulting in jaundice and an extended hemihepatectomy. This 
wass not found in the previous literature. Yamashita and colleagues 27 reported that damage 
too the major Glissonss sheath around the hepatic hilum was an independent risk factor for 
thee development of postoperative bile leakage. High risk surgical procedures around the 
hepaticc hilum are particularly anterior segmentectomy, central bisegmentectomy, or total 
caudatee lobectomy and in general patients with liver cirrhosis. Other previous studies have 
reportedd that extended resections are well tolerated and can be done without prohibitive 
risk;; anatomical resections usually result in smaller cut surface. Bile leaks occurred mainly in 
patientss with primary cholangiocarcinomas, where intrahepatic reconstruction on small 
secondaryy bile ducts is needed 28,29. Damage of the remaining left bile duct after extended 
rightt hemihepatectomy, may lead to stenosis. Underdevelopment of the left liver lobe and 
thuss a small sized left bile duct can be an indication preoperative embolization of the right 
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portall  vein. This will lead to hypertrophy of the parenchyma and improve blood and bile 
flowflow to and from the remaining left liver lobe and decrease impaired function after right 
extendedd hemihepatectomy 30. 
InIn conclusion, our study shows that an elective hepatic resection is a safe procedure with 
mortalityy and morbidity rates of 2% and 25% respectively. We found factors indicative of 
unpredictablee untoward events during surgery, such as duration of surgery and perioperative 
bloodd transfusion, as prognostic factors for postoperative complications in general. 
Specificallyy for postoperative bile duct related problems we found a relation with an 
extendedd right hemihepatectomy. The importance of flow inhibition and careful 
parenchymaa dissection technique to prevent blood loss and bile leakage has to be 
underlined.. Most importantly however, no perioperative factor was determined to be 
exclusionaryy when considering a patient for resection. 
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Liverr metastases of colorectal primaries 

Introductio n n 
Inn Western Europe and the United States colorectal cancer is the most frequent occuring 
malignancyy and after lung cancer the second cause of cancer death. In the Netherlands up to 
85000 patients with colorectal cancer are diagnosed each year l. When colorectal cancer is 
diagnosed,, as many as 25% of the patients already have manifest liver metastases and 
anotherr 50% experience liver metastases within the next 5 years 2. 
Hepaticc metastases are usually from colorectal origin (70%). Without treatment the 
prognosiss of symptomatic disease is poor with a median survival between 6 and 12 months 
andd with chemotherapy alone median survival is up to 18 months 3"6. Surgical resection is 
thee only approach that offers a chance of long-term survival and cure 7. In literature 5 year 
survivall  rates up to 40% are reported after complete metastasectomy in selected cases 8. Only 
20-25%% of patients are deemed suitable for hepatic resection 9. 
Identifyingg prognostic factors can help to categorize different patient risk groups. This could 
bee helpful in choosing the optimal treatment for an individual patient. However, the 
prognosticc significance of various risk factors is still controversial. 
Thee aim of this study was to evaluate a single institute's experience regarding prognostic 
factorss and surgical management of hepatic metastases from colorectal origin. 

Patient ss and Method s 
Betweenn January 1990 and December 1999, 102 patients were treated for their histological 
provenn colorectal liver metastases. At time of treatment there was primary tumor control and 
noo extra hepatic disease. 
Thee following data were scored: gender, age, Dukes classification, synchronicity, interval 
primaryy tumour — metastases, interval diagnosis and treatment metastases, number of 
lesionss on Computer Tomography (CT), laterality on CT, maximum size of the lesion on 
CT,, year of hepatectomy, preoperative chemotherapy, number of metastases in the 
specimen,, maximum size of the lesion in specimen, radicality, size of resection, 
cholecystectomy,, postoperative chemotherapy. 
Forr overall survival, patients who died from any cause were counted as failures; all other 
patientss were censored at the date of their last follow-up. Time was measured from the date 
off  metastasectomy. 

StatisticalStatistical methods 
AA stepwise procedure using Proportional Hazard (PH) regression analysis 10 was used to 
identifyy prognostic factors (table 1) with respect to overall survival. In the first stage only 
preoperativee characteristics were considered for inclusion. This part of the analysis is aimed 
att identifying factors, which can help in therapeutic decision making. In the second stage 
peri-- and postoperative factors were also considered for inclusion. The resulting factors can 
bee used for prognosis. In- and exclusion limit for the p-value was 0.15. Year of 
metastasectomyy and treatment factors were also considered for inclusion in order to adjust 
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Tablee 1: Patien t and treatmen t relate d variable s 

Variabl e e 

Gender* * 
Age* * 
(years) ) 

Dukess stageA 

Synchronicity* * 

Int.. PT-Metastasectomy* 
(months) ) 

Int.. diagnosis metastases-
metastasectomy** (months) 

No.. lesions (CT)A 

Lateralityy (CT)* 
Sizee max. lesion (CT)* 
(mm) ) 

Yearr hepatectomy* 

Preoperativee chemotherapy* 
No.. metastases specimenA 

Sizee max. lesion* (mm) 
(Histological) ) 

Radically6 6 

Sizee of resection* 
Cholecystectomy6 6 

Postoperativee chemotherapy* 

Male/Female e 
Meann (SD/median/min-max) 
Categoryy <50 

50-59 9 
60-69 9 
>70 0 
A A 
B B 
C C 

Synchronouss (<3 months) 
Metachronouss (>3 months) 
Meann (SD/median/min-max) 
Categoryy <3 

4-12 2 
13-24 4 
>24 4 

Meann (SD/median/min-max) 
Categoryy 0-1 

2-3 3 
4-6 6 
>6 6 

Meann (SD/median/min-max) 
Categoryy 1 

2 2 
3 3 
4 4 
>4 4 

Unilaterall / Bilateral 
Meann (SD/median/min-max) 
Categoryy <30 

30-49 9 
50-69 9 
>70 0 

Categoryy 1990-1992 
1993-1995 5 
1996-1997 7 
1998-1999 9 
Yess / No 

Meann (SD/median/min-max) 
Categoryy 1 

2 2 
3 3 
4 4 
>4 4 

Meann (SD/median/min-max) 
Categoryy <30 

30-49 9 
50-69 9 
>70 0 

Irradical l 
Radicall Margin <1 cm 

Marginn >1 cm 
Majorr / Minor 
Yes s 
No o 
Alreadyy done 
Yess / No 

Numbe rr  of patient s 

53/49 9 
611 (11/63/29-81) 
19 9 
23 3 
35 5 
25 5 
1 1 
30 0 
71 1 
43 3 
59 9 
18(20/12/0-97) ) 
22 2 
30 0 
28 8 
22 2 
4.11 (6.1/2/0-44) 
38 8 
31 1 
15 5 
18 8 
2.0(1.3/2/1-9) ) 
49 9 
27 7 
14 4 
9 9 
3 3 
82/20 0 
45(25/40/5-120) ) 
23 3 
42 2 
16 6 
21 1 
21 1 
32 2 
26 6 
23 3 
9 /93 3 
1.9(1.8/1/1-17) ) 
57 7 
23 3 
15 5 
4 4 
3 3 
500 (30/45/6-140) 
26 6 
35 5 
18 8 
23 3 
9 9 
38 8 
55 5 
84/18 8 
81 1 
9 9 
12 2 
4 /98 8 

Typee as used in analysis: *Binary 'Interval eNominal AOrdinal 
Int.:: interval; PT: primary tumour; CT: CT scan 
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Tablee 2: Postoperativ e morbidit y and mortalit y 

Type e 

Woundd infection 
Bilee leakage 
Abscess s 
Jaundice e 
Bowell obstruction (ileus) 
Pneumonia a 
Subfrenicc collection 
Decubitus s 
Pyelonephritis s 
Pulmonaryy embolism 
Portall vein thrombosis 
Heartt failure (dec. cordis) 
Atriall f ibr i l lat ion 
Splenicc bleeding 

Combinedd hepatic and renal failure 
Hepaticc failure 
Peroperativee bleeding 

Morbidit yy  (n=27) 
Numbe r r 

1 1 
3 3 
3 3 
5 5 

4 4 

3 3 

Mortalit yy  (n=3) 

Percentag e e 

1 1 
3 3 
3 3 
5 5 

4 4 

3 3 

488 days 
399 days 
operation n 

forr confounding caused by these factors if necessary. Nevertheless, the treatment factors were 
handledd with care as inclusion might also result in overcorrection if the indication for 
treatmentt rather than the treatment itself is responsible for a relation of survival and the 
relationn between treatment and indication is strong. 
Thee variables: interval between primary tumour and metastasectomy, interval diagnosis 
metastasess and metastasectomy, number of metastatic lesions (both on CT and in the 
surgicall  specimen) and size of the largest lesion (both on CT and in the surgical specimen) 
eitherr had a severely skewed distribution, or contained a small number of extremely high 
values.. To reduce the impact on the PH-analysis, interval, delay and size were logarithmically 
transformed,, while patients with more than four lesions were combined in one category. 
Primaryy analysis was based on these newly defined variables, but the results were compared 
too those of an analysis based on the original variables. 
Inn all analyses interval and ordinal variables were primarily considered to be linearly related 
withh log(hazard). However, at each step linearity of each variable was tested for and if non-
linearityy was present (P < 0.05), the P-value of linear plus non-linear effect was used in that 
stepp for consideration of inclusion or exclusion. Non-linearity was introduced by 
categorizingg the variables as shown in table 1. Additionally, at the end of each step the 
deviancee residuals n (including a smoothing spline) were plotted against the variable 
consideredd for inclusion in the next step to verify linearity. 
Att each step the assumption of proportional hazards was tested by plotting the weighted 
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Tablee 3: Survival , P-value s fro m stepwis e PH-analysis 1 

Variabl e e 

Gender r 

Age e 
Dukess Stage 
Synchronicity y 

Intervall (In) 
Diag-treatt meta (In) 

No.. lesions (CT) 
Laterality y 
Sizee (CT) (In) 
Year r 

Preop.. chemotherapy 
No.. metastases 
Sizee max. meta (In) 
Radicality y 
Sizee of resection 
Cholecystectomy y 

Postop.. chemotherapy 

Univariable e 

0.26 6 
0.99 9 
0.52 2 

0.40 0 
0.0462 2 

0.85 5 
0.0057 7 
0.37 7 

0.86 6 
0.99 9 
0.59 9 

0.026 6 
0.74 4 
0.41 1 

0.30 0 
0.079 9 
0.64 4 

Mult ii  variabl e 
Preoperativ ee variable s 

0.16 6 
0.33 3 

0.37 7 

0.10 0 
0.0212 2 

0.28 8 
0.0090 0 

0.80 0 
0.36 6 
0.45 5 

0.35 5 
0.65 5 
0.24 4 

0.40 0 
0.70 0 
0.14 4 
0.53 3 

Pree + Post 

0.27 7 

0.30 0 
0.83 3 

0.048 8 
0.0162 2 

0.55 5 

0.012 2 
0.80 0 
0.78 8 

0.47 7 
0.81 1 
0.88 8 

0.13 3 
0.68 8 
0.86 6 

0.080 0 
0.70 0 

11 Underlined: covariates adjusted for 
22 Including non-linearity 

Schoenfeldd residuals l 2 against time. If these plots suggested a deviation from the 
proportionalityy assumption, this was investigated further by fitting a time-dependent 
model,, using a variable time interaction, where time might be transformed if the Schoenfeld 
residuall  plots suggested this. 
Thesee checks were always performed for new variables to be entered in the model. If this was 
judgedd to be a major prognostic variable, the same was done for the variables already in the 
model. . 
Iff  these checks shed doubt about the proportionality assumption, then in next steps these 
variabless were used as stratification variables (with strata defined as in table 1) rather than as 
covariates.. Only when testing the variables themselves they were used as covariates. 
Survival-typee calculations were done using the product-limit method of Kaplan and Meier 
13.. SE's were calculated according to the method of Peto et al. l4. 

General General 

P-valuess were adjusted for multiple comparisons only where explicitly stated. In those cases 
thiss was done using the procedure of Hommel  15. 

Result s s 
InIn our database 102 patients were the subject of our analysis. 
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Figuree 1: Survival all patients 

Timee from metastatectomy (years) 

MorbidityMorbidity and mortality 
Postoperativee complications were seen in 27 patients (26%; Clopper-Pearson 95% 
confidencee interval: 18-36%). Table 2 lists the type of complications. Three (3%) patients 
diedd postoperatively. No relationship was found with preoperative co-morbidity or surgical 
techniques. . 

Survival Survival 
Forr all 102 patients median follow-up is 28 months (1-121). Median follow-up of the 48 
patientss still alive, of whom eight with evidence of disease, is 31 months (range 5-121) 
versuss 26 months (1-91) for the 54 patients who died. Of the 54 patients that died, 
eventuallyy 48 died from their colorectal cancer, 3 postoperatively and 3 from unrelated other 
causes.. Estimated survival at 2 years is 71% (SE 5%) and at 5 years 29% (SE 7%), see figure 
1.. Table 3 present the results of the stepwise procedure to identify prognostic factors. For 
numberr of lesions on CT (P=0.012), interval between primary and metastasectomy 
(P=0.016,, including non-linearity) and synchronicity (P=0.048) there is evidence of an 
independentt prognostic value regarding survival. These P-values are additionally adjusted 
forr cholecystectomy and size of metastases on histology. The P-values for these variables 
(0.0800 and 0.13, adjusted for number of lesions on CT, interval between primary and 
metastasectomyy (non-linear) and synchronicity) are too high to provide evidence of a 
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Figur ee 2: Surviva l by numbe r of metastase s on CT 

100--

Timee from metastatectomy (years) 

prognosticc value regarding survival. However, when we adjust the P-values at step 0 for the 

factt that a total of 17 P-values are calculated, the P-value for number of lesions at CT 

increasess to 0.092, indicating weak evidence for the existence of an association between at 

leastt one variable and survival. There is no evidence for an association of more than one 

variablee with survival. 

Figuree 2 presents the survival for 3 categories of number of lesions on CT. Estimated survival 

att 2 year is 80% (SE 6%) for patients with 1 lesion, 68% (SE 10%) for patients with 2 

lesions,, and 58% (SE 11%) for patients with 3 or more lesions. At 5 years, survival is 

estimatedd to be 4 3% (SE 9%) for 1 lesion, 28% (SE 12%) for 2 lesions and 0% for >3 

lesions.. Median survival (95% Confidence Interval) is estimated to be 52 months (41-°°) for 

11 lesion, 30 months (22-91) for 2 lesions, 23 months (14-38) for 3 lesions and 38 months 

(20-°°)) for >4 lesions. The estimated hazard of dying increases by a factor of 1.40 (95% CI: 

1.10-1.77)) per lesion (restricted to 5), unadjusted for other variables and by 1.40 (1.08-

1.81),, adjusted for interval, synchronicity, cholecystectomy and size of metastases as 

measuredd by pathological examination. There is no evidence that the hazard ratio changes 

duringg follow-up (interaction with linear time: P=0.33). Using the number of lesions as 

such,, i.e. without grouping more than 4 lesions in one category, generally gave lower P-

valuess (f.i. P=0.0001 nonlinearly in step 0), but also evidence of non-linearity (P=0.04l). 

Thiss appeared to be entirely due to a patient with 9 lesions, who died after 7 months. 
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Tablee 4: Recurren t metastases : location , treatment , statu s last follo w up 

199 recurrent liver metastases only 

Numberr of lesions 2.3(2.1/2.0/1-10) 
meann (SD/median/min-max) 

Lateralityy 16/3 
unilaterall  / bilateral 

Sizee max. lesion (cm) 3.1(1.9/2.0/1-8) 
meann (SD/median/min-max) 

- > > 

-

-

-

44 Surg 

2Surgg + CT/RT 

5CT T 

88 No treatment 

w w 

11 DOD, 1 ED, 2 NED 

11 DOD, 0 ED, 1 NED 

55 DOD, 0 ED, 0 NED 

88 DOD, 0 ED, 0 NED 

11 Surg 11 DOD, 0 ED, 0 NED 

633 patients with 
recurrentt metastases w w 

144 recurrent 
metastasess in liver 
andd elsewhere 

-

-

2Surgg + CT/RT 

7CT T 

22 DOD, 0 ED, 0 NED 

77 DOD, 0 ED, 0 NED 

44 No treatment 44 DOD, 0 ED, 0 NED 

300 recurrent 
metastases s 
elsewhere e 

-

-

44 Surg 

33 Surg + CT / RT 

00 DOD, 1 ED, 3 NED 

33 DOD, 0 ED, 0 NED 

14CT/RT T 

99 No treatment 

100 DOD, 4 ED, 0 NED 

 7 DOD, 2 ED, 0 NED 

Surgg = surgery, CT = chemotherapy, RT = radiotherapy 
DODD = dead of disease, ED = evidence of disease, NED = no evidence of disease 

Remarkably,, the number of lesions on CT seems to be more informative than number of 
metastasess in the surgical specimen. In a PH-model in which both are present (in addition 
too interval, synchronicity, cholecystectomy and size of metastases as measured at pathology), 
thee ln(hazard ratio) for number of metastases in the specimen is 0.03, SE 0.19 (P=0.87), 
whilee for the number of lesions on CT a ln(hazard ratio) of 0.32, SE 0.18 (P=0.073) was 
found. . 

