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Abstract

Colorectal cancer commonly metastasizes. The liver is the most frequent site of metastases and 

dominates the length of survival for this disease. As surgical and systemic therapies have become 

accepted and now are proven to be potentially curative, other sites of metastases have become 

more clinically relevant in terms of clinical symptoms and influence on survival. Treatment of 

extrahepatic metastases by surgical and ablative procedures is increasingly accepted and is proving 

to be effective at palliating symptoms, as well as life prolonging. In this review, we will first 

summarize key issues with metastatic colorectal cancer to the liver and available treatments. We 

will then discuss surgical and ablative treatments of other sites of disease including lung, lymph 

nodes, peritoneum, bone, and brain. Best available evidence for treatment strategies will be 

presented as well as potential new directions.

In Brief

Colorectal cancer commonly metastasizes. Most commonly this occurs by five means: direct 

extension, lymphatic spread, portal venous spread to liver, peritoneal dissemination, and vascular 

spread to distant organs including lung, bone, and brain. The liver is the most frequent site of 

metastases and dominates the length of survival for this disease. Nearly one-half of patients 

Correspondence should be directed to: Yuman Fong MD, Sangiacomo Chair and Chairman, Department of Surgery, City of Hope 
Medical Center, 1500 East Duarte Rd, Duarte CA 91010, yfong@coh.org. 

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of 
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be 
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

Conflict of Interest Statement
All authors declare no conflict of interest.

HHS Public Access
Author manuscript
Curr Probl Surg. Author manuscript; available in PMC 2019 October 04.

Published in final edited form as:
Curr Probl Surg. 2018 September ; 55(9): 330–379. doi:10.1067/j.cpsurg.2018.08.004.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



diagnosed with colorectal cancer will be found to have liver metastases at some point during their 

disease. When untreated, patients with liver metastases have a median survival of 6–9 months. 

Even with the best chemotherapy, median survival of unresectable disease is 13–18 months. In the 

last three decades, treatment of extrahepatic metastases by surgical and ablative procedures has 

proven to be effective. It is increasingly accepted and is effective at palliating symptoms, prolongs 

life, and can be potentially curative. The fact that liver resection is affecting outcome is also 

highlighted by the fact that over 70% of patients with unresectable liver metastases die of their 

liver metastases. In patients treated by hepatectomy, approximately 30% ultimately die of liver 

metastases.

The median survival of patients after hepatectomy for stage IV metastatic colorectal cancer in the 

liver is over forty months. Consequently, other sites of metastases are not only more likely to 

become apparent, but also more likely to cause symptoms and influence survival. Thus, 

management of liver metastases has made enough progress so that other sites of metastases have 

become more clinically relevant. In this review, we will first summarize the natural history of 

colorectal cancer metastases. We then will address key issues with metastatic colorectal cancer to 

the liver and available treatments. This is followed by a discussion of surgical and ablative 

treatments of other sites of disease including lung, peritoneum, bone, lymph nodes and brain. Best 

available evidence for treatment strategies will be presented as well as potential new directions.

At presentation, 20–25% of patients will have distant metastases, most to the liver. Another 20–

25% will later develop liver metastases. Of patients who succumb to the disease, 49% will have 

liver dominant disease, and 83% will have some liver involvement. Disease specific survival is 

also significantly shorter for those who die of liver metastasis, compared to patients who die from 

other metastatic sites. Thus, addressing liver metastases initially is the most clinically relevant, 

since this is the most life limiting. Currently, patients who do not undergo surgical treatment of 

liver metastases typically live less than 18 months, with no 5-year survivors. By comparison, those 

who are resected but recur have a median survival of 40 months, and have a 17% 5-year survival. 

As such, liver directed therapies shift the cause of death to other sites at a later time point. For this 

reason, having metastases at other sites does not change survival for patients with liver metastases, 

as long as they are candidates for surgery. Understanding patient prognosis after treatment of liver 

metastases goes beyond American Joint Committee on Cancer (AJCC) staging due to patient 

heterogeneity. Clinical risk scores have been developed to facilitate this, and show that survival is 

based on primary cancer metastases to lymph nodes, length of disease free interval (if liver disease 

was not identified at diagnosis), number of metastases within the liver, and serum 

carcinoembryonic antigen level.

Most major centers report operative mortality of <5% for those undergoing hepatectomy for 

colorectal cancer liver metastases. Indications for surgery are expanding, which is no longer 

limited to younger patients without comorbidities. Number of liver metastases is less important for 

determining resectability than is the existence of adequate vascular inflow and outflow of the 

remaining liver remnant. Smaller lesions within the planned liver remnant can be treated with 

microwave ablation or irreversible electroporation. The post-operative functional liver remnant 

must, however, be 20–40% of the pre-operative liver volume depending on hepatocyte 

functionality. This is dependent on exposure to previous chemotherapy and pre-existing cirrhosis. 

If the functional liver remnant is insufficient at presentation, it can be augmented by pre-operative 

portal venous embolization. Expanding on this concept, some surgeons perform a two-staged 
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procedure that begins with liver partition and portal vein ligation to promote growth of the 

functional liver remnant, which can initially be as small as a single liver segment. If metastatic 

disease is limited to the liver, but is too extensive to resect, a hepatic artery infusion pump that 

delivers floxuridine directly and only to the liver may also be considered. Patients who are not 

considered operative candidates up front can be converted to resectable with neoadjuvant 

chemotherapy. It should be noted that 70% of patients who receive neoadjuvant chemotherapy and 

have so called “disappearing liver metastases” will have microscopic residual foci of disease in the 

liver, which is the site of local recurrence in 59% of these patients.

Surgical treatment of liver metastases can be performed synchronous with resection of the primary 

disease, or at different times. If resectability of the colorectal disease is in question, this should be 

performed first to ensure an R0 resection prior to addressing the metastatic disease. If the 

colorectal disease is clearly resectable, then the liver should be approached first to ensure low 

central venous pressure during this portion of the procedure without compromising blood flow to 

an intestinal anastomosis. A minimally invasive approach may be appropriate depending on the 

location of planned resections. Given the number of variables that go into determining optimal 

treatment of colorectal cancer liver metastases, decisions must be made in a multidisciplinary 

environment that includes team members with expertise in radiology, interventional radiology, 

chemotherapy, and surgery. Currently, there are wide discrepancies in referral of patients for 

surgical intervention versus patients who are considered resectable by liver surgeons, reinforcing 

that multidisciplinary care is of utmost importance.

Lung metastases are the second most common site of colorectal cancer metastases, but are rarely 

(<10%) found in isolation. Five-year survival is best for patients who have lung metastases 

resected, compared to patients where the lung disease is left in situ and only liver disease is 

removed (13% vs. 57%). Existing data, however, are largely retrospective. A randomized phase III 

trial to examine the effect of concurrent lung metastasectomy (PulMiCC trial) is currently 

underway. Similar to liver disease, criteria for resectability have expanded in the last few decades. 

It is currently considered acceptable to treat colorectal cancer lung metastases if there is complete 

treatment of the primary tumor as well as complete resection of all pulmonary metastases while 

maintaining adequate pulmonary function. Pre-operative lung function tests are used to assess 

anticipated post-operative pulmonary function and need for supplemental oxygen. Treatment 

consists of removal of the minimum amount of lung necessary to completely remove the 

metastatic deposit. Some consider thoracotomy superior to video assisted thoracoscopic surgery 

due to the ability to palpate the lung for additional deposits. No studies, however, show a survival 

advantage with an open compared to a thoracoscopic approach. Propensity score matched 

retrospective studies in fact suggest the opposite. Methylene blue staining of nodules via CT 

guidance or navigational bronchoscopy can also be used to assist with intraoperative tumor 

identification. Approach to thoracic lymph nodes is variable and of uncertain survival benefit. 

Positive lymph nodes do indicate significantly poorer prognosis. For this reason, lymph node 

examination is generally recommended for completing staging and to help determine prognosis, 

which may guide further therapies. Patients who have unresectable disease can alternatively be 

treated with radiofrequency, microwave, or cryoablation, or stereotactic radiation.

Of patients who die of metastatic colorectal disease, it is believed that 25% have peritoneal 

carcinomatosis. Treatment of peritoneal carcinomatosis by cytoreduction and hyperthermic 

intraperitoneal chemotherapy (HIPEC) is of particular interest because progression leads to patient 
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suffering from malignant bowel obstruction, weight loss, and symptomatic ascites. This can result 

in chemotherapy interruptions and repeated hospitalizations. Peritoneal carcinomatosis occurs 

more often in patients with right sided colon cancers, T3 tumors, involved mesenteric lymph 

nodes, and those who developed obstruction or perforation. Identification of peritoneal disease is 

variable because it is difficult to assess by existing imaging modalities, but is suggested by 

omental caking, scalloping of the diaphragm, peritoneal nodules, and ascites. [18F]-Fluoro-

deoxyglucose positron emission tomography (FDG-PET) can be used to confirm inconclusive 

imaging findings, but the gold standard of assessment is operative exploration. A study of high risk 

patients with negative imaging identified peritoneal carcinomatosis in 68%. Diagnostic 

laparoscopy may be used to avoid exploration in patients without carcinomatosis, or with too 

extensive carcinomatosis to treat surgically (often because of disease within the mesentery and 

porta hepatis). Two prospective systematic second look operations studies (CEA Second Look and 

PROPHYLOCHIP) failed, however, to show a survival advantage. A randomized trial of 

cytoreduction and HIPEC versus systemic chemotherapy alone showed near doubling of survival 

in the cytoreduction and HIPEC group. This study was published prior to the widespread use of 

oxaliplatin and irinotecan though, limiting its applicability to our current patient population. A 

more recent randomized trial of systemic chemotherapy with cytoreduction with or without 

HIPEC failed to show a survival advantage in the HIPEC group, but showed a remarkable median 

survival of 41 months without HIPEC. Of note, no randomized trial to date shows the additive 

benefit of cytoreductive surgery to modern chemotherapy. Cytoreduction and HIPEC for 

peritoneal disease remains a popular strategy in select centers because of acceptable morbidity and 

mortality, along with reported 5-year survival of 27%.

Bone metastases are important to address due to the pain they cause impacting patient quality of 

life. Tumor related factors not only affect the bone where they are deposited, but also can make 

adjacent nerves more sensitive to painful stimuli. Further, local therapy can be used in situations 

where most of the patient’s disease is controlled with systemic therapy, but bone lesions progress. 

External beam radiation therapy (EBRT) is first line because it is non-invasive and operator 

independent, but can only be used in patients who can tolerate long periods of immobility while 

the therapy is being delivered. Pain relief is experienced by 60–80% of patients after EBRT, but 

can take up to 6 weeks for full effect, and recurs in 50% of patients by 18 weeks. Radiofrequency 

and microwave ablation can be used for local bone metastases when EBRT is not possible or fails, 

and improve symptoms in 90% of patients. Radiofrequency ablation has several limitations 

including dependence on tissue conductivity and predisposition to heat loss from adjacent blood 

vessels. Microwave ablation can achieve higher temperatures and generate larger ablation zones, 

however prospective data comparing radiofrequency to microwave ablation for this purpose are 

lacking. Cryoablation alternatively can be used to freeze tumor tissue. Advantages with 

cryoablation include a readily visible ablation zone, with less procedurally related pain compared 

to hyperthermic techniques. Disadvantages include absence of vessel coagulation that can lead to 

bleeding, and longer procedural time needed for repeat freeze-thaw cycles that are required. High 

intensity focused ultrasound (HIFU) is a newer technology that uses targeted high energy 

ultrasound waves on a focused point to induce thermal injury. It is non-invasive and is performed 

under magnetic resonance imaging (MRI) guidance allowing for real time assessment of thermal 

ablation. Its use is limited in locations that abut critical organs that could be affected by patient 

motion during treatment, and can only treat small tissue volumes at a time.
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Data is also accumulating that selective resection of distant lymph node metastases may have 

therapeutic benefit. Patients found to have positive peri-hepatic lymph nodes have lower 3-year 

overall survival compared to those with negative peri-hepatic lymph nodes (25 vs. 75%). Para-

aortic lymph nodes exist between the left renal vein and aortic bifurcation; clearance is associated 

with a survival advantage in retrospective series. They are positive in 38% of patients with 

suspicious pre-operative imaging, and when positive are associated with survival similar to that of 

distant metastatic disease. Similar findings have been reported for lateral pelvic lymph node 

resections in rectal cancer. While there is no survival difference between patients with and without 

a lateral pelvic lymph node dissection, there is decreased survival for those who have positive 

lateral pelvic lymph nodes. Existing data on extended lymphadenectomy is mostly from Eastern 

countries, and thus may not be well applied to Western populations. As such, current 

recommendations are to perform extended lymph node clearance only in select patients for 

prognostic purposes.

Colorectal cancer brain metastases are rarely (<1%) the first metastatic site. Brain metastases are 

most often identified in patients with metastases to 3 or more other sites, with an average interval 

from diagnosis of colorectal cancer to detection of 20–40 months. One-year survival after 

diagnosis is 30%. Patients often present with headache and gait changes; fewer (24%) present with 

seizure. Contrast enhanced MRI is the diagnostic modality of choice. Treatment begins with 

management of seizures and cerebral edema if present, but should not be prophylactic. Reviews of 

patients treated for colorectal cancer brain metastases consistently show that treatment lengthens 

life. This is most true for patients with good performance status; those with no impairment of 

performance status have a median survival of 13.5 months. Treatment with surgical resection via 

craniotomy is used for more superficial tumors that are larger, and when tissue is needed to 

confirm the diagnosis. Stereotactic radiosurgery alternatively can be used for smaller tumors that 

are located more deeply in the brain, and can be used in combination with surgical resection when 

needed. Whole brain radiation has been used after open surgery and stereotactic radiosurgery for 

metastases in the past, but a recent randomized trial showed no difference in survival with this 

additional treatment. In this study, 22% of each group were alive and functionally independent at 2 

years.

To conclude, there are now many accepted effective ways to treat colorectal cancer metastases to 

the liver, lung, peritoneum, bone, distant lymph nodes, and brain. These treatments can be used to 

palliate symptoms and also to prolong life. Due to the complexity and multifactorial nature of the 

decision making that goes into optimal patient care, treatment of colorectal cancer metastases 

should routinely be performed in a multidisciplinary environment to maximize patient benefit.

Keywords

adjuvant; chemotherapy; HIPEC; microwave ablation; neoadjuvant; PIPAC; radiofrequency 
ablation; radiation therapy; recurrence pattern; surgical outcome

Introduction

Colorectal cancer metastasizes by five means: direct extension, lymphatic spread, portal 

venous spread to liver, peritoneal dissemination, and vascular spread to distant organs 
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including lung, bone, and brain. The liver is one of the most common sites of metastases. 

