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Abstract
Stage IV colorectal cancer (CRC) has heterogeneous characteristics in tumor extent and biology. The over-

all survival of patients with metastatic CRC has improved with the development of multimodal treatments

and new chemotherapeutic drugs. Resection of metastatic CRC is performed for liver, lung, or peritoneal

metastases. Conversion surgeries to resect oligometastatic lesions have been developed with tumor regres-

sion using chemotherapeutic agents. Two-stage hepatectomy has extended the surgical indications for pa-

tients with metastatic CRC. Synchronous liver and primary tumor resection can be considered in patients

with adequate conditions. Local ablation with radiotherapy can be used to treat lung metastasis. In the treat-

ment of patients with CRC with peritoneal metastasis, cytoreductive surgery with hyperthermic intraperito-

neal chemotherapy can be considered. Surgical treatments should be performed in patients with sympto-

matic primary tumors with unresectable metastasis. However, primary tumor resection in patients with as-

ymptomatic CRC with synchronous, unresectable metastases did not show overall survival benefits in recent

studies. Therefore, the treatment of metastatic CRC is challenging due to the variable tumor extent and het-

erogenous characteristics. Tailored surgical treatments and multidisciplinary approaches may improve sur-

vival and the quality of life in patients with metastatic CRC.
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Introduction

Colorectal cancer (CRC) is the third most common cancer

type and the second cause of cancer-related mortality in the

analysis of global cancer statistics[1]. The overall survival of

patients with CRC has improved with the development of

multimodal treatments and new chemotherapeutic

drugs[2-4]. In an analysis of the Surveillance, Epidemiology,

and End Results (SEER) database from 2010 to 2019, age-

adjusted rates for new CRC declined by 1.8% annually,

whereas the 5-year survival rate showed a gradual in-

crease[5]. This may be attributed to early detection of CRC

using colonoscopy, advanced radiologic tools, improvement

of surgical techniques based on anatomical dissection, and

the development of modern chemotherapeutic agents. How-

ever, 20% of patients have synchronous metastatic lesions

when they are diagnosed initially. In addition, 50%-60% of

patients with CRC are diagnosed with metachronous metas-

tases[6]. Among patients with metastatic CRC (mCRC),

80% of them are unresectable[7].

mCRC is defined as a tumor that has spread to distant

sites, except in the primary CRC. In the comparison of CRC

stages I-III, mCRC has a poor prognosis. According to an

analysis of 14 randomized clinical trials from 1997 to 2008,
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the median overall survival in patients with CRC with liver

metastasis was 19.1 months; lung metastasis, 24.6 months;

and peritoneal metastasis, 16.3 months[8]. It is reported that

increased numbers of metastatic lesions and peritoneal in-

volvements are associated with a poor prognosis of survival.

In addition, tumor subtypes based on microsatellite instabil-

ity and genetic alterations in KRAS, NRAS, or BRAF are

crucial in understanding the biologic features of primary

cancer and metastatic lesions[9]. With the development of

molecular targeted agents and surgical techniques, multimo-

dal treatments of mCRC have been advanced to improve

survival and increase the efficacy of treatment[10]. In the

current study, we aimed to demonstrate the recent treatment

strategies for mCRC in the aspects of surgery.

Surgical Management of Resectable mCRC

Resection of mCRC is recommended when the metastatic

lesions are technically present for complete removal. Before

determining the resection of metastatic sites, the resectability

and usefulness of locoregional surgical treatment for mCRC

should be fully assessed with consideration of the radiologic

evaluation and the patient’s condition. In addition, clear sur-

gical margins and technical assurance for complete resection

of metastatic sites should be ensured before the surgery.

