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Abstract 

Background: Resection and/or ablation of colorectal liver metastases 
(CRLM) is increasingly common and long-term results are improving. In 
this thesis prognosis of CRLM is studied in a wide perspective, with focus 
on common clinical factors to consider in preoperative decision making. 

Study I-III: Data on radically resected colorectal cancer (CRC) was col-
lected from the Swedish Colorectal Cancer Registry (SCRCR) and patients 
also treated for CRLM were identified in the Swedish Registry for Liver 
Cancer (Sweliv). A total of 1325 patients were treated for CRLM with a 5-
year relative survival (RS) >50%, also for patients ≥75 years of age. Com-
plications from the primary tumor resection and primary tumor characteris-
tics had a large impact on long-term survival after treatment of CRLM. Liver 
metastasis >20 mm, was associated with increased risk. Number of tumors 
was of less importance when tumor location was considered. Ablation dou-
bled the risk of death within 5 years in a propensity score analysis. Postop-
erative complications (POC) were registered for 24% of all patients and were 
associated with inferior 5-year RS and prolonged hospital stay. Laparo-
scopic technique lowered the risk for POC. 

Study IV-V: The study cohort was based on the randomized COLOFOL 
trial and included patients with recurrent disease after radically resected 
CRC. All recurrences within 5 years postoperatively were identified and 
medical files were scrutinized. Out of 2442 patients, 471 developed any kind 
of local recurrences or metachronous metastases of which 48% were treated 
with curative intent. Over 90% of the 235 patients with CRLM were assessed 
in multidisciplinary tumor boards, 123 (52%) were treated with curative in-
tent with subsequent 5-year overall survival (OS) of 58%. High frequency 
follow-up after primary tumor resection was a positive prognostic factor for 
patients with CRLM. 

Conclusion: Prognosis of CRLM depend on patient, primary tumor, meta-
static pattern, and choice of treatment. After multidisciplinary assessment, 
high resection rates and long-term survival are achievable. 

Keywords: Colorectal liver metastases, prognostic factors, primary tumor, resec-
tion, ablation, postoperative complications, resectability, follow-up 
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Sammanfattning 

Bakgrund 

Tjock- och ändtarmscancer (kolorektal cancer, CRC) är en av de vanligaste 
cancerformerna över hela världen. I Sverige insjuknar ungefär 6 500 perso-
ner varje år. I huvudsak är det äldre som drabbas men sjukdomen drabbar 
även yngre. Med åren har diagnostik och behandling av CRC utvecklats och 
numera kan omkring 70% av alla patienter opereras och därtill ofta, bero-
ende på riskfaktorer, erbjudas kompletterande onkologisk behandling med 
strålning och/eller cytostatika. Mer än hälften av alla som diagnostiseras 
med CRC i Sverige lever i fem år eller mer efter diagnosen. Trots förbättrade 
möjligheter till bot står CRC för omkring en tiondel av alla cancerdödsfall 
världen över, ofta till följd av icke behandlingsbara primär- eller dottertu-
mörer (metastaser). 

Tidig upptäckt av metastaser kan vara av betydelse för möjligheten till bo-
tande behandling. I Sverige följs patienter i tre år efter operation av CRC. 
Detta enligt standardiserade uppföljningsprogram, vilka föreskriver regel-
bundna röntgenundersökningar och blodprovstagning av CEA, ett specifikt 
protein som fungerar som markör för CRC. En stor andel av de patienter 
som utvecklar levermetastaser efter kolorektal cancer (CRLM) opereras idag 
med goda resultat. Minimalinvasiva tekniker är på frammarsch och laparo-
skopisk kirurgi (titthålskirurgi) har visat sig leda till såväl förkortade vårdti-
der som minskad risk för komplikationer. Ablation av CRLM (lokal 
behandling av tumören som hettas upp och destrueras, oftast med radiovågor 
eller mikrovågor) har också fått ett allt större genomslag. Detta framför allt 
för små tumörer som är otillgängliga för operation och i de fall patienten inte 
förväntas tåla stor kirurgi. 

I multidisciplinära konferenser träffas olika specialister såsom kirurger, 
onkologer, radiologer och kontaktsjuksköterskor för att diskutera behand-
lingsmöjligheter i individuella fall. Med god bakgrundskunskap om vilka 
riskfaktorer hos patient, primärtumör och metastaseringsmönster som påver-
kar överlevnad på lång sikt, kan möjligheterna till rätt behandlingsval av 
CRLM öka, samtidigt som onödig behandling utan vinst för patientens hälsa 
kan undvikas. 
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Delarbete I-III 

I delarbete I-III inhämtade vi data från två svenska nationella kvalitetsregis-
ter för alla patienter diagnostiserade med CRC under åren 2009 till 2013 
(Svenska kolorektalcancerregistret, SCRCR) och som sedan behandlats för 
CRLM (Svenska levercancerregistret, Sweliv). Femårsöverlevnaden efter 
resektion och/eller ablation av CRLM var över 50%. I den första studien 
identifierades prognostiska faktorer avseende patienten och den kolorektala 
primärtumören som är av betydelse också vid behandling av CRLM. I det 
andra delarbetet studerades dessa faktorer i relation till metastasernas om-
fattning i levern, spridning utanför levern och val av behandlingsmetod. I 
det tredje delarbetet studerade vi riskfaktorer för att utveckla komplikationer 
efter kirurgisk behandling och deras betydelse för långtidsöverlevnad. 

Komplikationer i samband med primärtumörsoperationen och primärtumö-
rens biologi var viktiga prognostiska faktorer, även efter operation av efter-
följande levermetastaser. Ytterligare metastaser utanför levern var en uttalad 
riskfaktor, men också levermetastasernas storlek och lokalisation i levern. 
Patientens ålder var av mindre betydelse för utfallet, även om färre äldre 
blev opererade jämfört med yngre patienter. För patienter behandlade med 
ablation var risken att dö inom fem år dubbelt så stor som för opererade 
patienter. Var fjärde patient utvecklade komplikationer efter leverkirurgi vil-
ket var associerat med längre vårdtider och försämrad långtidsöverlevnad. 
Användande av laparoskopisk teknik minskade både antalet komplikationer 
och genomsnittlig vårdtid. 

Delarbete IV-V 

I delarbete IV-V baserades studiepopulationen på COLOFOL-studien, en 
randomiserad studie som inkluderade patienter mellan 2006 och 2010 för att 
utvärdera hur högfrekvent uppföljning av radikalt opererad CRC påverkar 
överlevnaden på lång sikt jämfört med ett lågfrekvent uppföljningsprogram. 
Alla studiepatienter i Sverige och Danmark som utvecklade metastaser inom 
fem år journalgranskades enligt ett särskilt utarbetat uppföljningsprotokoll 
och överlevnadsdata för de följande fem åren efter upptäckten av kolorektala 
metastaser hämtades från respektive befolkningsregister. I det fjärde delar-
betet studerades spridningsmönster och möjligheten till potentiellt botande 
behandling för alla patienter med kolorektala fjärrmetastaser eller lokalreci-
div. I det sista delarbetet studerades överlevnad och möjlighet till potentiellt 
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botande behandling för patienter med CRLM samt betydelsen av högfre-
kvent uppföljning efter primärtumörsoperationen för dessa patienter. 

Av alla patienter med radikalt behandlad CRC utvecklade ungefär var femte 
patient metastaser eller lokalrecidiv under uppföljningstiden, de flesta inom 
tre år. Riskfaktorer för återfall var rökning, diabetes och primärtumörsstadie. 
Ändtarmscancer innebar en högre risk för metastaserad sjukdom jämfört 
med tjocktarmscancer. Tilläggsbehandling med kemoterapi efter behandling 
av CRC hade en skyddande effekt. Nära hälften av alla patienter med återfall 
kunde erbjudas potentiellt botande behandling och patienter med CRLM 
kunde genomgå kirurgisk behandling i 52% av fallen. Av alla patienter som 
behandlades för CRLM levde nära 60% i fem år eller mer. För patienter med 
CRLM fanns det en överlevnadsvinst i att ha följts upp med högfrekvent 
uppföljning efter primärtumörsoperationen. 

Sammanfattningsvis kan de flesta patienter som utvecklar CRLM efter att 
ha blivit behandlade för sin primärtumör idag erbjudas kirurgisk behandling. 
Prognosen är beroende av patientfaktorer, primärtumörsbiologi, metasta-
seringsmönster och val av behandling. Höga överlevnadssiffror också för 
patienter med riskfaktorer belyser betydelsen av standardiserad uppföljning 
och individuellt multidisciplinärt omhändertagande för alla patienter. 
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Abbreviations 

ALLPS     Associating liver partition and portal vein ligation  
       for staged hepatectomy 
ASA  American Society of Anesthesiologists’ Physical Status 

Classification System 
BRAF     B-RAF Protooncogene 
BSC      Best supportive care 
CEA      Carcinoembryonic antigen 
CD      Clavien-Dindo Classification of surgical complications 
CI       Confidence interval 
CIMP      CpG methylator phenotype pathway 
CIN      Chromosomal instability 
CRC      Colorectal cancer 
CRLM     Colorectal liver metastases 
CT       Computed tomography 
ctDNA     Circulating tumor DNA 
EGFR      Epithelial growth factor receptor 
EMRR     Excess mortality rate ratio 
HR      Hazard ratio 
IRR      Incidence rate ratio 
KRAS     Kirsten rat sarcoma viral oncogene 
LNR      Lymph node ratio 
MDT      Multidisciplinary tumor board 
MMR      Mismatch repair 
MRI      Magnetic resonance imaging 
MSI      Microsatellite instability 
MWA      Microwave ablation 
OS       Overall survival 
POC      Postoperative complications 
PVE      Portal vein embolization 
RFA      Radiofrequency ablation 
RS       Relative survival 
SCRCR      Swedish Colorectal Cancer Registry 
Sweliv      Swedish Registry for Liver Surgery 
US       Ultrasound 
VEGF     Vascular endothelial growth factor 
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1. Introduction 

1.1 Colorectal cancer 

2.2.2 Epidemiology  

Colorectal cancer (CRC) is one of the most common cancers world-wide with 
about 1.9 million new cases diagnosed every year, only outrun by lung cancer, 
prostate cancer in men and breast cancer in women. Although causing almost 10% 
of all cancer deaths globally every year (935 000 deaths in 2020), cure after sur-
gical treatment is achievable and 5-year overall survival (OS) rates over 50% is 
frequently reported in developed countries. Since CRC in general is a disease of 
older patients, many deaths can be explained by other causes and relative survival 
(RS) rates are even higher. In Sweden about 4500 cases of colon cancer and about 
2000 cases of rectal cancer are diagnosed every year with a 5-year RS of almost 
70%. Colon cancer is diagnosed in about equal numbers in men and women, but 
rectal cancer is more common for men (60% in Sweden in 2020) 1, 2. 

qe last wA or QA years the incidence of CRC has risen, particularly in western 
countries. Global differences are illustrated by incidence rates in developed world 
regions as Europe, Australia/New Zealand and Northern America being close to 
PA times higher than in most African regions. To some extent, these differences 
depend on longer life expectancy and aging populations in transitioned countries, 
where most patients diagnosed are now MA years or older (QP% in Sweden 
in @A@A) %-'. Higher incidences of CRC in developed countries have also been at-
tributed to dietary and sedentary lifestyle factors. qis is supported by an increased 
risk observed for migrant populations from non-industrialized countries in regions 
with higher incidences of CRC. Hence, differences reduce as more countries adopt 
to western lifestyles and increasing global rates can be expected as the world gets 
richer. However, changes in lifestyle and dietary factors, as well as introduction 
of screening programs with resection of tumor precursors (adenomatous polyps) 
may stabilize or decrease incidences in highly developed countries '-(. 
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2.2.: Etiology 

Colorectal cancer is typically developed by differentiation from normal epithelial 
cells in the intestinal lumen to adenoma and later adenocarcinoma, referred to as 
the adenoma-carcinoma sequence. The constant tearing of intestinal epithelium in 
the colon and rectum entails a high cell division rate, with the potential of colo-
rectal carcinogenesis by accumulation of unfavorable gene mutations 6, 7. Hence, 
CRC gets more common with higher age, although lifestyle factors as high alcohol 
consumption, long-term smoking, consumption of red or processed meat and obe-
sity have the potential to promote this process, either by direct carcinogenic effects 
or due to induced inflammation in the colon and rectum 8-11. 

Most colorectal tumors are believed to be non-hereditary, i.e., arise sporadically, 
but strong dividing lines between environmental and hereditary genesis are pre-
carious. For example, the increased risk associated with inflammatory bowel dis-
ease (IBD) has been attributed environmental factors that affect intestinal 
microbiome, but IBD is at the same time strongly correlated to family history 12. 
About one quarter of all CRC cases are considered familial in some way, related 
to inherited gene mutations or lifestyle. 

qe most important molecular pathways of colorectal carcinogenesis described are 
chromosomal instability (CIN; NA-Nw% of all CRC), microsatellite instability 
(MSI; Pw-@A%) and less common, the CpG methylator phenotype pathway 
(CIMP) %', %,. qe CIN pathway is led by mutations of specific oncogenes or sup-
pressor genes. qis process typically starts with inactivation of the tumor suppres-
sor APC gene and formation of non-malignant adenomas, also mentioned polyps. 
Additional point mutations of oncogenes, in a time span of many years, promotes 
the transformation to adenocarcinoma. Specific key-genes have been identified in 
this process including TPwR mutations, an important tumor suppressor gene regu-
lating cell division in uncontrolled ways, and RAS mutations, e.g., the KRAS on-
cogene. qe K-Ras protein signals to the cell’s nucleus via the MAPK signaling 
pathway, instructing the cell to grow and divide. 

The MSI pathway is explained by loss of DNA repair mechanisms and thereby 
hypermutability. Inactivation of specific mismatch repair genes (MMR) constrains 
the ability to repair short DNA chains during replication, leading to accumulated 
amounts of mutations. When affecting frames of oncogenes or suppressor genes 
it will promote tumor development. In the CIMP, hypermethylation of DNA pro-
moter regions inactivates transcription and causes silencing of suppressor genes 
epigenetically. CIMP tumors are often associated with MSI and both of these path-
ways are associated with BRAF mutations. The B-Raf protein is like K-Ras part 
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of an intracellular signaling system, affecting cell proliferation and resistance to 
apoptosis. 

Specific hereditary syndromes, overrepresented for patients under 50 years of age, 
are rare and represents about 2-5% of all CRC cases. The most common of these 
are Lynch syndrome caused by germline mutations affecting DNA repair mecha-
nisms leading to microsatellite instability, i.e., the MSI pathway, and Familial ad-
enomatous polyposis (FAP) leading to the formation of multiple polyps with 
malignant potential due to a germline mutation in the APC gene, thus representing 
the CIN pathway 15. 

2.2.; Staging 

In the TNM-classification, CRC is categorized depending on primary tumor 
growth (T-stage), local lymph node metastases (N-stage) and distant metastases 
(M-stage). For stage I-II, the cancer is limited to the bowel, for stage III local 
lymph nodes are involved and for stage IV distant metastatic disease is established 
(Table 1). 

 

Table 1. Stage of colorectal cancer according to the TNM-classification.  

  
Stage 

 
TNM 
 

 
5-year RS* 
Colon 
 

 
5-year RS* 
Rectum 

 
I 
 

 
T1-2, N0, M0 

 
94% 

 
95% 

II T3-4, N0, M0 91% 
 

85% 
 

III T1-4, N1-3, M0 70% 68% 
 

IV M1 14% 17% 
 

*5-year relative survival for patients registered in the Swedish registry for colorectal cancer in 
2014-2020. RS, Relative survival. 
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Tumor stage (T-stage) depends on the depth of tumor growth in the intestinal wall. 
T1 tumors are limited to the submucosa, T2 tumors involve the muscularis propria, 
T3 tumors invade through the muscularis propria and into the subserosa and in T4, 
the tumor has grown through all layers of the colon or rectum and into the visceral 
peritoneum (T4a) or adjacent organs (T4b; Figure 1). Locally advanced tumors 
are troublesome in several perspectives. The local extension could make it inop-
erable and there is an increased risk of local recurrences if resected. T4 tumors are 
also associated with higher risk of local lymph node involvement, carcinomatosis 
and distant metastases 16. 

Figure 1. T-stage according to the TNM-classification. Illustrator: Kristin Scherman. 

Nodal stage (N-stage) is graded depending on spread of cancer cells to regional 
lymph nodes near the colon and rectum. In N1, tumor cells are found in up to three 
lymph nodes and in N2, malignant cells are found in four or more lymph nodes. 
Positive N-stage is associated with inferior recurrence free survival in CRC and 
the risk increases with more lymph nodes involved 17. Improved survival has been 
noticed for patients with a higher number of lymph nodes retrieved for examina-
tion, and a therapeutic benefit from central resections has been stated 18. 

Additional histopathological factors of the primary tumor are of relevance for 
prognosis and the postoperative discussion of additional oncological treatment. 
Tumor grade is microscopically assessed by a pathologist. Low-grade tumors have 
well-differentiated cell structures similar to normal cells with glandular formation 
in 50% or more of the tumor, they are considered slower growing and associated 
with a lower risk of metastatic spread. On the contrary, high-grade tumors are 
constituted by poorly differentiated tumor cells, mostly solid with <50% glandular 
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formation, considered more aggressive with poorer prognosis. The involvement 
of lymphatic or blood vessels (vascular invasion) or growth into peripheral nerves 
(perineural invasion) are possible routes of metastatic spread to regional lymph 
nodes or distant locations and associated with a higher risk of recurrences. Fur-
thermore, the presence of isolated malignant cells in the colorectal tumor front, 
i.e., tumor budding, and more vigorous, tumor deposits in pericolic or perirectal 
mesenteric fat tissues are associated with inferior long-term survival 19, 20. 