SurvivalSurvival after recurrence 
Sixty-threee patients experienced a recurrence after metastasectomy, of whom 19 had recurrent 
liverr metastases only (table 4). Sixteen of the 63 patients underwent a second metastasectomy, 
inn 7 of them accompanied with chemo- or radiotherapy. Twenty-six patients were treated with 
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Figur ee 3: Surviva l afte r recurrenc e treatmen t by secon d metastasectom y 
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chemo-- or radiotherapy without surgery, while 21 patients received no treatment for their 

recurrence.. Fourteen of the 63 patients are still alive with a median follow-up of 10 months 

(1-411 months) from treatment or diagnosis of the recurrence, while 49 died with a median 

follow-upp of 13 months after diagnosis or start of treatment of the recurrent metastases. 

Estimatedd survival for the 63 patients is 28% (SE 7%) at 2 years and 4% (SE 4%) at 5 years. 

Thee 16 patients with second metastasectomy had a 2-year survival of 76% (SE 15%) and a 5-

yearr survival of 19% (SE 17%), see figure 3. Eight of them are still alive at 2, 8, 8, 8, 15, 16, 

188 and 41 months after re-operative surgery. Of the 8 patients who died, all but one did so 

afterr more than one year and 5 after two years (at 26, 31, 37, 55 and 82 months). When the 

199 patients with liver recurrence only are considered, only 4 of them are still alive with a 

mediann follow-up of 11 months, while the remaining 15 died with a median follow-up of 13 

months.. Estimated survival for the 19 patients is 2 1% (SE 11%) at 2 years and none yet at 5 

years.. For the 6 patients with a second metastasectomy in the liver, 2-year survival is 83% (SE 

24%),, see figure 4. Four of the 6 are still alive at 8, 8, 15 and 41 months. The 2 patients who 

died,, did so after 2 and 37 months. 

Discussio n n 
Resectionn of hepatic colorectal metastases in our experience results in a 5-year survival rate 
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Figuree 4: Survival after liver recurrence only, treatment by second metastasectomy 
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off  29%, comparable to data reported in the literature 8>16'17. The postoperative morbidity 
andd mortality of 26% and 3% respectively, are in line with results of other groups 8>18'19. 
Thesee results support both the efficacy and safety of this type of treatment for selected 
patientss with colorectal metastases confined to the liver. 
Identifyingg prognostic factors can help to individualize treatment. Various possible 
prognosticc risk factors are still controversial  16>18>20. The following factors are mentioned to 
bee predictors of poor long term outcome: node-positive primary, short disease free interval 
fromm primary to metastases, number of hepatic lesions, size of largest hepatic lesion > 5 cm, 
positivee resection margin, extra-hepatic disease and CEA level >200 ng/ml  16. In our series 
wee found the number of lesions on CT, disease free interval between primary and 
metastasectomyy and synchronicity as possible predictors of outcome. 
Nodee positivity at the liver hilus during surgery has been considered extrahepatic disease and 
iss as such an exclusion criterion for resection. 
Remarkably,, the number of lesions on CT seems to be more informative than the number 
off  metastases in the surgical specimen. Generally lesions found in the specimen, but not 
visualizedd on CT scan, are smaller than the smallest visible on CT. This may indicate that 
nott the number of lesions on CT scan but the ultimate number found in the resected 
specimenn and size of the metastases are predictors of outcome. In our study however, neither 
thee number of lesions in the specimen nor the size of the largest lesion on CT scan or in the 
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specimenn were found to be of prognostic significance. The question arises if the number of 
lesionss on CT will change as a predictor of outcome with the introduction of the current 
generationn of CT screening. The sensitivity of the current preoperative radiological work-up 
iss superior to that available a decade ago. The current generation of helical CT screening and 
positronn emission tomography may identify nodules in the 2-3 mm range 21,22, instead of 
thee slices of minimally 7 mm which were made in the early ninety's. Where the difference in 
numberr of lesions found on CT or surgical specimen will decrease, the impact of the 
prognosticc factor number of lesions on CT might be expected to diminish as number in the 
specimenn is not a prognostic factor. 

AA frequently mentioned predictor of outcome is completeness of resection 23. In our study 
thiss was not found to be a prognostic factor (P=0.68). 
Overr the years in the literature the surgical approach has become more aggressive, aiming at 
clearancee of the liver from all metastases, whenever resection was technically feasible. With 
aa steady decline in the postoperative morbidity and mortality rate, the risk of increasing this 
ratee again by more extensive surgery was accepted. However, evidence of improved survival 
iss equivocal. Where Scheele et al. reported no changes of survival figures of the aggressive 
approachh compared with those obtained from a conservative approach during the sixties and 
seventiess 9, Hughes et al. 7 on the contrary report a 5 year survival in this patient group with 
moree than 3 lesions of 18% and other studies 8'24 reported a 5 year survival even as high as 
40-50%.. In this study, almost no patient with three or more metastases survived longer than 
fourr years after metastasectomy. To improve results in this patient group non-surgical 
adjuvantt treatment after liver resection needs to be condidered. 
Thee frequently reported independent factors regarding survival, synchronicity and interval 
betweenn primary tumour and metastases, are highly associated to each other. Patients with 
synchronouss liver metastases are considered to have a poor prognosis. In our study some 
evidencee was found that synchronicity is a prognostic factor for survival (P=0.048). Should 
thesee patients undergo a liver resection and when? Ballantyne et al. 20 reviewing the literature 
onn this issue reported a 5 year survival rate of 0% but also up to 38% with an average of 
27%.. They conclude that synchronous liver resections should only be offered after good 
patientt selection, meaning metastatic disease limited to one lobe with a small diameter. 
Asbunn and Hughes 28 listed five prerequisites for simultaneous resection: solitary lesion that 
cann be removed by limited liver resection, minimal blood loss and an uncomplicated bowel 
resection,, an incision also suitable for resection of the liver, the patient should be fit enough 
too undergo both procedures and a surgeon who is comfortable in proceeding with the liver 
metastasectomy.. However, in generally it is felt that it is wiser to delay resection of the liver 
66 to 8 weeks after the colorectal resection. In this period the patient can recover and the 
surgeonn can optimise further dissemination investigations. A delayed resection in limited 
metastaticc disease will probably not have a significant influence on survival, as time to 
metastasectomyy is not found to be a main determinant of survival of the colorectal cancer 29. 
Ass these findings are not based on randomised comparisons, however, they should be 
interpretedd with care. If multiple metastases are found at preoperative evaluation, the 
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necessaryy surgery for the primary tumour can be combined with intraoperative ultrasound 
evaluationn of the liver, often showing more extensive disease, not suitable fit for surgical 
approach. . 
InIn this series, 63 patients experienced a recurrence after metastasectomy, of whom 19 
patientss developed a recurrence in the liver only (30%); comparable percentages are reported 
inn other series 7,3°. Resection may provide for these patients again the only curative 
treatmentt option, with similar morbidity and mortality rates to a first liver resection 30"32. 
Figuree 3 (recurrence anywhere) and figure 4 (recurrence in liver only) show a better survival 
forr the selected group of patients with a surgical treatment versus patients who underwent 
chemo-- or radiotherapy or no treatment. From the six patients with recurrent metastases 
confinedd to the liver who underwent a second metastasectomy (figure 4), 2-year survival is 
83%,, which is comparable with literature 31. Of course this outcome is a result of selection, 
butt this favourable survival result suggests that surgery might be a good option in selected 
recurrentt cases of liver metastases. 

Inn conclusion, adequate patient selection for surgical treatment of liver metastases of 
colorectall  origin is paramount in achieving long term survival. Resection of these hepatic 
metastasess may result in long term survival and cure. Even patients with multiple liver 
metastasess or a recurrence after a first resection may benefit, provided good patient selection. 
InIn our series we found no strong evidence for the existence of predictor(s) of survival. Liver 
metastasectomyy is a relatively safe operation. 
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Liverr metastases of non-colorectal primaries 

Introductio n n 
Partiall  liver resection has become a relatively safe procedure. Good understanding of 
thee functional anatomy of the liver and better imaging of the liver with computed 
tomographyy (CT)-arterial portography and peroperative ultrasonography have resulted in 
betterr assessment of liver involvement. Thanks to improved surgical and anaesthetic 
techniques,, post-operative mortality and morbidity have decreased to less than 5% and 25% 
respectivelyy ]. 
Inn the last decades, surgery for metastatic colorectal disease has gained general acceptance. 
Prolongedd survival, and in selected cases even cure, has resulted in an increase in resection 
ratess for metastases. Liver resection for metastatic colorectal disease is well studied and shows 
5-yearr survival rates of about 30-35% 2'3. For non-colorectal Hver metastases there are no 
well-definedd figures. The type of non-colorectal malignancy usually determines the decision 
too perform surgery. Early metastasising tumours such as lung, breast and pancreatic cancer 
usuallyy metastasise to multiple organs precluding the likelihood of benefit from intervention 
forr liver metastases. Late metastasising tumours such as sarcomas are more likely to benefit 
fromm metastasis surgery. Recently more data for hepatic surgery in non-colorectal primary 
tumourss have become available and suggest a survival benefit in selected cases. The 
estimatedd 5-year survival in most published series is around 20% 1>2,4,5. 
Thee aim of this study is to evaluate the outcome of partial liver resection performed on 
patientss with liver metastases from non-colorectal primary tumours. We compared the 
survivall  data with the known literature. 

Patient ss and method s 
Sincee 1991, a prospective database including the records of all patients undergoing hepatic 
surgeryy has been kept at The Netherlands Cancer Institute / Antoni van Leeuwenhoek 
hospitall  (n=180). Between 1991 and 1999, 32 patients underwent laparotomy for hepatic 
metastasess of non-colorectal primaries. 
Preoperativee scored data were site, histological diagnosis and therapy of the primary tumour. 
Thee number and site of hepatic metastases seen on CT scan, preoperative chemotherapy and 
whetherr the metastases were synchronous or metachronous were also scored. Perioperative 
parameterss recorded were resectability, type of resection, surgery time, blood loss, and the 
macroscopicc impression of radicality. Pathology reports were reviewed to assess the surgical 
margins.. Patients records were used to record complications, postoperative hospital stay, 
recurrence,, date and status at last follow-up. 
Wee divided the whole group in three subgroups. One group underwent resection of residual 
liverr lesions after nearly complete response to chemotherapy, the other group underwent 
liverr resection as the only therapy. The third group received multiple modalities of 
treatment. . 
Disease-freee and overall survivals were calculated according to the Kaplan-Meier method. 
Univariatee analysis was performed using the log-rank to test the impact of primary histology, 
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Tablee 1: Exten t of live r metastase s on pre-operativ e CT-scan 

Variabl ee Number of patient s 

Lesionss 1 25 
2-33 5 
>33 2 

Spreadd unilobular 30 
bilobularr 2 

synchronouss or metachronous, number of lesions, free margins, margin more than 1cm and 
typee of seeding (portal seeders versus cava seeders). Statistical analyses were performed with 
Statisticall  Package for the Social Sciences software (SPSS, Chicago, Illinois, USA). The 
resultss were compared with rates in the known literature. 

Result s s 
Thirty-twoo patients with liver metastases of non-colorectal primary tumours were selected 
forr surgery. There were 11 males and 21 females with a mean age of 50 (25-69) years. 
Liverr metastases were detected metachronously in 24 cases and in eight cases detection was 
synchronouss with the primary tumour. Six patients had liver metastases without a known 
primaryy tumour. Two patients received adjuvant chemotherapy and two patients received 
adjuvantt radiotherapy after resection of the primary tumour. Four patients underwent a 
previouss metastasectomy (lung n=l, brains n=l, skin n=l, submandibular region n=l). 

Tablee 2: Surgica l aspect s 

Variabl ee Number of patient s Range 

Resectionn type 

segmentt major (>1) 
minorr (1) 

hemihepatectomyy r ight 
hemihepatectomyy left 
extendedd hemihepatectomy right 

extendedd hemihepatectomy left 
Surgeryy t ime (minutes) 

Bloodd loss (ml) 

Pringlee procedure 

Technique e 

Macroscopicallyy radical 

yes s 
no o 

CUSA* * 

electrocautery y 

yes s 
no o 

10 0 
9 9 

4 4 
1 1 
2 2 

2 2 

169 9 

1666 6 
28 8 

0 0 
26 6 
2 2 

23 3 
5 5 

(80-285) ) 
(200-5700) ) 

*CUSA®:: Cavitron Ultrasonic Surgical Aspirator 
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Tablee 3: Pathologica l aspect s 

Variabl ee Number of patient s 

Freee margin s yes 
no o 

Margi nn <1cm 
<1cm m 

Lesion ss resecte d 1 
2 2 
>3 3 

Sevenn patients received pre-operative chemotherapy. The extent of liver metastases is shown 

inn Table 1. 

Att laparotomy, four patients were found to be irresectable. Surgical aspects are noted in 

Tablee 2. 
Perioperativee problems occurred in five cases (18%): bile duct laceration (n=l), 
haemorrhagee exceeding 3500ml (n=3) and hypotension without haemorrhage (n=l). One 
partiall  vena cava resection was performed. There was no perioperative mortality. 
Postoperativee complications were seen in seven patients (25%); haemorrhage needing re-
operationn (n=l), jaundice (n=l), bile leakage (n=l), pneumonia (n=2), pneumothorax (n=l) 
andd wound infection (n=l). All patients had a drain for a median period of 3 days (1-30). 
Thee median hospital stay was 12 days (8-43). 
Thee pathological findings are listed in Table 3. One metastasis thought preoperatively to be 
fromm carcinoid was found to be a thyroid carcinoma metastasis. The mean follow-up for the 
remainingg 28 patients was 44 months (1-93). The median overall survival was 25 months. 
Thee estimated 5-year overall survival was 35% (Fig. 1). The median disease free interval was 
122 months (0-93). Eighteen patients have developed recurrent disease in bone (n=2), brain 
(n=l),, liver alone (n=3), liver and other sites (n=5), lung (n=2) and other sites (n=5). 
Fourteenn patients died because of recurrent disease. Two patients died from other cause. 
Fourr patients are alive with recurrent disease and eight patients are alive without recurrence. 
Noo statistical significance could be found for the impact of primary histology, synchronous 
orr metachronous, number of lesions, free margins, margin more than 1 cm and type of 
seedingg (portal seeders versus caval seeders), however the numbers are small. 
Thee survival data are listed in Table 4. Patients in group 1 all received chemotherapy before 
liverr resection. Thereafter the liver was the only remaining site of metastasis. Two of the 
patientss suffered from metastatic testicular cancer. After induction chemotherapy the tumour 
markerr oc-FP was remained elevated. After resection of the liver metastasis the level of (X-FP 
returnedd to normal in both cases. The pathology report noted viable tumour in the resected 
specimens.. Unfortunately one of them died of a septic shock after planned postoperative high-
dosee chemotherapy followed by stem cell transplantation. The other patient now remains in 
completee remission for 32 months after resection. Two patients with choriocarcinoma showed 
persistentt elevated fi-HCG levels after chemotherapy. Resection of the liver metastases was 

23 3 
5 5 
16 6 
12 2 
21 1 
2 2 
5 5 
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Tablee 4: Surviva l dat a of 28 live r metastasectomie s 

Grou pp 1. Resectio n of residua l live r lesion s afte r near complet e respons e to chemotherapy . 
Primar yy tumou r Radica l Surviva l (months ) Statu s 

Testicularr cancer 
Testicularr cancer 
Choriocarcinoma a 
Choriocarcinoma a 
Entodermall sinus tumour 

Grou pp 2. Resectio n as onl y therapy . 
Primar yy tumou r 

yes s 
yes s 
yes s 
no o 
yes s 

32+ + 
5 5 
93+ + 
1 1 
84+ + 

Radica l l Surviva ll  (months ) 

