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SUMMARY 
 

Surgical treatment of liver metastases 

Gaja Tolić 

Key words: liver, metastasis, hepatectomy, colorectal carcinoma, neuroendocrine 

tumor 

Liver metastases (LM) are a heterogenous group of secondary neoplasms that 

originate from various primary sites but share a common pathway of metastasizing. 

From a surgical perspective, colorectal carcinoma (CRC) is the most significant tumor 

that disseminates to the liver, due to a high global burden of this disease, but also 

because of a significant potential for survival with a successful hepatic resection. 

Neuroendocrine tumors, and noncolorectal, nonneuroendocrine tumors also 

commonly disseminate to the liver and have potential for surgical treatment. 

 A retrospective study of patients who underwent hepatic resection of liver 

metastases was conducted at the Department of Surgery of the University Hospital 

Center Zagreb. 

The goal of the study was to compare surgical strategies for patients with liver 

metastases who were treated at the University Hospital Center Zagreb from January 

1st, 2017, until December 31st, 2021.  

The highest proportion of liver resections (75,8%) was for colorectal cancer liver 

metastases. Patients were diagnosed with LM either metachronously or 

synchronously, and with a right- or left-sided primary tumor. Resection margins and 

the embryologic origin of the primary tumor demonstrated the clearest impact on 

survival, while resections of synchronous and metachronous LM showed comparable 

survival rates.  
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SAŽETAK 
 

Kirurško liječenje metastatskih tumora jetre 

Gaja Tolić 

Ključne riječi: hepatektomija, jetra, kolorektalni karcinom, metastaza, neuroendokrini 

tumor 

Metastaze u jetri su heterogena skupina sekundarnih neoplazmi koje potječu iz 

različitih primarnih sijela, ali imaju zajednički put metastaziranja. Iz kirurške 

perspektive, kolorektalni karcinom je najznačajniji tumor koji se širi u jetru, zbog 

velikog globalnog opterećenja ovom bolešću, ali i zbog značajnog potencijala za 

preživljavanje uz uspješnu resekciju jetre. Neuroendokrini tumori i ne-kolorektalni, ne-

neuroendokrini tumori također se često šire u jetru i imaju potencijal za kirurško 

liječenje. 

Na Klinici za kirurgiju KBC-a Zagreb provedena je retrospektivna studija pacijenata 

kojima je učinjena resekcija jetrenih metastaza. 

Cilj istraživanja bio je usporediti kirurške strategije za pacijente s metastazama u jetri 

koji su liječeni u KBC-u Zagreb od 1. siječnja 2017. do 31. prosinca 2021. 

Najveći udio resekcija jetre (75,8%) bio je zbog jetrenih metastaza kolorektalnog 

karcinoma. Pacijentima su metastaze na jetri dijagnosticirane metakrono ili sinkrono, 

te primarni tumor s desne ili lijeve strane. Resekcijski rubovi i embriološko podrijetlo 

primarnog tumora pokazali su najjasniji utjecaj na preživljenje, dok su resekcije 

sinkronih i metakronih metastaza pokazale usporedive stope preživljenja. 
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1. INTRODUCTION 
 

Liver metastases (LM) are a heterogenous group of secondary neoplasms that occur 

in the liver. They originate from various primary sites but share a common pathway of 

metastasizing due to the hematogenous spread through portal circulation. Portal 

circulation is the main venous drainage of the gastrointestinal system, which makes 

gastrointestinal malignancies the most frequent tumors to metastasize to the liver. 

From a surgical perspective, colorectal carcinoma (CRC) is the most significant tumor 

that disseminates to the liver, due to a high global burden of this disease, but also 

because of a significant potential for survival with a successful hepatic resection. 

Neuroendocrine tumors, pancreatic carcinoma, genitourinary tumors, breast cancer 

and melanoma are also some of the many malignancies that commonly disseminate 

to the liver and have potential for surgical treatment. (1,2) 

2. COLORECTAL CANCER LIVER METASTASES (CRLM) 
 

2.1 Epidemiology 
 

Colorectal carcinoma is third most common malignancy diagnosed in men and 

second most common one for women, accounting for 10% of yearly cancer incidence 

and mortality globally.(3) Approximately 50% of CRC patients will be affected by liver 

metastases over the course of their illness. (2) They are more common in men and in 

individuals with a left-sided primary.(4,5) Based on the interval between primary 

tumor diagnosis and the detection of hepatic lesions, LM can be divided into 

synchronous or metachronous. Due to the lack of consensus on the exact time 

definition for metachronous diagnosis, data reported in the literature may vary. The 

proposed terminology by the EGOSLIM group is synchronous LM are metastases 

diagnosed at the time of diagnosis or surgery of the primary tumor and metachronous 

LM are diagnosed either within the 12 months of the primary diagnosis/surgery (early 

metachronous metastases) or more than 12 months after (late metachronous 

metastases). (6) 25% of CRC patients present with synchronous LM and up to 85% 

of metachronous LM occur within a year since the diagnosis of the primary. In 30% - 

40% of patients, metastases are found only in the liver. (7–9) 
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2.2 Diagnosis and workup 
 

LM can be diagnosed synchronously with the CRC, or metachronously, i.e., during 

treatment or follow-up of CRC. Symptomatic presentation of CRLM (pain, jaundice, 

ascites, weight loss, palpable mass) is generally considered a bad prognostic sign 

pointing to advanced malignant disease and these patients are rarely considered 

surgical candidates. However, due to diligent surveillance of CRC patients, they are 

often diagnosed with resectable metastases during follow-up, which gives them 

higher chances for survival. The carcinoembryonic antigen (CEA) serum values are 

measured every 3 to 6 months during the first 2 years since the primary diagnosis, 

and afterwards every 6 months until the 5-year mark, accompanied by the physical 

examination. If the metastatic disease is suspected, imaging is indicated. (1,2) 

Computed tomography (CT) is the first choice in detecting hepatic, and potential 

extrahepatic metastases. The portal venous phase is the more reliable phase, with 

the detection rate for CRLM of 85%. The limitation of the CT is its inability to detect 

lesions smaller that 10mm, which makes magnetic resonance imaging (MRI) 

superior. MRI uses hepatocyte-specific contrast agents that are taken up by the 

hepatocytes, which are then observed as hyperintense, compared to metastases, 

which are hypointense. Positron emission tomography/computed tomography (PET-

CT) is considered another accurate modality for CRLM detection but is also limited to 

lesions greater than 10mm. It is, however, found to be very accurate in detection of 

extrahepatic disease and in approximately 25% of patients course of the 

management changes due to the obtained results. Ultrasound is not a reliable pre-

operative diagnostic tool, due to its low sensitivity of 64%. Intra-operative ultrasound 