Nearly one-half of patients diagnosed with colorectal cancer will be found to have liver 

metastases at some point during their disease. This site, when involved by tumor, dominates 

the disease. When untreated, patients with liver metastases have a median survival of 6–9 

months (1). Even with the best chemotherapy, median survival of unresectable disease is 13–

18 months (2, 3). Thus, the hepatic site of disease usually dominates the clinical picture.

In the last three decades, liver resection has been proven to be effective and potentially 

curative therapy for liver metastases (4). Thus, many more individuals are now living longer 

than 1–2 years from diagnosis. Consequently, other sites of metastases are not only more 

likely to become apparent, but also more likely to cause symptoms and influence survival.

In this review, we will present data on the natural history of various sites of metastases. We 

will then follow with a discussion of potential surgical and ablative therapies for these sites. 

We will consider the indications, risks, and outcomes for treatments of metastases to liver, 

lung, distant nodes, peritoneum, bone, and brain.

Natural History of Colorectal Cancer Metastases

At presentation, one third of the patients will have nodal metastases, and 20–25 % will have 

distant metastases, with most of those cases involving the liver (5). Another 20–25% of 

patients will be found to have metachronous liver metastases. Thus, the liver is the most 

common site of systemic metastases. The reason for this is anatomic, since all venous blood 

from the colon and rectum drains through the portal circulation to the liver. Until the 1970s, 

stage IV liver metastases were thought to be inoperable. Patients did poorly and generally 

died 6–12 months after diagnosis.

Over the last three decades, however, much data has become available to justify surgical 

treatment of liver metastases. It has become clear that most tumor cells arriving at the liver 

do not implant and develop the vasculature necessary to survive (6). Thus, only a few liver 

tumors may become clinically apparent even if millions of tumor cells enter the portal 

circulation. Clinical data tracking outcomes of liver resections and other liver directed tumor 

therapies (Table 1) have proven these interventions extend survival for patients with hepatic 

colorectal metastases. Liver directed therapies have clearly changed the course of disease in 

colorectal cancer.

Causes of death in patients with colorectal cancer liver metastasis: Impact of surgical 
resection on the natural history and rationale for treating other sites

In order to determine the course of disease for patients with systemic dissemination of 

cancer, we recently looked at causes of death in 476 patients with stage IV colorectal cancer 

followed until death. Of the 476 patients in this study, 275 (58%) patients had hepatectomies 

and 201 (42%) patients had unresectable liver metastases. At death, we found that this 

disease is generally widely disseminated. Liver involvement is found at death in 83% of 

cases, while intra-abdominal recurrences and lung disease are each found in 59% of cases. 

Bone metastases are found in 22%, while brain metastases are found in 10% of cases (Figure 
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1). This further supports the role of the liver as a good filter, preventing portal venous tumor 

cells from bypassing the liver onto other sites in many cases.

In a ten-year follow-up study, the most common dominant metastatic site prior to death was 

the liver (49%) followed by other intraabdominal (16%) sites, intrathoracic (11%) sites, the 

brain (7%), and bone (6%) (1). Patients who underwent hepatectomy died from liver 

metastasis less frequently compared with unresectable patients (32% vs. 71%; p<0.0001). 

Disease-specific survival of patients who died of liver metastasis (17.3±1.5 months) was 

shorter than for patients who died of other intraabdominal disease (29.7±4 months; 

p<0.0001), intrathoracic disease (39.3±5 months; p<0.0001), or brain metastasis (35.6±5.3 

months; p<0.0001). Hepatic resection altered not only length of survival but also eventual 

cause of death. Hepatic cytoreduction allowed other, more indolent sites of metastatic 

disease to become clinically evident and important.

Dominant metastatic site prior to death (cause of death)

Figure 2 shows the dominant metastatic site at the last evaluation just prior to death in all 

patients as well as in the hepatectomy and unresectable groups. Overall, the most common 

dominant metastatic site prior to death was the liver (231 patients, 49%) followed by 

intraabdominal sites (76 patients, 16%), intrathoracic sites (53 patients, 11%), the brain (34 

patients, 7%), bone (30 patients, 6%), and others (52 patients, 11%). Patients who underwent 

hepatectomy died from liver metastasis less frequently compared with unresectable patients 

(32.4% vs. 70.6%; p <0.0001).

Symptoms, signs, and laboratory data in patients with each dominant metastatic site are 

summarized in Table 2. Patients with dominant liver metastases had worse liver function 

tests (LFTs) prior to death compared with patients with other dominant metastatic sites. As 

would be expected, albumin was lower (2.7 vs. 3.0 g/dL; p=0.001), while aspartate 

transaminase (79.5 vs. 41.0 U/L; p=0.0001), alanine transaminase (43.0 vs. 26.0 U/L; 

p=0.0001), alkaline phosphatase (383 vs. 228 U/L; p=0.001), and bilirubin (6.0 vs. 1.4 

mg/dL) were higher in liver-dominant disease cases. In 24 patients (10.4% of the liver-

dominant group), liver failure (hepatic encephalopathy and/or coagulopathy along with an 

LFT abnormality) was evident. Symptoms and signs from hepatic dysfunction were usually 

due to the mass effect of tumor (replacement of liver parenchyma) or portal hypertension.

Intraabdominal metastatic disease was the second most common dominant metastatic site. 

Among this group, liver metastasis co-existed in 50 patients (66%). Thirty-five patients 

(46%) had abnormal LFTs; however, no patients had liver failure. The most common 

presentation in this patient group was peritoneal carcinomatosis. Bowel obstruction or 

massive malignant ascites caused abdominal distension, and in some cases respiratory 

distress. These patients typically had poor oral intake and were cachectic.

Intrathoracic metastatic disease was the third most common dominant metastatic site prior to 

death. About half of this group also had liver metastases (27 patients, 51%) with some LFT 

abnormalities and liver failure. Massive involvement of lung or malignant pleural effusion 

caused respiratory distress. Mediastinal lymph node disease at times invaded into the 
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bronchus and caused hemoptysis. Pleural metastases that extended into the chest wall caused 

severe pain.

Although not many patients died with dominant bone metastasis, the clinical course of these 

patients was miserable. Pathologic fractures or epidural invasion caused severe pain and 

neurologic symptoms. Spinal cord compression led to myelopathy. Typically, these patients 

required huge amounts of narcotics, and the disease compromised patients’ respiratory 

function and/or mental status as well. Sixty percent of these patients (n=18) had concomitant 

liver metastasis.

Patients with dominant brain metastasis usually presented with focal neurologic findings. 

Once mental status was compromised, respiration was suppressed. The general condition 

rapidly deteriorated. Most of these patients had some liver disease.

Site of metastases and cause of death

The chance of the metastatic site progressing to cause death was analyzed and is shown in 

Figure 3. Disease progression in the liver was observed in 397 patients (83% overall). 

Among them, 231 patients (58%) had dominant disease in the liver prior to death. There 

were 283 patients (59% overall) who experienced disease progression in the intraabdominal 

site, and, of this group, 76 (27%) died due to intraabdominal site disease progression. In the 

intrathoracic site, 279 patients developed disease progression (59% overall); thoracic disease 

in 53 of these patients (19%) progressed to cause death. In bone metastases, 104 patients 

(22% overall) developed disease progression, and in 30 (29%), bone disease progressed to 

cause death. In brain metastases, 48 patients (10% overall) developed disease progression 

and 34 (71%) progressed to death from this site of disease.

Timing of presentation at various metastatic sites and related survival

Figure 4 shows the median time of presentation of each metastatic site and the median 

survival after presentation for each metastatic site of disease. These data verified that if liver 

disease is unresectable, it generally dominates the clinical picture and most patients die 

within 1.5 years. Patients with intrathoracic recurrence usually live a fair bit of time, and 

most die because of a concurrent recurrence at another site.

The late presentation of brain metastases suggests that these are secondary metastases in the 

setting of widely disseminated cancer. Most patients die quickly. These data also emphasize 

that even though patients are likely to die of liver disease, they suffer from the bone and 

intraabdominal recurrences. These data document the causes of death in patients resected of 

their colorectal metastases, as well as patients with radiographically resectable disease found 

unresectable. There is no doubt that hepatectomy resulted in a change in the natural history 

of this disease, and was associated with a much-prolonged survival even in patients with 

recurrence after resection (median survival: unresectable = 13 months; resectable but with 

recurrence = 40 months), (5-year survival: unresectable = 1%; resectable but with recurrence 

= 17%). There was also a difference in causes of death.

The overwhelming number of unresectable patients died of liver disease (71%), with only a 

small percentage dying of extrahepatic disease (abdominal = 7%, bone = 5%, lung = 4%). 
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However, for patients initially resected of their hepatic disease, even if they recurred, the 

causes of death shifted. Only 32% died of hepatic disease. The extrahepatic sites then took 

on much more important roles as the causes of death (abdominal = 23%; lung = 17%; bone 

= 8%; brain = 10%). These other disease sites seemed to be more indolent or were 

secondary metastases; the median times to clinical presentation of bone or brain metastases 

were 17 and 33 months, respectively. Symptomatic presentation of brain or bone metastases 

was associated with very poor prognosis, with median survival of only 2–3 months. Survival 

times after recurrence at other sites were similar, with a median survival of 12–18 months. In 

fact, survival measured from time of recurrence at these other sites was similar to survival of 

unresectable patients.

There is increasing data advocating liver tumor cytoreduction even in the presence of gross 

extrahepatic disease (7–10). There has long been evidence that extrahepatic disease portends 

poor prognosis (11–25). Nevertheless, there have been various series showing that selected 

patients with lung metastases or hepatic nodal disease could have prolonged survival. 

Furthermore, recent advances in chemotherapy may further improve outcomes of 

hepatectomy in the presence of extrahepatic disease. Adam et al.(7) reported the outcome of 

138 patients who underwent hepatectomy for colorectal cancer liver metastases (CRCLM) 

after downstaging by chemotherapy. There were 52 patients (38%) with extrahepatic disease. 

Among them, 41 (30%) underwent extrahepatic resection (lung, peritoneal nodules, portal 

lymph nodes, ovary, kidney, and local recurrence of colorectal cancer). The analysis showed 

the presence of extrahepatic disease was not associated with worse prognosis (5-year 

survival rate 33% vs. 34%; p=0.67). Similarly, a study from Minagawa et al. (2000) 

analyzing 235 patients who underwent hepatectomy for CRCLM showed no significant 

difference in survival between patients who had extrahepatic disease and those who did not 

(8). These previous papers and the data in the current study demonstrating that liver 

resection even with subsequent extrahepatic recurrence can be associated with prolonged 

survival are highly encouraging of future studies of the efficacy of hepatic cytoreduction in 

the setting of minimal extrahepatic disease. These data also encourage selective 

cytoreduction in extrahepatic sites.

Colorectal Liver Metastases

As discussed above, there was a time when stage IV colorectal cancer in the liver was 

considered a death sentence. Surgeons and other innovators pushed the envelope and we 

have now arrived in an era where even disease that is not liver-limited can be considered for 

aggressive metastasectomy. With boundaries being stretched well past what was previously 

acceptable, it is good to contextualize what is considered innovation in liver metastasectomy 

and what was thought of as “too far” just a short time ago.

Partial hepatectomy is a safe and effective therapy for colorectal cancer liver metastases

The birth of surgical therapy for liver metastases can be traced back to autopsy studies 

demonstrating that deceased patients may have the metastatic disease confined to the liver 

and to CT scanners documenting disease confined to the liver in many cases. With these 

data, surgeons began to resect hepatic colorectal metastases (16, 26, 27). A large body of 
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data has since accumulated proving surgical resection to be safe and effective therapy (Table 

3) (8, 11, 15, 26–38) (39–41). At present, most major centers report operative mortality less 

than 5% for hepatectomy, and 5-yr survival for over one-third of patients. An interesting 

study with complete 25-year follow-up of patients treated by liver resection by a pioneer in 

the field has demonstrated that surgery alone can provide cure in approximately 20% of 

patients (Figure 5) (42). These results are accomplished with short hospital stays (30–32, 

43), and with patients recovering quickly and returning to normal life (44). Since then, liver 

resection has become the standard of care for patients with hepatic colorectal metastases.

Need for useful clinical staging criteria

Hepatic colorectal metastases are considered stage IV by American Joint Committee on 

Cancer (AJCC) criteria. The population of patients offered hepatectomy for colorectal 

metastases is heterogeneous. Thus, there has been a need for better clinical staging criteria 

for this patient population to assist in patient selection for surgery, for adjuvant therapies and 

trials, and for comparison of data from various institutions.

Building on many prior studies, two very large patient studies in the 1990s conceived similar 

scoring systems for staging patients with hepatic metastases. Both systems utilize variables 

related to the primary cancer and the liver metastases (16, 27). The five common elements to 

both systems have been popularized as the Clinical Risk Score (CRS) (Table 4)(27): 1) nodal 

metastases from primary cancer (45); 2) short disease-free interval (17, 46–48); 3) size of 

the largest liver tumor (17, 49); 4) more than one liver metastasis (17, 48); and 5) high 

carcinoembryonic antigen (CEA) (16, 17). This scoring system has been independently 

verified by investigators from many nations (50–52). The CRS has been found to also 

predict prognosis after resection or ablation. It has also been used to select patients for the 

extent of preoperative diagnostic work-up to optimize yield while minimizing cost (53, 54). 

Most of all, the simplicity of the CRS has led to its widespread use.

Investigators have attempted to improve upon the CRS by adding parameters such as 

response to chemotherapy (55), immune cell infiltration index such as for TILs (56), 

molecular measures of tumor “stemness” such as CXCR4 (57), and angiogenic indices as 

measured by VEGF, EGFR (58), or biomarker panels (59). While these add additional 

discriminating effect, most of these molecular analyses are not universally employed. These 

will remain of use mainly in tertiary centers.

Patient selection for hepatectomy

In the 1980s, only healthy patients with limited liver disease (generally solitary lesions or 

less than 4 lesions in the same lobe of liver) were considered candidates for resection. With 

such limited indications, less than 10% of patients were candidates for surgery. With 

increasing safety and documented favorable long-term cancer outcomes, medical and 

oncologic indications have broadened. Advanced chronologic age is no longer a complete 

contraindication (60, 61). Compensated medical co-morbidities are no longer a 

contraindication. Patients with extensive disease, including synchronous disease, bilobar 

disease, and extensive numbers of nodules, are now considered for aggressive surgery (62). 

It is estimated that over 50% of patients are now candidates for hepatectomy. It should be 
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noted that the overall survival of patients at major institutions has not worsened despite the 

expanding indications for surgery.