Curatively intended treatment of stage IV disease is nowadays increasingly com-
mon and survival rates following palliative chemotherapy of unresectable CRC 
has improved, with achievable median survival of about 2 years 21. However, di-
agnosis at earlier stage is of great prognostic value. Screening as a method for 
early detection with the goal to resect premalignant polyps and CRC of early stage 
has therefore been introduced 5. Studies have proven screening to change the dis-
tribution of stages and reduce mortality rates 22. The two main methods are colon-
oscopy, which is more resource intensive, and testing of occult blood in stool (with 
subsequent colonoscopy if detected). Screening with fecal samples is now imple-
mented in many regions in Sweden. 

2.2.; Treatment 

The main objective of CRC treatment is radical resection (R0), i.e., no tumor cells 
in the microscopic resection margins, and is crucial to avoid locoregional recur-
rences. A minimum of 12 lymph nodes should be identified in the colorectal re-
section, although not included in the definition of radicality. This is accomplished 
by standardized resections depending on the vascular support for different parts 
of the colon and rectum.  

Staging of CRC will help to determine possible benefit of neoadjuvant or adjuvant 
oncological treatment. For rectal cancer, preoperative radiation in combination 
with chemotherapy is gold standard for advanced tumors to decrease the risk of 
local recurrences and to enable resection of advanced tumors. For colon cancer, 
preoperative chemotherapy is established for irresectable tumors involving adja-
cent organs (T4b). The goal with postoperative (adjuvant) chemotherapy of CRC 
is to eradicate microscopic metastases and thereby lower the risk of recurrent dis-
ease. For colon cancer, adjuvant treatment decreases the relative risk to develop 
metachronous metastases with about 30% 23 and chemotherapy is recommended 
for all stage III tumors and for some stage II tumors with high risk, e.g., T4, low 
differentiation grade, and vascular or perineural invasion 20, 24. For rectal cancer 
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the benefit of adjuvant treatment is less clear, especially when already treated pre-
operatively with chemoradiation 25. 

For a long time, Fluoropyrimidine (5-FU) was the only effective chemotherapy on 
the market for CRC and subsequent metastatic disease. 5-FU has with time been 
accompanied by several complementary alternatives, including irinotecan and ox-
aliplatin with increasing effect from combined treatments 26. In addition, specific 
targeted drugs, e.g., vascular endothelial growth factor inhibitors (VEGF antibod-
ies) and epithelial growth factor receptor inhibitors (EGFR antibodies), have been 
introduced. The effectiveness of these targeted treatments is sometimes limited 
when specific oncogene mutations occur, e.g., EGFR antibodies which are 
dependent on KRAS and BRAF wildtypes to inhibit the MAPK signaling 
pathway 27. An example of immunotherapy is checkpoint-inhibitors that bind to 
regulatory T cells and activate an immune response on cancer cells. MMR defi-
ciency is associated with inferior response to chemotherapy but is predictive of 
response to immunotherapy 28. Hence, genetic mapping is to some extent already 
established in tailored oncological treatment of CRC. 

2.2.> Metastases 

Cancer deaths are most often related to metastatic disease. CRC is generally slow 
growing and clinical symptoms, including change in bowel habits, rectal bleeding, 
weight loss, fatigue, or pain, can present when an advanced stage of the disease is 
already manifested. In about 10-20% of all CRC, synchronous metastases are de-
tected at diagnosis (stage IV) with an observed 5-year RS in Sweden of only 14% 
for colon cancer and 17% for rectal cancer 2, 29. 

Some 30% of all patients have been reported to develop metachronous metastases 
in earlier estimations, including higher rates of local recurrences than for popula-
tions of today. Following high resolution imaging at time of the primary that op-
timize the possibility of detection in the synchronous setting and improved 
multimodal treatment options, rather about 20% of all patients present with meta-
chronous metastases after radical resection of CRC in modern materials 30, 31. In a 
recent population-based study from the Netherlands of 5412 patients treated with 
curative intent for stage I-III CRC, only 14% developed metachronous metastases 
and a 3-year OS of 35% from diagnosis of metastases was observed 32. 
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The most common site of distant CRC metastases is the liver. Some 25-30% of all 
CRC patients eventually develop CRLM and about half present metachronously 
after radical treatment of the primary tumor 33, 34. Although less common overall, 
pulmonary dissemination is almost as common as liver metastases after primary 
rectal cancer. In total, lung metastases are synchronously detected in about 10% 
of all patients and in 5-10% metachronously 35. Other important locations of dis-
tant metastases include non-regional lymph nodes and the peritoneum (about 5% 
after radical resection of the primary tumor 36) while less common sites include 
the brain and skeleton. 

Over the last decades, resection rates of liver and pulmonary CRC metastases have 
risen rapidly 29, 37. Still, big differences in reported resection rates elucidate the 
need of a standardized care of disseminated disease. In a recent Finnish nationwide 
prospective intervention study including 1086 patients with CRC metastases, 41% 
were classified as resectable after multidisciplinary team assessment. In total, 30% 
of all patients were treated with radical resection for the CRC metastases with a 
5-year OS rate of 66% 38. 

2.2.A Follow-up 

The benefit of follow-up after radically resected CRC have been under debate 
since the 1990s. From the beginning, with low or no possibility of treatment of 
metastatic disease, early detection was of merely academic value. After fluoroura-
cil was introduced around 1960 and surgical treatment of recurrences with a cura-
tive intent got more common in the 1990s, systematic reviews have concluded that 
follow-up after treatment of primary CRC is worthwhile 39. High resolution com-
puted tomography (CT) has become dominant in imaging surveillance. This is 
supplemented by serum measurement of carcinoembryonic antigen (CEA), a gly-
coprotein produced by CRC cells, proven useful for detection of recurrent 
disease 40. Treatment delay of CRC is a well-known risk factor for death 41 and the 
idea of early detection of metastases by frequent examinations is likewise to find 
more patients suitable for curatively intended treatment. Hence, after the introduc-
tion of follow-up programs in clinical practice, the effect of high intensity follow-
up has been studied in several randomized trials. The most important were the 
GILDA, FACS and COLOFOL trials 42-44. 
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In the GILDA trial in Italy, 1228 patients were recruited between 1998 and 2006 
and randomly assigned to either minimal or intensive surveillance. For both 
groups, CEA measurements were performed every 4 months for the first 2 years, 
every 6 months for another 2 years and finally at 5 years. In the minimal surveil-
lance group, there was no imaging of the chest and imaging with US or CT of the 
liver was only performed after 4 and 16 months. In the intense follow-up group, 
chest x-ray was performed every year and abdominal imaging was performed 
every 4 months for the first year, and once a year thereafter. In summary, although 
recurrences were detected 5.9 months earlier (calculated by the difference in mean 
disease-free survival), there was no OS benefit from more frequent follow-up. 

In the FACS trial in the United Kingdom, 1202 patients were included between 
2003 and 2009 and randomized to one of four groups: Minimum follow-up in case 
of symptoms, CEA only, CT only or CEA + CT. CEA measurements were per-
formed every 3 months for the first 2 years and then every 6 months for another 3 
years. Imaging examinations including chest, abdomen and rectum was performed 
every 6 months for the first 2 years and annually for another 3 years. A single CT 
scan of chest, abdomen and pelvis was allowed on request also for the minimum 
and CEA only follow-up groups. In summary, surveillance with CEA or CT was 
associated with a 4.3-5.7% increased rate of curatively intended treatment of re-
current disease (absolute difference compared to minimal surveillance) but no sig-
nificant gain in OS from any surveillance program was proven. 

In the COLOFOL trial, 2509 patients ≤75 years of age with limited comorbidity 
were included in Sweden, Denmark, and Uruguay between 2006 and 2010. All 
patients were randomized to follow-up with CEA measurements and CT imaging 
including chest and abdomen with either low frequency (after 1 and 3 years) or 
high frequency (every 6 months for the first 2 years and once more after 3 years). 
Yet again, no significant improvement of OS was noted. Hence, none of these 
trials, including patients radically treated for CRC were able to prove long-term 
survival benefit from high frequency follow-up, although recurrences were de-
tected earlier and regarding the FACS trial, more patients were treatable with a 
curative intent. This has also been concluded in a Cochrane analysis in 2019 45. 
No further prognostic value has been proven for clinical examinations 46, and in 
Sweden follow-up is limited to only CT imaging and CEA measurements after 1 
and 3 years. A prerequisite is that the patient, in case of recurrence, is assessed to 
sustain proposed treatments, which was an inclusion criterion for the COLOFOL 
trial. 
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1.2 Colorectal liver metastases 
 
A complex series of acquired mutations are required for cancer cells in the large 
intestine to be able to disseminate and metastasize in the liver, referred to as the 
metastatic cascade. Angiogenesis and lymph angiogenesis of the CRC give access 
to blood and lymphatic vessels and cancer cells detach from their primary tumor 
to enter the hepatic or portal circulation. Most cancer cells will succumb by apop-
tosis after losing contact with their extracellular matrix. Thereafter malignant cells 
must endure the mechanical stress of transport through narrow capillaries and 
high-flow vessels and escape the intervention of host immune response. Reason-
ably, a vast number of tumor cells must be in systemic circulation to make metas-
tasizing possible. 

The next challenge for the remaining malignant cells, are extravasation and liver 
colonization. CRC-cell arrest on sinusoidal endothelium can be initiated by Kup-
fer cells (resident liver macrophages) 
activated by CEA. Different pathways 
of the immune system are then acti-
vated against the malignant cells 47. 
However, if the cancer cells survive, 
adherence to the sinusoid endothelial 
cells is an important step of liver col-
onization. Cancer cells extend 
through the sinusoid endothelia to-
wards the perisinusoidal space of 
Disse and reach the hepatocytes. At 
place, cancer cells must be adapted to 
the hepatic microenvironment and en-
hance neoangiogenesis to eventually 
develop metastatic foci 48-50. 

 

Figure 2. Colorectal liver metastases disseminating from a left-sided colorectal cancer. 
Illustrator: Kristin Scherman. 



 

 

24   1 .  INTRODUCTION 	

2.:.2 Prognostic factors  

Prognosis in CRLM depend on a wide variety of factors, influencing the possibil-
ity for radical treatment and the risk of recurrence after surgery. Risks can be re-
lated to the patient, the primary tumor and metastatic pattern. 

To address the question of whom to treat, several scoring schemes to predict prog-
nosis have been proposed over time. One of the most common is the Fong Clinical 
risk score. When prognostic factors were analyzed in 1001 consecutive patients, 
treated by resection for CRLM at the Memorial Slone-Kettering hospital in New 
York between 1985 and 1998, a score of five clinical criteria (nodal status of pri-
mary cancer, disease free interval, CEA level, number of liver metastases, and size 
of the largest tumor) was highly predictive of survival outcome 51. 

"e patient 

Clinical risk scores for prediction of outcome after liver metastasectomy, includ-
ing the Fong score, have not typically included patient characteristics, but rather 
focused on primary tumor biology and pattern of liver metastases. However, the 
patient must withstand surgical and oncological treatment options. Comorbidity 
can be assessed in several scores, including the ASA Physical Status Classification 
System and the Charlson comorbidity index 52. Frailty, exemplified by weakness, 
weight loss and low physical activity has been associated with postoperative mor-
bidity and mortality following liver surgery 53. Old age as a number is however no 
contraindication to liver resection. In a population-based register study in Ontario 
by Booth et al. including 1310 patients treated for CRLM, cancer specific survival 
for patients 75 years or older was 35%. Older patients were less likely to receive 
curatively intended treatment, including perioperative chemotherapy, and under-
treatment of elderly in the metastatic setting could attribute to impaired survival 
rates in national cohorts 54. 

"e primary tumor 

Right-sided location of the primary tumor has been suggested to be an important 
prognostic factor with more complicated disease in the liver metastatic setting 55. 
This may be related to differences in embryological formation, with the right colon 
derived from the midgut and the left colon from the hindgut. This makes proximal 
and distal colon physiologically distinct with genetic and immunopathologic 
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differences 56. A higher rate of MMR deficient tumors has been identified in right-
sided CRC and although less predisposed to metastatic disease, these tumors are 
considered more aggressive when metastasized 57, 58. Furthermore, higher inci-
dences of specific oncogene mutations associated with inferior outcome also in 
the metastatic setting (e.g., KRAS, present in some 40%, and BRAF, present in 
about 5% of all CRLM) have been observed in right-sided colon cancer 59-62. 

More aggressive biology of the primary tumor translates into clinical features with 
for example positive lymph node status and lymphovascular and perineural inva-
sion, all known prognostic factors for survival after CRC which have been related 
to impaired OS also after CRLM surgery 63. Nodal involvement has been ap-
pointed of special importance. Number of lymph nodes sampled from the primary 
tumor resection is known to improve staging of CRC and the prognostic value of 
positive lymph nodes increases when also tumor free lymph nodes are taken into 
account by calculating the lymph node ratio (LNR), i.e., the number of positive 
lymph nodes divided by the total number of lymph nodes excised 64. However, the 
relevance of lymph node positivity as a prognostic factor in the metastatic setting 
may be altered by administration of modern chemotherapy, and results from ear-
lier studies are contradictory 65. 

Metastatic pattern 

Liver metastasis characteristics such as number and size have since long been con-
sidered prognostic factors following CRLM resection and more than four metas-
tases as well as tumor size larger than 5 cm have been reported to severely impair 
long-term survival 66, 67. In 2016 Sasaki et al. introduced a modification of the 
Metro-ticket system, a prognostic tool based on size and number of liver tumors 
used for primary hepatocellular cancer, with promising results. On a Cartesian 
plane, with maximum tumor size on the x-axis and number of metastases on the 
y-axis, the tumor burden score is defined by the distance from the origin 68. Long-
term survival varied between 69% for the most beneficial group and 26% for the 
group with highest score. Meanwhile, other studies showed no difference in OS 
or recurrence rates if radical resection was possible and tumor number and size 
are nowadays not used as definite contraindications to surgery. Still, number, size 
and localization of liver tumors decide the complexity of resection and relate to 
complications and bleeding 69. 

Treatment of CRLM with concurrent extrahepatic disease is often limited to pal-
liative care associated with poor prognosis. However, a growing share of patients 
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is treated with curative intent, allocated to a combination of multi-site resection 
and adjuvant chemotherapy 70. Synchronous and early metachronous CRLM have 
from a historical perspective been interpreted as a sign of more aggressive tumor 
biology, associated with inferior long-term survival, and was included in the Fong-
score as a negative prognostic factor following resection. However, the relevance 
of early or late CRLM has been questioned in more recent studies, given the mod-
ern era of chemotherapy 71. Hence, following an evolution of multimodal treat-
ment options, the relevance of many of the above-mentioned risk factors may have 
altered over time 72. Updated evaluations of risk factors to assess in preoperative 
decision making is thus still of interest. 

2.:.: Surgical treatment 

Liver resections 

The first successful liver resection described was made in Germany already in 
1888 by Carl von Langenbuch. However, the introduction of resections of liver 
malignancies waited until the 1940s with the first CRLM resection performed by 
Richard Cattell, and the 1950s with the description of eight functional liver seg-
ments, defined by the distribution of portal and liver veins, by Claude Couinaud 
(Figure 3) 73-75. At this time, liver resections were associated with high risk due to 
bleedings difficult to control. The Pringle manoeuvre (compressing the vessels in 
the liver ligament), was described early in the 1900s to reduce blood loss in trauma 
surgery and became important also in hepatic tumor resections 76. Blunt dissec-
tions to isolate blood vessels and bile ducts for ligation was introduced in the late 
1950s and further improved the possibility of safe resections. However, diagnos-
tics were poor, dependent on clinical assessment, and detection of liver malignan-
cies early enough for radical treatment challenging. 

In the 1970s, high-resolution US and CT made detection of small liver tumors 
possible and from thereon surgical techniques have rapidly evolved. The use of 
intraoperative ultrasound (US) in the 1980s enabled a wide introduction of ana-
tomical resections by respecting the Couinaud segments, exemplified by left lat-
eral resections (segment 2+3), right posterior resections (segment 6+7), left and 
right hemihepatectomies (segments 2-4 and segments 5-8 respectively). A mile-
stone for safe resections in modern liver surgery 77, 78. Some years later, in the mid 
1990s, the first lateral segmentectomies with a laparoscopic approach were per-
formed 79, 80.	 



 

 

1 .  INTRODUCTION   27	

For a long time, indications for surgical treatment of CRLM were strict due to 
high risk and poor long-term results. Over 50 years ago, in the childhood of liver 
resections, the mortality rates were high, up to 20% 81. With improved techniques, 
including ultrasonic dissection and low central venous pressure anesthesia, the 
mortality rate is now less than 1% 82, and liver resections are mainly restricted by 
the need of enough (25-30%) functional liver parenchyma to avoid postoperative 
liver failure 69. 

As treatment indications for curatively intended resections of CRLM have ex-
panded, resection rates relative the incidence of CRC have almost doubled the last 
decades. Today, up to 5% of all patients with CRC are at some point treated for 
CRLM with a curative intent 83, 84 and long-term 5-year OS >50% has been re-
ported from population-based studies 34, 37. Thus, to be noted, improved OS after 
curatively intended treatment is reported despite more liberal criteria for resection 
and/or ablation. 

 

Figure 3. Segmental anatomy according to Couinaud et al. 75 Segment 2-4 constitute the left lobe. 
Segment 5-8 constitute the right lobe. Segment 1 is the Caudate lobe. Reproduced by permission of 
Shutterstock.com. Illustrator: Olga Bolbot. 
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Further improvements can be appointed to surgical strategy. Although important 
for safe resections in early history of liver surgery, no benefit of anatomical seg-
ment resections compared to a non-anatomical approach where more liver paren-
chyma is conserved has been proven in modern materials 85. Sub-millimeter 
margins to the tumor in histopathology enables even more resections while pre-
serving enough future liver remnant and is accepted if clinical (the surgeon’s opin-
ion) radicality is achieved 86. Treatment strategy can also be a matter of timing. A 
“liver-first” approach is now common for synchronous CRLM from early stage 
CRC with no obstructive symptoms, where systemic treatment and resection of 
metastases are considered more urgent than resection of the primary tumor 87. 