(IOUS), on the other hand, has a well-established role in identifying new lesion and 

intraoperative planning. (1,10–15) 

 2.3 Role of chemotherapy in treatment of metastatic disease 
 

The standard of systemic therapy for metastatic CRC has been 5-fluorouracil (5-FU), 

a fluoropyrimidine analogue, in combination with leucovorin, a thymidylate synthase 

inhibitor. With the addition of a platinum-based alkylating agent – oxaliplatin 

(FOLFOX), or a topoisomerase inhibitor – irinotecan (FOLFIRI) the response rates 

and PFS have increased, with a decrease in chemotherapy-induced toxicity. 5-FU 
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can be replaced with an orally administered capecitabine, a fluoropyrimidine 

antimetabolite. Biologic agents can be combined with these regimens, like 

monoclonal antibodies bevacizumab, cetuximab or panitumumab. Bevacizumab 

blocks the VEGF-A activity, while cetuximab and panitumumab block the pathway of 

EGFR. They have demonstrated benefit in prolonging survival and are frequently 

added to the FOLFOX/FOLFIRI regimens. (2,16–19) 

Patients with untreated CRLM have median survival of 6 to 12 months, which 

increases to 22 months with chemotherapy alone. Metastasectomy without 

chemotherapy can yield 5-year survival of 40%, however, in 50% of patients will 

result in recurrence. Without the combination of liver resection and chemotherapy, 

chances of long-term survival are limited. A randomized control trial EORTC 40983, 

compared the outcomes of patients with metastatic CRC treated with chemotherapy 

and surgery versus surgery alone. Median overall survival (OS) of the surgery-only 

group was 54 months, which increased to 61 months when chemotherapy was 

included. The progression-free survival (PFS) was 28% and 36%, again in favor of 

the additional chemotherapeutic treatment. Chemotherapy was associated with a 

higher rate of postoperative complications, none of which increased mortality. 

(16,18–23) 

As liver resection provides the only chance for cure, the goal is to maximize the 

chances of resection with systemic therapy. Patients with metachronous CRLM can 

be stratified according resectability into those with unresectable disease, those with 

resectable LM and patients with unresectable LM that could potentially be downsized 

and converted into resectable. (15) 

For the unresectable group, it is important to consider their performance status and 

symptoms. Supportive care is an optimal choice for patients that are doing poorly and 

cannot tolerate active treatment. In others, symptom control and improvement of 

quality of life can be achieved with chemotherapy, and tumor shrinkage and 

prolongation of survival potentially as well. (15) 

The up-front resectable patients can receive chemotherapy as adjuvant or 

neoadjuvant treatment and benefits of both approaches have been investigated. 

Neoadjuvant therapy presents with upsides in assessing tumor responsiveness to 

chemo and aiding in treatment strategy. Shrinking of the LM may increase the 
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chances of R0 resection and micro metastases may be eliminated. On the other 

hand, hepatotoxicity may interfere with surgical treatment. The EORTC 40983 trial 

showed an 8% increase in PFS in the group that received perioperative 

chemotherapy, compared to the surgery-only patients. Since significantly higher rate 

of complications was noticed (25% vs 16%), without a difference in the OS, 

neoadjuvant therapy is not routinely used in initially resectable patients. (15,23)  

Adjuvant therapy, on the other hand, demonstrated an improved disease-free survival 

(DFS) of 33.5% at 5-year mark, compared to surgery-only group (26.7%), but without 

a difference in OS. Since the adjuvant therapy allows for a systemic therapy without 

surgical complications, it is a preferred choice over neoadjuvant therapy. (15,24) 

Initially unresectable patients can be converted to resectability with chemotherapy 

and about 22% of them reach resectable status. For those patients, median OS is 45 

months, with 19% alive and recurrence free. Downsizing regimens with FOLFIRI and 

FOLFOX have shown same results in efficiency. (15,25,26) 

2.4 Surgical management of resectable metachronous LM 
 

Historically, liver resection yielded 5-year survival rates between 20% and 40%. With 

the development of new chemotherapeutic options, patients undergoing liver 

resection can reach 5-year survival rates greater than 50%, and even up to 70% with 

solitary hepatic metastasis. Up to a quarter of these patients are considered cured. 

These numbers have demonstrated surgical treatment of LM as the only treatment 

with potential for cure, which has prompted increase in resection rates. (2) Defining 

resectability is approached from the clinical and technical aspect. (15) Lymph node-

positive primary tumors, number and size of metastases, bilateral disease, high CEA 

levels, synchronous presentation, involved histologic margins and extrahepatic 

disease (EHD) have been considered poor prognostic factors. (1) The first five were 

combined into The Fong Clinical Risk Score (Table 2.1) to identify patients best 

suitable for surgery. Patients with a score up to 2 are considered good surgical 

candidates with chances of 5-year survival from 40% to 60%, while the patients with 

a higher score may be more suitable for chemotherapy. (2,15) Presence of 

extrahepatic disease, more than four metastases and inability to resect all disease 

were considered contraindications for resection, with only the last one still considered 

true today. (1) Inability of complete resection, i.e., positive resection margins, are 



5 

 

universally considered negative prognostic factor; however, the 1 cm width of the 

cancer-free margin has been replaced with a requirement of 1 mm, with no survival 

advantage being associated with additional width. The 1mm resection margin has 

demonstrated 5-year DFS of 33%. (27) In another study, R1 resections showed 

similar survival to the R0 group, proposing that the inability to achieve R0 resection 

be reconsidered as a contraindication for surgery and to accept R1 resection as 

appropriate in cases of lesions near structures that cannot be resected and for 

hepatic parenchyma preservation. (28) 

Resection in cases with extrahepatic disease was traditionally not undertaken, but 

with newer systemic therapies has become possible. Portal lymph nodes and lung 

metastases have been associated with best survival rates and these patients require 

neoadjuvant chemotherapy to exclude fast-progressing patients who would not 

benefit from surgery. 5-year survival rates reach up to 30%, but recurrence develops 

in 84%-95% of patients, indicating that resection of EHD is usually not a curative 

treatment. (1,29–31) 

Table 2.1 The Fong Clinical Risk Score 

Criteria:  Risk 

N° of lesions >1 0-2 low  

3-5 high Size of the biggest lesion >5 cm 

CEA >200 ng/mL 

Disease-free interval 

(between primary tumor 

and LM diagnosis) 

<12 months  

Lymph node-positive 

primary tumor 

positive 

 

2.5 Management of synchronous CRLM 
 

At the time of CRC diagnosis, 15% to 25% of patients are diagnosed with 

synchronous LM. (7) Many of them are considered to have unresectable disease. (6) 

For patients suitable for curative resection, the question is raised which site of the 

disease should the treatment start with, and whether the neoadjuvant chemotherapy 
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should precede the surgical procedure. Three strategies are available: the 

simultaneous approach or a staged approach where either the liver (liver-first) or the 

primary tumor (colorectal-first) is resected first, followed by a recovery period after 

which the opposite resection is done. (32) 

Early resection of the primary tumor, i.e., the source of the metastases, is the 

argument in favor of the colorectal-first approach. Also, it reduces the risk of 

complications due to the primary tumor, like bleeding, obstruction, or perforation. 