While there is not a defined criterion for making the statement of “innumerable”, it appears 

acceptable for radiologists to refer to metastases numbering more than 10 as “innumerable”

(63). This lags behind current surgical ethos of CRCLM management, which essentially 

states that number and lobar location of metastases are far less relevant to determination of 

resectability than adequate inflow, outflow, and functional liver remnant (64–66), and 

emphasizes the need for image review by a radiologist well-versed in liver imaging. Indeed, 

even extrahepatic disease no longer precludes appropriate clearance of CRCLM. It is also 

important that decisions for resection are made in a multidisciplinary setting, bearing in 

mind high-risk features and other considerations like current response to chemotherapy and 

candidacy for immunotherapy (65). Any discussion of when and upon whom to operate 

should include a multidisciplinary team (including medical oncology, surgical oncology, 

radiology, pathology, interventional radiology, radiation oncology, and genetics), and goes 

beyond simply thinking about what can be done (Table 5).

Functional liver remnants (FLR) should make up at least 20% of estimated liver volume in 

chemotherapy naïve livers, 30% in chemotherapy-treated livers, and 40% in livers with any 

evidence of cirrhosis or fibrosis (65). In order to achieve adequate FLR, techniques like 

portal vein embolization (PVE) with and without concurrent transarterial 

chemoembolization (TACE) can be pursued. Portal vein embolization is a technique for 

producing growth of remnant liver prior to resection. By transcutaneous puncture of the 

portal vein and filling the vein on the side of planned future resection with embolic material, 

ipsilateral atrophy and contralateral hypertrophy occurs. Future remnant liver is grown and 

peri-operative outcome improved (67). When anticipating a formal hepatectomy, PVE is 

successful the vast majority of the time, and mean increase in FLR remnant size is roughly 

35% (68). When considering whether adequate FLR hypertrophy has occurred following 

PVE, an absolute increase of 5% and a growth rate of at least 2% per week should be 

considered (69).

Appropriate preoperative imaging assessment involves liver-protocoled CT or magnetic 

resonance imaging (MRI) depending upon state of the liver.(69, 70) Livers that are cirrhotic 

or have elements of steatohepatitis (chemotherapy-induced or otherwise) are typically more 

optimally imaged with MRI (70, 71). Despite improvements in currently available axial 

image clarity and consistency, employment of intraoperative ultrasound remains a 

component of disease assessment. Historically, IOUS frequently altered the pre-operative 

surgical plan (72). Although the advent of Eovist use and more readily available MRI 

protocoling designed to best evaluate the liver have somewhat reduced the element of 

operative surprise, IOUS still has a critical role in real-time delineation of anatomic 

structures and confirmation of equivocal findings on axial imaging (73–75).

Timing of primary resection for synchronous metastases

One quarter of cases of colorectal cancer will present with synchronous liver metastases. As 

liver surgical morbidity and mortality have decreased, many groups are pursuing single stage 

intervention for patients presenting with synchronous metastases, resecting the primary and 
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hepatic lesions in the same operation. In general, concurrent resection is well tolerated. In 

well-selected patients, simultaneous resections are safe, and allow for reduced time to 

recovery and to start of appropriate adjuvant chemotherapy (76–78). Most recently, 

simultaneous major hepatectomy and rectal resection has also been shown to be safe (79).

There are a few rules of thumb that should be observed. Firstly, when the primary lesion is 

asymptomatic, liver surgery should be performed first as this requires a lower central venous 

pressure and typically presents higher morbidity. Moreover, if the liver lesions cannot be 

cleared, there is no known survival benefit to resecting the primary. Second, in the setting of 

rectal cancer wherein an R0 resection is not assured, the order of resection should prioritize 

a rectum-first approach in case of unresectability. Data supporting these principles are ever-

evolving and each patient’s case should be considered on a case-by-case basis.(80)

Contraindications to simultaneous resection remain major medical co-morbidities, bowel 

obstruction, bowel perforation, and lack of technical expertise to perform both the liver and 

colorectal resection.

For colorectal cancer presenting with synchronous liver metastases a suggested algorithm of 

care is presented in Figure 6. If the patient has synchronous primary and metastatic disease 

that can be safely removed in the same operation, a combined resection is justified (76, 81). 

For those cases where the primary colorectal cancer has been resected, delay in resection of 

the liver metastases is justified if the patient’s comorbidities dictate optimization of medical 

condition.

Number of metastases and presence of extrahepatic disease

Although number of metastases does not necessarily permit or preclude safe resection, 

extent of disease burden can and should play a role in surgical decision making. A recent 

review of the 15-year experience at two high volume European centers divided patients into 

those with less than 8 metastases or more than 8 (82). Among the group with more than 8 

lesions, there were survival differentials seen from 8–10, 11–15, and greater than 15 lesions 

(82). Higher risk features included extrahepatic disease, failed response to chemotherapy, 

and primary rectal cancer (82). Patients with two or more risk factors had very poor 

outcomes indicating possible futility of surgical resection. However, patients in the greater 

than 8 group with no risk factors had similar survival to those in the less than 8 group (5-

year overall survival (OS) rate of 44.0% vs. 44.2%) (82). Thus, the number of lesions alone 

should not limit potential for resection.

Recent data from Memorial Sloan Kettering ascribed importance to number of metastases in 

the context of resection with curative intent of hepatic metastases along with extrahepatic 

disease (83). They developed a novel score ascribing one point to each of three variables 

(largest CRCLM >3cm, >5 CRCLM, and unfavorable extrahepatic disease site) with a 

resulting score that was prognostic of overall and recurrence-free survival (83). In this study, 

portal and retroperitoneal lymph node metastases as well as multiple sites of extrahepatic 

disease were considered “unfavorable” and were associated with decreased overall and 

progression-free survival (83). Nevertheless, there were some true 10-year survivors in this 

cohort (83). Thus, neither number of metastases nor presence of extrahepatic metastases 
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should preclude consideration for resection. It is clear that at least with currently available 

data, treatment decisions must be made in a multidisciplinary fashion with consideration of 

patient goals and individual characteristics.

In addition to misconceptions regarding prognostic weight of number of metastases, it can 

be challenging to get resectable patients referred for surgical intervention. Recent 

publications have shown substantial discrepancies between referring medical oncologists 

and expert hepatic surgeons in terms of what is thought of as resectable (84, 85). Moreover, 

hospital and surgeon practice patterns of what is considered resectable also vary widely (86). 

Educational initiatives are needed both to help patients advocate for themselves and to 

educate referring providers about what are broadly accepted criteria for resectability to 

induce more consistent referral patterns (87).

Associated liver partition and portal vein ligation for staged hepatectomy (ALPPS) and 
Two-staged hepatectomy

With continued progress, expanded indications are giving way to new operative strategies 

such as two-stage hepatectomy and associated liver partition and portal vein ligation for 

staged hepatectomy (ALPPS). These techniques are employed with a FLR that would be 

prohibitively small using standard PVE and resection techniques. Some are even able to 

offer single segment FLR for patients with these techniques. That said, the risks are real and 

should not be discounted. ALPPS is essentially a short-term version of a two-stage 

procedure wherein re-intervention is planned within days (typically 7–10) of initial 

procedure. In the case of two-staged hepatectomy, the less-extensively invaded hepatic lobe 

is cleared of disease with resection or ablation, and the patient then undergoes PVE to 

induce FLR hypertrophy. At second stage, the other lobe is resected or cleared depending 

upon the situation. The primary tumor can be resected during either of these stages in an 

attempt to render the patient disease-free (88–90). Whether or not chemotherapy is 

employed between stages varies institutionally. A 2015 study of this approach reported a 

failure rate of 35% with commensurately low overall survival in the failed group (91). Risk 

factors for failure are well-aligned with those of the CRS and include CEA >30ng/mL, 

tumor size >40mm, 3 or more metastases in the FLR, more than 12 preoperative 

chemotherapy cycles, and disease progression during first line chemotherapy (91). Initial 

reports of ALPPS and two-stage hepatectomy results yielded what many viewed to be 

unacceptably high morbidity and mortality rates. However, proponents of ALPPS have now 

created an international registry. Initial reports of early survival and safety compiled from 

this multi-national, multi-institutional registry have shown that 141 (70%) of the 202 

included patients had CRCLM with a median FLR of 21% that increased by 80% within a 

median of 7 days (92). Nevertheless, the major morbidity (27%) and 90-day mortality of 9% 

remain quite high (92). Authors report that independent factors associated with higher 

morbidity rates included age over 60, operative time greater than 5 hours and non-CRCLM 

(92). Factors associated with less FLR hypertrophy included use of the Pringle maneuver 

and age (92).
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Role of minimally invasive surgery

Laparoscopic liver resection has been the accepted standard of care for peripheral lesions in 

the so-called “laparoscopic segments” II, III, V, and VI for more than a decade (93). 

However, use of minimally invasive surgery (MIS) for hepatic lobectomy is more limited 

and has been much slower to achieve adoption. The advent of robotic liver surgery has seen 

an increase in the employment of MIS for all liver resections, but has specifically 

demonstrated usefulness in facilitating completion of procedures like major lobectomies that 

have a higher conversion rate to open surgery when attempted laparoscopically (94). Finally, 

robotic liver surgery is exceedingly helpful in wedge resections in what would otherwise be 

considered incision-dominant cases (95), meaning those where a minor wedge is required in 

a hard-to-reach segment or posterior section as shown in Figure 7. A robotic approach in 

these cases allows safe resection of tumor while minimizing morbidity.

Importance of ablation

While initial reports of radiofrequency ablation for CRCLM demonstrated unacceptable 

rates of local recurrence and in some cases increased rates of lung metastases, improved 

provider experience with ablative techniques along with improved ablative technologies like 

microwave ablation and enhanced radiofrequency ablation machines have made these local 

control modalities an important part of the “toolbox” that can be used to attempt to render 

patients disease free or to prolong survival (96). Moreover, improved interventional 

radiology and surgical skill with these techniques have yielded more modern series 

demonstrating acceptable efficacy of ablation of smaller lesions. The current generation of 

2.45 GHz MW ablation units now delivers durable ablations for small and medium sized 

lesions. In a recent publication reporting 465 ablations, microwave destruction of cancer was 

shown to be highly effective, and durable (97). For tumors 1 cm or less, ablation completely 

killed cancer in 99% of the time (Figure 8) (97).

Irreversible Electroporation (IRE, Nanoknife)

Irreversible Electroporation is a relatively new technology that uses a series of rapid micro- 

to millisecond pulses (70 – 90 pulses) of high energy (1000–2500 V/cm2) direct current to 

kill cancer. Such deposited energy causes formation of permanent nanopores within the 

cellular membrane, triggering cell death through cellular apoptotic pathways (98–100). 

Because IRE is essentially non-thermal (101, 102), it is not as susceptible to heat sink effects 

of nearby vessels as radiofrequency and microwave ablation, and can be used with relative 

safety adjacent to heat-sensitive structures, such as vessels, bile ducts and nerves (Figure 2) 

(103, 104). The use of IRE in humans was first reported to be safe by Thomson et al. in 2011 

(104). Highlighting the safety of IRE, Kingham and colleagues studied the use of IRE in 

patients (n=28) with small tumors (median diameter = 1cm, range = 0.5 – 5 cm), all of 

which were close to a major vascular structure (< 1cm). No life-threatening events were 

described (1 patient developed supraventricular tachycardia and another developed portal 

vein thrombosis). Of the 65 tumors treated, only 1 tumor demonstrated persistent disease 

and 3 tumors locally recurred (105). Eller et al. similarly studied local control of liver 

tumors in perivascular locations (106). It is promising in allowing ablation of anatomic sites 

previously prohibitively dangerous for thermal ablation (Figure 9).
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Combined liver resection and tumor ablation

Focal ablation techniques are also allowing for treatment of extensive bilateral liver cancers 

(107, 108). While most of the early adaptors of such combined usage employed it as a last 

resort, the philosophy has shifted to using such combined resection and ablation as a liver 

parenchymal preservation method of choice. Karanicolas and colleagues demonstrated that 

combining resection and ablation achieves favorable cancer related outcomes while 

decreasing operative time and blood loss (109). An international consortium of four centers 

recently confirmed these findings and formulated the acronym CARe (Combined Ablation 

and Resection) as a name for this next phase of natural evolution in the local eradication of 

cancer while preserving functional liver (110).

In the era of parenchymal preservation, many surgeons will employ ablation in deeper 

parenchymal lesions where attempted resection would render an unacceptably small FLR or 

when trying to achieve limited resections. Current ethos is that this approach in conjunction 

with appropriately timed systemic therapy can render the possibility of cure or at least a 

significant disease-free interval. For example, the recent CLOCC trial was a randomized 

phase II trial that was terminated early after demonstration that combined surgery with RFA 

of otherwise unresectable tumors in conjunction with systemic therapy was associated with 

significant overall survival improvement (111).

Role of hepatic arterial infusion (HAI)

Hepatic arterial infusion (HAI) pumps are an important part of the surgical armamentarium 

against liver limited disease that is unable to be cleared with resection. The rationale for HAI 

use is predicated upon the anatomic blood supply of liver metastases, which is known to 

come from the hepatic arterial system rather than the portal venous one. Furthermore, drugs 

such as floxuridine (FUDR) that has high first pass liver clearance can be delivered 

intrahepatically in high doses with minimal systemic toxicity (112).

HAI of chemotherapy is typically administered via a surgical implanted subcutaneous pump 

with a catheter placed in the gastroduodenal artery, and is given concurrently with systemic 

chemotherapy. A substantial body of level one evidence supports the regular employment of 

HAI pumps against CRCLM. Several Phase III randomized control trials have demonstrated 

success of this modality in prolonging both OS in the unresectable setting and recurrence 

free survival in setting of surgery and pump placement versus surgery alone (113–115). The 

predominant critique of these trials is that they pre-date modern chemotherapeutics. Thus, 

Phase I and II trials of HAI in combination with modern systemic therapies have been 

performed, and showed favorable results (116–120).

A recent propensity-score matched comparison of patients receiving HAI and modern 

chemotherapy in comparison with controls at MSKCC showed a substantial survival benefit 

(67 months vs. 47 months), in addition to a pronounced survival advantage for patients with 

node-negative disease and a low CRS of 0–2 (121). Moreover, amalgamated data from four 

prospective trials of HAI combined with systemic chemotherapy after liver resection have 

demonstrated excellent long-term survival with modern era patients demonstrating 5-year 

survival rates up to 78% and 10 year survival rates of 61% (122). Nevertheless, HAI perhaps 
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owing to its technical difficulty, is still not in wide use outside of selected high volume 

specialty centers.

Disappearing liver metastases

In the era of modern chemotherapeutics, treatment effects can result in CRCLM 

disappearance on standard pre-operative imaging and even on Eovist-based MRI. 

Chemotherapy-associated hepatic changes can make these lesions hard to see even on intra-

operative ultrasound. Standard historical teaching has been to resect all areas of known 

disease – quiescent or otherwise, meaning that if it was seen originally on scan it should be 

included in the field of resection. Placement of fiducial markers prior to chemotherapy 

initiation, however, while safe and effective, is not widely employed (123).