NED D 
UNR R 
NED D 
DOD D 

NED D 

Statu s s 

Adenocarcinomaa of unknown primary 
Adenocarcinomaa of unknown primary 

Adenocarcinomaa of unknown primary 
Adenocarcinomaa of unknown primary 
Carcinoidd small intestines 
Thyroidd cancer 
Gastricc cancer 
Gallbladderr cancer 
GISTT rectal wall 
GISTT rectal wal l 

GISTT rectal wal l 
GISTT stomach 

Leiomyosarcomaa retroperi toneum 
Pleiomorphicc sarcoma lower extremity 
Melanomaa skin 
Melanomaa skin 
Renall cell carcinoma 
Renall cell carcinoma 

yes s 
no o 
yes s 
yes s 
no o 
no o 
yes s 
yes s 
yes s 
yes s 
yes s 
yes s 
yes s 
yes s 
yes s 
yes s 
yes s 
no o 

14 4 
13 3 
11 1 
6+ + 
29+ + 
33+ + 
25 5 
26 6 
21 1 
58+ + 
111 + 
68+ + 
32 2 
20+ + 
31 1 
11 1 
211 + 
19 9 

DOD D 
DOD D 

DOD D 
NED D 
AWD D 

AWD D 
DOD D 
DOD D 
DOD D 
NED D 
NED D 
AWD D 

DOD D 
AWD D 
DOD D 
DOD D 
NED D 
DOD D 

Grou pp 3. Mixe d group . 
Primar yy tumou r Radical l 

Breastt cancer 
Breastt cancer 
Breastt cancer 
Melanomaa skin 
Ovariann cancer 

Surviva ll  (months ) Statu s s 

yes s 
yes s 
yes s 
yes s 
yes s 

21 1 
16 6 
411 + 
22 2 
14 4 

DOD D 
DOD D 
NED D 
DOD D 
DOD D 

DOD:: death of disease; AWD: alive w i th disease; UNR: unrelated death; 
NED:: no evidence of disease; GIST: gastrointestinal stromal tumours 

performed.. fS-HCG normalised in one patient, the pathology report noted no vital tumour 
cells.. This patient is still alive without disease. The other patient had multiple liver metastases. 
Thee objective, which was to stop progression by debulking followed by chemotherapy, was not 
reached.. After resection of the largest three lesions, the tumour marker became further 
elevated,, indicating residual tumour. The pathology specimen showed viable tumour. The 
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Figur ee 1: Overal l surviva l of 28 patient s after partia l live r resectio n for metastati c non -
colorecta ll  primarie s 
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patientt died one month later because of progressive therapy-resistant disease. There was one 
patientt whose primary tumour was an entodermal sinus tumour. Liver resection was 
performedd to debulk the tumour volume and to evaluate the effect of chemotherapy on die 
tumour.. No viable tumour cells were found. She is 84 months post-resection without disease. 
Alll  patients in group 2 had liver metastasis only. There were patients with an 
adenocarcinomaa of unknown primary (n=4), carcinoid (n=l), gastric cancer (n=l), 
gallbladderr cancer (n=l), sarcoma (n=6), melanoma (n=2) and renal cell carcinoma (n=2). 
Onee of the two patients with metastatic renal cell carcinoma had undergone previous 
metastasectomyy of a submandibular lymphoma. He could not undergo postoperative 
immunotherapyy because of renal insufficiency. Therefore we classified him as 'resection as 
onlyy therapy'. 
Thee patients in group 3 are a mixed group. The first patient had multiple breast cancer 
metastases.. After previous chemotherapy and lung metastasectomy, the tumour in the liver 
wass the only localisation. Pathology revealed only necrosis. Both the second and third 
breastcancerr patients received chemotherapy preoperatively, but showed vital tumour cells in 
thee resected specimen. The second patient was thereafter treated with gene therapy and the 
thirdd with hormonal therapy. The melanoma patient received adjuvant vaccination therapy 

4)) 1 1 1 1 y 
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andd chemotherapy courses; however he died 22 months after liver resection. The patient 
withh ovarian cancer was in complete remission after systemic chemotherapy. After one year, 
aa solitary liver metastasis was resected. The pathology specimen showed viable tumour cells. 
Noo post-resection CA-125 value has been known. Patient died of extra-hepatic metastasis. 

Discussio n n 
InIn general, the data on survival following non-colorectal liver metastasectomies in the 
literaturee are conflicting. There is large heterogeneity of the groups in the selection criteria 
forr patients. 

Inn a large series, Elias et al. reported an overall 5-year survival for non-colorectal liver 
metastasectomiess of 36% (n=l47) 2. However other authors found a 5-year survival rate of 
aboutt 20% 1>4,5. In selected groups, 5-year survival rates up to 50% have been published 1,6~ 
9.. Subdivided for non-colorectal non-neuroendocrine tumours, a 5-year survival of 20% is 
thoughtt to be the usual outcome 2,1°, while untreated patients have a median survival of only 
2-88 months 1L 

Metastaticc breast cancer to the liver has a poor prognosis when untreated: the median 
survivall  is 2-14 months u. Hormonal, (regional) chemotherapy and radiotherapy do not 
resultt in long term survival  13. Results of liver resection under certain condition show 
encouragingg figures. Pocard et al. found a median survival of 42 months and a 3-year 
survivall  of 65% , however only patients with response after systemic therapy were selected. 
Maksann et al. reported a 5-year survival of 51%, but the group was small (n=9) 13. Other 
authorss published less favourable figures: 5-year survivals ranging from 9-25% 1.2-9,io,i5-i9 
Off  the three patients we treated, all had chemotherapy before the partial liver resection. One 
patientt is 41 months NED (No Evidence of Disease) with systemic therapy, two patients are 
DODD (Death of Disease) after 16 and 21 months. 
Untreated,, liver metastases of sarcomas in general show a median survival of 12 months 20. 
Inn a review performed by Berney et al. the actuarial 5-year survival for sarcomas was 19% \ 
accordingg to other studies 717>20-21, Untreated metastases of leiomyosarcomas to the liver 
showw less than 14 months median survival  22,23. Liver resection for leiomyosarcomas result 
inn a median survival of 32-39 months and a 5-year survival of 9-20% 24"26. In our series of 
sixx sarcomas, the median survival is 14 months with an actuarial 5-year survival of 50%. 
Thesee patients [2 NED: 11, 58 months; 2 AWD (Alive With Disease): 20, 68 months; 2 
DOD:: 21, 32 months] had all initially solitary liver metastases. One patient with a liver 
metastasiss with a rectal wall sarcoma as primary site underwent repeated hepatic surgery 
becausee of new liver metastases. She is now 58 months after first liver resection with no 
evidencee of disease. 

Partiall  liver resection metastatic neuroendocrine tumours show good results. The 5-year 
survivall  is between 56%-76% mostly based on a group of 30 patients l>2>26-29. Resection for 
thiss indication is often performed to reduce the bulk of the neuroendocrine-producing 
tumourr mass. Radical surgery is often not feasible. Compared to unresected patients with 
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thee same tumour burden (n=23), with a median survival of 27 months and a 5-year survival 
off  29%, this is a significant better result26. Our patient with multiple carcinoid localisations 
inn the liver is 22 months post-resection with evidence of disease but with fewer complaints. 
Survivall  in patients with untreated upper gastro-intestinal adenocarcinomas metastasised to 
thee liver beyond one year is uncommon 30. Partial liver resection for metastatic upper 
gastrointestinall  adenocarcinomas show worse outcome than other non-colorectal liver 
metastasectomiess with a 5-year survival ranging from 5-20% 1'2>4'8>10-31, Resection, however, 
couldd be of benefit for selected patients 30,32 because untreated the prognosis is poor despite 
chemotherapeuticc approaches including hepatic artery infusion 4>31. In our series, only one 
patientt underwent surgery for metastatic gastric cancer, he died after 25 months with 
recurrentt disease. No pre- or post-operative chemotherapy was given because he had radical 
resectionn of the primary tumour and the liver metastasis. The patient with liver metastasis 
originatingg from the gallbladder died 26 months after liver resection. 
Partiall  liver resection for metastatic adenocarcinoma of unknown primary (ACUP) remains 
aa controversial issue. In our series we treated four patients for metastatic ACUP. 
Threee patients died after a mean period of 12 months and one patient is NED but with a 6-
monthh follow-up only. In literature, ACUP patients are part of a complex group. Therefore 
noo explicit survival data are known for this group of patients. Treatment outcome seems to 
bee discouraging for patients with metastatic ACUP. 
Otherr less well-documented 5-year survival rates of liver resection for metastatic disease are: 
testiculartesticular cancer 46% 2, melanoma 20% 1>2>10, gynaecologie malignancies 20% '>2, 
pancreaticc cancer 7% 10 and renal cell carcinoma 8% 10. In our series there were two patients 
withh metastatic testicular cancer after induction chemotherapy; one is NED (32 months) 
andd one died as a result of complications after high-dose chemotherapy stem cell 
transplantationn (see results). We treated three melanoma patients (all DOD: 11,12 and 31 
months)) and four patients with gynaecologie malignancies (two DOD: 1 and 14 months; 
twoo NED: 84 and 93 months). The primary tumours of these long-term survivors were 
choriocarcinomaa and entodermal sinus tumour. Patients with metastatic renal cell 
carcinomaa show a median survival of 4 months when untreated 33. Our patients had solitary 
liverr metastases; after resection one patient is still alive (NED, 21 months) and one patient 
diedd after 19 months with evidence of disease. 
Theree is no clear consensus of opinion about several prognostic factors. Some authors found 
noo difference between synchronous or metachronous metastases 1'2-8>24

}  while other authors 
didd find a difference 9'23. Statistical significance was found for primary site 8, curative versus 
palliativee resection 7-818-32 and for single vs. multiple metastases 16,9, however other authors 
reportedd the opposite 2>27>28. According to most authors, the disease-free interval between 
surgeryy for the primary tumour and for liver metastasectomy is related to outcome 1'7,13'l4,34. 
Fromm our results we can conclude that partial liver resection is relatively safe. Our data show 
aa 5-year survival of 35%. From our own database with liver resections for metastatic 
colorectall  cancer, a median survival of 30 months with a 5-year survival of 29% 
(unpublishedd data) is found, comparable with the literature 2'3. These data suggest that 
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hepaticc surgery for non-colorectal primary tumours show at least as good results in selected 
casess as for colorectal disease, according to other published studies 35 38. This assumption 
seemss surprising because of the fact that colorectal liver metastases are considered as regional 
metastases,, whereas non-colorectal liver metastases as always spreading metastases. Probably 
surgeryy for macroscopic metastases result in better chance for the host to attack tumour cells 
2.. We divided the whole group into three subgroups. When a liver resection is performed 
afterr near complete response to chemotherapy, long-term survival can be achieved. Germ 
celll  tumours responsive to chemotherapy are therefore suitable. There will always be debate 
ass to whether the chemotherapy or the surgery resulted in long-term survival. Liver resection 
forr metastatic breast cancer, gastric cancer, gallbladder cancer, melanoma and renal cell 
carcinomaa does not seem to show long-term survival. However the number of patients are 
limited.. Sarcomas with liver metastases seem to do well after hepatic surgery and when 
possible,, repeated liver resection has to be considered. Although results of liver resection for r 
non-colorectall  primary tumours show encouraging results in highly selected cases, the only 
wayy to obtain conformational data is to organize a randomised trial, however this will be 
difficul tt to achieve due to the heterogeneity and a limited number of appropriate patients. 
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Initiall experience wi th radiofrequency ablation 

Introductio n n 
PatientsPatients with primary or metastatic malignant hepatic tumours that are considered 
unresectablee because of multifocal disease, postoperative inadequate functional hepatic 
reservee or location of the tumour near major vascular or biliary structures, may be 
consideredd for other local treatment options. Techniques for local ablation of tumours in 
thee liver include ethanol injection, thermoablation with cryoprobes, interstitial laser 
coagulationn and recently, radiofrequency ablation l"4. 
Radiofrequencyy ablation uses a high frequency alternating current from the uninsulated tip 
off  a needle electrode, placed under image guidance into the tumour. Ionic agitation 
producess frictional heating 5. When tumour cells are heated above 45 to 50 °C, intracellular 
proteinss are denatured and cell membranes are destroyed by dissolution and melting of lipid 
bilayerss 6'7. Several studies have shown fewer complications following RFA than with 
cryoablationn 8'9. Series from the USA and Italy showed complication rates of less than 3% 
afterr RFA treatment 110. RFA was introduced in The Netherlands in 1999 and has since 
thenn been used in several centres. 
Thee aim of this study was to report the initial experience of several Dutch centres with RFA. 

Patient ss and Method s 
Betweenn June 1999 and November 2001, 50 patients (35 men and 15 women) with a mean 
agee of 59 years (range 21-81) were included in a multicentre, prospective study of RFA 
treatment.. Table 1 lists the patient characteristics. 
Alll  patients underwent CT scan of the abdomen and a chest X-ray or CT. Patients were 
excludedd if they were found to have extrahepatic disease at preoperative evaluation and also 

Tablee 1: Patient Characteristics 

Variablee All Patients (n = 50) 

Sexx ratio (Male/Female) 35 / 15 
Agee at operation (years)3 59 (range 21-81) 
Indicationn of RFA 

Hepatocllularr carcinoma 2 
Colorectall metastases 39 
Metastasess of other origin 9 

Co-morbidity y 
Nonee 36 
Liverr cirrhosis 3 
Seriouss steatosis hepatis 1 
Liverr abscess after chemotherapy 1 
Cardio-pulmonaryy 6 
Hypertensionn 2 
Diabetess Mellitus 1 

aa Values are mean (range). 
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patientss with poor hepatic function (Child's C cirrhosis). 
Att the start of the study some patients with resectable tumours were treated by RFA to be 
followedd subsequently by resection to determine in vivo the effect of RFA on the tissue level. 
Afterr this experience only patients where complete resection of all hepatic tumours was not 
feasible,, were included. They underwent RFA as the only therapy or RFA as an adjuvant 
therapyy to resection in multifocal disease at open surgery. 
Follow-upp CT scans were made after 1, 3 and 6 months postoperatively, and every 6 months 
thereafter,, for 2 years. 
Wee recorded the indication for surgery; co-morbidity; number and location of tumours; 
feasibilityy of RFA, number of tumours treated with RFA; number of applications; resection 
specifications;; general or procedure related complications; histopathology reports of resected 
tumourss after RFA. In patients with non-resectable, RFA treated tumours, the site of liver 
recurrencee was recorded. 
Al ll  patients entered into this study gave informed consent. 

RFA-technique RFA-technique 
Alll  centres involved in this study used the RF 2000™ radiofrequency generator and the 
LeVeen™™ Needle Electrode (both RadioTherapeutics Corporation, Sunnyvale, CA). All 
patientss underwent RFA at laparotomy. Tumours were visualised by ultra-sonography (US). 
Underr US-guidance and assisted by direct palpation, a 3 or 3.5 cm (array diameter) LeVeen 
Needlee Electrode was inserted and deployed in the tumour. The needle electrode was 
positionedd in the centre of tumours smaller than 3 cm, and near the most posterior interface 
inn tumours larger than 3 cm in which treatments were repeated. RF energy was applied 
(accordingg to the standardized manufacturer's algorithm 8) to the tissue with an initial power 
settingg of 50 W and subsequently increased with increments of 10 W each minute to a 
maximumm power of 90 W. The power setting was left at this point until power "roll-off " 
occurred;; tissue impedance (an increase in tissue resistance caused by decreased conductivity 
off  electrical current by protein denaturation and loss of intracellular fluids) rose to over 200 
Q,Q, at which time the power passively decreased to less then 10 W. After waiting 30-60 s, a 
secondd phase was started at 75% of the last maximum power until a second roll-off 
occurred. . 

Iff  no roll-off occurred at each off these two phases, a total of 15 minutes per phase elapsed. 
Thee two-phase procedure was repeated for larger tumours (>3 cm). In these cases, the needle 
electrodee was repositioned at 2.5 to 3.0 cm intervals within the tumour in order that an 
overlapp occurred with each application. 