To be able to treat more patients with curative intent, acceptance for extensive 
resections has stretched and several approaches for border line resectable tumor 
have been explored. Portal vein embolization (PVE) allow growth of the planned 
remaining segments, and within 3-6 weeks resection is often possible, although 
tumor growth before surgery may restrain the possibility for curative treatment 88. 
With the ALPPS procedure, the surgeon has a better possibility to examine the 
liver before making any decisions on which segment to save, and by dividing the 
liver parenchyma at the same time as ligating the venous inflow, a rapid growth 
of the remaining segments is achievable. In a Scandinavian randomized trial 
(LIGRO), patients with advanced CRLM were randomized to portal vein emboli-
zation or ligation in one study arm and ALPPS in the other study arm. Resection 
rates were 57% and 92% respectively 89. Although ALLPS leads to higher resec-
tion rates of advanced CRLM disease than PVE, it is associated with high mor-
bidity rates and careful patient selection is necessary 90. 

Liver transplantation is an established treatment option in hepatocellular carci-
noma and is now evaluated for CRLM with promising results. A general deficit of 
donor grafts demands careful selection of patients, and high rates of long-term 
survival. In the Seca study from Oslo (Seca I) a 5-year OS of 60% was observed 
but the vast majority suffered from recurrent disease 91. In the Seca II study, an 
estimated OS of 83% and lower recurrence rates were observed for selected pa-
tients, responding to neoadjuvant chemotherapy 92. Several studies are ongoing, 
including the recently started Swedish SOULMATE study.  
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Postoperative complications 

Despite improved techniques to reduce morbidity, postoperative complications 
(POC) continue to be a threat as resection rates increases. Posterosuperior seg-
ments in the liver are considered more difficult to access than anterolateral seg-
ments and infer an increased complication risk, e.g., bile leakage which is 
associated with central location 93. In total, complication rates of 20-40% depend-
ing on extent of resection have been reported also in recent publications 94, com-
monly graded according to the Clavien-Dindo Classification (CD; Table 2) 95. This 
is important to regard since studies showed POC to affect long-term survival 96, 97 
but also in the perspective of cost-effectiveness and patients suffering. Enhanced 
recovery protocols (ERAS) can play a role in pre- and postoperative care and are 
known to reduce the length of hospital stay, albeit evidence show a limited effect 
of ERAS on development of POC 98. 

 

Table 2. Classification of surgical complications according to Dindo et al. 95 

 
Grade 

 
Definition 
 

 
I 
 

 
Any deviation from the normal postoperative course without the 
need for pharmacological treatment or surgical, endoscopic, and ra-
diological interventions. Allowed therapeutic regimens are: drugs as 
antiemetics, antipyretics, analgetics, diuretics, electrolytes, and 
physiotherapy. This grade also includes wound infections opened at 
bedside. 
 

II 
 

Requiring pharmacological treatment with drugs other than those al-
lowed for grade I complications. Blood transfusions and total paren-
teral nutrition are also included. 
 

III 
   IIIa 
   IIIb 

Requiring surgical, endoscopic or radiological intervention. 
Not under general anesthesia. 
Under general anesthesia. 

 
IV 
 
   IVa 
   IVb 
 

 
Life-threatening complication (including central nervous complica-
tions) requiring intermediate or intensive care unit management. 
Single organ dysfunction. 
Multi organ dysfunction. 

V 
 

Death of patient. 
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Minimal invasive techniques 

Increased use of minimal invasive and parenchymal sparing techniques may de-
crease morbidity rates and hospital length of stay. A laparoscopic approach seems 
to be as safe as open resection, or even better concerning long-term survival, and 
has been introduced on a wide front the last decade 99, 100. In the Oslo COMET 
study, 280 patients were randomized to either laparoscopic or open resection of 
CRLM. While resection margins and mortality were similar between the groups, 
not only morbidity was lower, but laparoscopy was also associated with increased 
quality of life 101, 102. A subsequent survival analysis showed no difference in 5-
year survival between the groups 103. 

Ablation enables treatment of CRLM with low morbidity and shortened hospital 
stay and is suggested an alternative treatment for patients that would not withstand 
an open resection or in combination with resection to decrease complexity of sur-
gery, and hence to diminish risk 104, 105. Radiofrequency ablation (RFA) which was 
introduced already in the 1990s and microwave ablation (MWA) are the most 
common techniques of hyperthermic procedures with the goal of complete tumor 
eradication. With guidance of ultrasound, magnetic resonance imaging (MRI) or 
CT, a thin probe is placed in the liver tumor. In RFA, electrical currents and for 
MWA, microwaves heat up the tumor and destroy cancer cells 106. The use of 
MWA provides higher temperatures in a more consistent manner which enables 
larger volumes of cell destruction in shorter time. Still, improved survival com-
pared to RFA is yet to be proven 107. Refined navigation technologies to improve 
targeting of metastases could improve treatment efficacies 108 and other ablative 
techniques are under development. In irreversible electroporation (IRE), high volt-
age electric pulses destroy tumor cells without subsequent tissue heating, enabling 
treatment of tumors adjacent to bile ducts and larger blood vessels 109 and in high-
intensity focused ultrasound (HIFU), local heating is achievable without punctur-
ing the tumor 110. 

The minimal invasive nature of these procedures is their main advantage but con-
sequently, no histopathological conformation of radicality is possible. Although a 
survival benefit from RFA compared to oncological treatment alone was reported 
by Ruers et al. in the randomized CLOCC trial including 119 patients with unre-
sectable CRLM 111, long-term results for resectable tumors are contradictory. 
Some retrospective studies showed survival after ablation of small tumors com-
pared to resection to be equally good 112, 113, proposing ablation as first line treat-
ment of tumors ≤30 mm also in resectable cases. Still, there is a lack of prospective 
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studies, and liver resection is regarded the first treatment option when 
possible 104, 105. 

Extrahepatic disease 

Although reported safe and with low mortality rates, the practice of lung resections 
of CRC metastases has been criticized with the argument that long-term survival 
rates are achievable also with modern oncological treatment alone 114. However, 
survival rates following surgical treatment of lung metastases are comparable to 
numbers reported for CRLM resections and international guidelines favor resec-
tions of CRC lung metastases despite a lack of randomized trials 115. For CRLM, 
extrahepatic disease is not a definitive contraindication for resection anymore and 
especially concomitant lung dissemination have been reported with acceptable 
long-term survival rates after surgical treatment. In a retrospective study of 9619 
patients treated for CRLM, registered in the international LiverMetSurvey registry 
between 2000 and 2012, 149 patients were treated for simultaneously detected 
lung metastases with no significant difference in adjusted OS (44.5%) compared 
to those treated for solitary liver disease (51.5%). No surgical treatment of simul-
taneous lung metastases was associated with a significantly increased risk of death 
within five years (HR 1.77 CI 1.27-2.46) 116. Although this suggests benefit of 
simultaneous lung resections the study lacks information on indications for resec-
tions. Hence, improved survival may be an effect of patient selection. 

Peritoneal carcinomatosis is associated with poor prognosis. However, the intro-
duction of cytoreductive surgery in combination with heated intraperitoneal chem-
otherapy (HIPEC) in the 1990s have brought hope also for peritoneal 
carcinomatosis with a 5-year OS of about 50% reported for selected cases 117. In-
creased use of peritoneal metastasectomy has paved the way for cytoreductive 
surgery and HIPEC combined with CRLM resections of up to three liver metasta-
ses with suggested improved median survival compared to systemic chemother-
apy alone 118. However, available studies are retrospective and of small materials. 
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2.:.; Multimodal management  

Chemotherapy 

The role of chemotherapy in combination with liver resection for CRLM is not 
clear. For borderline resectable tumors neoadjuvant down-size treatment can ena-
ble resection 119 and progress after preoperative chemotherapy is associated with 
impaired long-term survival 120. For resectable cases increased OS after neoadju-
vant treatment compared to surgery alone has been hard to prove although im-
proved long-term outcome has been concluded in systematic reviews 121. In a 
randomized clinical trial of resectable cases by Nordlinger et al. (EPOC), includ-
ing 364 patients with CRLM, prolonged progression-free survival was observed 
for eligible patients but the study failed to show increased OS when surgery was 
combined with neoadjuvant oxaliplatin based chemotherapy versus surgery alone 
122. A total of 52% of the patients in the EPOC study had a single liver metastasis 
and a survival benefit from neoadjuvant treatment for patients with multiple tu-
mors has been argued for. Despite lack of evidence, this is recommended in inter-
national guidelines, especially for synchronous tumors 123.  

Multidisciplinary tumor boards 

Most patients develop their CRLM within three years 71 and follow-up programs 
intend to detect asymptomatic metastases early on. Still, it is not clear which pa-
tients benefit best from surgical treatment. Prognosis depends on a wide variety 
of circumstances including patient comorbidity, primary tumor biology, meta-
static pattern including extrahepatic dissemination as well as technical operability. 
In a multidisciplinary tumor board (MDT), different specialists as surgeons, on-
cologists, radiologists, and specialized nurses meet to discuss treatment options 
for the individual patient. This has been proven to increase CRLM resection rates 
and the participation of liver surgeons in specialized MDT is thought to further 
increase patients’ chances to be allocated for liver resections 124, 125. 

The decision basis in these specialized MDT relies on good understanding of the 
impact of different prognostic factors, and their relevance in today’s setting, with 
up-to-date treatment strategies of CRLM.
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2. Aims 

qe overall aim of this thesis was to reassess prognostic factors of relevance for 
decision making and treatment allocation of CRLM. 
 
 
qe specific aims were to: 
 

• identify patient and tumor factors at the time of resection of the primary 
colorectal cancer of relevance when treatment of CRLM is being dis-
cussed. 

 
• identify the prognostic	impact of metastatic pattern, including localiza-

tion in the liver, for patients undergoing resection or ablation of CRLM. 
 

• identify risk factors for POCs and the	impact on long-term survival. 
 

• identify risk factors for recurrences after radical resection of the primary 
CRC and map the pattern of recurrences and proportion of recurrences 
treated with a curative intent. 

 
• map the pattern of CRLM after radical resection of primary CRC and to 

analyse long-term survival for CRLM depending on follow-up regimen 
of the primary CRC.
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3. Patients and Methods  

3.1 Study populations 

;.2.2 Paper I-III 

In the Swedish registry for colorectal cancer (SCRCR) rectal cancer has been reg-
istered since 1995 with high coverage and colon cancer is reported since 2007 126. 
The Swedish liver registry (Sweliv) was started in 2008 and collects information 
on primary hepatic malignancies and surgical treatment of primary liver and bile 
duct cancer as well as liver metastases including CRLM. For paper I-III (popula-
tion-based national cohort studies) a total of 20 853 patients diagnosed with CRC 
and treated with radical resection between 2009 and 2013 were identified in 
SCRCR (R0-cohort). A total of 1325 patients were also registered in Sweliv be-
tween 2009 and 2016 as treated for CRLM (Liver treated cohort; Figure 4). The 
database was handled at the Regional Cancer Center (RCC), in Gothenburg. 

Figure 4. Study cohorts for paper I-III. SCRCR, Swedish registry for colorectal cancer. 
CRLM, Colorectal liver metastases; R0, Radically resected; R1, Not radically resected. 
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;.2.: Paper IV-V 

In the COLOFOL trial, patients treated with radical resection of stage II-III CRC 
between 2006-2010 were included for evaluation of the potential survival benefit 
from high frequency follow-up. Patients from 24 study sites in Sweden, Denmark 
and Uruguay were included. Comorbidity data was collected and all patients eli-
gible had a life-expectancy of at least two years and were 75 years or younger. At 
the time of primary surgery, synchronous metastatic disease was ruled out by CT 
examination of thorax and abdomen and clean colon colonoscopy. In total, 2509 
patients were randomized to follow-up examinations with CT-scan and CEA 
measurements with low (after 12 and 36 months) or high frequency (after 6, 12, 
18, 24 and 36 months) and followed for five years. Later recurrences then after 
five years were not included in the study cohort. 

For these studies, the medical files of 494 patients registered with any kind of 
recurrences included in the COLOFOL trial from 15 sites in Sweden; Gothenburg, 
Helsingborg, Kristianstad, Malmö, Mora, Stockholm (Danderyds sjukhus, Ka-
rolinska Universitetssjukhusen in Huddinge and Solna, St. Görans sjukhus and 
Södersjukhuset), Sunderbyn, Södertälje, Umeå, Uppsala and Västerås and 8 sites 
in Denmark; Aalborg, Aarhus, Bispebjerg, Herning, Hillerød, Randers, Svendborg 
and Viborg were reviewed. Recurrences of any kind was confirmed for 471 pa-
tients and constitute the recurrence cohort in paper IV (Figure 5). Liver recur-
rences were confirmed for 235 patients and constitute the study cohort in paper V.  

Figure 5. Study cohorts for paper IV-V.  
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3.2 Methods 

;.:.2 Paper I-III 

For paper I, patient data and the following tumor characteristics of the primary 
tumor were collected from SCRCR: location of tumor, TNM stage, tumor grade, 
vascular invasion, perineural invasion, mucinous tumor, acute or elective surgery, 
resection of other organs, perioperative bleeding and POC including intensive care 
unit admission, sepsis, and reoperation. Lymph node positivity was analyzed by 
means of the ratio of positive lymph nodes to the total number of nodes collected 
(LNR). If more than one CRC was registered in SCRCR for the same patient, or 
more than one event of liver surgery was registered in Sweliv, the first date was 
considered in risk analyses. The influence of patient and primary tumor factors at 
time of CRC resection on survival after curatively intended treatment of CRLM 
were tested in multivariable analyses.  

For paper II, significant risk factors of the primary tumor identified in paper I were 
evaluated together with the following data of metastatic pattern and treatment, re-
trieved from Sweliv: Time to liver intervention (from primary tumor resection), 
synchronous (reported within 30 days of primary resection) or metachronous me-
tastases, lung metastases or other extrahepatic dissemination before or at liver in-
tervention, number of tumors and size of largest metastases, location (by 
segment), locally extensive growth, response to chemotherapy and choice of treat-
ment (resection and/or ablation). Extrahepatic dissemination was categorized as 
peritoneal, hematogenic or lymphatic spread. Impact of metastatic pattern on sur-
vival after resection or ablation of CRLM was tested in multivariable analyses. 

For paper III, information on POC within 30 days of liver surgery were retrieved 
from Sweliv. Only patients treated with surgical resection and with registered data 
of POC were included in the study population. All complications graded as CD 
IIIa or worse were considered severe and categorized as POC. Clavien-Dindo was 
not registered in the early part of the study period (before 2013) and therefor all 
complications correspondent to CD IIIa were also included. Extension of resection 
were categorized into 4 categories based on data of resected segments with small 
resections of up to 2 segments in category I and major resections including hemi-
hepatectomies and two-step resections in category IV. Prognostic factors for de-
veloping POC and the influence on long-term survival were tested in multivariable 
analyses. 
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;.:.: Paper IV-V 

Data collected from the COLOFOL study clinical reporting form (CRF) included 
time of primary surgery and inclusion, follow-up group, stage including detailed 
information from pathology reports and patient characteristics; BMI, diabetes, 
smoking and alcohol habits. CEA was not included in analyses due to a high pro-
portion of missing values. Patient charts for all patients in the recurrence cohort 
where thoroughly scrutinized for primary tumor characteristics including location 
and adjuvant treatment (radio and/or chemotherapy), date of recurrences, method 
(imaging, CEA) and reason of detection (follow-up program or symptoms), site 
of recurrence, MDT assessment and surgical and/or oncological treatment includ-
ing intention of treatment (curative or palliative/best supportive care (BSC)). The 
same data was collected for any 2nd and 3rd recurrences after radical treatment of 
prior metastases. Follow-up time for all patients except one was five years from 
detection of first recurrence to either date of death or end of follow-up. Survival 
data was collected from the Swedish and Danish population registries. 

For paper IV, mesenteric lymph node metastases and anastomotic recurrences 
were categorized as local recurrences while all other lymph node metastases and 
metastases involving the peritoneum were categorized as non-regional lymph 
nodes and peritoneal recurrences respectively. Curatively intended treatment was 
defined as surgically treated metastases (resection and/or ablation), in case of mul-
tiple metastatic sites all metastases had to be radically treated. Risk factors for 
developing metastatic disease were evaluated in multivariable analyses. 

For paper V, detailed information on metastatic pattern of liver metastases was 
collected from patient chart reviews including size and number of liver metastases, 
bilobar metastases, local lymph nodes and imaging method of tumor mapping 
(US, CT, MRI). Treatment variables included were: liver resection or ablation and 
date of treatment, number of tumors treated, type of resection (anatomical, atypi-
cal) and curative resection (by surgeons opinion). Predictive factors for treatment 
with curative intent and prognostic factors for OS were evaluated in multivariable 
analyses.  
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3.3 Statistics 
Statistical plans were designed, and all statistical analyses performed by the au-
thors of the presented papers. All statistical analyses were carried out with Stata 
Statistical Software version 15.1 or 16.1 (College Station, TX, StataCorp LLC). 
Descriptive statistics were used for all studies. OS was determined by means of 
the Kaplan-Meier method 127 and RS by the Ederer II method 128. P-values of <0.05 
were considered significant. 

;.;.2 Paper I-III 

Survival was calculated from date of detection of primary tumor for the R0 cohort 
and from date of liver resection for the liver treated cohort to date of death or last 
follow-up (March 2019). Variables significant at p<0.1 in univariable analyses 
were tested through manual elimination in multivariable analyses. Relative risk of 
death within five years of follow-up between groups was analyzed using the Cox 
regression method and presented as hazard ratio (HR) with 95% confidence inter-
vals (CI). Proportional hazards assumption was assessed with Schoenfeld’s test, 
when violated (P<0.05), HRs must be interpreted as an average over the study 
period. Relative risk between groups for RS were analyzed with Poisson regres-
sion and presented as excess mortality rate ratio (EMRR) with 95% CI 129. Age-
standardization of RS was performed using standard weight distributions for can-
cers (ICSS standards) 130. 