Moreover, in the era of parenchymal preservation and increasing use of effective 

percutaneous ablation, blind resection of all areas of prior disease without fiducials is not 

always completed. Nevertheless, even with use of Eovist, one can expect up to 40% of liver 

metastases to disappear and of those, up to 70% will contain at least microscopic residual 

foci of disease (124, 125). Others have noted that in patients with unidentified and untreated 

disappearing liver metastases, up to 59% develop local recurrence at the site of the original 

tumor (126). Moreover, a recent series indicates that use of Eovist-based MRI or contrast-

enhanced ultrasound techniques can identify up to 55% of disappearing lesions, of which 

69% will have residual disease (125). Thus, if disappearing liver metastases, remain 

unresected, close follow-up is warranted (124).

Downstaging chemotherapy for converting patients to resectable

Bismuth et al. first reported the possibility that chemotherapy may convert non-resectable 

disease to resectable (127). Since then, there have been many reports of using FOLFOX, 

FOLFIRI, or regional FUDR chemotherapy to convert disease to resectable (28, 32, 127–

130). Approximately 15% of patients treated with systemic chemotherapy, and 30–50% of 

patients treated with regional chemotherapy are so converted (Table 6).

Of debate is how long a patient should stay on downstaging chemotherapy before resection. 

Some advocate for surgery as soon as the patient is resectable (32), while others push for 

maximum tumor response (median=4 months) (129). The timing can also depend on the 

need for PVE. It has been shown that chemotherapy does not retard such hypertrophy in a 

clinically appreciable way and prevents growth of tumors that may be present on the non-

embolized side (131). We tend to perform the PVE early in the course of downstaging 

chemotherapy and wait for complete growth of future remnant (132). The subsequent 

removal of a very small, atrophied lobe of liver will have negligible impact on the patient’s 

physiology.

Multidisciplinary management

No discussion of surgical intervention for CRCLM is complete without an emphasis on the 

importance of multidisciplinary discussions and engagement and collaboration of medical 

oncology and surgical oncology in the management of these complex patients. Recent 

studies have shown widely disparate referral patterns among medical oncologists even in the 
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same regions and towns, with some referring patients frequently for liver resection and 

others referring for resection only rarely (87). While some of this could be due in part to a 

failure of liver surgeons to come to consensus and more standard practice patterns, part of it 

also rests in the hands of medical oncologists. Early and frequent involvement and 

collaboration of medical and surgical oncologists with regular evaluation of staging scans in 

a tumor board setting is key to successful patient management.

Lung Metastases

More than half of patients who undergo surgical resection for colorectal cancer are expected 

to have a recurrence of the disease (133). After liver, lung is the second most common site of 

colorectal metastasis, accounting for approximately 10–15% of metastatic disease (134). 

Isolated pulmonary metastases are rare, however, ranging from 1.7–7.2% and are more 

common in rectal cancer patients than in colon cancer patients (135). In most cases, 

pulmonary metastases occur synchronously with liver metastases.

Five-year survival for stage IV colon cancer is 13.8%. In select patients, however, resection 

of pulmonary metastases that are either isolated or occur synchronously with liver 

metastases has been shown to result in durable long-term survival. In a review of 

institutional outcomes of surgical resection of pulmonary colorectal metastases, overall 

survival rate ranged from 32–61% at 5 years (Table 7) (133). In patients with synchronous 

liver and lung metastases, those who had chemotherapy only or had resection of liver 

metastases only had worse 5-year overall survival compared to patients who had resection of 

both liver and lung metastases (1.6% vs 13.1% vs. 56.9%, p <0.01) (136). As stated above, 

overall survival of patients undergoing resection of liver and lung metastases appears 

comparable to that of patients undergoing resection for isolated liver metastases.

Prognostic factors that influence survival in patients undergoing resection for pulmonary 

metastases include patient demographics such as age and gender, primary tumor 

characteristics such as initial stage, histology, and colon or rectal origin, as well as 

characteristics of lung metastases including number and size of lesions, presence of 

simultaneous liver disease, extent of resection required, and thoracic lymph node 

involvement. Other reported prognostic factors found on multivariate analysis to affect 

overall survival include pre-resection CEA value, disease-free interval prior to metastases, 

and different histologic characteristics of the primary and lung metastases. The data is 

predominantly retrospective though, and due to the inherent selection bias for 

metastasectomy, the true survival benefit for resection of pulmonary metastases is difficult to 

accurately measure. A Randomized Trial of Pulmonary Metastasectomy in Colorectal 

Cancer (PulMiCC trial) is a phase III trial currently underway that randomizes patients to 

pulmonary metastasectomy or best medical therapy that will hopefully provide more 

information for which patients will benefit from surgery (137).

Principles of resection

The first successful pulmonary and chest wall resection for metastatic rib sarcoma disease 

was performed by Weinlechner in 1882. Before 1970, lung metastasectomy was performed 

only in highly selected patients. Aberg et al. (1980) published a series on 70 patients who 
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underwent resection for solitary lung metastases from 1961–1978 and used the following 

criteria: 1) removal of primary tumor; 2) no extrapulmonary disease; 3) only one lung 

involved; and 4) lung tumor was operable (138). As experience increased, the selection 

criteria for lung resection became less stringent and in 1991, the International Registry of 

Lung metastases was established and accrued 5,206 patients from Europe and North 

America who underwent resection of pulmonary metastases (133). In 1997, it published 

evidence that complete pulmonary metastasectomy was associated with improved survival. 

Selection criteria for the registry included “eradication of the primary tumor and absence or 

effective treatment of metastases in other organs before or concurrent with pulmonary 

metastasectomy” (139).

According to the National Comprehensive Cancer Network (NCCN) guidelines, criteria of 

resectability include complete treatment of the primary tumor as well as complete resection 

of all pulmonary metastases based on number and location of lesions while maintaining 

adequate pulmonary function. Additionally, the presence of resectable extrapulmonary 

disease, such as hepatic metastases does not preclude lung resection and select patients may 

be eligible for reresection (140).

Preoperative evaluation

Similar to hepatic metastasectomy, pulmonary metastasectomy should be considered only in 

a multidisciplinary discussion among radiologists, surgeons, oncologists, radiation 

oncologists, and pathologists. Preoperative imaging should be carefully reviewed to 

determine resectability. When necessary, a preoperative biopsy can be obtained prior to 

resection, but this is often not necessary when the appearance and growth of lung lesions are 

highly suggestive of metastatic disease.

The most sensitive and specific imaging modality for detection of pulmonary metastases is 

high resolution computed tomography (CT) of the chest with thin slices. The sensitivity for 

detection of pulmonary nodules on CT alone ranges from 34–97%, on positron emission 

tomography (PET)/CT 66–67.5% and up to 75% for high resolution CT. The specificity of 

helical CT for identifying pulmonary nodules is 54–93%. The use of thoracotomy for 

resection of pulmonary metastases has the advantage of meticulously palpating the 

ipsilateral lung and finding more nodules than on CT scan. However up to 49% of these 

palpated nodules, when resected, were found to be false positives (benign nodules) (141). In 

fact, with increasing number of nodules, the concordance of CT-detected malignant lung 

nodules with histologically confirmed malignant lesions significantly decreased (142). The 

impact of unresected occult pulmonary metastases on survival is unknown as is the 

morbidity of resecting benign lesions, especially in the setting of thoracotomy (143).

Preoperative evaluation of patients undergoing resection for colorectal lung metastases must 

take into consideration functional status of the patient and residual lung volume. Pulmonary 

function tests should be obtained on all patients, especially those undergoing reresection or 

those who may have more than one lesion. Those who may become oxygen dependent after 

complete pulmonary metastasectomy may benefit from nonsurgical treatment modalities or 

combined surgical resection with alternative ablative therapies for oligometastatic disease, 
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such as stereotactic body radiotherapy or percutaneous ablation (microwave, radiofrequency, 

or cryoablation).

Pulmonary metastases, when discovered synchronously with the primary colorectal tumor or 

with extrapulmonary metastases such as in the liver, may be resected simultaneously or 

using a staged approach. The sequence and coordination of multiple surgeries for the 

colorectal cancer patient with pulmonary metastases is another reason why a 

multidisciplinary approach is crucial to favorable patient outcomes.

Treatment

The most common thoracic surgeries performed for colorectal metastases to the lung are 

wedge resection and segmentectomy (133). In general, surgeons should attempt to resect the 

minimum amount of lung necessary to completely remove the tumor. Modern video-assisted 

thoracoscopic surgery (VATS) is being used with increasing frequency, up to 40% according 

to a survey of thoracic surgeons taken in 2008 by the European Society of Thoracic Surgery, 

which is likely higher today (144). This has decreased the number of thoracotomies, which 

some still consider the gold standard for treatment of colorectal metastatic disease to the 

lung due to the ability to perform bimanual palpation of the ipsilateral lung, with 

identification and resection of occult metastatic disease not seen on imaging (145). However, 

to date, no studies have shown that thoracotomy offers a survival benefit over VATS. In fact, 

a recent Japanese multi-institutional retrospective study using propensity score adjustment 

compared open surgery to VATS for resection of colorectal metastases and found that 

patients undergoing VATS had better survival than those undergoing open approach. 

Additionally, the difference between radiographic nodule number and resected nodule 

number was insignificant between the two approaches after propensity score matching (146).

With the improvement of CT and PET/CT imaging as well as minimally invasive surgical 

technique, the benefit of thoracotomy for the resection of occult metastatic disease for 

colorectal lung metastases is uncertain, especially when weighed against the morbidity of 

thoracotomy and the potential need for future re-resection. VATS technique varies according 

to surgeon preference, but is usually performed in lateral decubitus position with 2–3 

incisions, allowing for introduction of a thoracoscopic camera, instruments, and occasionally 

a finger to identify and resect the lesion. The specimen is typically removed using an 

endoscopic bag and may be sent for frozen section margins.

Robotic-assisted thoracoscopic surgery is also being used with increasing frequency for 

resection of primary lung cancer. However, its role in resection of pulmonary metastases is 

not well-defined. The advantages of robotic-assisted surgery over traditional VATS include 

3-dimensional visualization and wristed instruments, which greatly facilitates lymph node 

dissection (discussed below). The main disadvantage is the loss of haptic feedback, which 

can make identification of a pulmonary nodule difficult. However, the localization of 

pulmonary nodules using methylene blue, delivered either by CT-guidance or navigational 

bronchoscopy followed by robotic resection, has been reported as safe and effective in the 

treatment of primary lung cancer (147). We have found this approach can help us identify 

small metastases more efficiently.
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The posterolateral thoracotomy is the most commonly performed open approach to 

pulmonary metastasectomy and allows ample exposure to the ipsilateral lung for bimanual 

palpation and resection of metastatic disease. We typically use a muscle-sparing 

thoracotomy. For bilateral metastatic disease, surgical approaches include median 

sternotomy and sequenced thoracotomy (148).

In unresectable disease, or multifocal disease where resection would compromise pulmonary 

function, the NCCN guidelines state that various ablative techniques such as radiofrequency 

ablation, cryoablation, or microwave ablation may be used alone or in conjunction with 

surgery. Furthermore, stereotactic body radiation therapy may also be used as an alternative 

to surgery (8). The discussion and coordination of these procedures with and around surgery 

is again another reason why the treatment of these patients is best decided in the setting of a 

multidisciplinary tumor board.

Management of nodal disease

Thoracic lymph node metastases occur in 10 to 32% of colorectal cancer patients who 

undergo pulmonary metastasectomy and is considered a poor prognostic factor with a 5-year 

survival of 0 – 34% compared to 39% - 71% for patients without thoracic lymph node 

involvement. Lymph node examination during pulmonary metastasectomy includes 

sampling or complete dissection of at least three N2 stations and is selectively performed 

and variably reported in the literature (133). The survival benefit of thoracic nodal 

examination during pulmonary resection for colorectal metastases is unknown, but it is 

generally recommended for the sake of completing staging and to determine prognosis to 

guide additional therapies (149). Techniques include open, traditional VATS, as well as 

robot-assisted. As mentioned previously, the robot is an excellent platform for mediastinal 

lymph node dissection.

Conclusion

Many retrospective studies have demonstrated a survival benefit of resecting pulmonary 

metastases in colorectal cancer patients; however, no prospective studies have been done 

comparing pulmonary metastasectomy to best medical therapy. Preoperative workup for 

resection of colorectal metastasis to the lung includes discussion in a multidisciplinary 

context, preoperative CT or PET/CT, pulmonary function tests, and coordinating for 

synchronous or sequential surgery if resectable extrapulmonary metastases are present. More 

thoracic surgeons are turning to less invasive VATS and robot-assisted approaches to 

perform wedge resections and segmentectomies. Nonsurgical therapies are being used in lieu 

of or in combination with surgery. Nodal disease in the setting of colorectal pulmonary 

metastases is a poor prognostic factor and thoracic lymph node evaluation is indicated for 

completing staging and determining prognosis.

Peritoneal Cytoreduction For Colorectal Cancer Carcinomatosis

Spread of cancer to the peritoneal surfaces – carcinomatosis – is common and is negatively 

associated with survival of patients with colorectal cancer (150, 151). This process generates 

a lot of suffering for the patients and caregivers by causing malignant bowel obstruction, 
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weight loss, obstructive nephropathy and symptomatic ascites. Unlike other sites of 

metastases, carcinomatosis is frequently symptomatic causing chemotherapy interruptions 

and repeated hospitalizations.

The true incidence of carcinomatosis is unknown because current imaging technologies are 

unable to detect small peritoneal deposits. The best evidence comes from an autopsy study 

of 5,817 patients who were diagnosed with colorectal cancer and underwent an autopsy 

between 1991 – 2010 in the Netherlands (150). Based on this study the overall incidence of 

peritoneal carcinomatosis was 25%. Of these, 30% had metastases limited to peritoneal 

cavity and the rest had additional organ involvement. It is known that patients with 

peritoneal metastases have a higher adjusted risk of death compared to patients with non-

peritoneal metastases when given modern chemotherapy regimens (Hazard ratio 1.32, 95% 

Confidence Interval 1.15 – 1.50) (152). These observations underscore the need for 

improvement in detection and treatment of peritoneal carcinomatosis in colorectal cancer 

patients.

Clinical presentation of peritoneal carcinomatosis

The majority of peritoneal carcinomatosis is incidentally discovered on staging CT or MRI 

scans or at the time of surgical exploration for primary tumor resection. At times, symptoms 

from carcinomatosis prompt the diagnosis of malignancy. Signs and symptoms from 

carcinomatosis are not only dictated by the burden of disease but also the location of disease 

(153). Typical symptoms include: abdominal distension leading to discomfort from ascites; 

weight loss; fatigue; gastroesophageal reflux; early satiety; nausea and vomiting from bowel 

obstruction; peripheral edema or anasarca from protein calorie malnutrition; and shortness of 

breath from ascites. Occasionally patients present with obstructive nephropathy. Diagnosis 

of patients with symptomatic carcinomatosis can be delayed if the patients do not develop a 

bowel obstruction. Many times, these patients are thought to have central obesity and are 

initiated on dietary modifications. Patients with poor appetite and enlarging abdominal girth 

should raise the concern for peritoneal carcinomatosis.