Following the colorectal resection, patients usually undergo chemotherapy treatment, 

which provides an opportunity to select patients suitable for surgery and identify fast-

progressing ones that would not benefit from a hepatic resection. (6,33,34) Since 

liver metastases are drivers of prognosis in CRC patients, liver-first approach 

advocates for prompt resection of LM, using the resectability window for a resection 

with curative intent. (35) three scenarios have been defined where liver-first approach 

is preferred. First, when an initially unresectable LM have been converted by a 

downsizing chemotherapy. If the primary tumor is asymptomatic and it seems like the 

opportunity window for resection is limited, it is proceeded with the hepatic resection. 

Second, in the case of operable LM and primary but with liver metastases that are 

life-threatening, due to the size, number, or location, and could become inoperable 

with delayed resection. Third scenario is specific to the primary tumor location and 

concerns rectal carcinoma with synchronous LM. In rectal cancer, which undergoes 

irradiation before resection, surgical procedure of the primary tumor is delayed for 

about 3 months. This offers a chance for LM to be resected significantly sooner, 

rather than wait until after the primary tumor resection. Liver- first and colorectal-first 

approaches have never been compared through a randomized control trial, but the 

retrospective studies have demonstrated similar long- and short-term outcomes. (15) 

Due to the complexity and poor prognosis of the patients with synchronous CRLM, 

about two thirds of these patients complete both resections of the staged approach, 

which makes the simultaneous approach seem like the most appropriate for the OS. 

(36) It also requires only one operative procedure, one anesthetic induction, shorter 

recovery and hospital stay and lower costs of treatment. (37) Simultaneous resection 

of the primary combined with minor hepatectomy has demonstrated similar mortality 

and morbidity rates compared with minor hepatectomy alone. Major hepatectomy, 

however, has shown to increase mortality (8.3% vs 1.4%) and morbidity (36.1% vs 
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15.1%) when combined with colorectal resection, compared to the isolated major 

hepatectomy. (38) In line with these finding, a meta-analysis of 32 studies has shown 

that the synchronous LM group, which underwent hepatic resection, were found to 

have a lesser proportion of bilobar disease and fewer major resections were 

performed. Simultaneous resection can therefore be performed safely in wisely 

selected patients, specifically excluding major resections of more than three liver 

segments. (39) 

2.6 Treatment of unresectable metastatic disease 
 

Nonsurgical treatment options for truly unresectable patients include regional 

chemotherapy and ablation methods. Regional chemotherapy, i.e., hepatic arterial 

infusion (HAI), exploits the fact that LM derive blood supply largely from the hepatic 

artery. Compared to systemic chemotherapy, it showed prolonged survival from 20 to 

24 months with improved physical condition of patients. Its role remains unclear due 

to a small number of randomized trials, and it has not been put into a routine use. 

(2,40) 

Ablation therapies have a potential for similar benefits as non-anatomical resections 

but with less morbidity. They include radiofrequency ablation (RFA) and microwave 

ablation (MWA). RFA causes ionic agitation, denaturation, and coagulation of the 

target tissue via alternating electrical current. MWA destructs target tissue through 

heat generation with electromagnetic waves. Their effect is comparable, with MWA 

standing out as a method with lower recurrence rate. (15,41–44) 

3. NEUROENDOCRINE TUMOR LIVER METASTASES (NETLM) 
 

Neuroendocrine tumors (NETs) comprise a heterogenous group of 

gastroenteropancreatic tumors including carcinoids, pancreatic endocrine and other 

NETs.(2) Most commonly, they are found in the gastrointestinal tract – termed 

carcinoid tumors, with over 40% occurring in the small bowel. Rarely, they may 

originate from the lungs, thyroid gland, or skin. (45) Usually, NETs affect patients in 

their sixties, but it is not a rule. (46) 
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3.1 NET Classification  
 

According to WHO, they are classified in three categories: low-, intermediate- or high-

grade, with the former two considered slow growing and less malignant than the later. 

The NETs found in the gastrointestinal tract are mostly low- or intermediate-grade, 

except for the jejunal tumors, which are usually high-grade and more aggressive. (46) 

Based on the embryologic origin, NETs may arise from the foregut, midgut, or 

hindgut. Site of embryologic origin is considered the most important factor in 

prognosis of gastrointestinal NETs. Foregut tumors rarely metastasize, while the 

tumors of midgut origin tend to follow a more aggressive course associated with 

poorer outcomes. Hindgut NETs comprise a group of usually incidentally discovered 

tumors of benign nature and rare metastatic spread. (46) 

3.2 NET liver metastases  
 

3.2.1 Epidemiology  
 

More than one-third of NET patients present with metastatic disease, with liver being 

the most affected distant site.(47,48) Metastatic disease is a negative prognostic 

factor, with a 4-fold mortality risk increase compared to the risk with localized disease 

alone. (47) 

3.2.2 Presentation 
 

Depending on whether they secrete hormones or not, NETs can be functional or 

nonfunctional, respectively. Carcinoid tumors primarily secrete serotonin, while the 

pancreatic endocrine tumors elaborate cell-specific hormones, e.g., gastrin, insulin, 

or glucagon. One-third of tumors remains nonfunctional, while the other, functional, 

tumors manifest with symptoms characteristic for the hormone they secrete, as 

represented in table 3.1.(2) Because bioactive products released by functional NETs 

get metabolized by the liver and often do not get a chance to induce symptoms, 

presence of symptoms may indicate hepatic involvement. In that instant, secreted 

substances bypass hepatic inactivation and the clinical picture points to liver 

metastases or high tumor burden.(49) 
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Table 3.1 Hormones and corresponding symptoms of functional NETs. (49,50) 

NET type Hormone  Symptoms  

Carcinoid  Serotonin 

Histamine 

Kallikrein 

Tachykinins  

Carcinoid syndrome: 

diarrhea, flushing, 

wheezing. 