In paper II, to analyze difference in outcome depending on resection or ablation, 
a subgroup of patients with maximum tumor size 30 mm treated with either resec-
tion only or ablation only were analyzed in a propensity score weighted cox re-
gression. In paper III, risk of developing POC were analyzed using Poisson 
regression and presented as incidence rate ratios (IRR) with 95% CI. Due to co-
variation with extent of surgery, risk of POC depending on open or laparoscopic 
surgery was evaluated in a subgroup analysis of small resections (≤2 metastases, 
≤50 mm) also adjusted for localization (anterolateral or posterosuperior). 

;.;.: Paper IV-V 

Survival was calculated from date of detection of recurrence. Statistically signifi-
cant risk factors and risk factors with p-values of <0.2 in univariable analyses and 
a confounding effect of other HRs by more than 10% were included in 
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multivariable analyses. Cox proportional hazards regression was used to calculate 
the relative risk of death within five years between groups and presented as HR 
with 95% CI. In paper IV, cumulative incidence of recurrence was calculated with 
death as competing event. Figures of cumulative incidence in presence of compet-
ing events were created by means of the macro stcompet for Stata 131. Risk factors 
of recurrences were analyzed in multivariable Cox regression and presented as HR 
with 95% CI. 

In paper V, predictive factors for undergoing curatively intended treatment were 
evaluated in uni- and multivariable Poisson regressions. Survival was also calcu-
lated as restricted mean survival (RMS) to describe loss of lifetime the first five 
years after detection of liver metastases. Group comparisons of OS was tested with 
log rank test and uni- and multivariable Cox regressions presented as HR with 
95% CI. Due to the risk of a lead time bias, survival depending on follow-up group 
was calculated for eight years after date of primary tumor resection. Patients en-
tered the analysis at time of detected liver metastases with a conditional survival 
of one year after primary tumor resection. 

3.4 Ethical aspects 
Paper I-III was approved by the ethical regional board in Gothenburg (189-15). 
Swedish quality registries inform patients of use of data for study purposes and no 
further consent were used. The COLOFOL trial was approved by the ethical com-
mittee of Uppsala university (2004: M-453) in Sweden, and by Copenhagen and 
Frederiksberg Scientific committee (KF 01-194/04) in Denmark. An amendment 
(2016-07-22 in Uppsala) were retrieved for the current outcome studies (paper IV-
V). All patients in the COLOFOL trial provided written consent before entering 
the study. 
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4. Results  

4.1 Paper I 
A total of 20 853 patients were registered during the study period as radically re-
sected (R0-cohort) and 1325 (6.4%) patients were also registered in Sweliv as 
treated for CRLM, synchronously or metachronously (Liver treated cohort). There 
were proportionally more men in the liver treated cohort (61.3%) compared to the 
R0 cohort (52.5%; p<0.001) and patients were younger (median 66 years com-
pared to 72 years; p<0.001). TNM stage was generally more advanced for the liver 
treated cohort (Table 3). 

 
Table 3. Patient and primary tumor characteristics. 

 
Variable 

 
R0 
(n=20 853) 
 

 
R1 
(n=3139) 

 
No surgery 
(n=4773) 

 
Liver treated 
(n=1325) 

 
Gender 
   Males 
   Females 

 
 
10 939 (52.5%) 
9914 (47.5%) 

 
 
1601 (51.0%) 
1538 (49.0%) 

 
 
2632 (55.1%) 
2141 (48.9%) 

 
 
812 (61.3%) 
513 (38.7%) 

 
Age  
(median, min-max) 

 
72 (14-101) 

 
73 (19-106) 

 
74 (26-100) 

 
66 (25-87) 

 
pT 
   pT0 
   pT1-2 
   pT3 
   pT4 
   pTX 

 
 
238 (1.1%) 
5031 (24.1%) 
12 273 (58.9%) 
3241 (15.5%) 
70 (0.3%) 

 
 
30 (1.0%) 
201 (6.4%) 
800 (25.5%) 
1211 (38.6%) 
897 (28.6%) 

 
 
n.a. 

 
 
15 (1.1%) 
146 (11.0%) 
915 (69.1%) 
247 (18.6%) 
2 (0.2%) 

 
pN 
   N0 
   N1 
   N2+3 
   NX 

 
 
11 934 (57.2) 
5188 (24.9%) 
3454 (16.6%) 
277 (1.3%) 

 
 
683 (21.8%) 
548 (17.5%) 
791 (25.2%) 
1117 (35.6%) 

 
 
n.a. 

 
 
465 (35.1%) 
469 (35.4% 
387 (29.2%) 
4 (0.3%) 

 
M 
   M0 
   M1 (synch) 
 

 
 
18 513 (88.8%) 
2341 (11.2%) 

 
 
1768 (56.3%) 
2371 (43.7%) 

 
 
2078 (43.5%) 
2695 (56.5%) 

 
 
581 (43.8%) 
744 (56.2%) 

R0, All patients with colorectal adenocarcinoma registered in SCRCR (2009-2013) as radically re-
sected. R1, All patients registered as not radically resected. No surgery, All patients not treated with 
surgery. Liver treated, All patients also registered in Sweliv (2009-2016) as treated for colorectal liver 
metastases at some time-point. n.a., Not applicable. 
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Survival and prognostic factors 

The 5-year RS rate was 80.9% for all patients with radically resected CRC and 
49.6% for patients treated for CRLM (Figure 6). There was no significant differ-
ence in mortality risk for synchronous CRLM compared to metachronous CRLM. 
Significant risk factors for higher 5-year EMRR after treatment of CRLM related 
to the patient at time of the primary tumor were: ASA-score 3-4 (EMRR 1.59, CI 
1.28-1.99), acute resection (1.97, CI 1.50-2.58), a cardiovascular event (EMRR 
2.07, CI 1.15-3.70) and severe postoperative complications after the primary tu-
mor resection (EMRR 1.58 (CI 1.18-2.10). Age and gender were not significant 
risk factors. 

Primary tumor factors associated with an increased risk were: LNR ≥0.25 com-
pared to N0 (EMRR 2.03, CI 1.55-2.65), low tumor grade (EMRR 1.39, 
CI 1.08-1.77), vascular invasion (1.27, CI 1.03-1.58) and perineural invasion 
(EMRR 1.25, 1.03-1.58). T4 tumors compared to T0-2 were associated with an 
increased risk in univariable analysis (EMRR 2.37, 1.67-3.36) but was not associ-
ated with increased risk in multivariable analysis. Right-sided location of the pri-
mary tumor did not affect survival after CRLM treatment. 

Figure 6. 5-year relative survival for radically treated colorectal cancer (R0-cohort) and for patients 
treated for liver recurrences, synchronously or metachronously (liver treated cohort). 
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4.2 Paper II 
Out of 1325 patients treated for liver metastases 1098 (82.9%) were treated with 
resection, 125 (9.4%) with ablation and 102 (7.7%) with a combination of both 
resection and ablation. More patients were treated for synchronous metastases, 
731 (55.2%), compared to metachronous metastases, 594 (44.8%). 

Patient and primary tumor 

Age ≥75 compared to <60 years was a significant risk factor (EMRR 1.42, CI 
1.05-1.91). Several prognostic factors of the primary tumor resection identified in 
paper I sustained when analyzed with prognostic factors related to metastatic 
pattern and treatment in multivariable analysis. EMRR values were 1.77 
(CI 1.37-2.29) for LNR >0.25 compared to N0, 1.40 (CI 1.10-1.79) for low tumor 
grade, 1.54 (CI 1.26-1.88) for vascular invasion, 1.71 (CI 1.22-2.17) for acute re-
section and 1.63 (CI 1.22-2.17) for severe postoperative complications after the 
primary tumor resection. ASA-score was not a significant risk factor.  

Metastatic pattern 

In multivariable analysis, largest tumor size of 21-30 mm compared to ≤10 mm 
was associated with a 53% increased risk of death within 5 years (EMRR 1.53, CI 
1.09-2.15) and tumor size >50 mm was associated with a 99% increased risk 
(EMRR 1.99, CI 1.36-2.93). Number of tumors was a significant risk factor in 
univariable analysis but not in multivariable analysis adjusted for location (seg-
ment). Liver metastasis location in segment 4 (EMRR 1.35, CI 1.09-1.67), seg-
ment 6 (EMRR 1.32, CI 1.06-1.67), segment 7 (EMRR 1.28 CI 1.03-158) and 
segment 8 (EMRR 1.27, CI 1.03-1.57) were associated with increased relative risk 
of death within 5 years. 

The 5-year RS for CRLM with concomitant lung metastases at time of liver treat-
ment were 35.9% (CI 27.4-44.3), associated with 78% higher mortality risk 
(EMRR 1.78, CI 1.42-2.24). For other sites of concomitant extrahepatic spread 
5-year RS was 19.6 (CI 11.0-30.0), associated with a more than threefold in-
creased risk (EMRR 3.13, CI 2.26-4.36) compared to metastases confined to the 
liver. After stratification, simultaneous non-regional lymphatic dissemination was 
associated with significantly worse RS (8.6%) compared to peritoneal dissemina-
tion (25.3%) or extrahepatic hematogenic dissemination (20.4%; Figure 7). 
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Figure 7. Relative survival for patients with colorectal liver metastases and extrahepatic spread de-
pending on dissemination pathway: peritoneal only, hematogenous or non-regional lymphatic spread 
(including those combined with peritoneal or hematogenous spread). Extrahepatic lung metastases 
are also shown separately. 

Treatment variables 

A total of 808 (61.0%) of all patients were treated with neoadjuvant chemotherapy 
before liver resection or ablation. Out of these, response to treatment was noted 
for 630 (78.0%), stable disease for 148 (18.3%) and progress for 30 (3.7%) pa-
tients. Progress compared to response was one of the strongest risk factors for 
increased excess mortality after CRLM resection or ablation (EMRR 2.31, 
CI 1.37-3.89). 

Five-year age-standardized RS was higher after open resection (55.3%) than after 
ablation (32.0%). When prognostic variables from the Cox-analysis were com-
bined to create high- and low risk resection groups depending on age, size of liver 
metastases and tumor location, long-term OS was better for patients treated with 
resection in both groups. In the propensity score weighted analysis the risk of 
death within 5 years was more than doubled (HR 2.13 (CI 1.49-3.05) for patients 
treated with ablation compared to resection. 
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There was no significant difference in long-term OS for patients treated with ab-
lation at two high volume centers (Stockholm and Gothenburg) compared to four 
centers with lower volume (Figure 8). 

Figure 8. Cumulative probability of survival for patients treated with ablation of CRLM in high volume 
centers (Stockholm and Gothenburg) and 4 centers with lower volume (Linköping, Lund, Umeå and 
Uppsala). 
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4.3 Paper III 
In the liver treated cohort, 1144 resected patients were registered with information 
on POC. Out of these, 957 (83.7%) patients were treated with open resection, 91 
(8.0%) patients with laparoscopic technique and 96 (8.4%) patients with a combi-
nation of resection and ablation. Category I resections (1 segment or 1-2 wedge 
resections) were performed in 349 (30.5%) patients, Category II (2 segments or 
3-4 wedge resections) in 276 (24.1%) patients, Category III (>2 segments or 
4 wedge resections) in 73 (6.4%) patients and Category IV resections (hemihepa-
tectomies and two step procedures) in 444 (38.8%) patients. Extent of resection 
was an important risk factor for increased excess mortality compared to small re-
sections with EMRR values of 1.50 (CI 1.08-2.07) for Category II, 1.66 
(1.05-2.61) for Category III and 1.79 (CI 1.33-2.40) for Category IV. 

114 patients were registered with surgical complications, 124 with medical com-
plications and 99 with infectious complications. In total, 276 (24.1%) patients pre-
sented with any kind of POC (Figure 9). 

 

Figure 9. Type of postoperative complications depending on extent of resection. Surgical complica-
tions: Bile leakage, wound dehiscence, postoperative bleeding. Medical complications: single organ 
failure, ascites or pleural fluid demanding intervention, venous thromboembolism.  
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Risk of POC and impact on survival 

Major resection compared to small resection was the only significant risk factor 
for developing POC (IRR 1.87, CI 1.36-2.59). POC after liver metastasectomy 
were associated with prolonged postoperative hospital stay (median 11 days com-
pared to 8 days, p<0.001) and increased mortality risk (EMRR 1.27, CI 1.01-1.61). 

Postoperative complications were more common after open surgery compared to 
laparoscopy (Table 4). In the subgroup analysis, laparoscopy was associated with 
a 68% decreased risk of developing POC (IRR 0.32, CI 0.12-0.86). Anterolateral 
or posterolateral resections did not improve the multivariable model and was not 
included in the analysis. Postoperative stay was shorter after laparoscopic surgery 
compared to open resection (median 5 days and 8 days respectively; p<0.001). 
There was no difference in long-term survival for patients treated with laparo-
scopic technique compared to open resection. 

 

Table 4. Type of postoperative complications within 30 days following resection of colo-
rectal cancer liver metastases, by type of surgery. 

Type of POC Total 
 
Open surgery 
only 

 
Laparoscopy 
only 

 
 

N=1144 
 

N=957 
 

N=91 
 

Surgical complications 114 (10.0%) 105 (11.0%) 2 (2.2%) 

Bile leakage 70 (6.1%) 65 (6.8%) 0 (0.0%) 

Wound dehiscence 11 (1.0%) 10 (1.0%) 0 (0.0%) 

Postoperative bleeding 13 (1.1%) 11 (1.1%) 1 (1.1%) 

Other 37 (3.2%) 34 (3.6%) 2 (2.2%) 

Medical complications 124 (10.8%) 107 (11.2%) 5 (5.5%) 

Liver failure 17 (1.5%) 16 (1.7%) 1 (1.1%) 

Renal failure 3 (0.3%) 3 (0.3%) 0 (0.0%) 

Ascites or pleural fluid 64 (5.6%) 54 (5.6%) 2 (2.2%) 

Venous thromboembolism 38 (3.3%) 32 (3.3%) 2 (2.2%) 

Other 13 (1.1%) 12 (1.3%) 1 (1.1%) 

Infectious complications 99 (8.7%) 83 (8.7%) 7 (7.7%) 

Intra-abdominal 40 (3.5%) 32 (3.3%) 4 (4.4%) 

Sepsis 29 (2.5%) 28 (2.9%) 0 (0.0%) 

Other 49 (4.3%) 42 (4.4%) 3 (3.3%) 

All complications 276 (24.1%) 244 (25.5%) 9 (9.9%) 
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4.4 Paper IV 
Out of 2442 patients, 471 patients had confirmed metastatic manifestations in pa-
tient chart reviews after 5-years of follow-up, the cumulative incidence was 21.4% 
(CI 19.5-23.3; Figure 10). The cumulative incidence was higher for stage III 
(30.7%, CI 27.6-33.9) then for stage II disease (13.4%, CI 11.4-15.6). The most 
common site of recurrence was the liver (235, 9.6%) followed by lung metastases 
(167, 6.8%). Most recurrences were detected within 3 years (87.3%). 

Figure 10. Cumulative incidence for recurrences after colorectal cancer, first event. 
 

Risk factors for recurrence 

The overall risk of metastatic disease was higher for rectal cancer 27.4% 
(CI 23.9-31.2) than for colon cancer 18.3% (CI 16.3-20.5) and there was a higher 
proportion of lung metastases after radically treated rectal cancer 12.5% 
(CI 10.3-15.0) compared to colon cancer 4.5% (CI 3.5-5.7). In multivariable anal-
ysis the following patient and primary tumor characteristics were also significant 
risk factors for recurrences: Diabetes (HR 1.51, CI 1.11-2.06), daily smoking 
(HR 1.46, CI 1.13-1.89), T4 compared to T1-3 (HR 2.01, CI 1.58-2.56), and lymph 
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4.69 (CI 3.16-6.94) for recurrences within 1 year and 6.39 (CI 4.39-9.29) for re-
currences between 1 and 5 years. Moderate alcohol intake and adjuvantchemo-
therapy after CRC resection had a protective effect with HRs of 0.67 (CI 0.52-
0.86) and 0.62 (CI 0.48-0.80) respectively. 

Treatment with curative intent 

In total, 225 (47.8%) patients were treated with curative intent. More patients in 
the curatively intended group than in the palliatively treated group were assessed 
by an MDT (98.2% and 80.1% respectively; p=0.001). Patients with detected re-
currences from scheduled examination were more likely to be subject for cura-
tively intended treatment compared to patients with symptomatic disease (54.5% 
and 33.6% respectively; p<0.001). Curatively intended treatment rates in case of 
single site metastases were 75.7% for liver metastases, 59.6% for lung metastases, 
65.2% for peritoneal metastases, 24.0% for lymph node metastases and 55.3% for 
local recurrences. The 5-year OS calculated from date of detection for all patients 
with metachronous disease was 32.0% (CI 27.9-36.3), 58.6% for patients treated 
with curative intent and 7.7% for patients treated with palliative chemotherapy or 
BSC (Figure 11). 

Figure 11. 5-year overall survival following radical resection of colorectal cancer, stratified by 
treatment.  
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4.5 Paper V 
Out of 471 patients with confirmed recurrences, 235 patients developed CRLM as 
first recurrence. The 5-year OS was 34% (CI 28-40). A total of 220 patients 
(93.6%) were assessed in an MDT and 123 patients were then treated with curative 
intent, corresponding to 52.3% of all liver recurrences and 5.0% of all patients in 
the study cohort of radically resected CRC stage II-III. Out of these, 106 patients 
(86.2%) were treated with chemotherapy at some time point (either adjuvant after 
primary resection or at time of liver surgery). The 5-year OS for treated patients 
was 58% (CI 48-66; Table 5). After 2nd and 3rd recurrences, 41/77 (53.2%) and 
7/25 (28.0%) patients respectively were subject to additional resection and/or ab-
lation. 