Histopathology Histopathology 
Histopathologicc examination was performed of all resected tumours treated with RFA. Liver 
specimenss were fixed in 4% (w/v) formaldehyde, embedded in paraffin and processed for 
routinee hematoxylin and eosin staining (H and E) on sections (4 um). Tumour biopsies were 
frozenn in liquid nitrogen for detection of activity of nicotinamide adenine dinucleotide 

56 6 



Initiall experienc e w i th radiofrequenc y ablation 

Tablee 2: Treatmen t combinatio n of patient-group/numbe r of complication s 

(Multi-modality )) therap y of live r tumour s Patient s (n = 50) Complication s 

RFAA followed by resection of ablated tumour 7 2 
RFAA  alone 29 8 
RFAA and ethanol injection other tumour 1 0 
RFAA and resection of other tumours 13 4 

RFA:: Radiofrequency Ablation 

diaphorasee (NADHd), which is used as a marker of mitochondrial viability n . NADHd 
activityy was demonstrated in cryostat sections (8 urn) using an incubation solution 
containingg the substrate NADH (0.1 mg/mL; Sigma Diagnostics, St. Louis, Missouri, USA) 
andd the indicator nitro blue tetrazolium (NBT; 1.0 mg/mL, Sigma Diagnostics). Cryostat 
sectionss were incubated with this solution for 30 minutes at room temperature. Sections 
weree post-fixed with 4% (w/v) buffered formaldehyde, rinsed with distilled water and 
mountedd in glycerol jelly. 

Result s s 
Inn 50 patients, 102 tumours (1-8 tumours per patient) with a mean diameter of 2.5 cm 
(rangee 1-7 cm) were treated with RFA. Table 2 shows the treatment combinations 
performedd in the patients. In 12/50 patients vascular inflow occlusion was applied during 
RFA.. One patient, with extrahepatic disease at laparotomy, underwent trial RFA procedure 
off  a single liver lesion to asses its local effect at follow up. 
Inn seven patients, the radiofrequency ablated tumours (n=l 1) were resected and examined 
forr NADHd-diaphorase staining to assess non-viable tumour. In all tumours, non-viability 
off  the cells was confirmed. 

PostoperativePostoperative complications 
Postoperativee complications occurred in 14 of the 50 patients (28%). One patient with 
HCCC in a Child's class B cirrhosis died 26 days postoperatively from progressive liver failure. 
Shee underwent a central resection in segment four and two RF ablations in segment seven 
andd eight. 
Fivee patients developed (late) postoperative jaundice. One patient was treated for metastases 
locatedd on both sides of the left hepatic duct and probably sustained collateral thermal duct 
injuryy due to the RFA procedure. Two patients also underwent a concomitant 
cholecystectomyy and developed obstruction of the proximal hepatic duct about 4-6 weeks 
afterr surgery. The first of these two patients had undergone a cholecystectomy of a previously 
inflamedd gall bladder and common bile duct that developed into an ischemic stenosis. The 
secondd patient with an obstruction of the proximal hepatic duct had undergone RFA just 
abovee the bile duct bifurcation but also had extirpation of a large tumour positive node 
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behindd the common bile duct. A fourth patient underwent a right extended 
hemihepatectomyy after ablation of a tumour in that part of the liver. The fifth patient 
showedd early recurrent metastatic disease with compression of the biliary system. 
Otherr complications were fever (n=5), thrombocytopenia (n=l), melaena (n=l) (a possible 
diagnosiss of haemobilia was suggested, although this was never confirmed) and paralytic 
ileuss (n=l), which all eventually resolved. 

Follow-up Follow-up 
Onee patient was lost to follow-up. A follow-up analysis with CT scans was performed in all 
patients.. Median follow-up time of the 41 patients with non-resected RF ablated tumours 
wass 11 months (range 1-24 months). Of these 41 patients, 26 patients developed recurrent 
disease.. Only three patients developed a recurrence at the site of previous RFA after 6, 7 and 
122 months; 13 patients had recurrent metastases elsewhere in the liver but no recurrence at 
thee RFA site and 10 patients had extrahepatic metastatic disease. Of the 41 patients, five had 
diedd to date at the completion of the study, 21 are alive with disease and 15 are alive without 
demonstrablee disease. 

Discussion n 
Radiofrequencyy ablation is a therapeutic option for unresectable tumours located in the 
liver. . 

Thee morbidity and mortality rate is comparable to surgical resection alone12"14. Three 
complicationss were probably related to the RFA: progressive liver failure in the patient with 
Childd B cirrhosis; stricture of the left hepatic duct; and postoperative thrombocytopenia. 
Hence,, this study was not able to confirm the low complication rate of 3% reported after 
RFAA in the USA and Italy M 0. Firstly, this is possibly related to the multicentre nature of the 
studyy and the fact that the study describes the initial experience of each participating centre. 
Secondly,, all patients were treated with RFA at laparotomy, 30% in combination with 
resection.. In a review, Muiier et al15 concluded that complication and mortality rates are 
relatedd to the approach and the extent of the procedure. 
AA common, potentially fatal complication in cirrhotic liver resection is liver failure. Curley 
etet al '6 treated 110 cirrhotic patients with radiofrequency ablation in the liver without 
treatmentt related deaths and a complication rate of 12.7%. In our study several 
complicationss were related to proximity of major biliary structures. The low flow in our 
damagedd biliary ducts may explain for the enhanced thermal effects of RFA, in comparison 
too the (high flow) major blood vessels 1718. Elias et al. 19 have described a technique of 
intraductall  cooling. One patient developed postoperative thrombocytopenia after ablation 
off  three tumours with a size of 2.4 cm, 4.4 cm and 4.3 cm, respectively. This suggests that 
thee thrombocytopenia may be related to the amount of hepatic tissue destroyed around the 
tumour. . 
Alll  resected tumours treated with RFA showed complete destruction with NADH-
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diaphorasee staining 2021, but three of 41 patients developed a local recurrence at the site of 
previouss RFA within 12 months. Local recurrence may be explained by difficulties in 
achievingg complete ablation by overlapping fields in larger tumours. This in turn may be 
duee to hyperechoic blurring of the ultrasound image during the RFA procedure by air 
bubbles.. Great care must be taken to position the needle electrode correctly in order that the 
thermall  lesion encompasses all of the target tissue. Intra-procedural CT or MR guidance 
mayy improve this problem. 
Inn other series, a local recurrence rate of 1.8%-18% has been reported 1-22-24. Local 
treatmentt of liver tumours does not appear to be a solution for a hematogeneously 
disseminatedd disease. The high recurrence rate elsewhere in the liver and at extrahepatic sites 
thereforee needs additional treatments. 
InIn conclusion, RFA appears to be a valuable technique for the local treatment of selected 
hepaticc tumours. The combination of partial resection of resectable liver tumours and RFA 
off  locally unresectable lesions holds promise as a treatment with curative intent. Whether 
thiss combination improves survival, is yet to be proven. At this moment, a new study is 
launchedd by the EORTC (CLOCC trial) to evaluate the role of RFA instead of 
chemotherapyy for non-resectable colorectal liver metastases. Location of hepatic tumours 
nearr major biliary structures is a relative contraindication for this procedure. Hence, 
althoughh RFA may provide a simple method for local treatment of unresectable liver 
tumours,, the results of this study show that introduction of this technique should not be 
underestimatedd and involves morbidity and even mortality. 
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Outcomee of thoracoscopic pulmonary metastasectomy 

Introductio n n 
Pulmonaryy metastases are frequently encountered in patients with solid tumours. Some 
solidd tumours tend to produce only a few isolated lung metastases that are usually found 
peripherallyy in the lung parenchyma, frequently immediately subpleural'. Examples of such 
tumourss are: sarcomas, testicular tumours, renal cell carcinomas and less frequently, head 
andd neck tumours, colorectal carcinoma, melanoma and endometrial carcinoma. In these 
cases,, the surgical removal of metastases might be curative. After a total metastasectomy, 5-
yearr survival may be as high as 30% 2'5. Although these data are derived from studies that 
weree retrospective analyses of selected patient series, these results support the surgical 
resectionn of isolated lung metastases. A long-term remission will seldom be achieved when 
moree than three metastases are found preoperatively 3"6. 
Unilaterall  located metastases are usually removed by a posterolateral thoracotomy. Bilateral 
tumourss are excised by either a two-stage bilateral thoracotomy or by sternotomy. 
Peripherallyy located metastases enable complete removal by wedge resection with the 
staplingg technique. Developments in thoracoscopic/laparoscopic instruments enable tissue 
staplingg using a 12-mm port system. Unfortunately, thoracoscopic resection makes it 
impossiblee to examine the lung by palpation. Small lesions may then be difficult to find, 
and,, if not seen on computed tomography (CT) scan , may easily be missed. 
Itt is not uncommon that more metastatic sites are found during a thoracotomy than 
anticipatedd by preoperative imaging techniques 7. When the disease is disseminated 
extensively,, a cure will not be achieved by surgical procedures alone. A decision must then 
bee made to resect if palliative goals can be met. 
Thee advantage of thoracoscopic removal of solitary metastases is the limited surgical trauma, 
whichh results in an improved postoperative recovery, shorter hospital stay and decreased 
long-termm morbidity. These effects should be counterbalanced by the risk of incomplete 
resectionn of metastatic disease that is assured by thoracotomy and direct palpation 8"10. 
Thiss study determined the feasibility, accuracy and outcome of thoracoscopic resection of 
solitaryy peripherally located pulmonary metastases. 

Materia ll  and method s 
Betweenn November 1992 and October 1996, 28 patients (12 men and 16 women) with 
pulmonaryy nodules (found during follow-up by routine chest roentgenograms) that were 
consideredd to be metastases from the primary tumour, and for whom resection was 
consideredd as a therapeutic option, were eligible for this study. This study included 
thoracoscopicc resection of all identified lesions evaluated by confirmatory thoracotomy. This 
studyy design was chosen as in 1992, thoracotomy with wedge resections of all suspicious 
lesionss after careful palpation of the lung was considered standard treatment for pulmonary 
metastases.. Furthermore, at the time, video-assisted operations were new and experimental. 
Furtherr selection criteria included three or fewer solitary lesions with a diameter of three 3 
cmm or less, located in the periphery of the lung. No specific attempts were undertaken to 
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obtainn preoperative cytological diagnosis. Patients were required to be fit enough to undergo 
thee intended thoracotomy and pulmonary resection. If a pulmonary nodule appeared to be 
technicallyy unresectable during the thoracoscopy, or if the nodules were benign or carcinoid, 
patientss underwent a thoracotomy and were registered for this study but not included in the 
analysis. . 
Patientss underwent the after standard work-up for surgery: CT scan (Siemens Somaton Plus 
CTT scanner, Munich, Germany, single slice technique with slices of 7 mm without contrast), 
bronchoscopy,, pulmonary function tests, and investigations to exclude loco-regional relapse 
orr metastasis at other sites. 
Thee end points for this study were the number of successful procedures, that is, the number 
off  thoracoscopic resections for all lesions found on CT scan when no residual disease was 
demonstrablee at confirmation thoracotomy; the number of technical failures; reoccurrence 
off  the disease, either pulmonary or elsewhere; and survival. 
Thee study was approved by the medical ethical committees of both the Netherlands Cancer 
Institute/Antonii  van Leeuwenhoek Hospital (NCI-AvL) and the Academic Hospital Free 
Universityy (AHFU). Patients were entered in the study after informed consent. Twenty-three 
patientss were treated at the NCI/ AvL and 5 at the AHFU. 

SurgicalSurgical technique 
Thee 28 operations were performed by three surgeons (ER, FZ, SM). After the induction of 
generall  anaesthesia, patients were ventilated through a double-lumen endotracheal tube that 
allowedd contralateral ventilation and ipsilateral collapse of the lung. Patients were positioned 
inn a stable lateral position. Depending on the location of the metastases, three to four ports 
weree introduced, usually 12 mm. After a careful inspection, all visible or "palpable" (by 
instrumentation)) lesions were removed by the GIA stapling technique. Special care was 
takenn not to clamp or sever the lesion. The specimen was then removed through one of the 
portss in a sterile bag and sent for frozen section analysis. 
Afterr the removal of all the recognized lesions and a histological examination by frozen 
section,, a confirmatory thoracotomy was performed. The lung was then carefully examined 
forr residual disease. Any suspicious palpable abnormality was excised, usually by GIA 
staplingg technique. If the lesion was considered to be a second primary after frozen section 
histology,, a formal lobectomy including lymph node sampling from the mediastinum was 
performed.. Haemostasis was assured and air leaks were corrected before closure. 
Thoracotomyy was closed over a chest tube. 

StatisticalStatistical analysis 
Thee Fisher s exact test was used to determine the relationship between the number of pulmonary 
metastasess on CT scan and the result of thoracoscopic resection. An overall survival curve was 
constructedd with the Kaplan-Meier method. The Clopper-Pearson u method was used to 
determinee the confidence interval of percentages. All statistical analyses were performed with the 
Statisticall  Package for the Social Sciences software, version 8.0 (SPSS, Chicago, IL). 
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Tablee 1: Patient s characteristic s 

Variabl ee Al l patient s {n = 28) 

Sexx Male 12(43) 
Femalee 16(57) 

Meann age at surgery (years)* 59 (35-72) 
Previouss disease 

Sarcomaa 6(21) 
Colorectall 3(11) 
Headd and neck 8 (29) 
Breastt 4 (14) 
Renall 2 (7) 
Melanomaa 2 (7) 
Otherss 3(11) 

Preoperativee CT scan findings 
Numberr of lesions 

onee lesion 19(68) 
twoo lesions 3(11) 
threee lesions 6 (21) 

Diameterr lesions (mm)* 17 (5-30) 

ss are mean (range). All other values in parenthesis are percentages. 

Tablee 2: Perioperativ e finding s 

Numbe rr  of lesions on CT scan 
11 >1 

Numberr of patients 
Noo thoracoscopic resection due to technical failure 
Thoracoscopicc resection performed 
Thoracotomyy not performed 
Confirmationn thoracotomy (A) 
Thoracoscopicc resection complete (B) 

AA vs. B: P = 0010 Fisher exact test 

Result s s 
Tablee 1 lists patient characteristics. Table 2 shows the perioperative findings of all patients. 
Itt appeared technically impossible to perform a thoracoscopic metastasectomy in 10 patients 
(36%).. In 7 patients the lesion was not visible because of pleural adhesions or a central 
location.. In the 3 remaining patients, the lesion was visualized but complete thoracoscopic 
resectionn was impossible because of either the location or size of the lesion. These 10 patients 
underwentt a thoracotomy. 
Onee patient did not have a confirmatory thoracotomy because the lesion was diagnosed as a 
1-cmm carcinoid after analysis of the frozen section. 

19 9 
6 6 

13 3 
1 1 

12 2 
11 1 

9 9 
4 4 
5 5 
0 0 
5 5 
1 1 
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Seventeenn of the 28 patients underwent a subsequent confirmatory thoracotomy. In 12 

patientss (71%) no visible or palpable abnormality was found after the thoracoscopic 

resection.. In 5 patients (29%) residual disease (one to three nodules, range 2 to 5 mm) was 

foundd and removed. No residual tumour was found at the site of any of the thoracoscopic 

wedgee resections. 

Consideringg preoperative CT findings, the probability of a thoracoscopic resection being 

completee was higher in patients with one metastasis (11 of 12, 92%) than in patients with 

twoo or three metastases (1 of 5, 20%) if = 0.010; Fisher's exact test) (Table 2). In patients 

withh one solitary metastasis the Clopper-Pearson confidence interval, which predicts the 

probabilityy of a successful thoracoscopic resection, was 62% to 99%. The mean diameter of 

thee lesions resected by thoracoscopy was 17 mm (range 7 to30 mm). 

Thee pathologic diagnoses of the resected lesions were benign (hamartoma; n= l ), carcinoid 

(n=l),, a second primary (n=6) and metastases of known primary (n=20). Five patients with 

aa second primary were included in the 11 solitary deposits in which thoracoscopy was 

consideredd accurate. 

Thee hamartoma could be visualized but not resected through thoracoscopy because of its 

centrall  location in the nondeveloped fissure between the right upper and middle lobe. 

Theree was no mortality associated with the procedure and there were no perioperative 

complications.. Postoperatively, four complications occurred in 28 patients. These included 
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pneumoniaa (n=l), prolonged air leak (n=l), subcutaneous emphysema (n=l), and transient 
respiratoryy failure (n=l). 
Off  the 20 patients with metastases, 6 have died to date, 7 are alive with disease and 7 are alive 
withoutt demonstrable disease. The median follow-up of the 14 patients still alive is 42.5 
monthss (range 2 to 71 months). Survival at 5-years is estimated to be 59% (SE 14%) (Fig 1). 
Amongg the 20 patients, 10 patients developed a recurrence of the disease within the chest: 3 
patientss in both lungs, 4 patients in the other lung, 2 patients in the same lung but in a 
differentt lobe, and 1 patient in the area of the wedge resection (port site). 