  

Pancreatic   Gastrin 

 

Insulin  

VIP 

 

Glucagon  

 

Somatostatin  

 

ACTH 

PTHrP 

Zollinger-Ellison 

syndrome  

Hypoglycemia  

Verner-Morrison 

syndrome 

Hyperglycemia, stomatitis, 

weight loss 

Diabetes, steatorrhea, 

diarrhea, cholelithiasis 

Cushing syndrome 

Severe hypercalcemia 

 

3.2.3 Diagnosis 
 

Main diagnostic modalities for NETLM include biochemical testing, imaging, and 

pathological examination.(51) 

In symptomatic patients, 24-hour urine collection can be performed and tested for 

serotonin metabolites. For monitoring of disease progression, recurrence or response 

to treatment, blood tumor markers are a preferred method. The most used one is 

chromogranin A, but pancreastatin, neurokinin A, pancreatic polypeptide and 

substance P are also useful.(52,53) 

Since NETs commonly express somatostatin receptors, radiolabeled somatostatin 

analogues have been used for functional imaging: 111indium pentetreotide 

scintigraphy (Octreoscan) and 68gallium PET-CT (DOTATATE, DOTATOC or 

DOTANOC). (1) These radiolabeled analogues are taken up by the somatostatin 

receptors, aiding in disease staging.(51) CT scan of the chest, abdomen and pelvis 
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should be done for every patient to establish extent of the disease (1); however, MRI 

has shown to be more sensitive for hepatic lesions, due to its high contrast 

resolution. (54,55) Sensitivities for MRI, CT, Octreoscan and 68gallium PET-CT for 

NETLM are 95%, 79%, 49% and 81%, respectively.(54,56) 

Confirmation of the diagnosis is made by a pathological examination of hepatic 

tissue, after a biopsy or resection. NET liver metastases are distinguished from other 

neoplasms by immunohistochemistry (IHC) staining for NET characteristic markers 

(synaptophysin and chromogranin A) and receptors (keratin and somatostatin). After 

a metastasis is proven to be of a neuroendocrine primary, grading is determined by a 

Ki-67 proliferative index quantification. In case of an unknown primary site, an 

extended IHC panels or gene expression classifiers can differentiate between mid-

gut or pancreatic primary location of the NET by staining positive for either CDX2 or 

PAX6 and ISL1, respectively.(57–59) 

3.2.4 Treatment 
 

When determining an appropriate therapy for metastatic NETs, several key points 

should be taken into consideration. NETs are indolent, slow-growing tumors and as 

such often warrant long-term survival even without treatment. On the other hand, 

when functional, these tumors can cause severe symptoms with debilitating 

sequelae. Therefore, the treatment of choice should be delivered with minimal risk of 

morbidity, with the aim of improving the quality of life.(1) Three modes of treatment of 

NETLM are possible: surgical, ablation, or systemic.  

Hepatic resection is first line of treatment in patients with a satisfactory performance 

status. In complete resections, five-year survival rate of up to 75% has been steadily 

observed. Cytoreductive surgery is justified if more than 90% of the tumor load can 

be removed and in that case symptom relief can be expected in up to 95% of 

patients. Wedge resections and enucleations are acceptable techniques when 

operating on these tumors and wide margins are not a requisite. (1,51,60,61)  

In patients who are not candidates for surgery systemic and liver-directed therapies 

can alleviate the symptoms and improve OS. Somatostatin analogues (SSAs) are a 

logical choice, since 90% of NETs have receptors for somatostatin or its analogue, 

octreotide. They delay progression of the disease by halting tumor growth in patients 
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with advanced but unresectable disease. Response to the drug can last for years, but 

most patients do become refractory to the effect at some point. Following SSA 

therapy, two molecularly targeted therapy drugs have shown promising results, 

everolimus, a mammalian target of rapamycin (mTOR) inhibitor, and sunitinib, a 

VEGF and EGFR inhibitor. They have both demonstrated improved PFS in 

metastatic disease. (2,51,62) 

4. NONCOLORECTAL, NONNEUROENDOCRINE LIVER METASTASES 
 

This group comprises LM from all other primary malignancies, e.g., breast and lung 

cancer, melanoma (cutaneous or uveal), upper gastrointestinal carcinomas (stomach, 

pancreas, or esophagus) or various genitourinary malignancies (bladder, prostate, 

cervical, uterine, ovarian, testicular). Even though these tumors are of different 

histopathology, research so far has tried to group them together and collect data that 

could give insight in their optimal medical and surgical management. (1,2) 

Liver resection in NCNNLM is not the standard of care, but in precisely selected 

patients can improve OS. General approach is similar to the CRLM. Poor prognostic 

factors that should be considered in selection of surgical candidates include 

presence of extrahepatic disease, multiple and large tumors, and short disease-free 

interval. Chemotherapy should be a first-line treatment for patients with liver-only 

metastases, aiming to select patients with slowly progressing disease, who will 

benefit most from a hepatic resection and to potentially convert inoperable patients. 

Patients with upper gastrointestinal tumors have demonstrated least benefit from liver 

resection, while the genitourinary tumors have the best prognosis. Melanoma and 

breast cancer patients usually present with extrahepatic disease, but when they do 

not, resection should be considered. Overall, liver resection for this group of patients 

is highly case-specific and should be applied in most favorable patients. (1,2,63) 
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5. LIVER RESECTION 
 

5.1 Anatomy of the liver 
 

Liver is found beneath the right dome of the diaphragm. The inferior border runs 

nearly uniformly along the right costal margin, diagonally, through the epigastrium, 

until the left midclavicular line. It is an intraperitoneal organ, completely covered by 

the visceral peritoneum, except in its bare area. The bare area lies on the superior 

part of the liver, near the inferior vena cava (IVC), and it is here that the liver 

connects to the diaphragm, which is not covered by peritoneum. When dissected 

from its attachments, bare area is revealed as reflections of the visceral into the 

parietal peritoneum. It is demarcated by the coronary ligament and the right and left 

triangular ligaments on each side. Coronary ligaments extend anteriorly into a 

continuum with the falciform ligament. Falciform ligament attaches liver to the parietal 

peritoneum of the anterior abdominal wall. It divides the liver into the right and left 

lobes. The hepatodueodenal and hepatogastric ligaments connect it to the 

duodenum and the lesser curvature of the stomach, respectively. The visceral 

surface of the liver runs from posterosuperior down to the anteroinferior part of the 

organ. It is adjacent to the organs that lie in the proximity. Here, porta hepatis forms 

the entryway for the portal veins, branches of the hepatic artery proper, and the 

nerves, as well as the exit for the right and left hepatic ducts and lymphatic vessels. 