 

Table 5. Curatively intended treatment and overall survival for patients with colorectal 
liver metastases. 
 

LM, Liver metastases. OS, Overall survival. FU, Follow-up after resection of the primary tumor. 

Predictive factors for curatively intended treatment 

Patients <60 years of age were more commonly treated with curative intent then 
patients ≥70 years (78% and 42% respectively). In multivariable analysis, ≥5 liver 

  
1st recurrence 

N 
 

 
All LM  

5-year OS 
% (CI) 

 

 
Treated with 

curative intent  
n (%) 

 

 
Curatively treated 

5-year OS 
% (CI) 

 
Total 
 

 
235 

 
34 (28-40) 

 
123 (52.3) 

 
58 (48-66) 

Liver metastases only 148 47 (38-54) 112 (75.7) 60 (50-68) 
   No of tumors:      
   ≤1 78 55 (43-65) 72 (92.3) 60 (47-70) 
   2-4 44 48 (33-61) 34 (77.3) 62 (43-76) 
   ≥5 24 21 (8-31) 5 (20.8) 60 (13-88) 
   Max size (mm):     
   ≤20 48 63 (47-74) 37 (77.1) 67 (51-78) 
   21-30 40 40 (25-55) 31 (77.5) 52 (33-67) 
   31-50 34 44 (27-60) 7 (20.6) 58 (36-75) 
   >50 20 30 (12-50) 8 (40.0) 62 (23-86) 
 
Liver + lung only 23 13 (3-30) 6 (26.1) 17 (8-52) 
Liver + other 64 11 (5-20) 5 (7.8) 60 (13-88) 
 
Low frequency FU 

 
113 

 
24 (17-32) 

 
56 (49.6) 

 
46 (33-59) 

High frequency FU 
 

122 43 (34-51) 67 (54.8) 67 (55-77) 
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metastases (HR 0.22, CI 0.10-0.51) and extrahepatic dissemination to the lungs 
(HR 0.39, CI 0.17-0.90) or other location (HR 0.14, CI 0.06-0.34) were the only 
significant negative predictive factors for treatment with a curative intent.  

Survival analyses 

In multivariable analysis age ≥70 years (HR 1.89, CI 1.14-3.08), largest sized tu-
mor ≥50 mm compared to ≤20 mm (HR 2.52, CI 1.55-4.11), ≥5 metastases com-
pared to single metastases (HR 3.18, CI 2.02-5.00) and extrahepatic dissemination 
to the lungs (HR 2.35, CI 1.35-4.08) or other location (HR 2.67, CI 1.78-4.00) 
were associated with an increased risk of death within 5 years. 

For patients in the high frequency follow-up group 5-year OS was 43% 
(CI 34-51) and for low frequency follow-up 24% (CI 17-32). In the conditional 
multivariable analysis of 8-year survival from time of primary tumor resection 
depending on follow-up, high frequency follow-up was associated with a 37% 
lower risk for death (HR 0.63, CI 0.44-0. 86; Figure 12). 

Figure 12. Conditional probability of survival. 8-years from primary tumor resection. Patient inclu-
sion when diagnosed with liver recurrences.
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5. Discussion 

This thesis focuses on the impact of common clinical factors for patients with 
CRLM, relevant to consider when patient, primary tumor and the metastatic pat-
tern are evaluated at time for treatment decision. 

Prognostic factors and outcome for CRLM surgery have been studied in many 
settings before. So why are updated studies from population-based registers im-
portant? Although randomized studies are considered the highest level of evidence 
as they exclude bias between treatment and control groups they can still be ham-
pered by selection and executed in conditions not consistent with medical practice. 
Outcome studies from large population-based materials as the ones obtainable in 
Sweden offer a broader representation of included patients, independent of life-
style, socioeconomic background or age, to evaluate prognostic factors and treat-
ment based on clinical reality. In this way, the findings in these studies play an 
important role to increase safety when treatments are implemented in the real 
world. 

5.1 Prognostic factors 

A.2.2 Ge primary tumor 

The primary tumor is the origin of all metastases, and hence the cause of death 
also in metastatic disease. Our studies verify the relevance of stage and other tu-
mor characteristics, when discussing risk for metastasis, but also for discussing 
prognosis in the metastatic setting of CRC. 

In paper II, low tumor differentiation grade, vascular invasion and LNR were all 
associated with substantial risk of shorter survival after treatment of liver metas-
tases, when adjusted for metastatic pattern and treatment parameters in the multi-
variable analysis. Lymph node stage was the most important prognostic factor 
with a 77% higher excess mortality for LNR >0.25 compared to lymph node neg-
ative patients. Put in a context, the increased risk of high LNR after CRLM resec-
tion is even comparable to extrahepatic dissemination to the lungs (78% higher 
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excess mortality compared to liver only metastases in the same analysis). A high 
increased risk to develop metachronous metastases for lymph node positive tu-
mors was expected and is vital in decision-making for adjuvant chemotherapy af-
ter CRC resection. The pronounced transferred risk to excess mortality after 
treatment of CRLM suggests high LNR to be an effective marker of systemic dis-
ease also in the metastatic setting, not limited to the liver metastasis treated.  

Although the recurrence risk was highly dependent on T-stage, a locally advanced 
tumor is not the most important risk factor for long-term survival after CRLM 
surgery. T4 tumors were associated with an increased risk of excess mortality in 
univariable analysis, but no significant increase in risk was observed in the multi-
variable analysis. This can be interpreted as T-stage being of minor importance in 
the metastatic setting when the primary tumor is radically resected. However, in-
tercorrelation between independent variables, i.e., data multicollinearity, must be 
considered. Although evident overlapping factors were not included, the impact 
of T-stage might correlate to other primary tumor covariates such as vascular in-
vasion and the risk for lymph node metastases. These risks altogether imply that 
primary tumor characteristics are important to consider in preoperative decision 
making. 

Liver metastases from right-sided CRC are considered more aggressive. In the 
registry studies, right-sided colon cancer was a prognostic risk factor independent 
of tumor stage for the cohort of radically resected CRC. However, no increase in 
excess mortality was noted depending on primary tumor location for CRLM 
treated with curative intent. This could imply that a more aggressive nature of 
right-sided tumors is not transferred to the liver metastases but may also be ex-
plained by selection of patients for liver resection, based on the clinical presenta-
tion. Hence, while it is known that MMR deficient colorectal tumors are more 
common on the right side 58, and that right-sided tumors have a higher rate of 
specific oncogene mutations (e.g., KRAS and BRAF) associated with inferior 
long-term survival 59-62, this is not translated to inferior outcome after CRLM re-
section when related to identified risk factors. 

A.2.: Ge liver 

The size and number of tumors in the liver are considered important prognostic 
factors after CRLM resection. Size ≥50 mm was already used as a denominator 
for poor prognosis in the Fong-score 51 and later the introduction of the tumor 
burden score by Sasaki et al. showed that liver metastases in the highest risk group 
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are associated with a more than double risk of death within five years compared 
to the lowest risk group 68. In our studies, it is of interest that not only large tumors, 
but also medium sized liver metastases (21-30 mm) were associated with a signif-
icant mortality risk, both in the registry studies and the COLOFOL material. Since 
resection of tumors ≤30 mm does not in general bring particular technical diffi-
culties, if not due to unfavorable location, this raises the question if tumors over 
20 mm are associated with more aggressive tumor biology. 

Tumor location can affect the possibility of safe resections. In paper II, more than 
four CRLM was associated with twice as high risk of excess mortality compared 
to single metastases in univariable analysis. However, the number of liver tumors 
was not associated with increased risk in multivariable analysis, whereas location 
in segments 4, 6, 7 or 8 were all independent risk factors. Although segment 6 as 
a risk factor is hard to explain considering the peripheral location, these findings 
imply that high number of liver metastases should not be considered as a contra-
indication to surgery, especially not if the metastases are ≤20 mm and easily ac-
cessed for resection. 

A.2.; Extrahepatic spread 

Additional spread to central lymph nodes for patients with CRLM was associated 
with a very poor prognosis (5-year RS of 8%) and in multivariable analysis, ex-
trahepatic spread to other locations than the lung was the single most important 
risk factor for inferior survival (paper II). Lung metastases are more favorable and 
as shown in paper IV, almost 40% of all lung recurrences were treated with resec-
tion or ablation. It was therefore surprising that patients with combined liver and 
lung metastases were only treated in 26% (6/23) of all cases with a relatively poor 
long-term survival (17%; paper V) compared to earlier estimations 70. However, 
few patients were included in this subgroup of the COLOFOL material and 5-year 
RS for combined liver and lung metastases in the registry studies was higher (36%; 
paper II). 
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5.2 Follow-up 
Screening programs for CRC lead to tumor detection at early stage and, consider-
ing the risk factors previously discussed, better treatment outcome. According to 
the same rational, follow-up after radically resected CRC aims toward early de-
tection of less advanced metastatic disease before the patient presents with symp-
toms. 

In three large, randomized surveillance studies of CRC from the 2000s 42-44, only 
the FACS trial included patients allocated to minimal surveillance. Although fol-
low-up with CT or CEA were associated with higher resection rates of recur-
rences, there was no significant difference in OS between the groups. However, 
only 301 patients were included in the minimum surveillance study arm and one 
CT was allowed after 12-18 months upon request from the hospital clinician. 
Hence, the scientific basis comparing no surveillance with surveillance in modern 
materials is insufficient. Still, a large prospective trial with a randomization arm 
of no follow-up is not likely to be realized, considering the improved OS after 
treatment of metachronous CRC metastases over time, and the recommendation 
of follow-up programs already implemented in current guidelines 132, 133. 

The COLOFOL trial did not show any survival differences comparing high or low 
frequency follow-up for the total cohort of radically resected stage II-III CRC. 
However, we did find some differences that need to be considered, and which 
might impact follow-up schedules. In paper IV, the 5-year OS was inferior for 
patients with recurrences after CRC detected due to symptoms compared to sched-
uled follow-up, suggesting a benefit by early detection. This was more obvious 
for early detected recurrences within the first year after primary tumor resection 
with a sixfold increased risk of death after five years, possibly reflecting high-risk 
tumor biology for early interval cancers. 

Both follow-up regimens in the COLOFOL trial were from an international per-
spective not very extensive, and for example the American Society of Clinical 
Oncology (ASCO) recommend physical examination and CEA testing every 3-6 
months for 5 years in addition to annual CT scanning 132. Despite this, the 5-year 
survival rate of 32% for all recurrences in the COLOFOL material is very high. 
High survival rates can be attributed a standardized care with high referral rates to 
specialized centers following a randomized trial but may also imply that recur-
rences suitable for curatively intended treatment are slow growing with more fa-
vorable tumor biology and will not develop to be unresectable in-between 
surveillances. 
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However, the finding in paper V that patients who develop CRLM favored from 
high frequency follow-up with significantly higher 5-year OS from time when 
metastases were documented, raises the question of a possible benefit from more 
frequent follow-up for high-risk patients. The possibility of a lead time bias must 
be addressed since detection of metastatic diseases at an early stage inevitably 
result in longer survival from date of diagnosis. Hence, a conditional survival anal-
ysis from time of CRC resection was performed which confirmed a survival ben-
efit in the high frequency follow-up group (8-year OS from time of primary tumor 
resection of 34% compared to 15% for low frequency follow-up). Liver metasta-
ses were significantly smaller when detected in the high frequency follow-up 
group. This was probably of importance as tumor size, also when over 20 mm, 
was found to be an important prognostic factor after CRLM resection in both the 
registry and COLOFOL study materials. 

Follow-up is resource-intensive from a health care perspective and for the indi-
vidual the possible benefit of early detection must be balanced against possible 
negative outcomes. Anxiety could be caused by being repeatedly examined and 
waiting for results. Furthermore, some might even be put in jeopardy of undergo-
ing unnecessary or even dangerous surgical procedures. The challenge in clinical 
practice will thus be to identify which patients that will benefit from more frequent 
controls. Clinical risk scores of CRLM typically include tumor burden in the liver, 
which is of no use in the pre-metastatic setting. Hence, individualized follow-up 
must be planned based on the profile of patient characteristics and primary tumor 
factors with high risk of recurrences. In addition to stage and location of the CRC, 
diabetes and daily smoking were identified as risk factors for developing meta-
chronous metastases in paper IV. Although earlier described, this is not widely 
recognized and could be of relevance from a follow-up perspective 134, 135. 

Biomarkers as CEA and circulating tumor DNA (ctDNA) could be of additional 
value to find a cohort that would benefit from more intensive follow-up. In a post-
hoc analysis of the COLOFOL material, elevated CEA (>5 µg/l) before CRC-
surgery was associated with increased risk of recurrences and mortality but there 
was no survival benefit from high frequency follow-up for this subgroup 136. How-
ever, there are few clinicians that would not follow persistent high CEA-levels 
postoperatively 137. Detectable levels of ctDNA in blood samples after CRC re-
section is associated with higher rates of recurrent disease but it may take several 
months before recurrences can be verified by imaging techniques 138 and a poten-
tial survival benefit from early recurrence detection with ctDNA screening after 
CRC resection is yet to be proven 139, 140. More studies of individualized follow-
up depending on prognostic risk factors would be of interest. 
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5.3 Treatment aspects 

A.;.2 High age 

High long-term survival rates after curatively intended treatment of CRLM among 
the elderly have been described earlier 54 and despite a 40% increase in excess 
mortality for patients ≥75 years of age in our study (paper II), the 5-year RS rate 
remained high, over 50%. A fifth of all patients treated for CRLM were ≥75 years 
but more elderly could probably benefit from surgery considering the even higher 
rate of patients ≥75 years (42%) in the radically resected CRC cohort (paper I). 
However, treatment effectiveness must be related to how demanding surgery or 
chemotherapy is for the individual patient. While major surgery is sometimes 
ruled out, a minimal invasive resection or repeated ablations can be less trying 
than long lasting oncological treatment. Comorbidity and frailty scores to predict 
risk may be useful to identify the best possible treatment option and it has been 
proposed that method of measuring is of minor importance as long as frailty is 
considered 141. 

High ASA-score (III-IV) at time of CRC surgery was associated with a doubled 
risk of excess mortality after CRC resection when analyzed in multivariable anal-
ysis in paper I. Physical performance is most likely to affect outcome also after 
liver surgery 142. In paper II, we found that acute resection and severe complica-
tions after the primary tumor resection were associated with a significant risk after 
CRLM treatment, possibly reflecting increased comorbidity and frailty in these 
patients. However, ASA-score was not an independent risk factor. Why this was 
not the case is not clear. Patient selection could be one reason but the ASA-score’s 
validity in clinical practice, due to its subjective nature, has been questioned be-
fore 143. Inclusion of the Charlson comorbidity index could have offered a better 
estimation of comorbidity in our multivariable analyses. However, we aimed to 
evaluate prognostic factors relevant in preoperative decision making and the 
Charlson comorbidity index is not commonly used in clinical practice. 

A.;.: Minimal invasive techniques 

 
Liver resections have become successively safer due to improved surgical tech-
niques and low-pressure anesthesia, preventing surgical complications as bleeding 
and bile leakage. However, POC including medical complications and infections 
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after CRLM surgery are still relatively common. In paper III, POC were registered 
for almost one fourth (24%) of all patients with a subsequent negative impact on 
both hospital stay and survival. The most important risk was major resection, in-
creasingly common as liver surgeons push the limit of treatable advanced liver 
metastases. In addition to a negative stress for the patient, POC and prolonged 
hospital stay are resource demanding and efforts to reduce complication rates are 
likely to be cost-effective. 

Decreased complication rates have been suggested from minimal invasive tech-
niques, and at many centers laparoscopy has become the preferred approach when 
technically possible. In the Oslo-COMET study 101, laparoscopy was associated 
with faster recovery and less complications (19% compared to 31% in the open 
resection randomization arm). In paper III, laparoscopic technique was associated 
with 68% decreased risk of POC compared to open resection in a subgroup anal-
ysis of suitable tumors (i.e., ≤2 metastases, ≤50 mm). This is encouraging, con-
sidering that far less experienced centers were included in this population-based 
study compared to the randomized single center study in Oslo. Location of the 
tumor is used in several scores to evaluate suitability for laparoscopy 144. However, 
in our study, there was no difference in survival depending on anterolateral loca-
tion of metastases, considered easier to approach, compared to posterosuperior 
location, considered difficult. These results support increased use of laparoscopic 
resections of CRLM. 

Several studies have suggested survival after CRLM ablation of small tumors to 
be equal to resection also in resectable tumors 112, 113. In Sweden, the rapid devel-
opment of techniques has been accompanied with increased numbers of ablations 
being performed. In paper II, the more than doubled risk of death within 5 years 
compared to resection was surprising. Excess mortality because of patient selec-
tion is hard to rule out. Therefore, we conducted a propensity score weighted anal-
ysis of 695 patients treated with resection only and 86 patients treated with 
ablation only, all with liver metastases ≤30 mm, and the risk sustained. Even 
smaller tumors than 30 mm may be a suitable cut off for ablation considering our 
finding of inferior prognosis also for medium sized tumors of 21-30 mm. How-
ever, when survival after resection and ablation was compared for low- and high-
risk groups on patients with tumors ≤20 mm, there was a survival benefit from 
surgical resection in both groups. Hence, the increased mortality risk cannot likely 
be addressed to patient selection only. 

Since higher survival rates for ablation of CRLM have been reported from single 
center retrospective studies 145, 146, we hypothesized that the inferior outcome after 
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ablation of CRLM was dependent on experience. However, when outcome was 
compared between high- and low volume centers in Sweden there was no benefit 
from treatment at high volume centers. It is probable that with improved tech-
niques, including for example modern navigation systems, a precise thermal de-
struction of cancer cells would give the same results as open or laparoscopic 
resections. Still, for the future role of ablation of resectable tumors to be deter-
mined, randomized studies are necessary. The COLLISION study 147 in Amster-
dam is ongoing and includes patients with CRC metastases confined to the liver 
with a maximum size of 30 mm, randomized to either ablation or resection. For 
the time being, resection of CRLM when possible, must be considered the optimal 
treatment. 