Liver metastasis in mCRC

Liver metastasis is the most common metastasis in pa-

tients with mCRC. It is known that 25% of patients with

CRC are diagnosed with liver metastases at the initial diag-

nosis and 50%-70% of patients are diagnosed with metach-

ronous liver metastasis after resection of primary can-

cer[11,12]. In the treatment of patients with CRC with liver

metastasis, liver resection with or without local ablation

therapy can be used for curative treatment[13]. The EORTC

CLOCC trial resulted in a longer progression-free survival

for the radiofrequency ablation plus chemotherapy group

than for the group that underwent systemic treatment[14]. In

addition, liver resection for patients with mCRC with liver

metastases showed improved long-term survival with the use

of chemotherapy and perioperative imaging[15]. In a meta-

analysis for mCRC, the overall survival after liver resection

of patients with mCRC was 3.6 years, and the median 5-

year survival was 38%[16]. To achieve successful outcomes,

resectability and identification of metastatic liver lesions are

crucial points in determining surgical treatment strate-

gies[17]. Therefore, preoperative examinations are required

to assess remnant liver volume and function. Computed to-

mography (CT) volumetry and liver magnetic resonance im-

aging are used to measure future liver remnant (FLR) vol-

ume after hepatectomy. It is known that FLR should be

more than 25%-40% with sufficient blood flow to prevent

post-hepatectomy liver failure[18]. However, liver function

and liver volume need to be considered because preoperative

chemotherapy can deteriorate liver function. Indocyanine

green clearance and the Child-Pugh score are used as meth-

ods to assess liver function. Resectability of the liver re-

quires that the neo-remnant liver ensures sufficient hepatic

arterial or portal inflow and preserves the hepatic venous

flow with proper biliary drainage[19]. Previously, the num-

ber of metastatic lesions, maximal tumor size, distribution of

liver lobes, tumor histologic differentiation, and the presence

of extrahepatic diseases were considered as main factors to

determine hepatectomy[20]. However, with the development

of surgical treatments and chemotherapy, the definition of

hepatectomy has been extended. Thus, multidisciplinary ap-

proaches with team discussions to decide the surgical treat-

ment plans in patients with mCRC with liver metastases are

required.

With the development of liver function assessment and

surgical techniques in 2000, two-stage hepatectomy using

portal vein embolization extended the range of possible sur-

gical resection. Portal vein embolization can be combined

with CRC surgery to ensure tumor regression and liver hy-

pertrophy in patients with mCRC with bilobar liver metasta-

ses who have insufficient FLR. Thereafter, a staged hepatec-

tomy has to be performed for the removal of metastatic le-

sions. The two-stage hepatectomy would allow the modula-

tion of FLR and complete resection of multilobar liver me-

tastases. In 2007, associating liver partition and portal vein

ligation for staged hepatectomy (ALPPS) was developed to

overcome the limitation of liver resection in patients with

mCRC with a small FLR and multiple liver metastases. Al-

though ALPPS has the advantage of increasing FLR volume

in a short period, higher rates of postoperative complications

after ALPPS were reported compared with two-stage he-

patectomy. However, a randomized controlled trial (LIGRO)

that compared oncologic outcomes between ALPPS and

two-stage hepatectomy showed no significant difference be-

tween the two in postoperative morbidities and mortali-

ties[21]. In addition, ALPPS showed improved survival in

patients with CRC with liver metastasis and a standardized

FLR of less than 30% compared with two-stage hepatec-

tomy[22]. Therefore, appropriate patient selection and surgi-

cal techniques can ensure the performance of surgical treat-

ments and improve survival in patients with CRC with mul-

tiple liver metastases.

It is known that 20% of patients who are diagnosed with

mCRC have synchronous liver metastasis[23]. Synchronous

liver metastases are defined as the presence of liver metas-

tatic lesions at the time of diagnosis of primary CRC. The

bowel-first surgery was performed classically while using

palliative chemotherapy. Patients in a good condition to

withstand both colon and liver procedures with high possi-

bilities of R0 complete resection in both fields are consid-

ered suitable for simultaneous liver and CRC resection. In
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addition, patients require a sufficient liver remnant volume