Round ligament and ligamentum venosum (containing obliterated umbilical vein and 

ductus venosus) run on the left of the porta hepatis, and on the right lies the 

gallbladder in its fossa. (64) 

When performing liver resection, it is crucial for the surgeon to be familiar with the 

functional and surgical anatomy of the liver. The understanding of the hepatic 

vascular supply and functionality has led to the development of functional liver 

anatomy, and these principles became the most widely accepted. Couinaud’s 

description of eight segments of the liver is based on the surface landmarks, but also 

the location of the three main hepatic veins and the bifurcation of the portal pedicle. 
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By this principle, the right and the left halves are divided by a plane, which runs 

between the IVC and the middle hepatic vein. The left half (or the left liver) is now 

formed by the segments II, III and IV, while the segments V, VI, VII and VIII form the 

right half (the right liver). The caudate lobe, or segment I, is found posterior to the 

portal pedicle, anterior to the IVC. Each segment has its pedicle (or portal triad), 

composed of a hepatic artery, portal vein and a bile duct. The left, middle and right 

hepatic veins form hepatic scissurae and further divide segments into sectors, based 

on their venous outflow. The main scissure (containing the middle hepatic vein) runs 

anteroposteriorly, along the Cantlie line and divides the liver into hemilivers. The right 

scissure, with the right hepatic vein, divides the right hemiliver into anterior 

(segments V and VIII) and posterior (segments VI and VII) sectors. The left scissure, 

and the corresponding hepatic vein, splits the left hemiliver into anterior (segments III 

and IV) and posterior (segment II) sectors. The left scissura runs posterior to the 

ligamentum teres. Ligamentum teres contains the remnant of the umbilical vein and 

runs into the umbilical fissure, contiguous with the falciform ligament. The left, right 

and middle hepatic veins drain into the IVC. The portal vein runs through the 

hepatoduodenal ligament to the hilum of the liver, where it branches into left and right 

portal branches. The left branch runs along the segment IV and into the umbilical 

fissure. There it gives off branches for segments II and III and posterior branches for 

the caudate lobe. The right portal branch splits into anterior and posterior sectoral 

branches. The portal vein accounts for about 75% of inflow to the liver and 50% - 

70% of its oxygen requirements. The common hepatic artery originates from the 

celiac trunk, which is a direct branch off the aorta. Before it reaches the hilum, it gives 

off the gastroduodenal artery and becomes the proper hepatic artery. At the hilum it 

branches into right and left hepatic arteries. The left branch runs along the left portal 

branch and supplies the same segments. The right branch runs through the Calot 

triangle, gives off the cystic artery, and then continues to supply the liver 

parenchyma. The right and left hepatic ducts enter the liver at the hilum with their 

corresponding portal vein and hepatic artery and form portal triads, i.e., portal 

pedicles. (1,2) 
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5.2 Preoperative assessment  
 

Sufficient future liver remnant (FLR) must be secured before a hepatic resection. 

Assessment of liver function is therefore a critical step in preoperative planning. Up to 

75% of liver tissue can be resected in patients with normal hepatic parenchyma, 

assuming the proper hepatic arterial and portal venous inflow, adequate venous 

outflow and biliary drainage have been secured. Two strategies to predict hepatic 

reserve have been applied the most. First, the Child-Pugh score estimates synthetic 

(albumin, prothrombin time, ascites), excretory (total bilirubin) and metabolic (mental 

status changes and retention of ammonia) functions of the liver. Second, based on 

the 3D reconstruction of CT and MRI scans, volumetric measurements are done and 

FLR is predicted. (2,65,66) 

In the case of inadequate FLR, portal vein embolization (PVE) can be done to the 

ipsilateral branch of the portal vein. It causes atrophy of the downstream liver 

segments and, as a compensatory response, hypertrophy of the FLR. The adequate 

hepatic response takes 4 to 6 weeks, after which resection of the diseased part of the 

liver can take place. (2,33,67,68)  

A more rapid hypertrophy od FLR is achieved with the associating liver partition and 

portal vein ligation (ALLPS) technique. In a two-staged procedure, portal vein branch 

is ligated, and liver parenchyma divided along the falciform ligament. Additionally, 

bridging veins between hemilivers are ligated as well, truly isolating FLR. The more 

extensive separation of the liver tissue produces a more rapid hypertrophy compared 

to PVE. This way hepatic response takes one to two weeks, followed by a resection. 

While some support the faster approach to achieving the FLR and completing 

resection, ALPPS has been reported to have complication rates of up to 36%, 

highlighting the need for better patient selection criteria, and keeping PVE as the 

preferred method. (2,15–19,69,70) 

The newer method for achieving an adequate FLR is liver venous deprivation (LVD). 

Considered a ‘radiological ALPPS’, it is a percutaneous procedure in which both 

portal and hepatic vein are embolized, and hypertrophy of FLR is achieved. 
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Advantages of this procedure have been demonstrated in a faster regeneration time 

(as fast as 7 days) and less complications than with ALPPS. A better gain of function 

was observed in a low rate of post-operative liver failure as well, but randomized 

control trials are still pending. (71,72) 

Another thing that requires preoperative attention is chemotherapy-induced 

hepatotoxicity. Patients undergoing neoadjuvant chemotherapy, as can be the case 

with CRC patients, may present with steatosis, steato-hepatitis, or sinusoidal 

obstruction syndrome. Irinotecan, 5-FU and oxaliplatin are the agents commonly 

associated with hepatotoxicity. These agents may decrease metabolic function of the 

liver, which means a bigger FLR for a sufficient liver function will be required. 

Compared to the 25% necessary in patients with a healthy liver, those with a chronic 

liver disease without cirrhosis need FLR of 30%, and patients with cirrhosis of 

minimum 40%. (2,15,73,74) 

 

5.3 Liver resection 
 

Common liver resections have been classified in several ways (Table 5.1). The 2000 

Brisbane consensus is the most widely used and is demonstrated in table together 

with the Couinaud’s nomenclature of the most common liver resections. Additionally, 

resections of single or double segment can be referred to numerically. (1,2)  

Liver resection is commonly done as a laparotomy, usually via a right subcostal 

incision. Patient is placed in a Trandelenburg position and central venous pressure 

maintained lower than 5 mmHg. The most common approach involves mobilization of 

the liver by division of the triangular ligament and dividing the liver from the 

diaphragm. Division of the vena cava is frequently also required. Inflow control is then 

achieved by dissecting the hilum and controlling the portal vein and hepatic artery 

branches to the half of the liver being resected. Vessels are ligated or divided by 

staplers. Bile duct is carefully divided, trying to minimize the complication of biliary 

injury and bile leaks. Alternatively, inflow pedicles of specific segments can be 

divided during parenchymal transection, as they are approached. To avoid 

hemorrhage, intermittent portal occlusion is done by clamping the hepatoduodenal 

ligament with the portal triad. This technique is called the Pringle maneuver and is 
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done with 10–20-minute intervals with 3-minute breaks of established blood flow. 