Commen t t 
Thiss study shows that the thoracoscopic resection of solitary metastasis in the periphery of 
thee lung is feasible. We demonstrated evidence that the success rate of the thoracoscopic 
resectionn is associated with the number of lesions found on CT. 
Thiss finding is in contrast with a comparable study by McCormack and colleagues 12. In 
theirr series, additional malignant tumours were found at thoracotomy in 10 of 18 patients 
(56%)) as compared with 5 of 17 (29%) in the present study. Even in patients with one lesion 
detectedd on CT, 7 of 14 patients (50%) had additional metastases found (one of 12 in this 
study).. McCormack and colleagues concluded that cancer will be missed if thoracoscopy is 
usedd as the only technique because of the discrepancy between radiographic and surgical 
findings. . 
CTT scan is known to underestimate the number of lesions found at thoracotomy. 
McCormackk and colleagues 7 demonstrated that CT scan did not identify 42% of lesions. 
Lesionss smaller than 1 cm are especially difficult to detect on CT. Munden and colleagues I3 

reportedd that these small lesions, missed by CT scan but found during surgery, may not be 
ignoredd because many are malignant (58%). The current generation of helical CT screening 
144 and positron emission tomography 15,16 may identify nodules in the 2 to 3-mm range and 
couldd be helpful in identifying metastases more accurately. 
Thiss study showed that known metastases could be resected with adequate margins by the 
video-assistedd thoracoscopic wedge resection. However, lesions occult on CT scan but 
otherwisee palpable may easily be missed by the thoracoscopic technique alone. The clinical 
consequencee of this outcome is uncertain, as multiple lung metastases from solid tumours 
aree very rarely cured by surgery alone. A long-term remission will seldom be achieved when 
moree than three metastases are found preoperatively 3'6. Secondly, those "missed" nodules 
wil ll  emerge during follow up by chest roentgenogram or CT scan, and if solitary or limited 
inn number, they will be accessible for surgical resection. 
Inn our study, 10 of 28 patients (36%) underwent a thoracotomy because thoracoscopic 
resectionn was deemed technically impossible. This is in agreement with the experience from 
otherr series 17,18. 
Thee favourable 5-years survival rate of 59% may be due to patient selection and the small 
numberss of patients. The two-stage procedure, thoracoscopy followed by a confirmatory 
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thoracotomy,, does not seem to have a negative effect on the outcome. 
Inn this series, one patient had a port site recurrence diagnosed 20 months after thoracoscopic 
resection.. This patient is described elsewhere 19. Port site recurrence is an uncommon but 
fearedd complication of thoracoscopy for malignant lesions. A number of precautions need to 
bee taken to avoid port site recurrences. The use of thoracoports instead of tab incisions, 
atraumaticc tissue handling, and the use of endoscopic specimen retrieval bags are factors that 
mayy reduce the risk of port site recurrence 19. 
Thee advantage of thoracoscopy over resection through a thoracotomy is the limited surgical 
traumaa with consequently reduced postoperative morbidity and pain. Additional benefits 
aree an improved postoperative recovery, shorter hospital stay, and reduced medical costs 
9,10,20 0 

Althoughh this study was small, our evidence shows that the probability of a thoracoscopic 
resectionn being complete seems to be at least 62% for patients with a single metastasis on CT 
scan,, given our selection criteria. 
InIn conclusion, a thoracoscopic resection and a "wait and see" policy can be considered a 
viablee treatment option for patients with solitary metastasis smaller than 3 cm, located in the 
peripheryy of the lung. 
Patientss with multiple or centrally located lesions should be treated with thoracotomy 
becausee that technique allows palpation of the lung tissue and provides a better overview. 
Secondd primary tumours should be treated accordingly. 
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Longg term survival of thoracoscopic metastasectomy 

Introductio n n 
Thee treatment of patients with unilateral located lung metastases is usually a complete 
metastasectomyy by postero-lateral thoracotomy. Following this procedure, 5-year survival 
ratess up to 30% can be achieved M . Improvements in video camera technology combined 
withh the development of percutaneous endoscopic instruments have expanded the role of 
thoracoscopy.. The advantage of the thoracoscopic technique is a limited surgical trauma 
withh consequently less morbidity 5'6. The majority of pulmonary metastases are peripherally 
locatedd in the outer one third of the lung, and are frequently immediately subpleural  7. This 
enabless removal of the metastases by wedge resection with the stapling technique. 
Endoscopicc stapling instruments allow for minimal invasive pulmonary wedge resections 8'9. 
Fromm an oncological point of view the adequacy of using the minimal invasive thoracoscopic 
techniquee has been questioned. Computed Tomography (CT) scans may underestimate 
surgicall  findings (thoracotomy) in 42% of the patients 10. Thoracoscopy limits tactile 
examinationn of the lung, in contrast to thoracotomy, which makes palpation possible. This 
limitationn may result in missing some nodules and consequently in reduced long-term 
survivall  n . 
Inn a previous study we showed evidence that the success rate of a thoracoscopic resection is 
higherr in patients with a single lesion (92%), compared to patients with multiple lesions 
(20%)) as diagnosed on a preoperative CT scan I2. 
Basedd on these results, we offered patients who presented with a single pulmonary lesion a 
thoracoscopicc resection as the initial step of treatment. We compared the outcome of this 
patientt group with patients from the prior study who had a single lesion and who underwent 
aa confirmatory thoracotomy after thoracoscopic resection. 
Thiss study thus compares the prognosis following resection of a solitary pulmonary metastasis 
performedd by thoracoscopy with resection using the standard thoracotomy procedure. 

Patient ss and method s 
Wee retrospectively analysed 35 patients (female 21, male 14) with a solitary pulmonary 
nodule,, diagnosed by routine chest X-rays and confirmed by CT scan during follow-up for 
aa primary malignancy between November 1992 and November 1998. The characteristics of 
thee studied patients are listed in table 1. In all cases the nodule was thought to be a metastasis 
andd surgical resection was considered to be the therapeutic option. In none of the patients 
preoperativee histology, if available, was consistent with a second primary. Further selection 
criteriaa included: lesion <3 cm in diameter on preoperative CT scan and located in the 
peripheryy of the lung. Patients should be fit to undergo pulmonary resection, eventually by 
standardd thoracotomy. 
Standardd work-up before surgery included: CT scan of the lung (Siemens Somaton Plus CT 
scanner,, Germany, single slice technique, 7 mm slices without contrast), bronchoscopy, 
pulmonaryy function tests and investigations to exclude locoregional relapse or metastases at 
otherr sites. 
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Tablee 1: Preoperativ e characteristic s of the stud y group s 

Variabl e e 

Sexx ratio (Male : Female) 
Agee at metastasectomy (years)* 

Histopathologyy primary tumour 
Headd / neck 
Breast t 

Colorectal l 

Melanoma a 

Sarcoma a 
Renal l 

Others s 
Diseasee free interval (months) 

Grou pp 1 (n=19) 
Thoracotom y y 

6:13 3 

611 (35 - 72) 

44 (21) 
44 (21) 

11 (5) 
22 (11) 
44 (21) 

22 (11) 
22 (10) 
41(0-168) ) 

Grou pp 2 (n=16) 
Thoracoscop y y 

8 : 8 8 
522 (26 - 74) 

88 (50) 
33 (19) 

11 (6) 

11 (6) 
0 0 
0 0 

33 (19) 
13(0-157) ) 

P P 

0-322 t 

0-322 + 

00 2 8 * 

0-377 +* 

Valuess are median (range). All other values in parenthesis are percentages, 
tt Fisher's exact test; + Mann-Whitney Ctest; * Pearson Chi-square (exact) test. 

Wee compared two groups (Table 1). Group 1: In 19 patients, treated between November 
19922 and October 1996, the accuracy of thoracoscopic resection was examined. All these 
patientss had a thoracotomy immediately after thoracoscopic exploration and resection, 
eitherr to confirm the completeness of the thoracoscopic resection or to remove lesions in 
casee of failure of the thoracoscopic procedure. Group 2: These 16 patients, treated between 
Junee 1993 and November 1998, only underwent a thoracoscopic wedge resection of the 
solitaryy lesion. No confirmatory thoracotomy was performed. 
Endd points of this study are disease free and overall survival, location of the recurrences 
(eitherr pulmonary or elsewhere) and postoperative complications. Only patients who had a 
truee solitary metastasis were evaluated. 

SurgicalSurgical technique 
Thee operations were performed by three surgeons (ER, FZ, SM). After induction of general 
anesthesia,, the patients were ventilated by a double-lumen endotracheal tube to allow 
ipsilaterall  collapse of the lung. Patients were positioned in a stable lateral position. 
Dependingg on the location of the lesion, three to four ports were introduced, usually 12 
mm.. After careful inspection, all visible or "palpable" lesions were removed employing the 
endo-GIA®® stapling technique. Special care was taken not to clamp or sever the lesions. 
Thee specimen were removed via one of the ports in a sterile bag and sent to pathology for 
frozenn section analysis. 

Thee staple line was inspected for haemostasis, and a chest tube was inserted through the lower 
incisionn and connected to suction. The thoracoscope was reinserted through one of the upper 
portss and the lung was re-expanded under direct vision. Following full re-expansion, the 
thoracoscopee was withdrawn, and the remaining incisions were closed in layers. 
Iff  a pulmonary nodule appeared to be technically unresectable during the thoracoscopy, 

74 4 



Longg term survival of thoracoscopic metastasectomy 

Tablee 2: Characteristics  and follow-u p of patient s treate d fo r solitar y metastasi s 

Variabl e e 

Numberr of patients w i th metastases 
Histopathologyy first metastases 

Headd / neck 
Breast t 
Colorectal l 
Melanoma a 
Sarcoma a 
Renal l 
Others s 

Mediann fol low-up (months)* 
Patientss wi th relapse of lung metastases 
Mediann t ime to relapse of lung metastases (months)* 
Sitee of relapse lung metastases 

Incision n 
Samee lung elsewhere and contra lateral lunc 
Contraa lateral lung 

Histopathologyy relapse 
Metastasess of Head / neck 

Breast t 
Colorectal l 
Melanoma a 
Sarcoma a 
Secondd primary 

Statuss quo at last fol low-up 
Died d 
Alivee w i th disease 
Alive,, no demonstrable disease 

Grou pp 1 
Thoracotom y y 

12 2 

4 4 
0 0 
1 1 
2 2 
3 3 
1 1 
1 1 
25(11 -67) 
55 (42) 
55 ( 2 - 8 ) 

1 1 

)) 1 
3 3 

2 2 
0 0 
0 0 
1 1 
1 1 
1 1 

3 3 
4 4 
5 5 

Grou pp 2 
Thoracoscop y y 

8 8 

5 5 
2 2 
1 1 
0 0 
0 0 
0 0 
0 0 
16 (3 -40 ) ) 
3 3 
4 4 

0 0 
3 3 
0 0 

1 1 
1 1 
1 1 
0 0 
0 0 
0 0 

2 2 
2 2 
4 4 

(38) ) 
( 1 -4 ) ) 

*Valuess are median (range). All other values in parenthesis are percentages. 

patientss underwent a thoracotomy. This procedure was also performed in a standard lateral 
positionn through the 5th or 6th intercostal space. Wedge resection of the lesions was 
performedd by GIA-stapling technique. 
Afterr endoscopic or open removal, tissue analysis was performed immediately by frozen 
sectionn technique. If the histology of the tumour was benign, the procedure was terminated. 
Iff  the histology of the tumour was malignant but comparable to a second new primary lung 
cancerr rather than a metastasis, a formal therapeutic lobectomy and lymph node sampling 
wass performed during a subsequent thoracotomy. 

StatisticalStatistical analysis 
Alll  continuous data were recorded as median (range) and groups were compared using the 
Mann-Whitneyy c7-test. Disease-free interval (DFI) was calculated from the date of curative 
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Fig .. 1: Kaplan-Meie r plo t of diseas e fre e surviva l fo r patient s wit h a solitar y lun g metastasi s 
onn CT scan wh o underwen t a metastasectom y by thoracotom y or thoracoscop y 
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resectionn of the primary tumour to the date the initial metastasis was diagnosed (Table 1). 
Categoricall  data were compared between groups using Fisher's exact test or Pearson %2 

(exact)) test. 
Bothh disease-free survival and overall survival were measured from the date of 
metastasectomyy to date of last follow-up. Survival rates were calculated according to the 
Kaplan-Meierr method. The log-rank test was used to verify the prognostic significance of 
thee parameters examined. 
Al ll  statistical analysis was performed with Statistical Package for the Social Sciences software, 
versionn 8.0 (SPSS, Chicago, Illinois, USA). 

Result s s 
Inn seven of 35 patients (20%) it was technically impossible to perform a thoracoscopic 
metastasectomy.. In four patients the lesion was not visible either due to pleural adhesions or 
ann unsuspected more central location. In the three remaining patients the lesion was 
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Fig.. 2: Kaplan-Meier plot of overall survival for patients with a solitary lung metastasis on CT 
scann who underwent a metastasectomy by thoracotomy or thoracoscopy. 
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visualisedd but complete thoracoscopic resection was considered to be impossible because of 

thee position of the lesion. These seven patients proceeded to a thoracotomy. 

Theree was no mortality associated with the surgical procedure and there were no 

perioperativee complications. Postoperatively, five complications occurred in 35 patients 

(14%),, all belonging to the group that underwent subsequently a confirmatory thoracotomy 

(P=0.049;; Fisher Exact Test). These complications were pneumonia (n=2), prolonged air 

leakk (n=l), subcutaneous emphysema (n=l), and respiratory failure (n=l). Pathologic 

diagnosiss of the resected lesions were benign (n=7), second primary (n=8), and metastases of 

knownn primary (n=20). In none of the patients who underwent a thoracoscopic 

metastasectomy,, and in two of the 19 patients (11%) who underwent a metastasectomy by 

thoracotomy,, further disease was found (one to three nodules, range 2-7 mm). An intention 

too treat analysis of survival data was performed in 20 patients with confirmed metastatic 

disease:: eight patients thoracoscopic metastasectomy and 12 patients metastasectomy by 

thoracotomyy (Table 2). Figure 1 shows the disease-free survival curves. 

Thee 2-year disease-free survival rate following thoracoscopic metastasectomy was 50% and 
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42%% for patients who had a thoracotomy. After both operative procedures, no difference was 
observedd in the location of postmetastasectomy recurrences. Three of eight patients who 
underwentt a thoracoscopic metastasectomy and five of 12 patients who underwent a 
thoracotomyy developed a relapse in the lung. Time and sites of relapses in the lung are shown 
inn Table 2. 
Noo difference was found between the operative procedures regarding overall survival (Fig 2). 
Thee 2-year overall survival was 67% for patients who underwent a thoracoscopic 
metastasectomyy and 70% for patients who underwent a thoracotomy (P = 0.85, log rank 
test). . 
Ninee patients are alive and free of tumour, of whom four underwent a thoracoscopic 
metastasectomy.. Median follow-up is 25 months (range 1-67 months) for those who 
underwentt a thoracotomy and 16 months (range 3-40 months) for patients who underwent 
aa thoracoscopic metastasectomy. 