of 25%-40% without extrahepatic disease. When complica-

tions in the primary tumors such as obstruction, perforation,

and hemorrhage exist, simultaneous liver and CRC resection

is avoided. Treatment strategies for CRC with liver metasta-

sis were divided into three groups: a bowel-first approach

followed by chemotherapy; a liver-first approach followed

by bowel resection plus chemotherapy; and simultaneous

liver and CRC resection. Simultaneous liver resection in pa-

tients with mCRC includes resection of all liver metastatic

lesions and primary cancer in the same operation. Simulta-

neous liver and CRC resection has the advantage of avoid-

ing two surgeries, shortening the time taken to initiate che-

motherapy, and reducing the risk of cancer dissemination at

a relatively low cost. However, the surgical time for simulta-

neous resection is longer, and postoperative surgical stress

increases after the combined procedures[24]. In the assess-

ment of postoperative complications, it was noted that the

morbidity rate of patients who underwent synchronous liver

resection was comparable with that of patients who under-

went staged resection. In the analysis of survival, the 5-year

overall survival in patients with simultaneous liver and

bowel resection was no different when compared to that of

bowel-first surgery[25,26]. In the analysis of the National

Bowel Cancer Audit dataset, the proportion of performing

simultaneous liver and bowel resections has increased gradu-

ally. Although the proportion of the classic approach, the

bowel-first surgery, was the highest, the rates of simultane-

ous resection were increased. The analysis of long-term sur-

vival using propensity score-matching for simultaneous re-

sections was not different compared with that of bowel-first

or liver-first surgeries[25]. In addition, local therapies such

as radiofrequency ablation and stereotactic body radiation

therapy (SBRT) can be treatment options for resectable liver

metastatic lesions[27]. In recent studies, hepatic arterial infu-

sion and transhepatic arterial chemoembolization have been

used to treat patients with mCRC with multiple liver metas-

tases[28,29]. As a result, treatment strategies for patients

with synchronous liver and CRC should be considered in

conjunction with a thorough evaluation of metastatic lesions

and primary tumor stages.

Lung metastasis in mCRC

The lung is the second most common metastatic site in

patients with CRC after the liver. It is reported that approxi-

mately 5%-10% of patients with CRC tend to develop iso-

lated lung metastases. Pulmonary metastasis in mCRC is

caused by hematogenous dissemination of cancer. In the

CRC examinations, 20%-30% of patients are detected with

indeterminate lesions in CT scans, but malignant lesions

among them are reported in 10%-20% of patients[30].

In a systematic review of surgical resection of pulmonary

metastases in patients with mCRC, pulmonary metastasec-

tomy showed survival benefits with a 5-year survival rate of

more than 50%[31]. In the highly selected patients, the me-

dian 5-year survival rate was 52.5%. It is known that pro-

longed survival after resection of lung metastatic lesions is

comparable to improved oncologic outcomes of liver metas-

tasis. Although the role of mediastinal lymphadenectomy in

patients with CRC with lung metastasis is unclear, resection

of lung metastasis with an adequate resection margin of 0.5-

1.0 cm showed improved survival. The distribution of me-

tastatic lesions and lymph node involvement should be con-

sidered before surgical resection. In the analysis of a

population-based cancer registry, the cumulative risk of me-

tachronous lung metastasis in patients with CRC over 5

years was 5.8%[32]. The 3-year overall survival after cura-

tive resection for CRC lung metastasis was 53.0% in pa-

tients with synchronous metastases and 59.2% in patients

with metachronous metastases. In addition, lung metastasis

occurred more frequently in rectal cancer than in colon can-

cer. Parnaby et al. (33) reported that the incidence of lung

metastasis from rectal cancer was 10%-18%, whereas that

from colon cancer was 5%-6%.

In the treatment of pulmonary metastasis of CRC, patients

should be thoroughly evaluated for adequate indications for

surgery. Moreover, the resectability of metastatic lesions and

pulmonary reserve function after surgery should be assessed.

Solitary pulmonary metastatic lesions can be considered for

surgical resection using video-assisted thoracic surgery

(VATS) or open thoracotomy metastasectomy. Currently,

VATS is commonly used to treat solitary pulmonary metas-

tasis. In a recent meta-analysis that compared open thora-

cotomy and VATS for pulmonary metastasectomy, no sig-

nificant difference in overall and recurrence-free survival

rates was noted[34]. The 5-year overall survival after a sin-

gle pulmonary metastasis from CRC was reported to be

32%-62%[30]. In addition, the usefulness of SBRT for the

treatment of lung metastasis is emerging. In the analysis of

a large multicenter database, SBRT of oligometastatic CRC

improved overall survival. In the treatment of 381 oligome-

tastatic CRC lesions in 235 patients with CRC, patients

treated with SBRT showed 2-year overall survival of 76.1%

and 5-year overall survival of 35.9%, retrospectively[35].