Hepatic vein is divided extrahepatically. Parenchymal transection can be done with a 

variety of techniques, from clamp-crushing to ultrasonic irrigation or radiofrequency 

coagulation. The goal is to dissect intrahepatic tissue while controlling blood loss and 

minimizing FLR injury. (1,2) 

Table 5.1 Nomenclature of the most performed liver resections (1) 

Segments Brisbane 2000 Couinaud 

II-IV Left hemihepatectomy Left 

hepatectomy 

V-VIII Right hemihepatectomy Right 

hepatectomy 

V-VIII and IV Right trisectionectomy Extended right 

hepatectomy 

II-IV and V and VIII Left trisectionectomy Extended left 

hepatectomy 

II, III Left lateral 

sectionectomy 

Left lobectomy 

VI, VII Right posterior 

sectionectomy 

 

V, VIII Right anterior 

sectionectomy 

I Caudate resection 

 

5.4 Postoperative course 
 

Liver resection methods have evolved and with that postoperative mortality has 

dropped to less than 5% for metastatic disease. Characteristic phenomena for early 

postoperative phase are transient hyperbilirubinemia (peaks around third 

postoperative day), elevation of serum transaminase, hypophosphatemia, and 

prolonged international normalized ratio (INR). These changes are driven by the loss 

of hepatic parenchyma and resolve as the liver remnant regenerates. (2,30)  
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 Complications associated with the liver resection depend on the type of surgery and 

the preoperative state of the liver tissue. Intraabdominal collections occur commonly 

along the transection line. Progressive and refractory postoperative hepatic failure 

(POHF) is one of the most severe complications that can occur. It has been noted in 

1.2% to 32% of cases and has an associated mortality of up to 2.8%. It can happen 

soon after the surgery or after several weeks and may develop suddenly or progress 

over weeks to months. (2,29,75) 

6. SURGICAL TREATMENT OF LIVER METASTASES 
 

6.1 Objectives 
 

The goal of the study was to describe surgical strategies for patients with liver 

metastases who were treated at the University Hospital Center Zagreb from 2017 to 

2021. 

6.2 Materials and methods 
 

A retrospective study of patients who underwent hepatic resection of liver metastases 

was conducted at the Department of Surgery of the University Hospital Center 

Zagreb. The data was collected from the Hospital information system (Croatian: 

Bolnički informacijski sustav – BIS). Date of death was obtained from the Croatian 

National Cancer Registry for the patients that are not still alive. Patients who received 

surgical treatment between January 1st, 2017, until December 31st, 2021, were 

included. Patients which were surgically treated in this period for the recurrent 

metastases were excluded. 128 patients were included in total.  

For all patients, demographic and clinicopathological data were collected, including 

age, sex, date of surgery and date of death (if it has occurred) and location of primary 

malignancy. 

They were further stratified based on the primary malignancy into CRC, NET, and 

NCNN liver metastases patients.  

For CRC patients, metastases were grouped into synchronous and metachronous. In 

synchronous metastases group, simultaneous and staged approach were compared. 

For metachronous LM disease free interval (DFI) was calculated. Extrahepatic 
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disease was analyzed, as was the status of FLR before surgery (and subsequent 

ALPPS procedure). Minor vs. major resections and status of resection margins 

(R0/R1) were also considered. Finally, overall survival for 1, 3 and 5 years were 

calculated. 

For NET and NCNN liver metastases, primary tumor location and overall survival 

were analysed. 

6.3 Results 
 

6.3.1 Primary malignancy, age, and gender 
 

128 were included in the study. Of those, 97 (75,8%) are CRC patients, 9 (7%) are 

NET patients, and the leftover 22 (17,2%) patients belong to the noncolorectal, 

nonneuroendocrine group of patients with various primary tumors. 66 patients are 

male and 62 are female.  

Of the 97 CRC patients, 49,5% are women and 50,5% men, and the median age is 

66. Amongst the NET patients, 66,6% are men and 33,3% women. Median age is 66. 

In the NCNN group, there is an even distribution of men and women (50% each), and 

the median age is 68. A more detailed gender and age distribution is represented in 

Table 6.1 and Figure 6.1. 

Table 6.1: Age and gender distribution of LM patients 

 N (%) Median age (range) 

CRC F 48 (49,5) 64 (37 – 80) 

 M 49 (50,5) 67 (21 – 88) 

 Total 97 66 (21 – 88) 

NET F 3 (33,3) 70 (64 - 71) 

 M 6 (66,6) 66 (56 - 79) 

 Total 9 66 (56 - 79) 

NCNN F 11 (50) 65 (35 – 80) 

 M 11 (50) 69 (35 – 79) 

 Total  22 68 (35 – 80) 
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Figure 6.1: Age distribution of LM patients  

 

6.3.2 Colorectal carcinoma liver metastases  
 

A total of 97 patients were surgically treated for CRCLM in the stated period. In 54 

patients (55,7%) LM were diagnosed synchronously and in 43 (44,3%) 

metachronously to the primary tumor. Men and women are equally distributed in both 

categories, and age distribution is not significantly different either. The highest 

proportion of patients was diagnosed (and operated) in their sixties (38,1%). The 

youngest patient treated was only 21 and the oldest was 88. 

6.3.2.1 Primary tumor location 

 

Based on the embryologic origin of the primary tumor, left-sided tumors were found 

significantly more often (74,2% vs. 25,8%) than the right-sided. Sigmoid colon was 

the most common anatomical site (42,3), followed by the rectum (28,8%). 