Discussio n n 
Ourr results suggest that thoracoscopic resection of a solitary peripherally located metastasis 
iss a safe and potentially curative procedure with long-term outcomes comparable to the 
moree invasive resection by thoracotomy. In a limited series of patients with a relatively short 
follow-up,, a 2-year survival rate of 67% following thoracoscopic resection and 70% 
followingg thoracotomy was seen. These results are comparable to data reported in the 
literaturee 13~15. Secondly, the thoracoscopic procedure was accompanied with significantly 
fewerr complications. 
Thee surgical removal of lung metastases, particularly when solitary, has proven to be a 
therapeuticc option with curative intent. Complete resection of all metastases remains the 
mainn determinant of survival  l6'17. The accuracy of thoracoscopic metastasectomy is 
questionedd by the limited ability to clearly define tissue margins and by the impossibility to 
findfind lesions by palpation which were missed by CT 1018. Indeed, at confirmatory 
thoracotomyy in two of 12 patients with solitary metastasis on CT scan, further disease was 
found.. As stated we kept these patients in for the intention to treat survival analysis. Disease 
freee interval and location of the recurrence will give an impression of accuracy. The 
incidencee of pulmonary recurrence in our series was 38% following thoracoscopic resection 
andd 42% for patients following thoracotomy, which is comparable. In the group of patients 
whoo underwent thoracoscopic resection, recurrence near the site of the initial metastasis was 
nott seen. Three patients had a recurrence in the same lung. Apparently these lesions were 
initiall yy too small to be detected by CT. Those "missed" lesions emerged early during follow-
upp (median time to relapse was 4 months after thoracoscopy and 5 months for patients who 
underwentt a thoracotomy), and were if solitary or limited in number, still accessible for 
surgicall  resection. Probably, those missed lesions will not have any influence on survival, as 
timee to pulmonary recurrence is not a main determinant for survival, particularly compared 
too multiple metastases which is a poor prognostic factor. Long-term survival is uncommon 
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whenn more than three metastases are found preoperatively 2 l 4. Patients with pulmonary 
recurrencess after a complete lung metastasectomy by minimal invasive thoracoscopy may 
benefitt from a second metastasectomy, either by thoracoscopy or thoracotomy. Repeated 
metastasectomiess may prolong survival in some patients '19. 
Otherr factors that are suggested to be predictors of survival are the disease-free interval and 
tumourr type l4. To test for confounding effects, we analysed the two groups for these factors 
andd no significant differences were found, although the groups are too small to draw definite 
conclusions. . 
Thee advantage of thoracoscopic resection is the limited surgical trauma with consequently 
reductionn in postoperative morbidity and pain. Additional benefits are a more rapid 
postoperativee recovery, decreased length of hospital stay, fewer medical costs and earlier 
resumptionn of work 5>6-20. In our study we observed significantly fewer postoperative 
complicationss following thoracoscopy. 
Conversionn to thoracotomy is necessary when the lesion identified on preoperative CT scan 
cannott be found or when thoracoscopy is insufficient or poses technical problems. We 
encounteredd this problem in 20% of the procedures. Patients with multiple lesions should 
bee treated with thoracotomy because it allows palpation of the lung tissue and provides a 
betterr overview. Incidence of patients with a second primary lung cancer was 23%, which is 
inn accordance from the results reported in the literature 21. Second primary tumours should 
bee treated accordingly. 
InIn conclusion, although this study analyses a limited number of patients with relatively short 
follow-up,, our evidence suggests that resection of a solitary metastasis performed by 
thoracoscopyy is a safe and potentially curative procedure and is accompanied with fewer 
complicationss compared to a standard thoracotomy. 
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Portt site metastasis as a complication 

Introductio n n 
Wee report a case of port site recurrence after thoracoscope resection of pulmonary 
metastasiss from an adenocarcinoma of the rectum. This case stresses the importance of 
carefull  manipulation and concealed removal of malignant pulmonary lesions if the minimal 
invasivee technique is applied. 

Casee repor t 
Inn 1987 a 59-year-old man was treated for a T3N0MQ rectal adenocarcinoma. He underwent 
abdominal-perineall  resection of the rectum and adjuvant radiotherapy of the pelvis. 
Inn 1992 on a routine chest X-ray a suspicious lesion was noted. A Computed Tomography 
(CT)) scan showed three peripherally located lesions suspicious for metastases, located in the 
upperr and lower lobe of the right lung. In the absence of signs of local relapse of primary 
tumourr and metastases at other sites, the patient was advised to undergo surgical removal of 
thee metastases. He consented to take part in a study protocol providing initial thoracoscopic 
removall  of the lesions by endostapling technique, followed by confirmation thoracotomy ] . 
Inn November 1992 the patient underwent thoracoscopic metastasectomy. The lesion in the 
rightt upper lobe could easily be found and resected by the stapling technique. The size off 
thee resected specimen was too large (3 cm) to fit  through one of the port sites. The incision 
inn the sixth intercostal space at the midaxillary line was enlarged and the specimen was 
removedd with resistance without being placed in an endoscopic specimen retrieval bag. The 
secondd lesion, located at the level of the pulmonary ligament in the lower lobe, could be 
identifiedd but removal was difficult. Thoracotomy was performed through the fifth 
intercostall  bed, and the remaining two lesions were removed by the stapling technique. Post-
operativee recovery was uneventful. 
InIn the summer of 1994 the patient complained of pain in the sixth intercostal space. A chest 
X-rayy showed a pleural thickening in the right lateral thorax wall but no evidence of tumour 
relapsee or new metastases. Because of his increasing complaints of pain in October a MRI 
wass made. It showed a tumour in the sixth intercostal space, corresponding with the former 
withdrawall  port-site. In December 1994 a full-thickness thoracic wall resection including 
partss of the fourth til l seventh rib and a wedge resection of the adherent middle lobe was 
performed.. Histology showed moderately differentiated adenocarcinoma of similar 
appearancee to that in the rectum. 
Ass the tumour was at the level of one of the port sites, tumour seeding and outgrowth was 
stronglyy suspected. No adjuvant treatment was given. 
Inn November 1996 a CT scan showed two new pulmonary metastases, which where again 
removedd by thoracotomy. In September 1999 the patient is alive with multiple pulmonary 
metastases. . 
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Discussio n n 
Minimall  invasive video-assisted thoracoscope surgery (VATS) appears an attractive 
alternativee for removal of peripherally located pulmonary lesions 2. The advantage of VATS 
overr resection through thoracotomy is the limited surgical trauma and consequently 
reductionn of pain-related operative morbidity. Additional benefits are a faster postoperative 
recovery,, shorter hospital stay, less medical costs and faster resumption of work 3"5. However 
thee benefits are counterbalanced by the risk of incomplete resection of metastatic disease, by 
thee limited ability to clearly define tissue margins and by the inability to palpate potential 
lesionss that were not detected by CT 2'6. 

Portt site recurrence (PSR) in VATS is an uncommon complication of minimal invasive 
surgeryy for malignant lesions 7. PSR may be diagnosed by symptoms (a painless/painful 
subcutaneouss mass with or without effusion, dyspnoea) or an asymptomatic radiographic 
masss 7. Johnstone et al.8 reported five cases of PSR's within six months. 
PSRR seems to be attributable to several mechanisms. The technical problems that may be 
responsiblee are two-fold. First, the withdrawal of tumour mass through relatively small 
incisionss may cause direct seeding of tumour cells to the port site. Secondly, endoscopic 
manipulationn may result in tumour spillage within the pleural cavity 7 9. Probably the port 
sitee acts as a favourable bed for seeding 10. 
AA number of precautions need to be taken to avoid PSR's. The use of thoracoports instead 
off  stab incisions, atraumatic tissue handling and the use of endoscopic specimen retrieval 
bagss (for instance the EndoCatch®) are factors that may reduce the risk of PSR's 4 n . 
VATSS removal of lung metastasis appears to be beneficial to patients l. However if VATS 
metastasectomyy is considered, precautions should be taken to avoid PSR. 
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Synchronouss liver and lung metastases 

Introductio n n 
Resectionn of colorectal liver metastases is nowadays a save procedure with in selected cases 5-
yearr survival rates up to 40% l. In patients with lung metastases of colorectal cancer, 5-year 
survivall  rates can be achieved up to 30% 2. When metastases are synchronous, palliative 
chemotherapyy is often treatment of first choice and surgery is seldom considered. Based on 
above-mentionedd results, however, it seems plausible to extend the indication for 
metastasectomyy to patients with synchronous metastases. Previous reports showed this 
approachh to be safe and long-term survival was achieved 3"5. 
Wee undertook the present study to examine our results of metastasectomy in patients with 
synchronouss liver and lung metastases of colorectal origin. 

Material ss  and Method s 
InIn our department nine patients with synchronous liver and lung metastases underwent 
surgeryy between 1989 and 2000. Synchronicity was defined as metastatic disease in liver and 
lungg found at the same time of staging or within one month after each other. In six of these 
ninee patients the metastatic spread was from colorectal origin, on which this study is 
focussed.. We retrospectively analysed pre-treatment data (site and classification of the 
primaryy tumour; interval to metastatic disease), treatment modality (surgery; combination 
withh chemotherapy) and data on follow up after metastasectomy (recurrence; location of 
recurrence,, time to and treatment of recurrence; date and status at last follow up). 
Postoperativee morbidity and mortality were defined as occurring within the same hospital 
admissionn or within 30 days of the operation. 
Overalll  survival was measured from the date of metastasectomy to date of last follow up. 

Result s s 
Patientt characteristics are listed in table 1. For most patients the synchronous metastases 
weree the first event of metastatic disease. One patient underwent lung metastasectomy for 
ann isolated metastasis three months before the synchronous recurrence. Two patients 
receivedd chemotherapy preceding surgery. One patient underwent simultaneous resection of 
bothh liver and lung metastases. Two patients had a liver resection only; one patient because 
alll  lung metastases had disappeared after chemotherapy and in another patient lung 
metastasectomyy could not be performed because he died four months after liver surgery of 
progressivee liver failure without clear evidence of recurrent disease. All resected specimens 
weree histopathologically assessed and in all cases metastatic colorectal cancer was confirmed. 
Perioperativee complications included perihepatic abscess, requiring surgical drainage (n=2) 
andd wound-infection (n=l). Median hospital stay was 15 days (range 7-30) after liver 
surgeryy and 9 days (range 6-30) after lung surgery. 

Tablee 2 presents the data of follow up. All patients, except for the patient with early liver 
failure,, developed recurrence of disease, mostly again in liver or lung. The patient who had 
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Tablee 1: Characteristic s of patient s 

Variabl e e Numbe rr  of patient s (n=6) 

Gender r 
Agee (years) 

Sitee primary tumour 

Dukess classification 

Synchronicityy to primary tumour 

DFI** (months) 

Patientss wi th previous metastasis 
Liverr metastases 

Number r 
Laterality y 

Sizee max(mm) 
Lungg metastases 

Number r 

Laterality y 
Sizee max(mm) 

Male/Female e 

Meann (median) 
Colon n 
Rectosigmoid d 

B B 
C C 

Synchronous s 
Metachronous s 
Meann (median) 

Meann (median) 
Unilobair// Bilobair 
Meann (median) 

Meann (median) 
Unilaterall / Bilateral 
Meann (median) 

3 / 3 3 

533 (52) 
2 2 
4 4 

2 2 
2 2 

2 2 
4 4 

233 (25) 
1 1 

1.8(1.0) ) 
6 / 0 0 
47.55 (47) 

1.7(1.5) ) 
6 / 0 0 
17.3(12) ) 

*DFII = Disease free interval 

Tablee 2: Follo w up 

Variabl e e 

Effectt of t reatment 

Recurrencee of disease 
Noo evidence of disease 

Timee to recurrence* 

Locationn of recurrence 
Lung g 

Liverr and lung 
Lungg and elsewhere 

Treatmentt of recurrence 

None e 
Surgery y 

Chemotherapy y 
Durationn fo l low up** 
Statuss at last fo l low up 

Deathh of disease 

(butt early death) 

Meann (median) 

Unrelatedd cause of death 

Meann (median) 

Numbe rr  of patient s (n=6) 

5 5 
1 1 
7.44 (8.0) 

1 1 
3 3 
1 1 

1 1 
1 1 

3 3 

37.55 (28.5) 

5 5 
1 1 

Intervall f rom date of metastasectomy to recurrence (months) 

' 'Measuredd f rom date of metastasectomy (months) 
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completee remission of her lung metastases by chemotherapy did have a pulmonary 

recurrencee after eight months and underwent lung surgery at second instance; she died after 

888 months. Three patients received chemotherapy and died after 12, 30 and 32 months 

respectively.. One patient received no treatment for recurrent disease and died after 20 

months.. Median overall survival was 29 months. Estimated overall survival was 60% (SE 

22%)) at 2 year and 20% (SE 18%) at 5 year. 

Discussio n n 
Ass prerequisites for resection of liver and lung metastases are considered controlled primary 

disease,, absence of extra-hepatic or extra-pulmonary disease, lesions considered to be 

resectable,, the remaining organ function to be adequate and patients required to be fit 

enoughh to undergo the intended surgery. 

Theree are a few reports of surgical treatment for metastatic colorectal cancer synchronous to 

thee liver and lung 3"5. A median survival time of approximately 24 months and survival rates 

rangingg from 0% to 3 3% at 3 years and of 22% at 5 year are reported in these studies. These 

outcomess seem to be in concordance with our results. Median survival with optimal 

chemotherapyy regimens for metastatic colorectal cancer ranges from 10 to 18 months 6'7. 

Neww agents as Irinotecan may result in a median survival of over 20 months 8. 

Itt can therefore be postulated that in highly selected patients with synchronous liver and 

lungg metastases from colorectal origin a survival benefit can be attained by metastasectomy 

comparedd to treatment with chemotherapy only. 

Complicationss occurred only after liver surgery. Other large series reported morbidity and 

mortalityy rates after liver surgery of 27% and 2% respectively 9. After lung resection of 

metastaticc lesions mortality rates are reported less than 2% 10. 

Att histopathologic examination metastatic disease was found in all resected tumours, also in 

casee of preoperative chemotherapy. In this regard it is to be noted that one patient had 

recurrentt lung metastases after complete remission induced by chemotherapy. 

Inn conclusion we suggest to carefully considering surgery as an option in patients presenting 

withh synchronous metastatic colorectal disease confined to liver and lung. 
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Generall discussion 

Thee major obstacles in curing cancer are the inability to prevent and the difficulty to treat 
metastaticc disease. Metastases occur after completion of a cascade consisting of several steps 
I 2 .. The process is selective and the surviving metastatic subclones (0.01%) have 
heterogeneouss phenotypic properties. The effectiveness and growth potential of metastases 
dependd on interactions between the tumour cells and the host. 
Itt can be stated that systemic therapy should be treatment of first choice in disseminated 
disease,, but unfortunately the current systemic therapies have only minor impact on the 
ultimatee outcome 3"6. A multidisciplinary approach in principle is expected to be more 
effective.. In some malignancies the occurrence of metastases is limited in number and spread 
iss initially sometimes only to a single organ. Here, local treatment options like complete 
surgicall  removal may lead to long lasting palliation and sometimes even cure and this 
approachh has therefore been widely successfully for years. The challenge now arises to 
identifyy preoperatively the patient who will most likely benefit from resection of 
haematogenouss metastases. 

Morbidit yy  and mortalit y of live r metastasectom y 
Guideliness for selecting a patient for surgical removal of liver metastases are: medical fit  to 
toleratee the planned procedure, adequate post-resection organ reserve, complete resectability 
possiblee and no evidence of uncontrollable disease elsewhere. Further, surgery can only be 
justifiedd if operative mortality remains substantially below anticipated 5-year survival rates 
withh reasonable morbidity. Prognostic risk factors for postoperative morbidity as analysed in 
aa number of series are: extent of resection, vena cava resection, concomitant colon and 
hepaticc resection, blood loss, perioperative blood transfusion and operative time 7'10. In our 
studyy (chapter 2) in patients who underwent liver resection for metastatic cancer, we found 
durationn of surgery and amount of perioperative blood transfusion to be the only 
independentt and significant prognostic factors for morbidity and mortality. An interesting 
issuee that emerged from this study is the evidence of a relationship between extended right 
hemihepatectomyy and bile duct problems with prolonged jaundice. This finding could not 
bee confirmed in the literature. This relationship could be explained by high risk surgical 
proceduress in the area of the hepatic hilum (anterior segmentectomy, central 
bisegmentectomy,, or total caudate lobectomy), damage of the remaining left bile duct, 
underdevelopmentt of the left liver lobe with a small sized left bile duct, and patients with 
liverr cirrhosis. The importance to minimize flow inhibition (portal vein / hepatic artery) and 
aa careful parenchyma dissection technique to prevent blood loss and bile leakage has to be 
underlined.. We could however, not determine a perioperative factor to be exclusionary when 
consideringg a patient for resection. After hepatic metastasectomy postoperative morbidity 
andd mortality are 27% and 2% respectively (chapter 2). Resection of hepatic metastases thus 
cann be achieved with acceptable morbidity and such a low mortality that the operation is 
justifiedd in most patients who meet the general eligibility criteria. 
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Surviva ll  of live r metastasectom y 
Liverr metastasectomy may be considered a safe procedure but not every patient is deemed 
suitable.. Over the years, numerous factors have been considered to be contraindications due 
too poor outcome. For hepatic resection of metastases of colorectal origin the following 
factorss are mentioned to be predictors of poor long term results: node-positive primary, 
shortt disease free interval from primary to metastases, more than three hepatic lesions, size 
off  largest hepatic lesion > 5 cm, positive resection margins, extra-hepatic disease and CEA 
levell  >200 ng/ml  n . Our data (chapter 3) suggest that the chances for long term survival 
decreasee with increasing number of metastases found on Computed Tomography (CT). We 
didd not find any other factor to be significantly related to survival. Particularly not the 
numberr of metastases found in the specimen, removed and histologically confirmed was 
relatedd to survival. Generally lesions can be found in the specimen that are smaller than the 
smallestt visible on CT. Therefore our finding is rather unexpected since it sounds more 
logicall  that not the number of lesions on CT scan but the number found in the resected 
specimenn is a predictor of outcome. An explanation for this unexpected result of our study 
couldd be the fact that the outcome of patients with more lesions found in the specimen than 
visualizedd on CT scan was relatively better than the outcome of patients with more lesions 
onn CT scan than found in the specimen. Further it should be noted that most of the patients 
hadd besides a conventional CT, a so-called Computed Tomographic Arterial Portography 
(CTAP).. CTAP is considered more sensitive as conventional CT 12,13. According to our 
protocoll  patients with more than four lesions were excluded for surgery. Therefore, there 
mayy be a selection bias in our patient population towards a small number (less than 5) of 
metastasess due to the use of CTAP in the great majority of patients. 