A.;.; High risk 

In multivariable analysis in paper V, age, number of liver metastases and extrahe-
patic spread were the only independent predictive factors for curatively intended 
treatment of CRLM. This is somewhat surprising considering the great prognostic 
value of primary tumor characteristics. However, resectability may be the running 
point for the individual patient, also when presenting with troublesome risk fac-
tors. Age is of importance but for patients ≥75 years treated with curative intent 
5-year RS was 50%. Nodal stage was the most important risk factor of the primary 
tumor, yet 5-year RS after CRLM resection was 35% for LNR ≥0.25. In the 
COLOFOL material, more than five CRLM or largest tumor >50 mm inferred 
high risk but when treated 5-year OS was 60% for both these groups. These salient 
survival rates propose that no single risk factor should exclude patients from allo-
cation to a curatively intended treatment with a multimodal approach. 

A.;.> Chemotherapy  

A benefit from chemotherapy following resection of stage III colon cancer is well 
established and adjuvant treatment is also recommended for high-risk stage II dis-
ease 26, 31. In paper IV, adjuvant chemotherapy was studied as prognostic factor 
for recurrent disease. The reduced recurrence risk of 38%, in a cohort with a high 
proportion of patients treated with adjuvant chemotherapy (53% for colon cancer 
and 35% for rectal cancer), emphasizes the benefit of multimodal treatment. How-
ever, a recurrence risk for stage II (lymph node negative) disease of only 13% was 
observed in the COLOFOL cohort (paper IV) and a potential gain of adjuvant 
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chemotherapy for even higher proportions of patients must thus be related to the 
risk of overtreatment. 

The rational of chemotherapy as complement to resection in treatment of CRLM 
is tumor shrinkage of liver tumors and elimination of micro metastases. Neoadju-
vant chemotherapy is commonly used for downstaging with a positive effect on 
tumor burden in about 60% of all cases treated. Some 10% end up with tumor 
progress 148 and it is not surprising that progress after neoadjuvant chemotherapy, 
when analyzed in paper II, was associated with a more than doubled excess mor-
tality in multivariable analysis. 

The benefit in terms of long-term survival of preoperative chemotherapy for re-
sectable liver tumors is still uncertain 122, 149. In clinical practice it is sometimes 
viewed upon as a prognostic tool, to identify rapidly progressing tumors. Despite 
a potential hazard of missing the window of opportunity for resection, this could 
reduce the risk of a demanding surgical treatment associated with poor prognosis. 
However, one could also argue that if more patients do resection upfront, there 
might be a possibility for longer survival for the total cohort. The pronounced 
mortality risk associated with primary tumor risk factors in our studies, also after 
radical treatment of CRLM, suggests an increased risk of systemic spread in ad-
dition to the treated liver tumors which calls for consideration when selection of 
patients for preoperative chemotherapy is being discussed. Patients with small or 
few metastases but high LNR might benefit more from additional treatment rather 
than patients with multiple resectable metastases and more favorable prognostic 
factors. 

A.;.A Multidisciplinary tumor boards 

High resection rates were expected in the COLOFOL cohort since included pa-
tients were under 75 years of age with limited comorbidity, suitable for long-term 
follow-up. More than half (52%) of all patients with CRLM were treated with a 
curative intent and for metastases confined to the liver, 76%. These very high 
numbers are startling and the assessment in MDT for over 90% of all patients play 
an important role. In an earlier retrospective registry study with data collected 
from SCRCR and subsequent medical charts review, only 38% of all patients with 
CRLM were referred to a multidisciplinary team conference and 25% of all pa-
tients were treated with curative intent 34. This is in line with the findings in our 
registry studies, where 2.8% (594/20 853) of all patients radically resected for 
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CRC were treated for metachronous CRLM compared to 5% in the COLOFOL 
cohort and emphasizes the effect of a multidisciplinary approach. 

A prerequisite for optimal management of CRLM is equalities in patient selection 
for treatment with curative intent. Gender was not a significant risk factor for death 
after CRLM resection in any of our studies, but more men than women were 
treated for liver recurrences in the register cohort (812/10 939 (6.3%) and 
513/9914 (5.2%) respectively). More men present with rectal cancer, associated 
with higher rates of recurrent disease, and overrepresentation of CRLM among 
men could be one explanation. However, in earlier presented results by Norén et 
al. including 28 355 CRC registered in SCRCR, significantly more men were re-
ferred to liver specialists for evaluation when presenting with liver metastases 150. 
In manuscript V, where follow-up was standardized according to the COLOFOL 
trial and a high rate of patients was assessed in MDT, we show that a higher rate 
of women than men were treated with curative intent (57% compared to 49%), 
although not statistically significant. 

Lower treatment rates of women in the general population compared to numbers 
seen in a prospectively collected material of a randomized study suggest under-
treatment. This demands further notice. Furthermore, socio-economic status is as-
sociated with acute presentation and more advanced stage of CRC due to delay of 
diagnosis 151 as well as lower referral rates to liver specialists when presenting 
with CRLM 150. These dissimilar referral rates are unlikely to be an effect of in-
tentional discrimination but propose that the benefit from assessment in MDT is 
of particular importance for vulnerable groups. 

Further knowledge of risk factors could improve patient selection with a potential 
of preventing patients from unnecessary and wearisome treatments, i.e., surgical 
treatment with no hope for cure and/or prolonged survival. High resection rates in 
combination with high numbers of long-term survival in our studies, also for high-
risk groups, highlight what is achievable with correct staging, standardized fol-
low-up, and multidisciplinary assessment in specialized tumor boards. More likely 
than excluding patients from treatment, a deepened understanding of risk factors 
can be used in future evaluations of individual follow-up and multimodal treat-
ment options, optimizing the possibility of long-term survival. 
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5.4 Strengths and limitations 
The most important limitation of these studies is their retrospective nature, albeit 
data are collected prospectively in both registries used for paper I-III and the re-
currence cohort in paper IV-V was identified from the randomized and prospec-
tively followed COLOFOL trial, including radically resected CRC patients in 
Sweden and Denmark.  

The large and well-defined study populations are a major strength. By linking two 
national population-based registries with high coverage and agreement to source 
data 126, 150, we were able to include almost 30 000 CRC patients to study the rel-
evance of prognostic factors in a liver treated cohort of 1325 patients. For the 
COLOFOL-cohort, 2442 patient with radically resected CRC were followed for 
five years to identify 494 patients with recurrent disease. To ensure data coher-
ence, the carefully executed chart reviews were performed by a limited number of 
surgeons in our study group and when needed, interpretations were discussed in 
group and decisions made in consensus. 

Since both of our CRLM cohorts were constituted by patients treated with radical 
resection of CRC, our results cannot be applied for the entire CRC population, 
including R1 or non-resected patients. All patients included were diagnosed and 
treated in Sweden or Denmark. Although likely transferable to western popula-
tions of similar demographic conditions, our results are dependent on follow-up 
and treatment routines established in these countries. 

The study populations include CRC patients diagnosed in 2006-2013 and the rel-
evance of some findings could have altered over time due to changes in lifestyle, 
stage migration and updated treatment options. However, it enabled long-term fol-
low-up for all patients included, also after presenting with metastatic disease. 

A potential weakness is that we did not include CEA or genetic biomarkers as 
KRAS, BRAF, MMR deficiency and ctDNA in our analyses. However, as dis-
cussed previously, the importance of these biomarkers for prognosis after cura-
tively intended treatment of CRLM in relation to the clinical presentation of 
primary tumor and liver metastases is not clear.
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6. Conclusions 

Comorbidity, acute surgery, and complications at time of primary tumor resection 
are risk factors that are transmitted to the following treatment of CRLM. The in-
creased risk of high age is limited when related to other risk factors and, for those 
treated, good long-term survival is achievable. This implies that more elderly 
would benefit from resection or ablation of CRLM. 

Primary tumor characteristics affect long-term survival also in the liver metastatic 
setting and should be considered in preoperative decision making. Moreover, met-
astatic pattern has an important impact on survival. Size of liver metastasis, al-
ready when >20 mm, are associated with a significant risk. Number of liver 
metastases is of less importance when location in the liver is considered. 

Postoperative complications occur after almost one-quarter of all CRLM resec-
tions and are associated with inferior prognosis. Laparoscopic resection of suitable 
tumors reduces the risk for POC and can be performed with no negative impact 
on long-term survival. A continued expansion of laparoscopy for CRLM is thus 
entitled. Resection should be the preferred treatment option when possible, con-
sidering the doubled 5-year mortality risk associated with ablation in the propen-
sity score analysis. 

Lymph node status is the most important risk factor for recurrent disease after 
radical resection of stage II-III CRC. Following a very high rate of assessments in 
MDT, a high proportion of all recurrences, and most CRLM, are possible to treat 
with curative intent and subsequent good long-term survival. A multidisciplinary 
assessment should be amenable for all patients with recurrent disease. 

High frequency follow-up after primary tumor resection is a positive prognostic 
factor for patients with CRLM and may be indicated for selected patients.
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7. Future Aspects 

Improved OS for patients diagnosed with CRLM after high frequency follow-up 
implies a potential benefit from early detection for selected patients. Circulating 
tumor DNA obtained from blood samples provides a snapshot of remaining tumor 
cells and is likely to play a future role in identifying patients that will develop 
metastases. However, the question of which patients that favor from early detec-
tion is elusive, not necessarily limited to high risk of recurrent disease. Future 
studies of individualized follow-up regimens, e.g., with ctDNA, that include prog-
nostic factors of the patient and primary tumor would be of interest to identify 
groups with high risk of recurrent disease that will also benefit from curatively 
intended treatment in the metastatic setting. 

Gene analyses of tumor tissue, and identification of for example KRAS, BRAF-
mutations and MMR deficiency, have the potential to guide precision medicine by 
identifying patients suitable for targeted treatments and immunotherapy. How-
ever, the role of genetic biomarkers to predict the individual patient’s response to 
surgical treatment of CRLM is not clear. The clinical presentation of patient, pri-
mary tumor and metastatic pattern is highly representative as prognostic factors in 
the liver metastatic setting and an additional value of specific gene mutations 
should thus be evaluated in relation to these risk factors. Gene mapping of col-
lected tumor samples from our thoroughly investigated study cohorts would be of 
interest for further studies. 

What is the biological difference between small CRLM and tumors over 20 mm? 
The profound increased risk associated with CRLM 21-30 mm found in our stud-
ies cannot likely be addressed surgical difficulties only. To study the tumor stroma 
for metastases larger or smaller than 20 mm could clarify if size is a surrogate 
marker of a different growth pattern or differences in immune response and eva-
sion. 

As demonstrated, steadily increased resection rates of CRLM treated in a multi-
modal setting are accompanied with high survival rates. Further improvement re-
lies on even more patients undergoing curatively intended treatment. This must be 
handled in the perspective of potential benefit for the individual patient and a 
given tumor burden associated with a certain risk might be handled differently 
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depending on the patient’s comorbidity or frailty. Hence, increased treatment rates 
can be addressed by major surgery of advanced CRLM but also by minimal inva-
sive techniques for patients that will not sustain more demanding treatment op-
tions. Liver ablation has the potential to treat CRLM with low risk of 
complications but was associated with inferior outcome compared to resection in 
our study. However, techniques are evolving at fast pace with possible improve-
ments in radicality. A randomized multicenter trial in Sweden comparing ablation 
with surgical resection is indicated and would clarify the up-to-date usefulness.



 

 

ACKNOWLEDGEMENTS   69	

Acknowledgements 

The completion of this thesis has been a challenging experience, impossible to 
carry through without the support from so many. I would like to express my sin-
cere gratitude to my co-authors, colleagues, friends, and family. With special 
thanks to: 

Magnus Rizell, my main supervisor. Thank you for an endless number of outside-
office-hours meetings after my children were put to bed and for always challeng-
ing me to express my own thoughts. 

Ingvar Syk, my co-supervisor, for your always constructive feedback. Thank you 
for swift answers when I needed help from a wise colorectal surgeon’s perspec-
tive, even when you were on your way to a faraway mountain top. 

Erik Holmberg, my co-supervisor, for an everlasting patience when explaining 
statistics and calculations. Thank you for your great work ethics that makes me 
confident in relying on our results. 

Peter Naredi, for introducing me to this world some years ago and for your always 
encouraging support. Thank you for your help in defining the tasks and for telling 
me when the work is done. 

Pernilla Hansdotter, co-author, friend, and companion on this journey. Thank you 
for the many laughs on the way when collecting our joint database. 

And to Sune H. Petersen, Martynas Mikalonis and Maziar Nikberg for your valu-
able contributions in co-authoring and data collection. 

All my colleagues at the Department of Surgery, Helsingborg Hospital. With spe-
cial appreciation to everyone at the Section of Emergency Surgery for always 
walking the extra mile so that I could have leave of absence for my PhD project. 
And to my colleagues at the Section of Colorectal Surgery for your encouraging 
support when finalizing this thesis. 

I would like to pay extra gratitude to Stefan Öberg for supervising me when com-
pleting my specialization in surgery and for guiding my first steps as a researcher. 



 

 

70   ACKNOWLEDGEMENTS 	

 

Johan Henrik Thomanders Studenthem 1895, an utmost important part of achiev-
ing my medical degree in Lund. To the endless wisdom of the Wire. And to the 
invaluable Queens and Kings. 

Anton, Igor and Karl for great friendship since almost 20 years on our ways 
throughout medical school, surgical residencies and PhD projects. 

My big brothers Martin and Erik, and your wonderful families. I know I can al-
ways trust in you. I am sure that there will be more time for spontaneous visits 
now. 

My sister Kristin, the first doctor in family, a true source of inspiration. Thank you 
for the artistic illustrations. And to Robert, Ingrid and Emily for your everyday 
support to me and all of my family. 

My mother Rose-Marie for always being there with love and for always believing 
in me. To my father Olof, I miss you and I know that you would have read this 
thesis with great curiosity. 

My wife Maria. You are the love of my life and my best friend. Thank you for 
always being there for me when I needed you throughout these hectic years. 
I would swim the seas for you. 

Och till mina älskade barn Stina och Axel. Nu är våren här, boken färdigskriven 
och det är så mycket som vi ska göra - inte sen utan nu. Jag är så stolt över er!



 

 

REFERENCES   71	

References 

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. 
Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and Mortality 
Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin 2021;71(3): 209-
249. 
2. Regionalt Cancercentrum Norr. SCRCR. Kvalitetsregisterrapporter. 
https://www.cancercentrum.se/samverkan/cancerdiagnoser/tjocktarm-andtarm-
och-anal/tjock--och-andtarm/kvalitetsregister/rapporter/. 
3. Arnold M, Sierra MS, Laversanne M, Soerjomataram I, Jemal A, Bray F. 
Global patterns and trends in colorectal cancer incidence and mortality. Gut 
2017;66(4): 683-691. 
4. Fidler MM, Bray F, Vaccarella S, Soerjomataram I. Assessing global 
transitions in human development and colorectal cancer incidence. Int J Cancer 
2017;140(12): 2709-2715. 
5. Cardoso R, Guo F, Heisser T, Hackl M, Ihle P, De Schutter H, et al. Colorectal 
cancer incidence, mortality, and stage distribution in European countries in the 
colorectal cancer screening era: an international population-based study. Lancet 
Oncol 2021;22(7): 1002-1013. 
6. Vogelstein B, Fearon ER, Hamilton SR, Kern SE, Preisinger AC, Leppert M, 
et al. Genetic alterations during colorectal-tumor development. N Engl J Med 
1988;319(9): 525-532. 
7. Leslie A, Carey FA, Pratt NR, Steele RJ. The colorectal adenoma-carcinoma 
sequence. Br J Surg 2002;89(7): 845-860. 
8. Santarelli RL, Pierre F, Corpet DE. Processed meat and colorectal cancer: a 
review of epidemiologic and experimental evidence. Nutr Cancer 2008;60(2): 
131-144. 
9. Botteri E, Iodice S, Bagnardi V, Raimondi S, Lowenfels AB, Maisonneuve P. 
Smoking and colorectal cancer: a meta-analysis. JAMA 2008;300(23): 2765-2778. 
10. Martinez-Useros J, Garcia-Foncillas J. Obesity and colorectal cancer: 
molecular features of adipose tissue. J Transl Med 2016;14: 21. 
11. Rossi M, Jahanzaib Anwar M, Usman A, Keshavarzian A, Bishehsari F. 
Colorectal Cancer and Alcohol Consumption-Populations to Molecules. Cancers 
(Basel) 2018;10(2). 
12. Nadeem MS, Kumar V, Al-Abbasi FA, Kamal MA, Anwar F. Risk of 
colorectal cancer in inflammatory bowel diseases. Semin Cancer Biol 2020;64: 
51-60. 