Synchronous and metachronous LM diagnosis was not influenced by the anatomical 

site of the primary but there was a slightly higher proportion of right-sided tumor in 

synchronous LM, compared to metachronous (29,6% vs. 11,6). 
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Table 6.2 

 All LM (97) Synchronous LM 

(54) 

Metachronous LM 

(43) 

Sex ratio (M: F) 49:48 27:27 22:21 

Age category 

<50 14 (14,4) 8 (14,8) 6 (14) 

51 – 65  33 (34) 18 (33,3) 15 (34,9) 

66 – 80  46 (47,4) 25 (46,3) 21 (48,8) 

>80 4 (4,2) 3 (5,6) 1 (2,3) 

Primary tumor location 

Right-sided 21 (21,6) 16 (29,6) 5 (11,6) 

Left-sided 76 (78,4) 38 (70,4) 38 (88,4) 

Primary tumor location 

Caecum/ 

ascending colon 

15 (15,5) 13 (24,1) 2 (4,6) 

Transverse colon 10 (10,3) 3 (5,6) 7 (16,3) 

Descending 3 (3,1) 2 (3,7) 1 (2,3) 

Sigmoid colon 41 (42,3) 24 (44,4) 17 (39,5) 

Rectum  28 (28,8) 12 (22,2) 16 (37,2) 

 

6.3.2.2 Disease free interval for metachronous LM 

 

44,3% of patients were surgically treated for metachronous LM. Disease free interval 

(DFI) was calculated for these patients as the interval between the treatment of the 

primary tumor and the diagnosis of LM. The range of DFI is 3 – 308 months. 46,5% 

of patients were diagnosed with early metachronous LM, i.e., within 12 months since 

the primary and 76,7% of LM occurred within 3 years. Only 5 patients were disease 

free for longer than 5 years, with the longest DFI being 308 months for a patient 

treated for CRC in 1993. 

 

 

 



21 

 

6.3.2.3 Extrahepatic disease 

 

Extrahepatic disease was found in 18,6% patients. 8 (14,8%) were synchronous and 

10 (23,3%) were metachronous LM patients. Distant lymph node involvement was 

present in 8,2% of all patients and lung metastases occurred in 4,1%. Peritoneum 

was affected in 6,9% of patients with metachronous LM. One patient had LN and 

lung metastases. One had adrenal gland and LN metastases and one had a 

metastatic ovarian involvement. In one patient spleen and small intestine metastases 

were found. 1 peritoneal and one lymph node (synchronous LM) involvement were of 

a right-sided primary tumor origin. Additionally, one patient has an esophageal 

carcinoma simultaneously with the CRCLM diagnosis. 

Table 6.3  

Site of metastases Synchronous LM Metachronous LM 

Distant lymph nodes (LN) 4 4 

Lungs 4 1 

Peritoneum  - 3 

Adrenal gland - 1 

Ovary  - 1 

Small intestine  - 1 

Spleen  - 1 

 

6.3.2.4 Future liver remnant, major vs. minor resections, resection margins and postoperative 

complications 

 

In 4 patients FLR was deemed inadequate and ALPPS was performed to secure 

sufficient liver parenchyma after resection. 3 of the 4 patients experienced 

postoperative complications. One had fever, one experienced bleeding at the 

resection site, bile leak, fever, ascites, and liver failure. The last patient developed a 

subphrenic abscess with ascites and hepatic insufficiency, and subsequently died 

from the complications.  

Minor resections of less than 3 segments were more common across all categories. 

Major resection was performed in 25,8% of all patients, 32,6% of metachronous LM 

resections and 20,4% of synchronous LM resections. Synchronous LM were resected 
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simultaneously with the primary tumor in 72,2% of patients, and the rest (27,8%) 

received a staged, colon-first, approach. Major resections amongst the synchronous 

LM were significantly more common in the staged approach, 33,3% versus 15,4%.  

R0 resection margin was obtained in 62,9% of patients, in 68,5% of synchronous LM 

and 55,8% of metachronous LM. There were no significant differences between the 

two treatment approaches of synchronous LM (69,2% vs. 66,6%). One patient 

received a R2 resection and for 2 patients no data was available.  

Table 6.5 

 Total (97) Metachronous 

LM (43) 

Synchronous LM 

 Simultaneous 

approach 

(39) 

Colon – 

first 

approach 

(15) 

Total (54) 

Type of resection 

Minor (<3 

segments) 

72 (74,2) 29 (67,4) 33 (84,6) 10 (66,6) 43 (79,6) 

Major (>3 

seg) 

25 (25,8) 14 (32,6) 6 (15,4) 5 (33,3) 11 (20,4) 

ALPPS 4 (4,1) 1 (2,3) 3 (7,8) 0 (0) 3 (5,6) 

Resection margins 

R0 61 (62,9) 24 (55,8) 27 (69,2) 10 (66,6) 37 (68,5) 

R1 33 (34) 17 (39,5) 11 (28,2) 5 (33,3) 16 (29,6) 

R2/unclear 3 (3,1) 2 (4,7) 1 (2,6) 0 (0) 1 (1,9) 

 

6.3.2.6 Overall survival 

 

Survival at 1-, 3- and 5-year marks was calculated. For 2 patients data was not 

available because they are not Croatian citizens. 1-year survival was calculated for 

all patients. 3-year survival was calculated for patients resected until April of 2020; 51 

patients total. And 5-year survival was obtained for those operated until April of 2018, 

i.e., for 18 patients. 
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Cumulative survival at 1-year was 87,4%, but it fell to 33,3% at 5-years and was 

comparable for both metachronous and synchronous LM groups at each mark.  

Simultaneous and staged approach to synchronous LM was comparable at 1-year 

(87,2% vs. 85,7%) but differed significantly at 5 years (42,9% vs. 0%). 

Resection margins demonstrated a significant difference in survival at 3- and 5-years. 

OS at 1-year is comparable for R0 and R1 resections but differs at 3-year (59,4% vs. 

47,8%) and 5-year (37,5% vs. 22,2%) marks in favor of R0 resection. 

Survival of right-sided CRCLM patients was slightly better after 1 (90,5% vs. 86,5%) 

and 3 years (53,8% vs. 52,3%) but was lower after 5 years (25% vs. 33,3%). 

Table 6.6 Overall survival 

 1 - year 3 - years 5 - years 

All (95) 83/95 (87,4) 30/51 (58,8) 6/18 (33,3) 

Metachronous (42) 37/42 (88,1) 13/25 (52) 3/9 (33,3) 

Synchronous (53) 46/53 (86,8) 17/31 (54,8) 3/9 (33,3) 

Simultaneous app. 

(39) 

34/39 (87,2) 14/25 (56) 3/7 (42,9) 

Colon – first app. 