Thee question arises if the number of lesions on CT will change as a predictor of outcome 
withh the introduction of the new generation of CT scans. The sensitivity of the current 
preoperativee radiological work-up is superior to that available a decade ago. Helical CT 
screeningg and positron emission tomography may identify nodules in the 2-3 mm range 
1415,, instead of the slices of minimally 7 mm which were made in the early ninety's. Where 
thee difference in number of lesions found on CT or in the surgical specimen will decrease, 
thee prognostic impact of the number of lesions on CT might be expected to diminish. 
Estimatedd overall survival after liver resection for hepatic metastases from colorectal origin 
att two year is 71% and at five year 29%. 

Evenn patients with a recurrence in the liver after a first resection may benefit, provided 
comparablee good patient selection is applied, with similar morbidity and mortality rates 
comparedd to a first liver resection (chapter 3). 
Inn highly selected patients who underwent resection of non-colorectal liver metastases the 5-
yearr overall survival was 35%, which is comparable to that of patients in whom 
metastasectomyy for metastatic spread of colorectal origin is carried out (chapter 4). This 
findingg is surprising because colorectal liver metastases are considered by many as regional 
spreadd through the portal system, whereas non-colorectal liver metastases are most often 
spreadd through the systemic circulation. These favourable results may be explained by 
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certainn tumour biologic characteristics, for example long doubling time, liver as 
predominantt site of spread, intrahepatic distribution pattern and uninvolvement of major 
vesselss or large bile ducts. Hepatic resection for non-colorectal metastases may also increase 
thee efficacy of the immune response of the host due to the cytoreductive effect and render 
systemicc chemotherapy more effective 16"18. 

Minima ll  invasiv e technique s in live r and lun g metastasectom y 
InIn the past few years, new minimal invasive techniques for local management of hepatic and 
pulmonaryy malignancies have become available. Techniques for local ablation of tumours in 
thee liver include ethanol injection, thermo-ablation with cryoprobes, interstitial laser 
coagulationn and recently, radiofrequency ablation (RFA). In our study (chapter 5) we 
describee the initial multi-centre experience with radiofrequency ablation for hepatic 
tumourss in the Netherlands. This study shows a morbidity and mortality rate of 26% and 
2%,, respectively, which is comparable to the risk of morbidity and mortality in series of 
surgicall  resection. Of all complications, three (6%) had a probable relationship to the RFA 
technique.. Twenty-six patients (63%) developed a recurrence of which three at the RFA site 
afterr 6 to 12 months. Although RFA is an elegant minimal invasive technique, it has its 
limitations.. First, it is a local treatment with all its restrictions; tumour destruction might be 
incompletee what can be explained by difficulties in achieving complete ablation by 
overlappingg fields in larger tumours. This in turn may be due to hyperechoic blurring of the 
ultrasoundd image during the RFA procedure by air bubbles. The second limitation relates to 
thee tumour localization. In our study several complications were related to the proximity of 
thee low flow major bile ducts where RFA may result in heat induced fibrosis and stenosis. A 
thirdd limitation is related to its percutaneous use; it does not allow adequate inspection of 
thee abdominal cavity for unexpected additional extrahepatic disease. Several questions need 
too be addressed regarding RFA application in the treatment of hepatic tumours. First, will 
RFAA be able to replace surgical resection of hepatic metastases? The combination of surgery 
forr resectable liver tumours and RFA for locally unresectable lesions holds promise as a 
treatmentt with curative intent. Whether this combination improves survival is yet to be 
proven.. It is clear that in our initial experience, adding resection to RFA brings the 
morbidityy rate to the level of resection only. Second, up to now the golden standard for 
unresectablee lesions is chemotherapy. Estimated one-, two-, and three-year survival rates 
afterr RFA are 93%, 69%, and 46% respectively, unrelated to the number of treated 
metastasess 19. The long-term outcome of RFA has to be proven. At this moment a new study 
iss launched by the European Organisation for Research and Treatment of Cancer (EORTC): 
Chemotherapyy combined with LOcal ablation Contra Chemotherapy alone (CLOCC trial) 
too evaluate the role of RFA in unresectable colorectal liver metastases. In comparison with 
otherr interstitial techniques RFA has the following advantages: tumours up to 5 cm in 
diameterr can be ablated (ethanol or acetic acid injection is only effective in tumours smaller 
thann 3 cm in diameter), the technique is relatively cheap (interstitial laser photocoagulation 
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andd microwave ablation is much more expensive) and in selected cases it can be carried out 

percutaneouslyy (where cryoablation has the inconvenience of an obligatory laparotomy / 

laparoscopy,, the potential complications of the cryoshock phenomenon and bleeding) 20~22. 

Inn the last decades a growing enthusiasm with minimally invasive techniques has resulted in 

thee emergence of a new therapeutic modality in thoracic surgical practice, the thoracoscopic 

resectionn of pulmonary lesions. Five year survival rates after pulmonary metastasectomy may 

bee as high as 30% 2 3 2 6. The advantages of thoracoscopic removal of solitary metastases are 

thee limited surgical trauma, which results in an improved postoperative recovery, shorter 

hospitall  stay, and decreased long-term morbidity 2 7 2 9. In chapter 6 we discuss the feasibility 

andd accuracy of this technique for metastatic lesions and conclude that a thoracoscopic 

resectionn followed by a "wait and see" policy can be considered as a viable treatment option 

forr patients with a solitary metastasis smaller than 3 cm and located in the periphery of the 

lung.. The retrospective comparison of metastasectomy by thoracoscopic wedge resection 

andd open thoracotomy is described in chapter 7. The results of this study suggest that 

thoracoscopicc resection of peripherally located metastasis is a potentially curative procedure 

withh an outcome that is comparable with that after resection by thoracotomy. However, 

fromm an oncological point of view the adequacy of using the minimal invasive thoracoscopic 

techniquee is questioned. CT scans may underestimate surgical findings (thoracotomy) in 

4 2%% of the patients 30. Thoracoscopy limits tactile examination of the lung, in contrast to 

thoracotomy,, which makes palpation possible. This limitation may result in missing some 

noduless and consequently in reduced long-term survival  3 I. In our series however, the 

incidencee of pulmonary recurrence, giving an impression of the accuracy of either method, 

wass comparable for the two different techniques, open and closed. It is suggested that missed 

lesionss by the thoracoscopic approach wil l not have influence on survival, as time to 

pulmonaryy recurrence is not a main determinant for survival, particularly in case of multiple 

metastasess which is a poor prognostic factor. Long-term survival is uncommon when more 

thann three metastases are found preoperatively 23'32. Patients with pulmonary recurrences 

afterr a complete lung metastasectomy by minimal invasive thoracoscopy may benefit from a 

secondd metastasectomy, either by thoracoscopy or thoracotomy. Repeated metastasectomies 

mayy prolong survival in some patients32. Further, the current generation of helical CT 

screeningg and positron emission tomography may identify nodules in the 2-3 mm range and 

couldd be helpful to identify metastases more accurately 33"35. Another limitation relates to 

thee tumour localization. Conversion to thoracotomy is necessary when the lesion identified 

onn preoperative CT scan cannot be found or when thoracoscopy poses technical problems. 

Inn general conversion is necessary in 35% of patients (chapter 6). Special attention to 

preventt port-site metastasis is warranted. These events may occur, albeit rarely (chapter 8). 

Basedd on our results in metastatic liver and lung disease, it seems plausible to extend the 

indicationn for metastasectomy to patients with metastases in both liver and lung. Six patients 

withh limited number synchronous hepatic and pulmonary metastases of colorectal origin 
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weree treated in this way. Although no long-term survivors were seen yet, we suggest 
consideringg carefully the possibility of metastasectomy in these cases since survival by this 
treatmentt option in selected patients seems to be better than after treatment with 
chemotherapyy alone (chapter 9). 

Concludin gg remark s 
Att the moment, surgical resection is the only approach that offers a chance of long-term 
survivall  and cure in patients with hepatic and pulmonary metastases due to lack of effective 
chemotherapyy regimens. In the last decades several technical improvements and 
developmentt of new surgical techniques have had a major impact on operative morbidity and 
mortalityy rates. With improved safety and favourable results of survival, the indications for 
resectionn of liver and lung metastases have expanded. Further improvements in imaging 
techniquess for detection of metastatic disease will lead to a better patient selection. More 
clinicall  studies are needed to prove the survival benefit of radiofrequency ablation of liver 
metastasess and thoracoscopic resection of pulmonary metastases. Further studies are also 
warrantedd to search for new chemotherapeutic agents and multimodality treatment 
scheduless consisting of surgical resection and / or ablation and chemotherapy. 
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Summar yy and conclusion s 

Thee aim of this thesis was to describe the results of surgical management of hepatic and 
pulmonaryy metastatic disease. Also the feasibility of two new surgical techniques, 
radiofrequencyy ablation of liver tumours and thoracoscopic metastasectomy was studied and 
firstfirst results reported. 

Chapterr 1 gives an introduction and outline of the thesis. 

Chapterr 2 provides insight in potentially prognostic factors for morbidity and mortality of 
liverr resection for metastatic cancer. We performed a stepwise logistic regression analysis in 
1366 patients and found the duration of surgery (P=0.002) and the amount of perioperative 
bloodd transfusion (P=0.001) as prognostic factors for postoperative complications in 
general.. A correlation was found between extended right hemihepatecomy and 
postoperativee bile duct related problems (P=0.006). The importance of technical measures 
too prevent complications has to be underlined; most importantly however, in this study no 
perioperativee factor was determined to be exclusionary when considering a patient for 
resection. . 

Chapterr 3 describes outcome of 102 patients who underwent liver resection for hepatic 
metastasess from colorectal origin and shows a regression analysis to determine potentially 
prognosticc factors for survival. No strong predictors were found. Survival seems to decrease 
withh increasing number of metastases found on CT (P=0.01). Estimated overall survival at 
twoo year is 71% and at five year 29%. Estimated survival at 2 year is 80% (SE 6%) for 
patientss with 1 lesion, 68% (SE 10%) for patients with 2 lesions, and 58% (SE 11%) for 
patientss with 3 or more lesions. At 5 year, survival is estimated to be 43% (SE 9%) for 1 
lesion,, 28% (SE 12%) for 2 lesions and 0% for 3 or more lesions. Median survival (95% 
Confidencee Interval) is estimated to be 52 months (4l-<*>) for 1 lesion, 30 months (22-91) 
forr 2 lesions, 23 months (14-38) for 3 lesions and 38 months (20-°°) for >4 lesions. From 
199 patients with solitary liver recurrence, six had a second metastasectomy of whom four are 
stilll  alive with a median follow up of 11 months. Adequate patient selection for surgical 
treatmentt is paramount in achieving long-term survival; patients with multiple liver 
metastasess or even with a recurrence after first resection may benefit. 

Chapterr 4 outlines a comparison of the results of resection of liver metastases of non-
colorectall  primary malignancies in our hospital and the survival data described in the 
literature.. This series comprised liver metastases from various primary tumours, such as 
carcinomas,, melanoma and sarcomas. The median disease free survival for 28 patients was 
122 months with an actuarial 5-year disease free survival of 20%. The 5-year overall survival 
wass 35% with a median survival of 25 months. These data suggest that hepatic surgery for 
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non-colorectall  primary tumours is a treatment option in highly selected cases. 

Chapterr 5 describes the combined initial experience of seven centres in the Netherlands with 
radiofrequencyy ablation (RFA) in 50 patients with malignant hepatic tumours with regard 
too complications and local tumour control. In seven patients the radiofrequency-ablated 
tumourss were resected and at histopathologic examination all tumours demonstrated non-
viablee tumour cells. Postoperative morbidity occurred in 14 patients and was in three cases 
relatedd to the RFA procedure with even one related death. One patient was lost to follow up. 
Mediann follow up of 41 patients was 11 months in which 26 patients developed a 
recurrence;; three of them at the RFA site after six to 12 months; 13 patients had recurrent 
metastasess elsewhere in the liver but no recurrence at the RFA site and 10 patients had extra-
hepaticc metastatic disease. Although RFA may provide a valuable technique for the local 
treatmentt of selected hepatic tumours, the results of this study show that there is a learning 
phasee and that the introduction of this technique is accompanied by morbidity and even 
mortality. . 

Chapterr 6 discusses the feasibility and accuracy of thoracoscopic resection of peripherally 
locatedd pulmonary metastases in 28 patients. The completeness of a thoracoscopic resection 
wass evaluated by confirmatory thoracotomy. It appeared technically impossible to perform 
aa thoracoscopic metastasectomy in ten of the 28 patients. In one patient a confirmatory 
thoracotomyy was not performed because the lesion was diagnosed as carcinoid. 
Histopathologicc examination of the specimens confirmed the resection to be radical in the 
remainingg 17 patients. At confirmatory thoracotomy however, in five of the 17 patients 
additionall  disease was found. The success rate of a complete thoracoscopic metastasectomy 
appearedd to be higher (P=0.01) in patients with one lesion found by preoperative CT-scan 
comparedd to patients with more than one lesion. We conclude that thoracoscopic resection, 
followedd by a "wait and see" policy, can be considered as a viable treatment option for 
patientss with a solitary metastasis smaller than three cm and located in the periphery of the 
lung. . 

Chapterr 7 deals with the survival of thoracoscopic metastasectomy versus metastasectomy by 
thoracotomyy in patients with a solitary pulmonary lesion, less than three cm in diameter and 
locatedd in the periphery of the lung. Patients experienced more complications following 
thoracotomyy compared to those who had a thoracoscopy (P=0.049). An intention to treat 
analysiss of 20 patients with histological confirmed metastasis demonstrated a 2-year disease 
freee and overall survival rate of 50% and 67% respectively following thoracoscopic 
metastasectomyy (n=8). Following metastasectomy by thoracotomy these percentages were 
42%% and 70% respectively (n=12). Recurrence of disease occurred in three of the patients 
afterr thoracoscopic metastasectomy and in five patients after metastasectomy by 
thoracotomy.. These results suggest that thoracoscopic resection of a solitary peripherally 
locatedd metastasis is a safe and potentially curative procedure with an outcome that is 
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comparablee with that after resection by thoracotomy. 

Chapterr 8 describes a patient with a port site recurrence after thoracoscopic resection of 
pulmonaryy metastasis of a rectal carcinoma. This case stresses the importance of careful 
manipulationn and concealed removal of malignant pulmonary lesions if the minimal 
invasivee technique is applied. 

Chapterr 9 presents a discussion of the validity of surgical treatment of synchronous liver and 
lungg metastases of colorectal origin in six patients. Although eventually all patients died of 
theirr disease, median survival was 29 months and the estimated overall survival at 2-year was 
60%% (SE 22%). We suggest carefully considering the possibility of metastasectomy in each 
patientt presenting with synchronous colorectal liver- and lung metastases, since survival by 
thiss treatment option in selected cases compares favourable to chemotherapy alone. 
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Dirr proefschrift is het resultaat van een evaluatie van gegevens, verzameld in Het Nederlands 
Kankerr Instituut- Antoni van Leeuwenhoek ziekenhuis, met betrekking tot de chirurgische 
behandelingg van een naar de lever of long gemetastaseerde kwaadaardige ziekte. Hierbij 
wordenn tevens de eerste ervaringen met twee nieuwe chirurgische technieken, te weten 
radiofrequencyy ablation van levertumoren en thoracoscopische resectie van longmetastasen 
bestudeerdd en de resultaten ervan beschreven. 

InIn hoofdstuk 1 worden een korte introductie en overzicht van dit proefschrift gegeven. 