Local therapies such as SBRT can be considered in the

treatment of patients with CRC with liver or lung-limited le-

sions that cannot be resected curatively. With the develop-

ment of modern systemic chemotherapy, the treatment of

pulmonary metastasis requires multidisciplinary approaches

combined with surgical resection and radiotherapy and the

use of accurate diagnostic imaging tools.

Peritoneal metastasis in mCRC

Peritoneal metastasis develops in 17% of patients with

CRC, and approximately 2% of patients have only one me-

tastatic site in the peritoneum. In the Analysis and Research
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Figure　1.　Cytoreductive surgery with HIPEC. A. PET-CT image. B. Peritoneal metastatic le-

sions. C. Cytoreductive surgery. D. HIPEC.

in Cancer of the Digestive System (ARCAD) database, the

median survival of patients with peritoneal mCRC was 16.3

(95% confidence interval, 13.5-18.8) months[36]. Among

the metastatic sites, patients with peritoneal metastasis

showed the worst survival and prognosis. Overall survival in

patients with isolated nonperitoneal metastasis was better

than that in patients with isolated peritoneal metastasis. Al-

though most patients with CRC who are diagnosed with

peritoneal metastasis are treated by palliative care with sys-

temic chemotherapy, surgical resection for isolated perito-

neal metastatic lesions has been considered in some experi-

enced centers.

Peritoneal metastasis of mCRC is heterogeneous with di-

verse characteristics. To overcome the lack of treatment for

peritoneal metastases, cytoreductive surgery and hyperther-

mic intraperitoneal chemotherapy (HIPEC) were devel-

oped[37]. Cytoreductive surgery aims to completely remove

tumors involving peritoneal metastatic lesions. HIPEC is

performed by the circulation of chemotherapeutic agents in-

traperitoneally after surgery at 41℃-42℃ to eradicate mi-

croscopically remnant tumor cells with the infiltration of

chemotherapeutic agents into the peritoneal-plasma barriers

(Figure 1)[38,39]. According to the results of randomized

trials of cytoreductive and mitomycin C-based HIPEC ver-

sus systemic chemotherapy with palliative surgery in pa-

tients with peritoneal carcinomatosis of CRC, cytoreduction

followed by HIPEC improved survival by 22.3 months com-

pared with 12.6 months of standard therapy[40,41]. In this

study, HIPEC was performed with the use of 35 mg/m2 of

mitomycin C mixed with 3 L of isotonic peritoneal dialysis

fluid at 41℃-42℃ for 90 min. As a result of the improved

survival rate noted from this randomized controlled trial, cy-

toreductive surgery followed by HIPEC has been performed

worldwide. In contrast, the PRODIGE-7 trial showed no sur-

vival benefits of HIPEC in CRC with peritoneal metasta-

ses[42]. The PRODIGE-7 was a randomized, phase 3 trial

performed at 17 international centers to evaluate the on-

cologic benefits of HIPEC compared with cytoreductive sur-

gery alone. In this study, HIPEC was performed for 30 min

at 43℃ with 2 L/m2 of a dextrose solution mixed with ox-

aliplatin. For open HIPEC techniques, 460 mg/m2 of ox-

aliplatin was used, and for closed techniques combined with

bidirectional chemotherapy during HIPEC, 400 mg/m2 of

fluorouracil and 20 mg/m2 of folinic acid along with 360

mg/m2 of oxaliplatin were used. In this study, the median

overall survival was 41.7 months for the group that under-

went cytoreductive surgery with HIPEC and 41.2 months for

the group that underwent cytoreductive surgery alone (p =

0.99). There was no difference in the severity of adverse

events between both groups. Recent HIPEC trials using ox-

aliplatin showed no beneficial results for HIPEC.

The COLOPEC trial was a multicenter, randomized con-

trolled trial to evaluate the efficacy of adjuvant HIPEC in

patients with a risk of peritoneal recurrence, such as T4

stage, perforated colon cancer, or peritumoral abscess[43].

The experimental group received primary tumor resection

and adjuvant HIPEC followed by systemic chemotherapy,

whereas the control group received primary tumor resection
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with adjuvant chemotherapy alone. In this study, the adju-

vant HIPEC group was treated with oxaliplatin with bidirec-

tional chemotherapy, which is similar to the PRODIGE-7

trial. The results showed that adjuvant HIPEC using ox-

aliplatin did not show a survival benefit at 18 months com-

pared with that using systemic chemotherapy alone. The

peritoneal-free survival at 18 months was 80.9% for the ad-

juvant HIPEC group and 76.2% for the control group (p =

0.28). From these study results, routine adjuvant HIPEC for

high risk of peritoneal metastasis is not advocated in the

treatment of patients with locally advanced colon cancer.