(14) 

12/14 (85,7) 3/6 (50) 0/2 (0) 

R0 (59) 

Synchronous 

Metachronous  

50/59 (84,7) 

30/36 (83,3) 

20/23 (86,9) 

19/32 (59,4) 

10/19 (52,6) 

9/13 (69,2)  

3/8 (37,5) 

1/4 (25) 

2/4 (50) 

R1 (33) 

Synchronous 

Metachronous  

30/34 (88,2) 

16/17 (94,1) 

14/17 (82,4) 

11/23 (47,8) 

7/12 (58,3) 

4/11 (36,4) 

2/9 (22,2) 

1/4 (25) 

1/5 (20) 

Right-sided 19/21 (90,5) 7/13 (53,8) 1/4 (25)  

Left-sided  64/74 (86,5) 23/44 (52,3) 5/15 (33,3) 
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6.3.3 Neuroendocrine liver metastases  
 

9 patients underwent liver resection due to LM of a neuroendocrine tumor during this 

period. Location of the primary tumor was pancreas in 4 patients (44,4%), followed by 

the ileum in 2 patients (22,2%). Ascending colon and jejunum were each the primary 

site in one patient (11,1%), and in one patient the primary site was unknown (11,1%).  

88,9% of patients (8/9) reached the 1-year mark, and at 3- and 5-years survival is 

100% 

Figure 6.2: Primary sites of the NETs 

 

6.3.4 Noncolorectal, nonneuroendocrine liver metastases  

Twenty-two patients underwent liver resection due to NCNNLM during this period. 

27,3% of patients suffered from gastric cancer, followed by uveal melanoma, 

endometrial carcinoma, ovarian and lung cancer, and GIST (9,1% each). Gastric 

cancer patients were all diagnosed with synchronous metastases. For the 

metachronous metastases DFI was 2 – 97 months (median 32). The DFI of 97 

months was observed in a uveal melanoma patient, and of 2 months in a woman with 

endometrial carcinoma. 

1-, 3- and 5-years survivals are 72,7%, 42,9% and 0%.  
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Table 6.7 NCNNLM survival per primary malignancy 

 Total  1-year 

survival 

3-year 

survival 

5-year 

survival 

Gastric 

cancer 

6 3/6  0/3 0/3 

Uveal 

melanoma 

2 2/2  1/2 0/2 

Endometrial 

carcinoma 

2 1/2  1/2 0/1 

GIST 2 2/2  2/2 - 

Ovarian 

cancer 

2 2/2  1/2 - 

Lung cancer 2 2/2  1/1 - 

Adrenal 

gland cancer 

1 1/1  - - 

Fallopian 

tube cancer 

1 0/1 0/1 0/1 

Breast 

cancer 

1 1/1 - - 

Testicular 

cancer 

1 1/1 0/1 0/1 

Ampullary 

cancer 

1 1/1 - - 

Poorly 

differentiated 

tumor 

1 0/1 x x 

TOTAL 22 16/22 

(72,7%) 

6/14 

(42,9%) 

0/8 

(0%) 
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Figure 6.3: NCNNLM patients' primary tumor distribution 

 

6.4 Discussion and conclusion 
 

This retrospective study included 128 patients hospitalized and surgically treated at 

the University Hospital Center Zagreb for liver metastases in the period between 

January 1st, 2017, and December 31st, 2021. As expected, the highest proportion of 

liver resections (75,8%) was for colorectal cancer liver metastases. 

For CRC patients, 47,4% of them were in the higher age category (66 – 80 years) 

and CRCLM occurred slightly more (51,6%) in men. 55,7% of LM were synchronous 

and 44,3% metachronous. LM were significantly more from a left-sided primary tumor 

(74,2%), which is in accordance with literature. (4,5,15) Synchronous and 

metachronous LM diagnosis were both more commonly left-sided, but there was an 

increased proportion of right-sided primaries among the synchronous LM (29,6% vs. 

11,6), which could connect a more extensive metastatic disease with a delay in 

diagnosis, characteristic for a right-sided CRC. (4,76,77) 

Contrary to the previous reports (4,78,79), here was demonstrated a slightly better 

survival of right-sided cancer patients at 1- and 3-years, but worse at 5-years. 

However, LM from left-sided tumors were significantly more commonly resected 

(78,4%) as has been reported before. This is because right-sided LM patients usually 
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present with the disease later, are older and have more comorbidities – all factors 

that commonly exclude them as surgical candidates. (4,77,80,81) 

Extrahepatic disease was most commonly found in distant lymph nodes and lungs. 

Lung metastases were more often diagnosed with synchronous (80%), rather than 

metachronous LM, and they were exclusively diagnosed in patients with left-sided 

primary tumors, as is the case in the study from Sweden. It differs, however, when 

comparing peritoneal metastases. According to the Swedish study, peritoneal 

involvement is more common for right-sided tumors, while our results demonstrate 

66,7% of them to be of the left-sided origin. (4) 

4 patients underwent ALPPS procedure and 74,2% patients underwent minor 

resections. Major resections were more common in metachronous LM resections 

(32,6% vs. 20,4%) and staged resections of synchronous LM (33,3% vs. 15,4%). 

They are avoided in simultaneous resection, as they have shown to increase 

morbidity and mortality when combined with primary tumor resection. (15,82,83) 

In 62,9% of patients, R0 resection was done and 34% patients received R1 

resection. A difference in survival vas demonstrated at 3- and 5-years, in favor of R0 

resection (59,4% vs 47,8% and 37,5% vs 22,2%, respectively), which is in 

accordance with a consensus that R1 resections are a negative prognostic factor for 

CRCLM patients. (84) 

Overall survival at 1-year was 87,4% and it decreased to 33,3% at 5-years. 

Metachronous and synchronous LM had comparable survival outcomes but there 

was a significant difference in survival between simultaneous and staged approach 

od synchronous LM resection. Simultaneous approach was shown to be a 

significantly more favorable (42,9% vs. 0%) approach, which is not similar to a study 

from Sweden, which demonstrated no differences in survivals. This disparity may be 

attributed to a small sample of patients at 5 years.(32) 

Finally, a small analysis of NETLM and NCNNLM was done, 9 and 22 patients, 

respectively. For NETLM, pancreas was the most common site of a primary tumor, 

and the 5-years survival was 100%. For NCNNLM patients, most common primary 

malignancy was gastric cancer and, opposite to the NETLM patients, 5-year survival 

was 0%. 
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Overall, CRCLM patients show better survival outcomes when liver resection is 

performed. Different treatment strategies and the heterogeneity of patients require a 

multi-disciplinary approach involving surgery, oncology, radiology, and pathology, all 

of which need to remain up to date with the contemporary discoveries of this fast-

evolving field. 
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