Risk factors for peritoneal carcinomatosis

Risk of peritoneal carcinomatosis is dependent on several clinical and pathologic factors. A 

large population-based study of patients in the Stockholm County Council Registry 

demonstrated that of the 11,124 patients with colorectal cancer from 1995–2007, 4.3% 

developed synchronous and 4.2% developed metachronous peritoneal carcinomatosis (154). 

Independent risk factors for metachronous peritoneal carcinomatosis included: right-sided 

colon cancer (Odds Ratio (OR) 1.77), T3 stage (OR 3.8), T4 stage (OR 10), N0 with <12 

lymph nodes removed (OR 1.74), N1 with 12+ lymph nodes removed (OR 2.1), N1 with 

<12 nodes removed (OR 3.8), N2 with >12 lymph nodes removed (OR 4.7), N2 nodal status 

with <12 lymph nodes removed (OR 7.4), R1 resection (OR 2.0) and R2 resection (OR 2.7). 

Interestingly, older patients had a lower risk of metachronous peritoneal carcinomatosis (OR 

0.69). In an analysis of institutional database from Singapore General Hospital, a total of 

3,019 patients with colorectal cancer were evaluated (155). In this study, additional 

independent risk factors for metachronous peritoneal carcinomatosis included perineural 

invasion (OR 1.6) and venous invasion (OR 1.6). A case-control study from Massachusetts 
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General Hospital identified obstruction (OR 7.3) and perforation (OR 5.5) to be associated 

with development of peritoneal carcinomatosis. Finally, adenocarcinomas predominantly 

metastasize to the liver, while mucinous and signet ring histologies more frequently had 

peritoneal metastases (150). Collectively, these patients are regarded as high-risk for 

development of peritoneal carcinomatosis and some of these variable have been used as 

inclusion criteria for prophylactic treatment strategies as discussed later (156).

Detection of peritoneal carcinomatosis

Peritoneal carcinomatosis is most commonly diagnosed using cross-sectional imaging 

during staging and surveillance. These modalities include contrast-enhanced multi-detector 

computed tomography (MDCT), dynamic contrast-enhanced and diffusion weighted MRI 

(DWMRI) and [18F]-Fluoro-deoxyglucose positron emission tomography (FDG-PET) scans. 

Current imaging technologies are sub-optimal for detecting sub-centimeter peritoneal tumor 

nodules and therefore often underestimate the burden of disease. However, some features of 

advanced peritoneal dissemination can be readily detected such as: omental caking; 

scalloping of the diaphragm; mucinous ascites; and peritoneal nodules >1 cm.

In a study of patients with colorectal cancer carcinomatosis, Koh et. al. identified that the 

accuracy of MDCT depends on lesion size and location (140). For instance, MDCT 

detection of parietal peritoneal disease (i.e. non-small bowel/mesenteric disease) approaches 

54–67%, whereas the detection of visceral peritoneal disease (i.e. small bowel/ mesenteric 

disease) is low (8–17%). Similarly, the MDCT detection of peritoneal nodules was strongly 

associated with lesion size (11% for <0.5 cm, 37% for 0.5–5cm, and 94% for >5 cm) (140). 

In addition, MDCT underestimates the size of the lesion in 33% of the nodules and 

overestimates in 7% of nodules compared to operative assessment.

The utility of DW-MRI has been evaluated in multiple small institutional studies in 

comparison to MDCT (157–160). However, none of the studies are restricted to colorectal 

cancer carcinomatosis patients. In a recent study, it was noted that the benefit of adding DW-

MRI to MDCT was marginal (161). For instance, the detection of tumor implants on parietal 

peritoneum was marginally better for DW-MRI + MDCT vs. MDCT alone (74% vs. 63%, 

respectively). However, there was no difference in the detection of visceral peritoneal 

implants (DW-MRI + MDCT: 44% vs. MDCT: 41%). The relationship of lesion detection 

rate with DW-MRI and size of peritoneal implant is less clear but likely matches that of 

MDCT. Motion artifacts, peristalsis and wide variation in imaging protocols among 

institutions make it difficult to draw definite conclusions.

FDG-PET scans lack the ability to detect peritoneal implants less than 1 cm. However, when 

a PET-avid lesion is identified it is highly likely that it represents carcinomatosis. Therefore, 

PET scans have been used in clinical practice when cross-sectional imaging with MDCT or 

DW-MRI has been inconclusive. A recent meta-analysis of 7 studies included 513 patients 

with peritoneal carcinomatosis who underwent a FDG-PET scan with or without MDCT 

(162). While a remarkably high pooled estimate of sensitivity (72%), specificity (97%), and 

accuracy (88%) was noted, there was marked heterogeneity between the studies. The 

association of size of peritoneal implant and the ability to detect the lesion on FDG-PET was 

not evaluated. Further, FDG-PET is frequently non-avid in mucinous peritoneal 
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carcinomatosis. An updated meta-analysis of 14 studies with 671 patients presented similar 

results (163). Further studies comparing these modalities, stratified by location and size of 

the peritoneal lesions are needed.

The limitations of imaging technologies has prompted the use of laparoscopy and second-

look laparotomy to allow: 1) early detection of carcinomatosis in high-risk imaging negative 

patients and 2) accurate assessment of carcinomatosis burden in imaging positive patients to 

determine resectability. Exploratory laparotomy is the gold-standard for the assessment of 

carcinomatosis burden but requires a generous abdominal incision and a prolonged recovery 

time. In comparison, diagnostic laparoscopy can be performed in an outpatient setting but 

the visualization of peritoneal cavity can be limited especially in patients with high BMI, 

mucinous ascites and lack of intra-abdominal domain.

For detection of carcinomatosis in high-risk imaging-negative patients, diagnostic 

laparoscopy is a valuable strategy. A multi-center study of laparoscopic assessment of 

peritoneal carcinomatosis index (BIG-RENAPE) was recently published (164). In this study 

50 patients who were at high risk of peritoneal carcinomatosis and had negative preoperative 

imaging underwent diagnostic laparoscopy followed by exploratory laparotomy. In total, 34 

patients (68%) had peritoneal carcinomatosis on laparotomy. Laparoscopy detected 

carcinomatosis in 28 patients and missed it in 6 (12%). Laparoscopy was not feasible in 6 

(12%) and was satisfactory in only 52% of the patients. Of the patients that underwent 

successful laparoscopy (n=44), peritoneal carcinomatosis index (PCI) was underestimated in 

25% of patients (164). Because these patients have relatively limited burden of 

carcinomatosis, however, under-estimation of PCI is unlikely to impact decisions on surgical 

resectability.

For assessment of carcinomatosis burden to determine resectability, several institutional 

studies have demonstrated excellent correlation between laparoscopic and open assessment 

of PCI. More importantly, diagnostic laparoscopy avoided exploration in 7–41% of patients 

not amenable to complete cytoreduction (well summarized in Seshadri et al. (165)). In one 

study the rate of incomplete cytoreduction decreased from 44% before introduction of 

routine laparoscopic assessment to 30% after (166). The added value of laparoscopy to 

cross-sectional imaging lies in the ability to accurately assess mesenteric carcinomatosis and 

involvement of the porta hepatis which often precludes complete cytoreduction.

Treatment and outcomes

Treatment for isolated peritoneal carcinomatosis can be divided into three distinct categories 

based on assessment of peritoneal carcinomatosis burden: 1) No evidence of carcinomatosis 

on imaging but high risk of developing metachronous carcinomatosis; 2) Carcinomatosis 

that is amenable to complete cytoreduction; 3) Unresectable carcinomatosis.

1) Imaging negative high-risk patients: Aggressive management with complete 

surgical extirpation in metastatic colorectal cancer has been debated for a long time. One of 

the earliest studies that questioned the aggressive pursuit of clinically non-evident metastatic 

disease was the CEA Second Look Trial. This was a randomized controlled trial of CEA-

prompted reoperations for recurrent colorectal cancer. Patients were randomized to standard 
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of care or second look laparotomy and cytoreduction (including liver or peritoneal implants). 

While this trial was started in the 1980s, it was not published until 2014 (167). In this trial, 

the overall survival of the two groups was not different. Over the course of the last three 

decades, there have been tremendous improvements in imaging modalities and standard of 

care chemotherapy. Based on the landmark MOSAIC trial, oxaliplatin-containing 

chemotherapy regimen has now become standard of care for stage III colon cancer patients 

(168, 169). Of note, these would be the patients at high risk for not only distant but also 

peritoneal recurrence. Unfortunately, during this time there have been no new trials 

evaluating the role of second look laparotomy and cytoreduction for imaging negative 

disease until recently (Table 8). The PROPHYLOCHIP trial results were recently reported at 

the American Society of Clinical Oncology 2018 meeting (170). In this trial, patients at high 

risk of developing carcinomatosis (defined as minimal carcinomatosis resected with the 

primary, or history of ovarian metastases, or perforated primary tumor) completed 6 months 

of standard adjuvant therapy. They were then randomized to (1) surveillance, (2) systematic 

second-look surgery plus heated intraperitoneal chemotherapy (HIPEC) using oxaliplatin. 

For patients that underwent laparotomy, about half had peritoneal disease. This trial 

demonstrated that a pro-active strategy including a systematic second-look surgery plus 

HIPEC failed to improve survival, in comparison to an adequate surveillance. Results from 

other trials with varying inclusion criteria are awaited.

2) Carcinomatosis amenable to cytoreduction: It has long been recognized that 

untreated carcinomatosis is uniformly fatal with a historical median survival of 6 months 

(155). Surgical treatment of carcinomatosis from gastrointestinal cancers including 

colorectal cancer was championed by Dr. Paul H. Sugarbaker (171). Based on Dr. 

Sugarbaker’s original report of selected 47 patients with limited carcinomatosis burden 

treated with cytoreduction followed by intraperitoneal chemotherapy that could achieve 

long-term survival, there have been multiple institutional programs around the world that 

have evaluated this strategy and have achieved similar results. Despite growing experience, it 

remained unclear if the benefit in these retrospective analyses is a result of patient selection, 

aggressive cytoreduction, hyperthermia or chemotherapy. In the first of its kind, Veerwal et 

al. conducted a randomized trial of cytoreduction/HIPEC + systemic chemotherapy (5- 

fluorouracil/leucovorin) vs. systemic chemotherapy (5- fluorouracil/leucovorin) and 

palliative surgery (172, 173). This trial demonstrated that the cytoreduction and HIPEC 

nearly doubled the median survival of colorectal carcinomatosis patients compared to 

systemic therapy alone (22.3 months vs. 12 months, p=0.032). However, around this time, 

oxaliplatin and irinotecan were introduced in chemotherapy regimens of metastatic 

colorectal and were found to be significantly superior to 5-fluorouridine with leucovorin 

alone questioning the utility of cytoreduction/HIPEC (174).

Despite lack of evidence from randomized clinical trials, cytoreductive surgery and HIPEC 

has remained a popular strategy in select centers with expertise. A multi-institutional French 

study by Elias et al. included 523 selected patients with peritoneal carcinomatosis from 23 

centers (175). In this retrospective analysis, 5-year survival of 27% was noted. More 

importantly, this study along with the multi-institutional study by Glehen et al. demonstrated 

that the mortality rate (3–4%) and morbidity rate (23–31%) of cytoreductive surgery/ HIPEC 
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was acceptable (176). The continued skepticism and opposition from medical oncologists 

prompted a randomized clinical trial that included patients with peritoneal carcinomatosis 

with a PCI <25. The patients were randomized to systemic chemotherapy and cytoreduction 

with vs. without HIPEC (177). The results of this trial were recently reported and 

demonstrated that there was no overall survival benefit of adding HIPEC to cytoreduction in 

the context of modern systemic chemotherapy. In addition, this trial demonstrated a 

remarkable median survival of patients undergoing cytoreductive surgery of 41 months. This 

compares favorably to the median overall survival of 30 months reported in the modern 

systemic therapy trials in combination with targeted therapy (178). It is important to note 

however, that there is no evidence from a randomized trial that confirms the additive benefit 

of cytoreductive surgery to modern systemic therapy. Ongoing and recently completed 

therapeutic intent clinical trials are summarized in Table 9.

3) Unresectable Carcinomatosis: For patients with unresectable disease confined to 

the peritoneal cavity, combination chemotherapy with or without targeted therapy has 

become the standard of care (152). However, patients with peritoneal carcinomatosis are 

under-represented in metastatic colorectal cancer trials leading to limitations in extrapolating 

data from these trials to patients with peritoneal carcinomatosis (151). Alternatively, 

multiple observational studies have demonstrated that incomplete cytoreduction with gross 

residual disease does not offer survival benefit in this setting and is not recommended (175, 

176). Increased purposeful representation of peritoneal carcinomatosis patients is needed in 

phase 3 and 4 systemic trials because these patients fare worse than those patients without 

peritoneal carcinomatosis (151). One explanation is the higher proportion of patients with an 

aggressive BRAF mutant genotype. The other possibility is that these patients are more 

likely to be symptomatic leading to hospitalizations, procedures, therapy interruptions and 

dose reductions. More recently, pressurized intraperitoneal aerosol chemotherapy (PIPAC) 

has been developed and evaluated for unresectable carcinomatosis patients (179). The 

premise of this therapy is based in the notion that aerosolized chemotherapy has more even 

distribution and in pre-clinical studies is shown to have enhanced penetration depth. 

Typically, oxaliplatin has been used for colorectal carcinomatosis and repeat procedures are 

feasible. The efficacy of PIPAC needs to be further evaluated in prospective randomized 

trials before wide adoption.

Conclusions

Peritoneal cytoreduction has become safe in expert hands. In patients with completely cyto-

reducible disease, there is also increasing evidence that it may be efficacious. Whether 

HIPEC will prove to be useful as an adjunct to surgical cytoreduction awaits further 

randomized trials that stratify additional levels of tumor burden. In the meantime, PIPEC, 

peritoneal treatment with novel agents including oncolytic viruses, nanoparticles, and 

radioimmune therapies are actively being pursued.

Treatment of Bone Metastases

The skeletal system is the most common site of metastatic disease in cancer patients (180, 

181). In the past, bone metastases from colorectal cancer were infrequently seen (182). Due 
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to improved systemic treatments for metastatic colorectal cancer, and surgical treatments for 

liver metastases, patient survival has increased. Longer patient survival has led to an increase 

in the previously more rarely seen complications of the disease and specifically an 

increasing prevalence of metastatic bone tumors (183). Most patients with bone metastases 

will develop symptoms over the course of their disease, including pain, instability, nerve 

compression, hypercalcemia and pathologic fracture all of which significantly contribute to 

morbidity and decreased quality of life (184, 185). Therefore, it is imperative that the 

oncology community develops new methods for treating these patients.