The PROPHYLOCHIIP-PRODIGE 15 trial was a ran-

domized, phase 3 study to assess the survival benefit of

second-look surgery followed by HIPEC in patients at high

risk of developing CRC peritoneal metastasis. In this study,

patients who had a high risk of peritoneal recurrence with

synchronous or localized resection for colorectal peritoneal

metastasis, resection of ovarian metastasis, or perforated tu-

mors and received systemic chemotherapy were randomly

assigned to the second-look surgery/HIPEC group or sur-

veillance control group[44]. The PROPHYLOCHIP trial

used oxaliplatin 460 mg/m2, oxaliplatin 300 mg/m2 with iri-

notecan 200 mg/m2 with 400 mg/m2 of fluorouracil intrave-

nously, or mitomycin-HIPEC. Although there were no sur-

vival benefits of second-look surgery followed by HIPEC,

41% of patients in the second-look surgery group had grade

3-4 complications such as intra-abdominal complications

and hematologic adverse events. The 3-year disease-free sur-

vival was 53% for the control group and 44% for the

second-look surgery with HIPEC group (p = 0.82). There-

fore, second-look surgery followed by HIPEC was not advo-

cated in patients with a high risk of colorectal peritoneal

metastases. However, there is also fair criticism from failed

oncologic results of recent HIPEC trials using oxaliplatin. In

particular, the PRODIGIE-7 trial had several problems with

the study design, with an overestimated effect size, and with

the hypothesis for the primary endpoint. In addition, the de-

velopment of chemotherapeutic agents during the study pe-

riod and different surgical techniques used in various multi-

centers can result in a study bias. Moreover, the pharma-

cologic properties of oxaliplatin are not adequate for intrap-

eritoneal chemotherapy. The short half-life time of ox-

aliplatin and its rapid absorption into the blood vessels dur-

ing HIPEC indicates that it is not possible to increase the

efficacy of HIPEC in the peritoneal-plasma barriers[45].

However, the role of HIPEC and the surgical role of cytore-

duction should be carefully considered because recent trials

showed definite prolonged survival compared with that of

trials using systemic chemotherapy alone. Complete surgical

resections and the development of adequate chemotherapeu-

tic agents for use against peritoneal metastatic lesions are re-

quired to prolong survival and increase treatment efficacy in

patients with CRC with peritoneal metastases.

Management of Unresectable mCRC

Symptomatic CRC with unresectable metastases

Patients with stage IV CRC who have unresectable metas-

tases show symptoms due to the primary tumors, such as in-

testinal obstruction, perforation of the tumor site, or intralu-

minal bleeding from tumors. Recent guidelines recommend

that patients with unresectable metastasis be treated by pal-

liative systemic chemotherapy combined with molecular tar-

geting agents. However, when patients are suffering from

tumor-related symptoms, salvage surgery is considered to

avoid dreadful conditions arising from tumor progression.

Most cases of symptomatic primary cancer are emergent

conditions, which are related to mortalities. Therefore, pa-

tients with significant bleeding, perforation, or other tumor-

related symptoms should be treated by surgical treatment.

Primary tumor resection or palliative stoma formation is

considered. A pooled analysis of individual data from ran-

domized trials showed that primary tumor resection in syn-

chronous mCRC was associated with improved overall sur-

vival compared with no resection[46]. Shida et al. analyzed

770 patients with mCRC who underwent palliative primary

tumor resection using propensity score-matched analysis. Af-

ter adjusting for confounding factors such as age, several

symptoms, metastatic organ involvement, sites of primary

tumors, and carcinoembryonic antigen, overall survival in

the palliative tumor resection group was better than that in

the no resection group. Palliative stoma formation in patients

with intestinal obstruction from CRC is useful to initiate

systemic chemotherapy earlier. Palliative surgery can be an

important treatment to prevent emergent conditions and to

maintain chemotherapy.