 

 

72   REFERENCES 	

 

13. Al-Sohaily S, Biankin A, Leong R, Kohonen-Corish M, Warusavitarne J. 
Molecular pathways in colorectal cancer. J Gastroenterol Hepatol 2012;27(9): 
1423-1431. 
14. Marmol I, Sanchez-de-Diego C, Pradilla Dieste A, Cerrada E, Rodriguez Yoldi 
MJ. Colorectal Carcinoma: A General Overview and Future Perspectives in 
Colorectal Cancer. Int J Mol Sci 2017;18(1). 
15. Medina Pabon MA, Babiker HM. A Review Of Hereditary Colorectal Cancers. 
In: StatPearls: Treasure Island (FL), 2021. 
16. Baguena G, Pellino G, Frasson M, Rosello S, Cervantes A, Garcia-Granero A, 
et al. Prognostic Impact of pT Stage and Peritoneal Invasion in Locally Advanced 
Colon Cancer. Dis Colon Rectum 2019;62(6): 684-693. 
17. Tsikitis VL, Larson DW, Huebner M, Lohse CM, Thompson PA. Predictors of 
recurrence free survival for patients with stage II and III colon cancer. BMC 
Cancer 2014;14: 336. 
18. Chen SL, Bilchik AJ. More extensive nodal dissection improves survival for 
stages I to III of colon cancer: a population-based study. Ann Surg 2006;244(4): 
602-610. 
19. Belt EJ, van Stijn MF, Bril H, de Lange-de Klerk ES, Meijer GA, Meijer S, et 
al. Lymph node negative colorectal cancers with isolated tumor deposits should 
be classified and treated as stage III. Ann Surg Oncol 2010;17(12): 3203-3211. 
20. Rebuzzi SE, Pesola G, Martelli V, Sobrero AF. Adjuvant Chemotherapy for 
Stage II Colon Cancer. Cancers (Basel) 2020;12(9). 
21. Douillard JY, Siena S, Cassidy J, Tabernero J, Burkes R, Barugel M, et al. 
Randomized, phase III trial of panitumumab with infusional fluorouracil, 
leucovorin, and oxaliplatin (FOLFOX4) versus FOLFOX4 alone as first-line 
treatment in patients with previously untreated metastatic colorectal cancer: the 
PRIME study. J Clin Oncol 2010;28(31): 4697-4705. 
22. Kubisch CH, Crispin A, Mansmann U, Goke B, Kolligs FT. Screening for 
Colorectal Cancer Is Associated With Lower Disease Stage: A Population-Based 
Study. Clin Gastroenterol Hepatol 2016;14(11): 1612-1618 e1613. 
23. Gill S, Loprinzi CL, Sargent DJ, Thome SD, Alberts SR, Haller DG, et al. 
Pooled analysis of fluorouracil-based adjuvant therapy for stage II and III colon 
cancer: who benefits and by how much? J Clin Oncol 2004;22(10): 1797-1806. 
24. Taieb J, Gallois C. Adjuvant Chemotherapy for Stage III Colon Cancer. 
Cancers (Basel) 2020;12(9). 
25. Breugom AJ, Swets M, Bosset JF, Collette L, Sainato A, Cionini L, et al. 
Adjuvant chemotherapy after preoperative (chemo)radiotherapy and surgery for 
patients with rectal cancer: a systematic review and meta-analysis of individual 
patient data. Lancet Oncol 2015;16(2): 200-207. 
26. Andre T, Boni C, Navarro M, Tabernero J, Hickish T, Topham C, et al. 
Improved overall survival with oxaliplatin, fluorouracil, and leucovorin as 
adjuvant treatment in stage II or III colon cancer in the MOSAIC trial. J Clin 
Oncol 2009;27(19): 3109-3116. 



 

 

REFERENCES   73	

27. Bellio H, Fumet JD, Ghiringhelli F. Targeting BRAF and RAS in Colorectal 
Cancer. Cancers (Basel) 2021;13(9). 
28. Andre T, Shiu KK, Kim TW, Jensen BV, Jensen LH, Punt C, et al. 
Pembrolizumab in Microsatellite-Instability-High Advanced Colorectal Cancer. N 
Engl J Med 2020;383(23): 2207-2218. 
29. van der Geest LG, Lam-Boer J, Koopman M, Verhoef C, Elferink MA, de Wilt 
JH. Nationwide trends in incidence, treatment and survival of colorectal cancer 
patients with synchronous metastases. Clin Exp Metastasis 2015;32(5): 457-465. 
30. Manfredi S, Bouvier AM, Lepage C, Hatem C, Dancourt V, Faivre J. Incidence 
and patterns of recurrence after resection for cure of colonic cancer in a well 
defined population. Br J Surg 2006;93(9): 1115-1122. 
31. Osterman E, Glimelius B. Recurrence Risk After Up-to-Date Colon Cancer 
Staging, Surgery, and Pathology: Analysis of the Entire Swedish Population. Dis 
Colon Rectum 2018;61(9): 1016-1025. 
32. Meyer Y, Olthof PB, Grunhagen DJ, de Hingh I, de Wilt JHW, Verhoef C, et 
al. Treatment of metachronous colorectal cancer metastases in the Netherlands: A 
population-based study. Eur J Surg Oncol 2021. 
33. Manfredi S, Lepage C, Hatem C, Coatmeur O, Faivre J, Bouvier AM. 
Epidemiology and management of liver metastases from colorectal cancer. Ann 
Surg 2006;244(2): 254-259. 
34. Engstrand J, Nilsson H, Stromberg C, Jonas E, Freedman J. Colorectal cancer 
liver metastases - a population-based study on incidence, management and 
survival. BMC Cancer 2018;18(1): 78. 
35. Mitry E, Guiu B, Cosconea S, Jooste V, Faivre J, Bouvier AM. Epidemiology, 
management and prognosis of colorectal cancer with lung metastases: a 30-year 
population-based study. Gut 2010;59(10): 1383-1388. 
36. van Gestel YR, de Hingh IH, van Herk-Sukel MP, van Erning FN, Beerepoot 
LV, Wijsman JH, et al. Patterns of metachronous metastases after curative 
treatment of colorectal cancer. Cancer Epidemiol 2014;38(4): 448-454. 
37. Booth CM, Nanji S, Wei X, Biagi JJ, Krzyzanowska MK, Mackillop WJ. 
Surgical resection and peri-operative chemotherapy for colorectal cancer liver 
metastases: A population-based study. Eur J Surg Oncol 2016;42(2): 281-287. 
38. Osterlund P, Salminen T, Soveri LM, Kallio R, Kellokumpu I, Lamminmaki 
A, et al. Repeated centralized multidisciplinary team assessment of resectability, 
clinical behavior, and outcomes in 1086 Finnish metastatic colorectal cancer 
patients (RAXO): A nationwide prospective intervention study. Lancet Reg 
Health Eur 2021;3: 100049. 
39. Renehan AG, Egger M, Saunders MP, O'Dwyer ST. Impact on survival of 
intensive follow up after curative resection for colorectal cancer: systematic 
review and meta-analysis of randomised trials. BMJ 2002;324(7341): 813. 
40. Verberne CJ, Zhan Z, van den Heuvel E, Grossmann I, Doornbos PM, Havenga 
K, et al. Intensified follow-up in colorectal cancer patients using frequent Carcino-



 

 

74   REFERENCES 	

 

Embryonic Antigen (CEA) measurements and CEA-triggered imaging: Results of 
the randomized "CEAwatch" trial. Eur J Surg Oncol 2015;41(9): 1188-1196. 
41. Hanna TP, King WD, Thibodeau S, Jalink M, Paulin GA, Harvey-Jones E, et 
al. Mortality due to cancer treatment delay: systematic review and meta-analysis. 
BMJ 2020;371: m4087. 
42. Primrose JN, Perera R, Gray A, Rose P, Fuller A, Corkhill A, et al. Effect of 3 
to 5 years of scheduled CEA and CT follow-up to detect recurrence of colorectal 
cancer: the FACS randomized clinical trial. JAMA 2014;311(3): 263-270. 
43. Rosati G, Ambrosini G, Barni S, Andreoni B, Corradini G, Luchena G, et al. 
A randomized trial of intensive versus minimal surveillance of patients with 
resected Dukes B2-C colorectal carcinoma. Ann Oncol 2016;27(2): 274-280. 
44. Wille-Jorgensen P, Syk I, Smedh K, Laurberg S, Nielsen DT, Petersen SH, et 
al. Effect of More vs Less Frequent Follow-up Testing on Overall and Colorectal 
Cancer-Specific Mortality in Patients With Stage II or III Colorectal Cancer: The 
COLOFOL Randomized Clinical Trial. JAMA 2018;319(20): 2095-2103. 
45. Jeffery M, Hickey BE, Hider PN. Follow-up strategies for patients treated for 
non-metastatic colorectal cancer. Cochrane Database Syst Rev 2019;9: 
CD002200. 
46. Jones RP, McWhirter D, Fretwell VL, McAvoy A, Hardman JG. Clinical 
follow-up does not improve survival after resection of stage I-III colorectal cancer: 
A cohort study. Int J Surg 2015;17: 67-71. 
47. Vekemans K, Braet F. Structural and functional aspects of the liver and liver 
sinusoidal cells in relation to colon carcinoma metastasis. World J Gastroenterol 
2005;11(33): 5095-5102. 
48. Bird NC, Mangnall D, Majeed AW. Biology of colorectal liver metastases: A 
review. J Surg Oncol 2006;94(1): 68-80. 
49. Paschos KA, Majeed AW, Bird NC. Natural history of hepatic metastases from 
colorectal cancer--pathobiological pathways with clinical significance. World J 
Gastroenterol 2014;20(14): 3719-3737. 
50. Gout S, Huot J. Role of cancer microenvironment in metastasis: focus on colon 
cancer. Cancer Microenviron 2008;1(1): 69-83. 
51. Fong Y, Fortner J, Sun RL, Brennan MF, Blumgart LH. Clinical score for 
predicting recurrence after hepatic resection for metastatic colorectal cancer: 
analysis of 1001 consecutive cases. Ann Surg 1999;230(3): 309-318; discussion 
318-321. 
52. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of 
classifying prognostic comorbidity in longitudinal studies: development and 
validation. J Chronic Dis 1987;40(5): 373-383. 
53. Dauch J, Hamidi M, Arrington AK, O'Grady CL, Hsu CH, Joseph B, et al. The 
Impact of Frailty on Patients Undergoing Liver Resection for Colorectal Liver 
Metastasis. J Gastrointest Surg 2021. 



 

 

REFERENCES   75	

54. Booth CM, Nanji S, Wei X, Mackillop WJ. Management and Outcome of 
Colorectal Cancer Liver Metastases in Elderly Patients: A Population-Based 
Study. JAMA Oncol 2015;1(8): 1111-1119. 
55. Sasaki K, Andreatos N, Margonis GA, He J, Weiss M, Johnston F, et al. The 
prognostic implications of primary colorectal tumor location on recurrence and 
overall survival in patients undergoing resection for colorectal liver metastasis. J 
Surg Oncol 2016;114(7): 803-809. 
56. Missiaglia E, Jacobs B, D'Ario G, Di Narzo AF, Soneson C, Budinska E, et al. 
Distal and proximal colon cancers differ in terms of molecular, pathological, and 
clinical features. Ann Oncol 2014;25(10): 1995-2001. 
57. Kim CG, Ahn JB, Jung M, Beom SH, Kim C, Kim JH, et al. Effects of 
microsatellite instability on recurrence patterns and outcomes in colorectal 
cancers. Br J Cancer 2016;115(1): 25-33. 
58. Nitsche U, Stogbauer F, Spath C, Haller B, Wilhelm D, Friess H, et al. Right 
Sided Colon Cancer as a Distinct Histopathological Subtype with Reduced 
Prognosis. Dig Surg 2016;33(2): 157-163. 
59. Tosi F, Magni E, Amatu A, Mauri G, Bencardino K, Truini M, et al. Effect of 
KRAS and BRAF Mutations on Survival of Metastatic Colorectal Cancer After 
Liver Resection: A Systematic Review and Meta-Analysis. Clin Colorectal 
Cancer 2017;16(3): e153-e163. 
60. Margonis GA, Buettner S, Andreatos N, Kim Y, Wagner D, Sasaki K, et al. 
Association of BRAF Mutations With Survival and Recurrence in Surgically 
Treated Patients With Metastatic Colorectal Liver Cancer. JAMA Surg 
2018;153(7): e180996. 
61. Bylsma LC, Gillezeau C, Garawin TA, Kelsh MA, Fryzek JP, Sangare L, et al. 
Prevalence of RAS and BRAF mutations in metastatic colorectal cancer patients 
by tumor sidedness: A systematic review and meta-analysis. Cancer Med 
2020;9(3): 1044-1057. 
62. van 't Erve I, Wesdorp NJ, Medina JE, Ferreira L, Leal A, Huiskens J, et al. 
KRAS A146 Mutations Are Associated With Distinct Clinical Behavior in 
Patients With Colorectal Liver Metastases. JCO Precis Oncol 2021;5. 
63. Cardona K, Mastrodomenico P, D'Amico F, Shia J, Gonen M, Weiser MR, et 
al. Detailed pathologic characteristics of the primary colorectal tumor 
independently predict outcome after hepatectomy for metastases. Ann Surg Oncol 
2013;20(1): 148-154. 
64. Spelt L, Sasor A, Ansari D, Andersson R. Pattern of tumour growth of the 
primary colon cancer predicts long-term outcome after resection of liver 
metastases. Scand J Gastroenterol 2016;51(10): 1233-1238. 
65. van der Stok EP, Grunhagen DJ, Alberda WJ, Reitsma M, Rothbarth J, Verhoef 
C. The prognostic value of the primary tumor's nodal status after surgery for 
colorectal liver metastases in the era of effective systemic therapy. Dig Surg 
2015;32(3): 208-216. 



 

 

76   REFERENCES 	

 

66. Mann CD, Metcalfe MS, Leopardi LN, Maddern GJ. The clinical risk score: 
emerging as a reliable preoperative prognostic index in hepatectomy for colorectal 
metastases. Arch Surg 2004;139(11): 1168-1172. 
67. Smith MD, McCall JL. Systematic review of tumour number and outcome after 
radical treatment of colorectal liver metastases. Br J Surg 2009;96(10): 1101-
1113. 
68. Sasaki K, Morioka D, Conci S, Margonis GA, Sawada Y, Ruzzenente A, et al. 
The Tumor Burden Score: A New "Metro-ticket" Prognostic Tool For Colorectal 
Liver Metastases Based on Tumor Size and Number of Tumors. Ann Surg 
2018;267(1): 132-141. 
69. van Dam RM, Lodewick TM, van den Broek MA, de Jong MC, Greve JW, 
Jansen RL, et al. Outcomes of extended versus limited indications for patients 
undergoing a liver resection for colorectal cancer liver metastases. HPB (Oxford) 
2014;16(6): 550-559. 
70. Hadden WJ, de Reuver PR, Brown K, Mittal A, Samra JS, Hugh TJ. Resection 
of colorectal liver metastases and extra-hepatic disease: a systematic review and 
proportional meta-analysis of survival outcomes. HPB (Oxford) 2016;18(3): 209-
220. 
71. Engstrand J, Stromberg C, Nilsson H, Freedman J, Jonas E. Synchronous and 
metachronous liver metastases in patients with colorectal cancer-towards a 
clinically relevant definition. World J Surg Oncol 2019;17(1): 228. 
72. Schreckenbach T, Malkomes P, Bechstein WO, Woeste G, Schnitzbauer AA, 
Ulrich F. The clinical relevance of the Fong and the Nordlinger scores in the era 
of effective neoadjuvant chemotherapy for colorectal liver metastasis. Surg Today 
2015;45(12): 1527-1534. 
73. Langenbuch C. Ein Fall von Resecktion eines linksseitigen Schnurlappens der 
Leber. Berl Klin Wochenschr 1888;25:37. 
74. Cattell R. Successful removal of liver metastasis from carcinoma of the rectum. 
Lahey Clin Bull 1940;2. 
75. Couinaud C. [Liver lobes and segments: notes on the anatomical architecture 
and surgery of the liver ]. Presse Med 1954;62(33): 709-712. 
76. Pringle JH. V. Notes on the Arrest of Hepatic Hemorrhage Due to Trauma. 
Ann Surg 1908;48(4): 541-549. 
77. Makuuchi M, Hasegawa H, Yamazaki S. [Development on segmentectomy 
and subsegmentectomy of the liver due to introduction of ultrasonography]. Nihon 
Geka Gakkai Zasshi 1983;84(9): 913-917. 
78. Bismuth H, Eshkenazy R, Arish A. Milestones in the evolution of hepatic 
surgery. Rambam Maimonides Med J 2011;2(1): e0021. 
79. Azagra JS, Goergen M, Gilbart E, Jacobs D. Laparoscopic anatomical (hepatic) 
left lateral segmentectomy-technical aspects. Surg Endosc 1996;10(7): 758-761. 
80. Kaneko H, Takagi S, Shiba T. Laparoscopic partial hepatectomy and left lateral 
segmentectomy: technique and results of a clinical series. Surgery 1996;120(3): 
468-475. 



 

 

REFERENCES   77	

81. Almersjo O, Bengmark S, Hafstrom L. Liver resection for cancer. Acta Chir 
Scand 1976;142(2): 139-144. 
82. Egeland C, Rostved AA, Schultz NA, Pommergaard HC, Daugaard TR, 
Thofner LB, et al. Morbidity and mortality after liver surgery for colorectal liver 
metastases: a cohort study in a high-volume fast-track programme. BMC Surg 
2021;21(1): 312. 
83. Angelsen JH, Horn A, Sorbye H, Eide GE, Loes IM, Viste A. Population-based 
study on resection rates and survival in patients with colorectal liver metastasis in 
Norway. Br J Surg 2017;104(5): 580-589. 
84. Fenton HM, Taylor JC, Lodge JPA, Toogood GJ, Finan PJ, Young AL, et al. 
Variation in the Use of Resection for Colorectal Cancer Liver Metastases. Ann 
Surg 2019;270(5): 892-898. 
85. Moris D, Ronnekleiv-Kelly S, Rahnemai-Azar AA, Felekouras E, Dillhoff M, 
Schmidt C, et al. Parenchymal-Sparing Versus Anatomic Liver Resection for 
Colorectal Liver Metastases: a Systematic Review. J Gastrointest Surg 
2017;21(6): 1076-1085. 
86. Xu D, Wang HW, Yan XL, Li J, Wang K, Xing BC. Sub-millimeter surgical 
margin is acceptable in patients with good tumor biology after liver resection for 
colorectal liver metastases. Eur J Surg Oncol 2019;45(9): 1551-1558. 
87. Baltatzis M, Chan AK, Jegatheeswaran S, Mason JM, Siriwardena AK. 
Colorectal cancer with synchronous hepatic metastases: Systematic review of 
reports comparing synchronous surgery with sequential bowel-first or liver-first 
approaches. Eur J Surg Oncol 2016;42(2): 159-165. 
88. Simoneau E, Aljiffry M, Salman A, Abualhassan N, Cabrera T, Valenti D, et 
al. Portal vein embolization stimulates tumour growth in patients with colorectal 
cancer liver metastases. HPB (Oxford) 2012;14(7): 461-468. 
89. Sandstrom P, Rosok BI, Sparrelid E, Larsen PN, Larsson AL, Lindell G, et al. 
ALPPS Improves Resectability Compared With Conventional Two-stage 
Hepatectomy in Patients With Advanced Colorectal Liver Metastasis: Results 
From a Scandinavian Multicenter Randomized Controlled Trial (LIGRO Trial). 
Ann Surg 2018;267(5): 833-840. 
90. Olthof PB, Huiskens J, Wicherts DA, Huespe PE, Ardiles V, Robles-Campos 
R, et al. Survival after associating liver partition and portal vein ligation for staged 
hepatectomy (ALPPS) for advanced colorectal liver metastases: A case-matched 
comparison with palliative systemic therapy. Surgery 2017;161(4): 909-919. 
91. Dueland S, Foss A, Solheim JM, Hagness M, Line PD. Survival following liver 
transplantation for liver-only colorectal metastases compared with hepatocellular 
carcinoma. Br J Surg 2018;105(6): 736-742. 
92. Dueland S, Syversveen T, Solheim JM, Solberg S, Grut H, Bjornbeth BA, et 
al. Survival Following Liver Transplantation for Patients With Nonresectable 
Liver-only Colorectal Metastases. Ann Surg 2020;271(2): 212-218. 