When patients present with widespread bone metastases, standard treatment includes 

chemotherapy and bisphosphonates. However, there are several instances where local 

therapy for bone metastases may provide additional benefit to patients. Focal pain is the 

most common presenting symptom in patients with metastatic bone lesions (184). Tumor 

cells produce a variety of cytokines and tumor derived factors stimulate bone resorption, 

weakening the effected bone, and also leading to structural damage, periosteal irritation and 

nerve compression. Additionally, these tumor factors can sensitize adjacent nerves and 

potentiate painful stimuli (186–189). Local tumor control of osseous metastases can arrest 

this process by destroying the inciting cancer cells and allowing bone remodeling with 

functional restoration. Additionally, in the absence of bone related symptoms, certain 

situations may still warrant local tumor control. Up to 35% of patients with metastatic 

colorectal cancer may demonstrate a mixed response to systemic chemotherapy, likely due to 

interlesional genetic heterogeneity (190). In situations where the bulk of the patient’s disease 

burden is controlled on systemic therapy, if metastatic progression is restricted to a limited 

number of bone lesions, local therapy can provide a means of disease control and obviate the 

need to alter systemic treatment.

External beam radiation therapy (EBRT) has traditionally been the first line treatment for 

most patients with symptomatic osseous metastases, with multiple randomized trials 

demonstrating safety and efficacy (191, 192). EBRT also has the benefit of being 

noninvasive, operator independent, and applicable to most skeletal locations. However, there 

are several limitations to radiation therapy. Firstly, for patients to undergo radiation therapy, 

they must be able to tolerate relatively long periods of immobility while therapy is delivered. 

This may be particularly challenging in patients with painful osseous metastases. 

Additionally, between 20–40% of patients fail to achieve optimal pain relief from palliative 

external beam radiotherapy (192, 193). Moreover, even for those that ultimately achieve 

adequate pain relief, the onset and durability of pain relief is variable, and the full benefit of 

radiation therapy may not be achieved for up to 6 weeks following treatment. Finally, the 

response to treatment typically wanes over time, with nearly half of the patients who initially 

respond to EBRT ultimately going on to develop a painful relapse by 18 weeks (194).

A variety of alterative modalities now exist for the local treatment of bone metastases. 

Broadly, these treatments may be referred to as “image guided ablative therapies.” These 

treatments encompass a variety of technologies that utilize medical imaging to focally target 

and destroy areas of tumor involvement. Tumor ablation has become a standard treatment for 

a variety of primary and metastatic tumors. It provides high rates of local tumor control and 

may be curative in several early stage tumors such as the lung, liver, and kidney (195–201).
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Ablation technologies

A. Radiofrequency ablation—Radiofrequency ablation (RFA) is a method of heat-

based thermal ablation. In RFA, a probe is placed within a volume of tissue and used to 

generate a rapid alternating electrical current. As the current travels through the tissue, local 

frictional agitation generates heat around the RF probe resulting in a rise in tissue 

temperature. When temperatures reach a critical threshold, cells undergo coagulative 

necrosis and cell death (202). This technology has been utilized successfully in a variety of 

tissue types and produces reliable and predictable ablation zones (203). This method has 

been proven highly clinically effective and comes in a variety of commercially available 

platforms (203).

Several technical limitations exist when employing RFA in the treatment of osseous lesions. 

RFA relies on both electrical and thermal conduction to cause tissue necrosis. Therefore, 

variations in tissue characteristics, such as tissue water content and blood flow, can greatly 

impact radiofrequency ablation zones (204, 205). This is particularly important in bone, due 

to its inherently low electrical conductivity. Additionally, vascular soft tissue lesions within 

bone may cause local cooling effects that can limit thermal conduction. Both of these factors 

may result in less predictable and thus less effective ablation zones (206). Despite these 

limitations, RFA has demonstrated efficacy in the treatment of a variety of painful bone 

disorders and is a viable first line treatment option for certain primary bone lesions (207–

210). Several clinical studies have also demonstrated it to effectively reduce the pain from 

osseous metastatic disease, reduce opioid use, and provide durable symptom reduction. 

Additionally, RFA has been shown to provide pain relief in patients that have failed other 

focal therapies, such as external beam radiotherapy, and may be effectively repeated in cases 

of recurrent pain after initial successful ablation (211–213). In cases where the structural 

integrity of the bone is compromised, RFA may be effectively combined with percutaneous 

cement injection to stabilize the bone and help prevent future fracture (214–216).

B. Microwave ablation—Microwave ablation (MWA), like RFA, causes tissue 

destruction by targeted heating of tissue, resulting in coagulative necrosis and cell death. 

However, the mechanism of tissue heating with microwave ablation is unique and offers 

several potential clinical benefits over other forms of heat-based ablation (217). Microwave 

spectrum energy causes local tissue heating by means of frictional energy generated from 

water molecule oscillation. Due to this, MWA does not rely on electrical conductivity, and is 

therefore much less susceptible to local tissue characteristics. Furthermore, MWA relies 

primarily on active tissue heating, rather than tissue conduction, to produce cellular death. 

This can allow for more uniform heating, higher temperatures, and larger ablation zones 

(218, 219). Additionally, unlike RFA, where multiple applicators may cause electrical 

interference, multiple MW probes may be combined to produce larger, confluent ablation 

zones (220–222).

The advantages of MWA may be particularly useful in certain types of metastatic bone 

lesions. Given its ability to generate large ablation zones, MWA may be well suited to treat 

larger lesions, where multiple overlapping RFA zones would be needed (219, 223). 

Additionally, all hyperthermic ablations may be attenuated by local tissue cooling caused by 

Stewart et al. Page 27

Curr Probl Surg. Author manuscript; available in PMC 2019 October 04.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



medium and large sized blood vessels within the ablation zone (205). MWA, however, due 

both to its ability to achieve higher temperatures and its lesser reliance on thermal 

conduction, can often overcome these cooling zones and achieve adequate ablative 

temperatures surrounding larger blood vessels (219, 224). Blastic osseous lesions also 

present a challenge for RFA. Sclerotic bone is a poor electrical conductor and high areas of 

electrical impedance within blastic bone lesions may limit the propagation of RF energy and 

hinder effective ablation. MW energy, on the other hand, propagates through all biologic 

tissues and can effectively treat both lytic and blastic lesions. Finally, MWA, due in large 

part to its reliance on active heating, as opposed to tissue conduction, can achieve similar 

sized ablations in substantially less time than required of other ablative modalities (218, 219, 

223, 225).

Despite these potential advantages, careful consideration must be taken prior to MWA. To 

date, only limited data exists regarding MWA of bone lesions. Several retrospective series 

have demonstrated comparable efficacy to RFA, with symptom improvement in greater than 

90% of patients (223, 225). However, no prospective trials have evaluated MWA in 

comparison to RFA for this purpose. Furthermore, due to its ability to achieve higher 

temperatures in shorter amounts of time, there is a greater risk of potential non-target 

ablation resulting in thermal injuries to surrounding tissues.

C. Cryoablation—In contradistinction to the hyperthermic modalities, cryoablation 

causes cellular death by means of tissue freezing and the creation of intracellular and 

extracellular ice. In cryoablation, temperatures beyond −40°C are created surrounding the 

ablation probe by pumping a gas, typically argon, through the probe to its distal end, where 

it is allowed to expand rapidly. This expansion causes a rapid decrease in temperature within 

the probe by means of the Joule-Thomson effect. The low temperature then propagates to the 

surrounding tissue through thermal conduction (202). As the cells freeze, cell membranes 

are damaged. Additionally, the ice causes osmotic changes in the extracellular space that 

results in cell dehydration. Both of these ultimately contribute to a well-defined area of cell 

death (226, 227).

Cryoablation has demonstrated efficacy and cost-effectiveness in the treatment of a variety 

of primary and metastatic tumors (198, 199, 228). In several studies of musculoskeletal 

metastases, cryoablation has repeatedly demonstrated the ability to provide local tumor 

control, durable pain relief and results in significant reduction of adjunctive narcotic use 

(229–232). There are several potential advantages of cryoablation for the treatment of 

musculoskeletal metastases. First, unlike RF and MW ablation, the lethal zone of tissue 

destruction, or “lethal ice”, is readily visible with conventional imaging modalities, such as 

CT and ultrasound. On CT, this is seen as an ovoid hypodense zone. This visualization 

allows more confident prediction of ablation zones and more reliable protection of adjacent 

critical structures, such as bowel and nerves. Additionally, cryoablation allows the operator 

to employ multiple probes simultaneously. This allows for both larger ablation zones and the 

ability to design customized ablation zones by placing the probes in varied and unique 

configurations that optimize tumor coverage (233). Furthermore, the hyperthermic methods 

of ablation have been shown to induce short-term irritation of local sensory nerves, which 

may potentially result in initial, acute worsening of pain (213, 234). However, this 
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phenomenon appears to be much less common with cryoablation, where both acute and 

chronic nerve damage appears to be more rare (235, 236). Consequently, patients undergoing 

cryoablation may potentially receive more immediate pain relief and require a shorter post-

procedure hospitalization. This benefit may also allow ablations to be performed under a 

lower level of sedation, which can be beneficial in patients with medical comorbidities (233, 

237–239).

Nonetheless, there are several limitations to cryoablation as well. Unlike RFA or MWA, 

vessels within the ablation zone are not coagulated by the ablation itself, potentially leading 

to higher rates of post-procedure bleeding (232). Additionally, bleeding risk is further 

complicated by the typically larger needle diameter of the cryoprobes compared to that of 

either RFA or MWA (202). Also, unlike RFA or MWA, cryoablation requires a two-staged 

ablation protocol, with two freeze cycles separated by a period of tissue thawing. Due to 

this, ablation times for cryoablation typically exceed two times that of the hyperthermic 

modalities (233).

D. High intensity focused ultrasound—High intensity focused ultrasound (HIFU) is 

a relatively new technology being utilized for bone and soft tissue ablation. This modality 

has demonstrated great promise, achieving high rates of symptom palliation and local tumor 

control in treating both primary and metastatic bone and soft tissue tumors (240–243). 

Unlike the previously described modes of ablation, HIFU is performed completely non-

invasively. In this form of ablation, high energy ultrasound waves are focused on a target 

volume of tissue producing local molecular friction and acoustic cavitation. This in turn 

causes local heating with temperatures reaching 65–100° C within 1 second (244–246).

There are several key advantages of HIFU compared with the other forms of ablation. 

Firstly, unlike the other forms of ablation, HIFU is performed completely non-invasively, 

thereby eliminating the procedural-related risk of bleeding or unintentional organ injury that 

exists from percutaneous needle placement. Additionally, unlike the previously described 

forms of ablation, HIFU is primarily performed using MRI guidance. MRI provides superior 

soft tissue contrast compared to CT or ultrasound and can therefore often better delineate 

and quantify soft tissue tumor extension. Therefore, by utilizing MRI guidance, HIFU 

allows real time assessment of the lesion during ablation. Additionally, certain MRI systems 

allow for accurate MR thermometry, which can be used to provide real-time monitoring of 

the ablation zone (247).

Despite these advantages, several issues limit the widespread use of HIFU for the treatment 

of painful osseous lesions at this time. If tumors closely abut critical organs or structures, 

motion during treatment may alter the position of the targeted lesion and potentially interfere 

with safe delivery of the ultrasound waves to the targeted lesion (241, 247). In addition to 

this, each application of HIFU can only encompass a small volume of tissue. Therefore, 

treatment of larger lesions can be quite cumbersome, requiring sequential treatments of 

multiple small volumes of tissue, resulting in long ablation and anesthesia times (241, 243, 

248).
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Conclusion

Osseous metastases from colorectal cancer remain an infrequent occurrence, often present 

late in the course of the disease, and typically portend a poor prognosis. However, as 

treatment strategies evolve and survival improves, increasingly patients may present with 

symptomatic or limited bone lesions that warrant local therapy. A wide variety of treatment 

strategies now exist to address these lesions and should be incorporated into the 

multidisciplinary care of this population.

Distant Lymph Node Metastases

Lymphadenectomy is critical to the appropriate treatment of patients with primary colorectal 

cancer. Evaluation of the Intergroup INT-0089 trial demonstrated that patient survival 

increased as more lymph nodes were analyzed, even when no lymph nodes were involved 

(249). Lymph node involvement beyond the mesenteric basin is considered stage IV 

metastatic disease. Salvage surgery had previously been avoided; however, as chemotherapy 

and radiation therapy improve, the question of how best to address metastases to distant 

lymph nodes has again been raised.

Peri-hepatic lymph nodes

Resection of colorectal liver metastases is now considered within the standard of care. The 

best method for management of peri-hepatic lymph nodes, however, is less clear. An earlier 

study from Memorial Sloan Kettering Cancer Center examined 59 patients who had peri-

hepatic lymph node clearance during liver resection for metastatic colorectal cancer from 

2002–2004, 50/59 (85%) of whom had prior chemotherapy (Table 10). The mean number of 

peri-hepatic nodes harvested was 3, and 22/59 (37%) had metastases identified within these 

nodes. More than half of the cases of metastatic disease were missed on hematoxylin and 

eosin (H&E) staining, and were identified by immunohistochemical (IHC) analysis alone. 

Further, only 12/22 positive lymph nodes were considered “suspicious” for disease 

involvement by the attending surgeon. Patients with positive peri-hepatic lymph nodes by 

H&E had lower 3-year overall survival (25%), whereas those detected by IHC had similar 

outcomes to those with negative nodes (3-year overall survival 76% and 75%, respectively) 

(250).

A similar more recent study from MD Anderson Cancer Center examined 174 patients 

treated with peri-hepatic lymphadenectomy during liver resection from 2003–2014 (251). Of 

these patients, 154/174 (89%) were treated with modern neoadjuvant chemotherapy, and 

54/174 (31%) patients displayed distal lymph node involvement. Of note, only 2/35 (6%) 

who had lymphadenectomy for staging without evidence of involvement had metastases on 

final pathology. Patients that had a peri-hepatic lymphadenectomy but no metastases 

identified had longer overall survival compared to those who did not undergo 

lymphadenectomy (71 vs 56 months, p=0.03). Patients with positive hepato-duodenal lymph 

nodes also had shorter overall survival compared to those with para-aortic lymph node 

involvement (16 vs 58 months, p=0.01), as did those with 3 or more positive peri-hepatic 

lymph (p=0.04). Another recent study corroborated inferior survival in patients with positive 
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peri-hepatic lymph nodes, and reported that they were more strongly associated with 

survival than size or number of hepatic metastases in adjusted analysis (252).