Asymptomatic CRC with synchronous unresectable metas-
tases

The benefit of primary tumor resection in patients with

asymptomatic CRC with synchronous unresectable metasta-

sis is still debated. Primary tumor resection has advantages

in preventing surgical mortalities, avoiding emergency situ-

ations, and reducing primary tumor-related complications.

However, primary tumor resection has the disadvantage of

delaying the start of chemotherapy after surgery in patients

with good responses to palliative chemotherapy and impair-

ing antitumor immunity[47,48]. In addition, the proportion

of primary tumor-related complications is relatively low. In

the analysis of 233 consecutive patients with mCRC with

unresectable metastasis who received oxaliplatin or

irinotecan-based triple drug chemotherapy, primary tumor-

related complications occurred in 11% of patients[49].

Among them, only 7% of patients required operative inter-

ventions. In addition, bevacizumab-related intestinal perfora-

tion was related to 1%-2%. McCahill et al. reported that
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14% of patients who received mFOLFOX6 with bevacizu-

mab without primary tumor resection had major morbidities.

Furthermore, in the time-trend analysis of primary tumor re-

section using the National Cancer Institute’s SEER CRC

registry, the overall survival improved in spite of decreased

rates of primary tumor resection[50]. Since the development

of modern systemic chemotherapy in the last century, there

have been increased rates of chemotherapy in patients with

stage IV CRC with a decreased rate of primary tumor resec-

tion. However, a population-based, propensity score-adjusted

trend analysis for patients with mCRC showed that overall

survival and cancer-specific survival in both patients receiv-

ing primary tumor resection and chemotherapy alone im-

proved[51]. The hazard ratio for palliative primary tumor re-

section in the 1998-2009 period was less than 0.47 for over-

all survival. Thus, it needs to be re-evaluated for the dogma

of asymptomatic primary tumor resection. In an analysis of

the cancer registry of the Netherlands, patients who received

primary tumor resection with systemic chemotherapy had

improved survival than those who received chemotherapy

alone[52]. A systematic review with meta-analysis for pa-

tients who underwent primary tumor resection showed fa-

vorable oncologic results for primary tumor resection com-

pared with that of upfront chemotherapy alone.

A randomized controlled trial for the role of primary tu-

mor resection was conducted globally. The Korean study

(NCT01978249) compared 2-year overall survival between

patients receiving primary tumor resection followed by sys-

temic chemotherapy and those receiving upfront chemother-

apy alone[53]. Although this study has limitations due to

early termination and incomplete study enrollment, 2-year

cancer-specific survival in the primary tumor resection group

was 72.3%, which was higher than the 47.1% in the upfront

chemotherapy group (p = 0.049). However, the 2-year over-

all survival was not significantly different in both groups.

The primary tumor-related complication rate was 19.2%, and

the �grade 3 major complication rate of the primary tumor

resection group was 3.8%.

The results of a recent randomized controlled trial for pri-

mary tumor resection for patients with CRC with asympto-

matic, synchronous unresectable metastases were published.

The JCOG 1007 (iPACS) trial[54] evaluated 165 patients,

who were randomly assigned to one of the two groups: pri-

mary tumor resection followed by chemotherapy or upfront

chemotherapy alone. In this study, the median overall sur-

vival of primary tumor resection plus chemotherapy was not

significantly different compared with upfront chemotherapy

alone (25.9 vs. 26.7 months; p = 0.69). Thus, primary tumor

resection in patients with CRC with unresectable synchro-

nous metastases cannot guarantee survival benefits and is no

longer the standard treatment. The JCOG 1007 trial has

study limitations for sample size modification due to diffi-

culties of study enrollment and changes in systemic chemo-

therapy during the study period as well as the advances of

chemotherapeutic agents. The changes in study power in the

study protocol can influence the results. Hence, the role of

primary tumor resection needs to be explored in depth with

further worldwide multicentered randomized controlled tri-

als.

Conclusion

The treatment of mCRC is challenging due to variable tu-

mor extent and heterogeneous characteristics. The location

and extent of metastatic lesions should be considered to treat

patients with stage IV CRC. Adequate surgical treatments at

the appropriate time can improve survival and prevent

tumor-related complications. Tailored surgical treatment

strategies using modern, developed chemotherapeutic agents

may improve survival and the quality of life in patients with

mCRC.
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