 

 

78   REFERENCES 	

 

93. Capussotti L, Ferrero A, Vigano L, Sgotto E, Muratore A, Polastri R. Bile 
leakage and liver resection: Where is the risk? Arch Surg 2006;141(7): 690-694; 
discussion 695. 
94. Morris-Stiff G, Marangoni G, Hakeem A, Farida SG, Gomez D, Toogood GJ, 
et al. Redefining major hepatic resection for colorectal liver metastases: Analysis 
of 1111 liver resections. Int J Surg 2016;25: 172-177. 
95. Dindo D, Demartines N, Clavien PA. Classification of surgical complications: 
a new proposal with evaluation in a cohort of 6336 patients and results of a survey. 
Ann Surg 2004;240(2): 205-213. 
96. Dorcaratto D, Mazzinari G, Fernandez M, Munoz E, Garces-Albir M, Ortega 
J, et al. Impact of Postoperative Complications on Survival and Recurrence After 
Resection of Colorectal Liver Metastases: Systematic Review and Meta-analysis. 
Ann Surg 2019;270(6): 1018-1027. 
97. Fernandez-Moreno MC, Dorcaratto D, Garces-Albir M, Munoz E, Arvizu R, 
Ortega J, et al. Impact of type and severity of postoperative complications on long-
term outcomes after colorectal liver metastases resection. J Surg Oncol 
2020;122(2): 212-225. 
98. Noba L, Rodgers S, Chandler C, Balfour A, Hariharan D, Yip VS. Enhanced 
Recovery After Surgery (ERAS) Reduces Hospital Costs and Improve Clinical 
Outcomes in Liver Surgery: a Systematic Review and Meta-Analysis. J 
Gastrointest Surg 2020;24(4): 918-932. 
99. Syn NL, Kabir T, Koh YX, Tan HL, Wang LZ, Chin BZ, et al. Survival 
Advantage of Laparoscopic Versus Open Resection For Colorectal Liver 
Metastases: A Meta-analysis of Individual Patient Data From Randomized Trials 
and Propensity-score Matched Studies. Ann Surg 2019. 
100. Wakabayashi G, Cherqui D, Geller DA, Buell JF, Kaneko H, Han HS, et al. 
Recommendations for laparoscopic liver resection: a report from the second 
international consensus conference held in Morioka. Ann Surg 2015;261(4): 619-
629. 
101. Fretland AA, Dagenborg VJ, Bjornelv GMW, Kazaryan AM, Kristiansen 
R, Fagerland MW, et al. Laparoscopic Versus Open Resection for Colorectal 
Liver Metastases: The OSLO-COMET Randomized Controlled Trial. Ann Surg 
2018;267(2): 199-207. 
102. Fretland AA, Dagenborg VJ, Waaler Bjornelv GM, Aghayan DL, Kazaryan 
AM, Barkhatov L, et al. Quality of life from a randomized trial of laparoscopic or 
open liver resection for colorectal liver metastases. Br J Surg 2019;106(10): 1372-
1380. 
103. Aghayan DL, Kazaryan AM, Dagenborg VJ, Rosok BI, Fagerland MW, 
Waaler Bjornelv GM, et al. Long-Term Oncologic Outcomes After Laparoscopic 
Versus Open Resection for Colorectal Liver Metastases : A Randomized Trial. 
Ann Intern Med 2021;174(2): 175-182. 



 

 

REFERENCES   79	

104. Kron P, Linecker M, Jones RP, Toogood GJ, Clavien PA, Lodge JPA. 
Ablation or Resection for Colorectal Liver Metastases? A Systematic Review of 
the Literature. Front Oncol 2019;9: 1052. 
105. Di Martino M, Rompianesi G, Mora-Guzman I, Martin-Perez E, Montalti 
R, Troisi RI. Systematic review and meta-analysis of local ablative therapies for 
resectable colorectal liver metastases. Eur J Surg Oncol 2020;46(5): 772-781. 
106. Takahashi H, Berber E. Role of thermal ablation in the management of 
colorectal liver metastasis. Hepatobiliary Surg Nutr 2020;9(1): 49-58. 
107. Izzo F, Granata V, Grassi R, Fusco R, Palaia R, Delrio P, et al. 
Radiofrequency Ablation and Microwave Ablation in Liver Tumors: An Update. 
Oncologist 2019;24(10): e990-e1005. 
108. Beermann M, Lindeberg J, Engstrand J, Galmen K, Karlgren S, Stillstrom 
D, et al. 1000 consecutive ablation sessions in the era of computer assisted image 
guidance - Lessons learned. Eur J Radiol Open 2019;6: 1-8. 
109. Meijerink MR, Ruarus AH, Vroomen L, Puijk RS, Geboers B, 
Nieuwenhuizen S, et al. Irreversible Electroporation to Treat Unresectable 
Colorectal Liver Metastases (COLDFIRE-2): A Phase II, Two-Center, Single-
Arm Clinical Trial. Radiology 2021;299(2): 470-480. 
110. Dupre A, Melodelima D, Perol D, Chen Y, Vincenot J, Chapelon JY, et al. 
First clinical experience of intra-operative high intensity focused ultrasound in 
patients with colorectal liver metastases: a phase I-IIa study. PLoS One 
2015;10(2): e0118212. 
111. Ruers T, Punt C, Van Coevorden F, Pierie JP, Borel-Rinkes I, Ledermann 
JA, et al. Radiofrequency ablation combined with systemic treatment versus 
systemic treatment alone in patients with non-resectable colorectal liver 
metastases: a randomized EORTC Intergroup phase II study (EORTC 40004). Ann 
Oncol 2012;23(10): 2619-2626. 
112. Tinguely P, Dal G, Bottai M, Nilsson H, Freedman J, Engstrand J. 
Microwave ablation versus resection for colorectal cancer liver metastases - A 
propensity score analysis from a population-based nationwide registry. Eur J Surg 
Oncol 2020;46(3): 476-485. 
113. Eltawil KM, Boame N, Mimeault R, Shabana W, Balaa FK, Jonker DJ, et 
al. Patterns of recurrence following selective intraoperative radiofrequency 
ablation as an adjunct to hepatic resection for colorectal liver metastases. J Surg 
Oncol 2014;110(6): 734-738. 
114. Milosevic M, Edwards J, Tsang D, Dunning J, Shackcloth M, Batchelor T, 
et al. Pulmonary Metastasectomy in Colorectal Cancer: updated analysis of 93 
randomized patients - control survival is much better than previously assumed. 
Colorectal Dis 2020;22(10): 1314-1324. 
115. Handy JR, Bremner RM, Crocenzi TS, Detterbeck FC, Fernando HC, Fidias 
PM, et al. Expert Consensus Document on Pulmonary Metastasectomy. Ann 
Thorac Surg 2019;107(2): 631-649. 



 

 

80   REFERENCES 	

 

116. Andres A, Mentha G, Adam R, Gerstel E, Skipenko OG, Barroso E, et al. 
Surgical management of patients with colorectal cancer and simultaneous liver 
and lung metastases. Br J Surg 2015;102(6): 691-699. 
117. Elias D, Lefevre JH, Chevalier J, Brouquet A, Marchal F, Classe JM, et al. 
Complete cytoreductive surgery plus intraperitoneal chemohyperthermia with 
oxaliplatin for peritoneal carcinomatosis of colorectal origin. J Clin Oncol 
2009;27(5): 681-685. 
118. de Cuba EM, Kwakman R, Knol DL, Bonjer HJ, Meijer GA, Te Velde EA. 
Cytoreductive surgery and HIPEC for peritoneal metastases combined with 
curative treatment of colorectal liver metastases: Systematic review of all 
literature and meta-analysis of observational studies. Cancer Treat Rev 
2013;39(4): 321-327. 
119. Folprecht G, Grothey A, Alberts S, Raab HR, Kohne CH. Neoadjuvant 
treatment of unresectable colorectal liver metastases: correlation between tumour 
response and resection rates. Ann Oncol 2005;16(8): 1311-1319. 
120. Adam R, Pascal G, Castaing D, Azoulay D, Delvart V, Paule B, et al. Tumor 
progression while on chemotherapy: a contraindication to liver resection for 
multiple colorectal metastases? Ann Surg 2004;240(6): 1052-1061; discussion 
1061-1054. 
121. Araujo RL, Gonen M, Herman P. Chemotherapy for patients with colorectal 
liver metastases who underwent curative resection improves long-term outcomes: 
systematic review and meta-analysis. Ann Surg Oncol 2015;22(9): 3070-3078. 
122. Nordlinger B, Sorbye H, Glimelius B, Poston GJ, Schlag PM, Rougier P, et 
al. Perioperative FOLFOX4 chemotherapy and surgery versus surgery alone for 
resectable liver metastases from colorectal cancer (EORTC 40983): long-term 
results of a randomised, controlled, phase 3 trial. Lancet Oncol 2013;14(12): 
1208-1215. 
123. Adam R, de Gramont A, Figueras J, Kokudo N, Kunstlinger F, Loyer E, et 
al. Managing synchronous liver metastases from colorectal cancer: a 
multidisciplinary international consensus. Cancer Treat Rev 2015;41(9): 729-741. 
124. Homayounfar K, Bleckmann A, Helms HJ, Lordick F, Ruschoff J, Conradi 
LC, et al. Discrepancies between medical oncologists and surgeons in assessment 
of resectability and indication for chemotherapy in patients with colorectal liver 
metastases. Br J Surg 2014;101(5): 550-557. 
125. Wanis KN, Pineda-Solis K, Tun-Abraham ME, Yeoman J, Welch S, Vogt 
K, et al. Management of colorectal cancer with synchronous liver metastases: 
impact of multidisciplinary case conference review. Hepatobiliary Surg Nutr 
2017;6(3): 162-169. 
126. Moberger P, Skoldberg F, Birgisson H. Evaluation of the Swedish 
Colorectal Cancer Registry: an overview of completeness, timeliness, 
comparability and validity. Acta Oncol 2018;57(12): 1611-1621. 



 

 

REFERENCES   81	

127. Kaplan EL, Meier P. Nonparametric Estimation from Incomplete 
Observations. Journal of the American Statistical Association 1958;53(282): 457-
481. 
128. Ederer F, Axtell LM, Cutler SJ. The relative survival rate: a statistical 
methodology. Natl Cancer Inst Monogr 1961;6: 101-121. 
129. Dickman PW, Sloggett A, Hills M, Hakulinen T. Regression models for 
relative survival. Stat Med 2004;23(1): 51-64. 
130. Corazziari I, Quinn M, Capocaccia R. Standard cancer patient population 
for age standardising survival ratios. Eur J Cancer 2004;40(15): 2307-2316. 
131. Gooley TA, Leisenring W, Crowley J, Storer BE. Estimation of failure 
probabilities in the presence of competing risks: new representations of old 
estimators. Stat Med 1999;18(6): 695-706. 
132. Meyerhardt JA, Mangu PB, Flynn PJ, Korde L, Loprinzi CL, Minsky BD, 
et al. Follow-up care, surveillance protocol, and secondary prevention measures 
for survivors of colorectal cancer: American Society of Clinical Oncology clinical 
practice guideline endorsement. J Clin Oncol 2013;31(35): 4465-4470. 
133. Van Cutsem E, Cervantes A, Nordlinger B, Arnold D, Group EGW. 
Metastatic colorectal cancer: ESMO Clinical Practice Guidelines for diagnosis, 
treatment and follow-up. Ann Oncol 2014;25 Suppl 3: iii1-9. 
134. Walter V, Jansen L, Hoffmeister M, Ulrich A, Chang-Claude J, Brenner H. 
Smoking and survival of colorectal cancer patients: population-based study from 
Germany. Int J Cancer 2015;137(6): 1433-1445. 
135. Chubak J, Yu O, Ziebell RA, Bowles EJA, Sterrett AT, Fujii MM, et al. 
Risk of colon cancer recurrence in relation to diabetes. Cancer Causes Control 
2018;29(11): 1093-1103. 
136. Egenvall M, Martling A, Veres K, Horvath-Puho E, Wille-Jorgensen P, 
Hoirup Petersen S, et al. No benefit of more intense follow-up after surgery for 
colorectal cancer in the risk group with elevated CEA levels - An analysis within 
the COLOFOL randomized clinical trial. Eur J Surg Oncol 2021;47(8): 2053-
2059. 
137. Hall C, Clarke L, Pal A, Buchwald P, Eglinton T, Wakeman C, et al. A 
Review of the Role of Carcinoembryonic Antigen in Clinical Practice. Ann 
Coloproctol 2019;35(6): 294-305. 
138. Tie J, Cohen JD, Wang Y, Christie M, Simons K, Lee M, et al. Circulating 
Tumor DNA Analyses as Markers of Recurrence Risk and Benefit of Adjuvant 
Therapy for Stage III Colon Cancer. JAMA Oncol 2019;5(12): 1710-1717. 
139. Henriksen TV, Tarazona N, Frydendahl A, Reinert T, Gimeno-Valiente F, 
Carbonell-Asins JA, et al. Circulating Tumor DNA in Stage III Colorectal Cancer, 
beyond Minimal Residual Disease Detection, toward Assessment of Adjuvant 
Therapy Efficacy and Clinical Behavior of Recurrences. Clin Cancer Res 
2022;28(3): 507-517. 
140. Nors J, Henriksen TV, Gotschalck KA, Juul T, Sogaard J, Iversen LH, et 
al. IMPROVE-IT2: implementing noninvasive circulating tumor DNA analysis to 



 

 

82   REFERENCES 	

 

optimize the operative and postoperative treatment for patients with colorectal 
cancer - intervention trial 2. Study protocol. Acta Oncol 2020;59(3): 336-341. 
141. Koohestani D, Chobrutskiy BI, Janjua H, Velanovich V. The Accumulating 
Deficits Model for Postoperative Mortality and Readmissions: Comparison of four 
Methods Over Multiple Calendar Year Cohorts: Brief Title: Stability of the 
Modified Frailty Index. Ann Surg 2020. 
142. Gani F, Cerullo M, Amini N, Buettner S, Margonis GA, Sasaki K, et al. 
Frailty as a Risk Predictor of Morbidity and Mortality Following Liver Surgery. J 
Gastrointest Surg 2017;21(5): 822-830. 
143. Cuvillon P, Nouvellon E, Marret E, Albaladejo P, Fortier LP, Fabbro-
Perray P, et al. American Society of Anesthesiologists' physical status system: a 
multicentre Francophone study to analyse reasons for classification disagreement. 
Eur J Anaesthesiol 2011;28(10): 742-747. 
144. Kawaguchi Y, Fuks D, Kokudo N, Gayet B. Difficulty of Laparoscopic 
Liver Resection: Proposal for a New Classification. Ann Surg 2018;267(1): 13-
17. 
145. Hof J, Wertenbroek MW, Peeters PM, Widder J, Sieders E, de Jong KP. 
Outcomes after resection and/or radiofrequency ablation for recurrence after 
treatment of colorectal liver metastases. Br J Surg 2016;103(8): 1055-1062. 
146. Lee H, Heo JS, Cho YB, Yun SH, Kim HC, Lee WY, et al. Hepatectomy 
vs radiofrequency ablation for colorectal liver metastasis: a propensity score 
analysis. World J Gastroenterol 2015;21(11): 3300-3307. 
147. Puijk RS, Ruarus AH, Vroomen L, van Tilborg A, Scheffer HJ, Nielsen K, 
et al. Colorectal liver metastases: surgery versus thermal ablation (COLLISION) 
- a phase III single-blind prospective randomized controlled trial. BMC Cancer 
2018;18(1): 821. 
148. Folprecht G, Gruenberger T, Bechstein WO, Raab HR, Lordick F, 
Hartmann JT, et al. Tumour response and secondary resectability of colorectal 
liver metastases following neoadjuvant chemotherapy with cetuximab: the 
CELIM randomised phase 2 trial. Lancet Oncol 2010;11(1): 38-47. 
149. Khoo E, O'Neill S, Brown E, Wigmore SJ, Harrison EM. Systematic review 
of systemic adjuvant, neoadjuvant and perioperative chemotherapy for resectable 
colorectal-liver metastases. HPB (Oxford) 2016;18(6): 485-493. 
150. Noren A, Sandstrom P, Gunnarsdottir K, Ardnor B, Isaksson B, Lindell G, 
et al. Identification of Inequalities in the Selection of Liver Surgery for Colorectal 
Liver Metastases in Sweden. Scand J Surg 2018;107(4): 294-301. 
151. Woods LM, Rachet B, Coleman MP. Origins of socio-economic 
inequalities in cancer survival: a review. Ann Oncol 2006;17(1): 5-19. 