Hoofdstukk 2 geeft: inzicht in prognostische factoren die van invloed kunnen zijn op de 
morbiditeitt en mortaliteit na partiële leverresectie voor levermetastasen. In een regressie-
analysee van 136 patiënten worden de volgende bevindingen gedaan. Er zijn géén 
preoperatievee factoren vastgesteld die patiënten op de voorhand al van operatieve 
behandelingg uitsluiten. Slechts twee prognostische factoren, met betrekking tot 
postoperatievee complicaties, worden als zodanig herkend: de benodigde hoeveelheid 
bloedtransfusiee tijdens een operatie (P=0,001) en de operatieduur (P=0,002). Het belang 
vann peroperatieve preventieve maatregelen teneinde het bloedverlies te beperken en daarmee 
dee operatieduur te verkorten zijn dan ook een logisch gevolg hiervan. Verder wordt een 
specifiekee relatie gevonden tussen een uitgebreide rechtszijdige leverresectie en galweg 
gerelateerdee postoperatieve complicaties (P=0,006). Techniek en ervaring lijken hierbij van 
belang. . 

Hoofdstukk 3 beschrijft de resultaten van 102 patiënten die een partiële leverresectie hebben 
ondergaann vanwege levermetastasen van colorectale oorsprong. Een regressie-analyse toonde 
geenn krachtige voorspellende factor voor de overleving. Wel lijk t de overlevingsduur af te 
nemenn naarmate er meer metastasen op de computer tomografie (CT) scan worden 
waargenomenn (P=0,01). De overall overleving na twee jaar is 71% en na vijfjaar 29%. De 
twee-jaarr overleving voor patiënten met één metastase op de CT scan is 80% (SE 6%), met 
tweee metastasen 68% (SE 10%) en met drie of meer metastasen 58% (SE 11%). Na vijfjaar 
iss dee overleving voor patiënten met één metastase 43% (SE 9%), met twee metastasen 28% 
(SEE 12%) en 0% voor patiënten met drie of meer metastasen. De mediane overleving is voor 
patiëntenn met één metastase 52 maanden (4l-°°), met twee metastasen 30 maanden (22-
91),, met drie metastasen 23 maanden (14-38) en 38 maanden (20-°°) voor patiënten met 
vierr of meer metastasen. Dat een recidief in de lever na eerdere partiële leverresectie geen 
infaustee prognose hoeft te hebben, toont onze ervaring dat van de 19 patiënten die na 
leverresectiee uitsluitend een recidief in de lever kregen, zes patiënten alsnog een tweede 
leverresectiee ondergingen. Vier van hen zijn in leven met een mediane follow-up van 11 
maanden. . 
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Eenn adequate patiëntenselectie voor chirurgische behandeling vormt de basis voor het 
bereikenn van langetermijnoverleving; zelfs patiënten met meerdere metastasen of een recidïef 
naa een eerdere resectie, kunnen dan baat hebben bij een chirurgische behandeling. 

Inn hoofdstuk 4 worden de resultaten van resectie van levermetastasen van niet-colorectale 
oorsprongg vergeleken met de resultaten die in de literatuur beschreven zijn. Deze serie bevat 
levermetastasenn van verschillende primaire tumoren, zoals carcinomen, melanomen en 
sarcomen.. De mediane ziektevrije overleving voor 28 patiënten was 12 maanden met een 
vijf-jaarr ziektevrije overleving van 20%. De vijf-jaar overall overleving was 35% met een 
medianee overleving van 25 maanden. 
Dezee gegevens suggereren dat zelfs voor geselecteerde patiënten met metastasen van niet 
colorectalee oorsprong partiële leverresecrie een behandelingsoptie is. 

Hoofdstukk 5 beschrijft de gezamenlijke eerste ervaringen van zeven centra in Nederland met 
radiofrequencyy ablation (RFA) bij 50 patiënten met een maligne levertumor met betrekking 
tott complicaties en locale tumorcontrole. Bij zeven patiënten werden de met RFA 
behandeldee tumoren gereseceerd, zodat de effecten van RFA op weefselniveau onderzocht 
kondenn worden. Bij histopathologisch onderzoek werden bij alle gereseceerde tumoren niet-
levensvatbaree cellen aangetoond. Bij 14 patiënten bleek er postoperatief sprake te zijn van 
eenn complicatie, in drie gevallen bleek de complicatie mede gerelateerd aan de RFA 
procedure,, één van deze drie patiënten is overleden. De mediane follow-up van de 41 
patiëntenn bij wie de tumor na RFA niet verwijderd was (één patiënt is overleden, van één 
patiëntt is de follow-up niet compleet en zeven patiënten hebben een resectie ondergaan na 
RFA)) was 11 maanden, waarin 26 patiënten een recidief ontwikkelden. Zes tot twaalf 
maandenn na de ingreep kregen 3 patiënten een recidief in de lever ter plaatse van cq 
grenzendd aan het behandelde gebied. Dertien patiënten kregen een recidief in de lever, maar 
opp een andere plaats en 10 patiënten ontwikkelden een recidief buiten de lever. 
Ofschoonn RFA een elegante en waardevolle techniek lijk t te zijn in de behandeling van 
geselecteerdee levertumoren, tonen de resultaten van deze studie dat er sprake is van een 
leercurve,, dat de introductie van deze techniek niet zonder morbiditeit en zelfs mortaliteit is 
enn dat het een lokale behandeling betreft met alle beperkingen daarvan. 

Inn hoofdstuk 6 wordt de toepasbaarheid, nauwkeurigheid en volledigheid van 
thoracoscopischee resectie van perifeer gelegen longmetastasen beschreven bij 28 patiënten. 
Evaluatiee van de volledigheid van de thoracoscopische resectie werd middels een 
thoracotomiee in dezelfde sessie uitgevoerd. Bij tien van de 28 patiënten bleek 
thoracoscopischee resectie van de longmetastasen niet mogelijk. Bij één patiënt werd er geen 
thoracotomiee uitgevoerd omdat bij histopathologisch onderzoek bleek dat er sprake was van 
eenn carcinoid. Histopathologisch onderzoek van de thoracoscopisch gereseceerde metastasen 
bijj  de overige 17 patiënten toonde vrije resectieranden. Bij vijf van de 17 patiënten werd er 
bijj  de thoracotomie in andere plaatsen van de long nog additioneel tumorweefsel 

108 8 



Samenvattingg en conclusies 

aangetroffen.. Het succespercentage van een thoracoscopische metastasectomie blijkt bij 
patiëntenn met één metastase hoger te zijn dan bij patiënten met meer dan één metastase op 
dee preoperatieve CT scan (P=0,01). 
Eenn thoracoscopische resectie, gevolgd door een goede follow-up, kan als behandelingsoptie 
overwogenn worden voor patiënten met een solitaire, perifeer gelegen longmetastase welke 
kleinerr is dan 3 centimeter. 

InIn hoofdstuk 7 wordt de overleving van patiënten met een solitaire, aan de oppervlakte van 
dee long gelegen laesie met een diameter kleiner dan drie cm die met behulp van 
thoracoscopiee behandeld werden, vergeleken met die van overeenkomstige patiënten die een 
thoracotomiee ondergingen. Patiënten die metastasectomie middels thoracotomie 
ondergingenn ontwikkelden meer complicaties dan patiënten die behandeld werden middels 
thoracoscopiee (P=0,049). Een "intention to treat" analyse van 20 patiënten, bij wie 
metastaseringg histopathologisch bewezen was, toonde een 2-jaar ziektevrije en overall 
overlevingg van respectievelijk 50% en 67% voor patiënten die metastasectomie door middel 
vann thoracoscopie (n=8) ondergingen. Indien metastasectomie middels thoracotomie plaats 
vondd (n=12) waren deze percentages respectievelijk 42% en 70%. Bij drie patiënten die 
metastasectomiee door middel van thoracoscopie ondergingen en bij vijf patiënten bij wie 
dezee ingreep door middel van thoracotomie plaatsvond, ontwikkelden zich opnieuw 
metastasen. . 
Dezee resultaten suggereren dat een thoracoscopische resectie van een solitair en oppervlakkig 
gelegenn metastase een veilige en in opzet curatieve procedure kan zijn waarbij de resultaten 
tee vergelijken zijn met die van metastasectomie middels thoracotomie. 

Inn hoofdstuk 8 wordt een patiënt beschreven die, na het ondergaan van een 
thoracoscopischee resectie van een longmetastase afkomstig van rectumcarcinoom, een "port 
site""  metastase ontwikkelde. In deze casus wordt nadruk gelegd op het belang van 
zorgvuldigee manipulatie van het tumorweefsel om contaminatie ter plaatse van de "port site" 
tee voorkomen. 

Hoofdstukk 9 beschrijft onze observaties en ervaringen bij de chirurgische behandeling van 
synchronee lever- en longmetastasen van colorectale oorsprong bij zes patiënten. Hoewel 
allenn zijn overleden aan hun ziekte, was de mediane overleving 29 maanden en de 2-jaar 
overalll  overleving 60% (SE 22%). Deze resultaten suggereren dat bij dergelijke patiënten 
chirurgischee behandeling overwogen moet worden, aangezien in geselecteerde gevallen de 
overlevingg beter lijk t te zijn dan wanneer behandeling met alleen chemotherapie plaats 
vindt. . 

Slotopmerkinge n n 
Opp dit moment is voor patiënten met lever- en longmetastasen chirurgische resectie de enige 
behandelingg die kans biedt op langdurige overleving dan wel genezing. Behandelingen met 
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regionalee en systemische chemotherapie zijn tot op heden onvoldoende effectief gebleken. 
Inn de laatste decennia zijn de morbiditeit en mortaliteit van lever- en longchirurgie 
beduidendd afgenomen door verbetering van ondersteunende en chirurgische technieken. 
Hierdoorr en door gunstige overlevingsresultaten zijn de indicaties voor lever- en 
longmetastasectomiee uitgebreid. Verdere verbetering van beeldvormende technieken zal 
leidenn tot betere selectie van patiënten. Meer klinische studies zijn nodig om de 
langetermijnresultatenn aan te tonen van radiofrequency ablation voor levermetastasen en 
vann thoracoscopische resectie voor longmetastasen. Tevens zal onderzoek moeten plaats 
vindenn naar de effectiviteit van behandelingen waarbij een chirurgische resectie van 
metastasenn gecombineerd wordt met nieuw ontwikkelde chemotherapeutica. 
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Dankwoord d 

Dee afgelopen vijf jaar in het Antoni van Leeuwenhoek ziekenhuis was een stimulerende 
periode.. Het is een ziekenhuis waarbij samenwerking de gewoonste zaak van de wereld is en 
iedereenn zeer toegankelijk en behulpzaam is. Mede hierdoor is het voor mij mogelijk geweest 
omm in mijn vrije tijd dit promotieonderzoek te kunnen voltooien. 
Eenn aantal personen wil ik in het bijzonder bedanken. 

Allereerstt mijn promotor, prof.dr. B.B.R. Kroon. Beste prof. Kroon, uw betrokkenheid en 
precisiee zijn de kroon op mijn werk. Met name in de laatste fase van het onderzoek heb ik 
meerr met u mogen samenwerken. Uw enthousiasme en inspanningen bij de laatste artikelen 
zorgdenn voor een kwaliteitsverbetering, zowel inhoudelijk als taalkundig. Ik dank u voor de 
mogelijkhedenn die u mij heeft geboden. 

Zeerr veel dank ben ik verschuldigd aan mijn co-promotoren, dr. EJ.Th. Rutgers en dr. F. 

vann Coevorden. 
Bestee Emiel, jij hebt mij binnengehaald in het AvL. Mij n eerste wetenschappelijke 
uitspattingenn heb ik op jouw computer mogen vastleggen. Jouw tijd, rust, educatieve 
vermogenn en enthousiasme waren een voorbeeld en grote stimulans. Zonder jou was dit niet 
tott stand gekomen. Dank. 
Bestee Frits, naast de bijdrage aan mijn wetenschappelijke vorming heb jij ook aan de basis 
gestaann van mijn klinische ervaringen als supervisor in mijn AGNIO periode. Jouw 
gedrevenheidd en humor zijn aanstekelijk. Ik heb het als bijzonder ervaren dat ik bij jou thuis 
mett het gezin Van Coevorden mee mocht eten; dit was iedere keer weer een goede basis voor 
eenn avond wetenschap. Frits en gezin, bedankt. 

All ee coauteurs wil ik bedanken voor hun essentiële bijdrage aan de verschillende artikelen, in 
hethet bijzonder ir. A.A.M. Hart. Beste Guus Hart, dank voor de fenomenale statistiek. 
Sommigee retrospectieve studies werden zo erg interessant. 

Hett secretariële personeel, in het bijzonder Elma en Ivy, wil ik bedanken. Dankzij julli e werk 
overdagg kon ik 's avonds toch weer verder. 

Prof.dr.. T.M. van Gulik, prof.dr.mr. B.A.J.M. de Mol, prof.dr. DJ. Richel, prof.dr. CJ.H. 
vann de Velde en prof.dr. J. Verweij, bedankt voor het plaatsnemen in de promotiecommissie. 

Lievee Anja, jij bent de enige uit mijn vriendenkring die weet wat het is om wetenschappelijk 
onderzoekk te doen. Je bent een prachtige persoonlijkheid en een fijne vriendin. Ik ben blij 
datt je mijn paranimf wilde zijn. 

Bestee Jack, tijdens mijn studie geneeskunde heb jij me al erg geholpen (tentamen 
psychiatrie).. Gedurende mijn promotietijd was jij altijd geïnteresseerd in ieder artikel. Een 
vriendd van het eerste uur. Ook jij bedankt dat jij mijn paranimf wilde zijn. 

Restt mij nog mijn ouders, zusjes en aanhang te bedanken wiens steun er altijd was en is. 
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Stellingenn bij het proefschrift 

SURGICALL TREATMENT OF LIVER AND LUNG METASTASES 
NEWW TECHNIQUES AND OUTCOMES 

1.. Voor patiënten met levermetastasen van colorectale oorsprong vormt een chirurgische 

behandelingg de basis voor het bereiken van langetermijnoverleving. (Dit proefschrift) 

2.. Ondanks dat tumoren van non-gastrointestinale oorsprong niet specifiek naar de lever 

metastaseren,, heeft een geselecteerde patiëntengroep uit deze populatie baat bij een 

metastasectomie.. (Dit proefschrift) 

3.. Radiofrequente thermoablatie blijkt een elegante en waardevolle lokale techniek bij de 

behandelingg van geselecteerde levertumoren; de introductie van deze methode gaat 

echterr gepaard met meer morbiditeit dan verwacht. (Dit proefschrift) 

4.. Het resultaat van thoracoscopische resectie van een solitaire, oppervlakkig gelegen 

longmetastasee is te vergelijken met dat van metastasectomie middels thoracotomie. 

(Ditt proefschrift) 

5.. Het is de vraag of in de toekomst een chirurgische resectie van lever- en longmetastasen 

zijnn dominante rol zal blijven spelen. 

6.. Een slechtziende kan de feiten scherper zien dan een helderziende. 

7.. Een spelend Oranje kan worden beschouwd als een virus, aangezien er de dag na de 

wedstrijdd 20% meer ziekteverzuim is. (EK 2004) 

8.. Zonder goede marketing is een proefschrift niets waard. 

9.. Alhoewel de "citation-index" van De Telegraaf nihil is, is het effect van een publicatie 

inn deze krant heftiger dan in een gerenommeerd tijdschrift. 

10.. Een promotie maakt je een titel rijker en een "s" armer. 

Amsterdam,, 5 oktober 2004 

Eduardd Mutsaerts 






	Cover
	Titlepage
	Contents
	1 General introduction and outline of the thesis
	2 Perioperative morbidity in hepatic surgery
	3 Prognostic factors and evaluation of surgical management of hepatic metastases from colorectal origin. A 10 year single institute experience
	4 Metastasectomy for liver metastases of non-colorectal primaries
	5 Initial experience with radiofrequency ablation for hepatic tumours in the Netherlands
	6 Outcome of thoracoscopic pulmonary metastasectomy evaluated by confirmatory thoracotomy
	7 Long term survival of thoracoscopic metastasectomy versus metastasectomy by thoracotomy in patients with a solitary pulmonary lesion
	8 Port site metastasis as a complication of thoracoscopic metastasectomy
	9 Synchronous liver and lung metastases of colorectal origin: is surgery an option?
	10 General discussion
	11 Summary and conclusions Samenvatting en conclusies
	Dankwoord
	Curriculum Vitae
	Stellingen bij het proefschrift
	Cover