In contrast to these retrospective studies, Bradatsch et al. (2016) prospectively performed 

peri-hepatic lymph node clearance (including hepatoduodenal ligament, posterior superior 

pancreaticoduodenal region, and hepatic artery/celiac regions) in patients from 2012–2015 

(253). Of these patients, 15/20 (75%) received modern chemotherapy. The mean number of 

lymph nodes harvested was 5, and remarkably, zero patients had metastatic spread to these 

lymph nodes by H&E or IHC. Despite this, the authors concluded that while the 

lymphadenectomy did not change survival, it may provide a prognostic tool. Another study 

compared surgical teams that routinely performed peri-hepatic lymphadenectomy to those 

that only performed it selectively. While a difference in survival was identified for those with 

positive lymph nodes, the frequency of peri-hepatic lymph node metastasis was low (7/81, 

9%). Overall, the performance of routine peri-hepatic lymphadenectomy did not correlate to 

a difference in overall survival between the groups (254). A recent case report was published 

on the feasibility of sentinel lymph node mapping for peri-hepatic lymph nodes, however, 

there is no further data on this methodology for metastatic colorectal cancer to the liver 

(255). Thus, the current data support selective use of peri-hepatic lymphadenectomy for 

patients with pre-operative suspicion of lymph node involvement for prognostic purposes 

only. It should also be recognized that the number of lymph nodes harvested is generally 

low.

Para-aortic lymph nodes

Resection of para-aortic lymph nodes is more common in the far East than in the United 

States, and is considered stage III regional disease by some (256). These lymph nodes lie 

between the left renal vein and the division of the aorta into the common iliac arteries. 

Surgical treatment consists of removing all lymphatic tissue along the aorta between these 

landmark vessels (257). Lymph nodes within this region that are within 1 cm of the main 

vascular pedicle are also referred to as apical lymph nodes. Apical lymph node involvement 

has been reported to be an independent risk factor for distant metastases, and shorter overall 

survival (258).

A recent review of 4 studies examining synchronous para-aortic lymph node dissections 

reported a 5-year overall survival range of 23–66% (257). Bae et al. (2016) examined 129 

patients who underwent primary para-aortic lymphadenectomy in the largest study on this 

topic. Para-aortic lymph node dissection was performed for suspected metastases based on 

pre-operative imaging by CT and/or PET. These patients were compared to 953 others who 

underwent standard regional lymphadenectomy for colon cancer, and 91 patients who 

underwent synchronous liver resection for metastatic disease. Para-aortic lymph nodes were 

positive in 4.5% of all patients, and in 38% of patients who had a para-aortic lymph node 

dissection. Morbidity was similar between the standard and para-aortic lymphadenectomy 

groups (5.6% vs 7.8%, p=0.47), but 5-year overall survival was significantly better in the 

standard lymphadenectomy group (75% vs 34%, p<0.001). Interestingly, survival was 

similar between the para-aortic lymphadenectomy group and the group of patients who 

underwent synchronous liver resection (34% vs 39%). The authors concluded that para-
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aortic lymph node positivity represents distant metastatic disease, and that upfront lymph 

node clearance should only be considered for carefully selected low risk patients, whereas 

the remainder should be considered for neoadjuvant chemotherapy (259).

This same group later did further analysis on the patients who had positive para-aortic lymph 

nodes and found that the number of positive lymph nodes was an independent prognostic 

factor for overall survival. There were 7/49 patients who had >7 para-aortic lymph nodes 

positive for metastatic disease, and found that these patients had significantly shorter overall 

survival (14 months), compared to patients with <7 involved para-aortic lymph nodes 

involved (37 months, p=0.03) (260). It should be noted, however, that in the original 

manuscript, the mean number of para-aortic lymph nodes harvested was only 5 (259).

Choi et al. (2010) examined a cohort of 116 surgical patients with evidence of para-aortic 

lymph node metastases on imaging, and compared those who received a para-aortic 

lymphadenectomy (n=24, 35%) to those who did not (n=53, 78%). The decision to omit 

para-aortic lymphadenectomy was based on surgeon discretion in 73% of cases, and on 

patient preference or co-morbidities in the remainder. While the rate of surgical compilations 

and length of stay were similar between groups, the 5-year overall survival rates were 

significantly different; 57% for the para-aortic lymphadenectomy group and only 13% for 

the non-para-aortic lymphadenectomy group. Confounders for this study include 

retrospective selection bias, and that 96% of the para-aortic lymph node dissection group 

received neoadjuvant chemotherapy, compared to only 75% of the other group (Figure 10) 

(261). The authors concluded that paraaortic lymph node dissection may increase survival 

with acceptable morbidity in select patients.

While the above studies were exclusively with open operations, Song et al. (2016) published 

data on 40 patients who underwent para-aortic lymph node dissections performed 

laparoscopically (262). The average operative time was 192+/−69 minutes, with an 

estimated blood loss of 65 +/− 52 mL. There was a 15% complication rate, including 5% 

anastomotic leak rate, and no complications related to the lymphadenectomy itself. Final 

pathology demonstrated a 40% rate of metastatic disease in the para-aortic lymph nodes, 

with an average of 7 para-aortic lymph nodes harvested per patient. Thus, it can again be 

concluded dissection may be considered in select patients with pre-operative evidence of 

disease for prognostic purposes, but there is not a definitive survival benefit to doing so. 

There is a paucity of data from Western nations, and as such the existing data may not be 

applicable to these populations.

Lateral lymph node resection for rectal cancer

A lateral pelvic lymph node dissection includes clearance of internal iliac, obturator, 

external iliac, and common iliac lymph nodes. This practice is more common for patients 

with rectal cancer in the far East, and is not typically performed in the United States (263). 

Retrospective evaluation of local failure rates in patients with T3/T4 rectal tumors were 

higher in patients who had larger pre-treatment lateral pelvic lymph nodes (4-year 

recurrence rate 33% vs 10%, p=0.03), despite getting chemoradiation to this location (264). 

This data suggests that non-surgical treatment of these lymph nodes may be insufficient. 

Multiple recent studies have examined the impact of lateral pelvic lymph node dissection on 
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patients’ status post neoadjuvant chemoradiotherapy with enlarged lymph nodes on pre-

treatment imaging. Imaging features consistent with metastatic disease on multivariate 

analysis included size ≥8 mm, size reduction <33% after treatment, and heterogeneous 

signal intensity (265). The accuracy of an 8 mm cut off on pre-treatment imaging was 52%, 

and increased to 66% after neoadjuvant chemoradiation (263). Positive lateral pelvic lymph 

nodes were also more common with larger primary tumors, and for patients with low-lying 

tumors <4 cm from the anal verge (263). Overall, lymph node positivity rates were 40–52% 

(263, 265). While there was no statistical difference in 5-year overall survival between those 

who received a lateral pelvic lymph node dissection and those who did not (81% vs 85%, 

p=0.46), there was a difference for those who had positive lateral pelvic lymph nodes 

compared to those who did not (60% vs 100%, p<0.01) (263). Another study compared open 

to laparoscopic lateral lymph node clearance for matched patients with stage II and III rectal 

cancer undergoing mesorectal excision. This study showed that while operative times were 

longer, estimated blood loss was lower, with similar complication and 3-year relapse free 

survival rates. This suggests that performing the procedure laparoscopically is both feasible 

and safe (266). These studies are limited by their retrospective nature, and are generally only 

out of the far East. Like the data on par-aortic lymph node clearance, applicability to 

Western populations may be limited.

Colorectal Brain Metastases

It is well known that brain metastases are the most common type of intracranial tumors. In 

colorectal cancer, however, brain metastases are less common than the other locations 

discussed. The incidence of brain metastases ranges from 0.6–2.9% (267). Amongst those 

with metastases, they account for 5% of patients with a colon primary tumor, and 8% of 

patients with a rectal primary cancer (268).

Risk factors for brain metastases

Brain metastases are rarely the first metastatic site (<1%) (269), and the average interval 

from diagnosis of colon cancer to identification of brain metastases is 20–40 months (267). 

More than half of these patients also have lung metastases at the time of diagnosis (268, 

270). Brain metastases are more often found in patients with metastases to 3 or more sites 

(268). They are also more likely to occur in patients who are younger; the odds of 

developing a brain metastasis for a patient >79 years old is only 30–40% compared to a 

patient who is <60 years old. They are more common in patients with adenocarcinoma 

compared to those with signet ring or mucinous histology (268). RAS mutational status is 

also a factor; patients who are RAS mutants have a significantly higher rate of brain 

metastases compared to those who are RAS wild type (hazard radio 3.7). It has been 

suggested that the threshold for obtaining neuroimaging on patients with RAS mutant 

tumors should be lower to enhance early detection (271).

Initial presentation and management

When patients develop colorectal brain metastases, most present with headache (46–51%) 

and gait changes (52–59%) (272). Only 24% present with seizure. Very few (2%) are 

asymptomatic. Per the most recent guidelines from the European Association of Neuro-
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oncology (EANO), a contrast enhanced MRI is the method of choice for diagnosis of brain 

metastases (273). Metastases are typically found in the frontal lobe and cerebellum. When 

brain metastases are detected, the immediate priority is medical stabilization and prevention 

of neurological deterioration (273). This includes treatment of seizures and cerebral edema if 

present. Those who develop seizures should be treated with an anticonvulsant. Levetiracetam 

(Keppra ®) is the anticonvulsant of choice given the lack of interaction with the cytochrome 

P450 system (274). Those without seizures generally do not require long-term medication 

for prophylaxis. Patients with peri-lesional edema are treated with oral glucocorticoids, 

usually dexamethasone (273). It should be noted that patients with co-existing conditions 

requiring therapeutic anticoagulation can continue with enoxaparin treatment when brain 

metastases are identified. A recent matched cohort study demonstrated no difference in the 

frequency of intracranial hemorrhage between those treated with enoxaparin for one year. 

Intracranial hemorrhage in the setting of brain metastases is a frequent complication 

however, affecting ~20% of patients. (275).

Prognosis

There are a number of treatment options for patients with brain metastases, including 

chemotherapy, external beam whole brain radiation, stereotactic radiosurgery, and open 

surgery. Despite these options, the overall prognosis is generally regarded as poor. 

Compared with the other metastatic locations discussed, patients with brain metastases have 

the lowest one-year cause-specific survival – only 30%, as compared to 90% for patients 

without brain metastases (270). Synchronous presentations carry a worse prognosis (276), as 

do increased number of brain metastases. In 1996, the median survival was 4.8 months; 

without radiotherapy or surgery, the median survival was 1.9 months. By comparison, 

patients who underwent surgery alone had median survival of 10.5 months. There were 16% 

of patients who lived >1 year – nearly all of these patients presented with oligometastases 

(272). A more recent review of the literature reported that mean interval time between 

diagnosis of colorectal cancer and brain metastases was 28.3 months, 77% of these patients 

had extra-cranial metastases, and that median survival time after diagnosis of cerebral 

metastases was 5.3 months (276). This was longer for patients who had surgical resection 

compared to patients who had stereotactic radiosurgery, whole brain radiation, or were 

treated with supportive care alone; 24% of patients survived >1 year. This review of 23 

studies published from 1995–2016 consistently showed that survival was lengthened by 

treatment. Case reports exist of patients living as long as 10 years with brain metastases 

(277), but these instances are the exception, not the rule. Median survival estimates based on 

treatment modality are presented in Table 11.

Since expected outcomes can help determine the best treatment options for patients, a 

system of categorization was devised by Gaspar et al. using data from three randomized 

trials studying whole brain radiation (278). Recursive partitioning analysis, a method of 

building decision trees to model predictors, was used to create groups. The best outcomes 

were achieved for patients with good performance status (Karnofsky performance status at 

least 70) (279), who were younger than 65 years old, with controlled primary disease, and 

metastases to the brain only. These patients comprised 20% of enrolled subjects, and were 

considered recursive partitioning analysis (RPA) class I, with a median survival of 7.1 
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months after treatment (278). Patients with a Karnofsky performance status <70 were found 

to have the poorest outcomes, with a median survival of only 2.3 months. They were 15% of 

the study cohort, and were considered RPA class III. All other patients (65%) fell into the 

RPA class II category.

Of note, the RPA class system does not distinguish between different primary disease sites. 

A follow up to this was the development of the diagnosis-specific graded prognostic 

assessment score (DS-GPA) based on the retrospective review of 4,259 patients in a multi-

institutional database (280). Scores ranged from 0–4; 0 correlated with the shortest survival, 

and 4 correlated with the longest survival. This study interestingly found that Karnofsky 

performance status was the only independent variable significantly associated with 

prognosis for patients with gastro-intestinal brain metastases. Prognostic factors such as age, 

and number of brain metastases were found only to important for patients with metastatic 

lung cancer, renal cell cancer, and melanoma. For gastro-intestinal cancer brain metastases, a 

DS-GPA score of 0 indicated Karnofsky performance status of <70%, and correlated with an 

overall survival of only 3.1 months. With each 10 point increase in Karnofsky performance 

status, the score increased by 1, as did the median overall survival, up to Karnofsky 

performance status of 100%, which had a DG-GPA score of 4.0, and correlated with a 13.5 

month median overall survival. These data are summarized in Table 12. As such, patients 

with the highest Karnofsky performance status scores are the best suited for the most 

aggressive invasive treatments, whereas patients who have lower performance status derive 

less benefit.

Surgical resection

Treatment of brain metastases depends on a number of variables. As stated above, patients 

treated with surgical resection have the longest survival. Brain metastases typically appear at 

the grey-white junction, making them both accessible and distinct from non-tumoral tissue, 

enabling complete excision. Surgery is generally considered for limited brain metastases for 

primary treatment of newly diagnosed disease, management of otherwise stable disease, or 

management of symptoms. This is based on the size, location, and symptomatology (281). 

Open surgery via craniotomy is most often offered for patients with solitary lesions that are 

larger than 3 cm. This is especially true for lesions in the posterior fossa, and for lesions that 

may be causing edema or compression on the 4th ventricle or brain stem. It is further used 

when a pathologic diagnosis is required, such as when it is the first site of failure. A tissue 

diagnosis is also recommended in patients with well-controlled systemic cancer when the 

imaging is not typical or there has been a long disease-free interval (273). Colon cancer is 

considered radio-resistant, and as such, surgical resection is given greater consideration 

(273).

There have been multiple randomized clinical trials comparing surgical excision followed by 

radiation with whole brain radiation alone for single brain metastases. Patchell et al. (1990) 

showed that surgical treatment decreased local recurrence from 52% to 20%, and that 

survival was extended from 3.5 months to 9.3 months. Importantly, patients also remained 

functionally independent for longer, from 1.9 months to 8.9 months (282). In a similar study, 

Vecht et al. (1993) showed that patients treated with surgery and radiation had a median 
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survival of 10 months, compared to 6 months in the whole brain radiation alone group. They 

also noted that surgery did not influence survival for patients with progressive extra-cranial 

disease. This study, however, had no patients with metastases from colorectal primary 

tumors (283). Both studies combined patients with metastases from multiple locations, and 

were primarily composed of patients with lung metastases.

While simple craniotomy can be used for well-defined superficial lesions, methods of intra-

operative stereotactic guidance based on pre-operative imaging (neuro-navigation) are now 

considered standard, and are most important for tumors that are deeper in the brain or in 

proximity to eloquent cortex. This is performed by registering anatomic landmarks that link 

to a probe that is used on the surgical field. This enables smaller craniotomies, with lower 

blood loss, and decreased operative time. Given the brain shift that occurs with cerebrospinal 

fluid release and initial tumor resection, there are additional more sophisticated methods for 

intra-operative location of brain metastases, including intra-operative ultrasound, MRI, and 

angiography, enabling resection of tumors in the most delicate locations (284). It has been 

reported that en bloc resection decreases local recurrence rates compared to piecemeal 

resection (285). A review of 1,033 single brain metastasectomies reported a 15% 

complication rate, with a 3% mortality rate. Complications included 10% neurologic 

complaints (4% focal motor deficits), with lower rates of meningitis, wound infections, and 

seizures. This series also reported complications were higher with piecemeal resection in 

eloquent locations of the brain, but were similar to resections in non-eloquent locations 

when resected en bloc (286).

Stereotactic radiosurgery

Stereotactic radiosurgery is an alternative to surgical resection of brain metastases. High 

doses of radiation are delivered to a precisely defined lesion and works best for lesions that 

are smaller than 2 cm in diameter, since lower doses must be used for larger lesions (287). 

While less invasive than surgical resection, complications still occur, including radiosurgery 

induced radionecrosis in 24%. This is symptomatic in 10% of the cases, and can result in 

seizures, motor deficits and cognitive deficits. Frequency of complications increases with 

greater volume of tumor treated. In addition, radiosurgery can induce vasogenic edema, and 

cause nausea, headache, hemorrhage into brain metastases, and Cushing syndrome (288). 

Considerations for surgery versus stereotactic radiosurgery include surgical accessibility, 

mass effect/symptoms, need for tissue diagnosis, tumor size, and of equipment availability 

(281). For patients with multiple lesions, stereotactic radiosurgery can be used in addition to 

surgical resection as well.

Randomized controlled trials have been attempted to compare surgical resection to 

stereotactic radiosurgery. Muacevic et al. compared surgical resection followed by whole 

brain radiation to stereotactic radiosurgery. Survival and neurologic death rates were similar. 

Length of hospitalization and toxicities were lower, and quality of life was better at 6 weeks 

in the stereotactic radiosurgery group, but distant brain recurrence was significantly more 

common in this group (289). Similarly, Roos et al. compared surgical resection to 

stereotactic radiosurgery, both followed by whole brain radiation. This study showed similar 
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median overall survival and quality of life (290). Both studies, however, significantly under-

accrued resulting early study closure and underpowered analysis.

A recent randomized trial compared stereotactic radiosurgery alone to stereotactic 

radiosurgery plus whole brain radiation for patients with 1–3 brain metastases smaller than 3 

cm (291). Cognitive deterioration at 3 months was less frequent in the radiosurgery alone 

group (63% vs 92%); this included differences in performance in immediate memory, 

delayed memory, and verbal fluency. The stereotactic radiosurgery alone group also had 

better quality of life at 3 months. Of note, the stereotactic radiosurgery group had a greater 

incidence of progression of intracranial tumors compared to the stereotactic radiosurgery 

plus whole brain radiation group (25% vs 7%); however, this did not correlate with a change 

in survival. Median survival for the stereotactic radiosurgery group was 10.2 months, and 

was 7.4 months for the radiosurgery plus whole brain radiation group.

Whole brain radiation therapy has also been used as an adjunct to surgically treated patients 

in the past. A recent randomized trial examined patients with cerebral metastases treated 

with either surgery or stereotactic radiosurgery, and compared post-procedural whole brain 

radiation to observation. This study found no difference in survival between the whole brain 

radiation and observational arms, although patients in the whole brain radiation arm had 

lower rates of intracranial progression (48% vs 78%) at previously treated and new sites. 

Functional independence was also similar; at two years, 22% of each group were alive and 

functionally independent (292).

Conclusion

Safer and less invasive surgical and ablative procedures now allow for effective 

cytoreductive procedures for metastatic colorectal cancer. These procedures are now being 

deployed to palliate symptoms, increase survival, and provide potential cure for patients 

presenting with advanced disease. Liver and lung resections and ablations are now standard. 

Select patients with regional nodal recurrence and peritoneal recurrence may also benefit 

from surgical therapy. Treatments for brain and bone are only palliative. Appropriate use of 

these along with increasingly effective systemic therapies have translated multidisciplinary 

treatment plans into improved patient outcomes.
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Cornell University Medical College (MD, 1984). After surgical training at the New York 

Hospital/Cornell Medical Center and surgical oncology fellowship at the Memorial Sloan-
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Kettering Cancer Center, he was appointed to the faculty of the Memorial Sloan-Kettering 

Cancer Center. There he served on staff for over 20 years, and held the Murray F. Brennan 

Chair in Surgery. He is currently the Sangiacomo Chair and Chairman of the Department of 

Surgery at the City of Hope Medical Center. Dr. Fong is best known clinically for his 

extensive work in the field of liver and pancreatic surgery––especially for pioneering many 

laparoscopic, robotic and ablative therapies for these cancers. He has assisted in the design 

and deployment of many novel surgical tools. His work helped establish resection of 

colorectal metastases as a safe, effective, and potentially curative option even at stage IV. Dr. 

Fong has also been active in biologic bench investigation. His laboratory focus over the last 

15 years has been in the field of gene therapy, designing and studying the use of genetically 

modified viruses for the killing of cancer. His leadership in this field on the national level 

has included serving as the Chair of the Recombinant DNA Advisory Committee (RAC) of 

the National Institutes of Health.
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Highlights

• Survival with metastatic colorectal cancer is often based on liver resectability.

• Cytoreduction for metastatic colorectal cancer can cure and prolong survival.

• Treatment of metastatic colorectal cancer should be multidisciplinary.
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Figure 1. 
Sites of metastases at death. Data from 476 patients with colorectal cancer followed until 

death.
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Figure 2. 
Dominant sites of disease/ causes of death for 476 patients with stage IV colorectal cancer 

followed until death.
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Figure 3. 
Sites of cancer progression and likelihood of site of disease causing death.
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Figure 4. 
Median time of presentation of each metastatic site (gray bars) and median survival after 

presentation (white bars) for each metastatic site of disease.
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Figure 5. 
Survival of patients subjected to liver resection for hepatic colorectal metastases in the pre-

adjuvant chemotherapy era. Data represents actual 25-year survival. Adapted from Fortner 

and Fong, 2009 (4).
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Figure 6. 
Algorithm of treatment for patients with synchronous hepatic colorectal metastases.
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Figure 7. 
Incision dominant case of liver metastases. Located in segment 7 of the liver, this small 

lesion (circled) requires a large incision for open surgery. It is also difficult to reach this with 

routine laparoscopy. This is a lesion ideal for out-patient robotic hepatectomy.
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Figure 8. 
Long-term results of microwave ablation for cancer. For tumors less than 1 cm in size, 

recurrence was 1%. For those > 3cm in size, recurrence rate was 9%. Adapted from Leung et 

al., 2015 (97).
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Figure 9. 
Patients with ill-placed lesion involving both portal veins, and all three hepatic veins (A). 

Combined treatment with microwave and IRE resulted in FDG-PET-negative scan 2 years 

later (B).
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Figure 10. 
Survival of patients after peri-aortic lymph node dissection. Kaplan Meyer curves are shown 

for node dissection (D+) and control (D-) patients. Reproduced with permission from Choi 

et al., 2010 (261).
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Table 1.

Forms of Liver Directed Therapies.

Potentially Curative Therapies Palliative Therapies

• Partial hepatectomy

• Needle Thermo-ablation

– Radiofrequency ablation

– Microwave ablation

– Irreversible electroporation

• External beam radiation

– Intensity modulated radiotherapy (IMRT)

– Stereotactic body radiotherapy (SBRT)

– Proton beam therapy

• Radioembolization

• Chemoembolization

• Regional chemotherapy

– Infusional chemotherapy

– Perfusional chemotherapy
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Table 2.

Chief complaints, signs, and liver function tests of patients with colorectal cancer liver metastasis who died of 

disease, by dominant metastatic site.

Liver Dominant (n=231) N %

 LFT abnormality 183 79.2

 Liver failure 24 10.4

Symptoms/Signs

 Jaundice 66 28.6

 Cachectic 40 17.3

 Hepatic encephalopathy 21 9.1

 Abdominal distension 20 8.7

 Hepatomegaly 26 11.3

 Pain 24 10.4

 Infectious disease 13 5.6

 Respiratory distress 18 7.8

 GI bleeding 3 1.3

Intraabdominal Sites Dominant (n=76) N %

 Liver metastases exist 50 65.8

 LFT abnormality 35 46.1

 Liver failure 0 0.0

Symptoms/Signs

 Peritonitis carcinomatosis 20 26.3

 Pain 13 17.1

 Abdominal distension 12 15.8

 Cachectic 16 21.1

 Infectious disease 4 5.3

 Respiratory distress 2 2.6

 GI bleeding 2 2.6

 Vaginal bleeding 2 2.6

 Others 5 6.6

Intrathoracic Sites Dominant (n=53) N %

 Liver metastases exist 27 50.9

 LFT abnormality 11 20.8

 Liver failure 0 0.0

Symptoms/signs

 Respiratory distress 30 56.6

 Cachectic 8 15.1

 Pain 5 9.4

 Infectious disease 4 7.5

 Hemoptysis 1 1.9
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 Others 4 7.5

Bone Dominant (n=30) N %

 Liver metastases exist 18 60.0

 LFT abnormality 12 40.0

 Liver failure 0 0.0

Symptoms/Signs

 Pain 20 66.7

 Spinal cord compression 8 26.7

 Cachectic 1 3.3

 Respiratory distress 1 3.3

Brain Dominant (n=34) N %

 Liver metastases exist 24 70.6

 LFT abnormality 15 44.1

 Liver failure 0 0.0

Symptoms/Signs

 Focal neurologic symptoms 20 58.8

 Altered mental status 3 8.8

 Pain 3 8.8

 Respiratory distress 2 5.9

 Headache 2 5.9

 Cachectic 2 5.9

 Others 2 5.9

Notes: GI, gastrointestinal; LFT, liver function test
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Table 3.

Overall survival among studies reporting outcomes of hepatic metastasectomy in colorectal cancer patients.

Study n Operative Mortality % 1-y Survival % 3-y Survival % 5-y Survival % 10-y Survival % Median Months

Gayowski 
et al. 1994 
(11)

204 0 91 -- 32 -- 33

Scheele et 
al. 1995 
(26)

434 4 85 45 33 20 40

Nordlinger 
et al. 1996 
(16)

1568 2 80 -- 28 -- 40

Fong et al. 
1999 (27) 1001 2.8 89 57 36 22 42

Minagawa 
et al. 2000 
(43)

235 0.85 - 51 38 26

Adam et 
al. 2001 
(32)

335 1 91 66 48 30 52

Choti et 
al. 2002 
(30)

226 1 93 57 40 26 46

Kato et al. 
2003 (31) 585 0 - - 33 - -

Figueras 
et al. 2007 
(35)

501 4.0 88 67 42 36 44

Tomlinson 
et al. 2007 
(36)

612 -- -- -- -- 17% 44

Rees et al. 
2008 (37) 929 1.5 -- -- 36 23 43

De Jong et 
al. 2009 
(39)

1669 -- -- -- 47 -- 36

Robertson 
et al. 2009 
(40)

3957 8.2 -- -- 25.5 -- --

House et 
al. 2010 
(33)

563 1 - 69 51 37* 64

Nathan et 
al. 2010 
(38)

949 0.9 -- 65 45 22 52

Hwang et 
al. 2014 
(41)

3481 4.2 -- 42.4 28 -- 30.5

Note:

*
8-y survival
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Table 4.

Prognostic variables for hepatic colorectal metastases.

Prognostic Variables Author

Clinical indicators

 *Node-positive primary tumor Fong et al. 1999 (13)

 *Disease-free interval less than 12 months from primary

 *Size of largest lesion >5 cm

 *More than one tumor

 *Carcinoembryonic antigen >200 ng/dl

 Extrahepatic disease Poultsides et al. 2012(55)

 Response to chemotherapy

 Fibrotic response to chemotherapy

Pathologic indicators

 Margin positive resection Turcotte et al. 2014 (56)

 High TIL Cells

Molecular indicators

 CXCR4 Yopp et al. 2014 (57)

 HumanHT-12 gene Chip/MRS panel Ito et al. 2013 (59)

 kRAS Kemeny et al. 2014 (293)

Notes:

*
components of the CRS scoring system (One point assigned for each positive criterion. Sum of points is CRS).
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Table 5:

Required elements of assessments for resection.

Component required Information acquisition

Assessment of disease extent • Liver-protocoled CT or MRI

• PET if there is lack of clarity re: extrahepatic disease

Assessment of need for chemotherapy or 
response to previous chemotherapy

• Disease-free interval

• Image appearance of mets over time

• CEA levels

Optimizing surgical decisions - assessment 
of resectability

• Assess potential for R0 resection:

• Preservation of 2 contiguous segments

• Volumetrics to ensure appropriate FLR (if needed adequacy of FLR growth after 
PVE)

• Adequate vascular inflow & outflow

• Adequate biliary drainage

Notes: CEA, carcinoembryonic antigen; CT, computed tomography; FLR, functional liver remnant; MRI, magnetic resonance imaging; PVE, portal 
vein embolization
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Table 6.

Results of downstaging chemotherapy.

Author n Chemotherapeutic agent N (%) converted to resectable 5-y survival

SYSTEMIC CHEMOTHERAPY

Bismuth et al. 1996 (127) 330 5-FU, Leucovorin
53 (16%)

OS: 40%

Oxaliplatin DFS: 36%

Adam et al. 2001 (32) 701 5-FU, Leucovorin
95 (13.5%)

OS: 35–60% large tumors,

Oxaliplatin DFS: 22%

Adam et al. 2004 (294) 1104 5-FU + oxaliplatin (70%)

138 (12.5%)

OS: 33%

5-FU + irinotecan (7%)

5-FU + both (4%) DFS: 22%

Alberts et al. 2005 (130) 42 5-FU, Leucovorin
17 (40%)

(Median f/u 22 m)

Oxaliplatin (FOLFOX4) Median OS (all pts): 26 m

Barone et al. 2007 (295) 40 5-FU, Leucovorin
19 (47.5%)

OS: 62%

Irinotecan DFS: 46%

REGIONAL CHEMOTHERAPY

Clavien et al. 2002 (128) 23 HAI Floxuridine 6 (26%) --

Kemeny et al. 2009 (129) 49 HAI Floxuridine
23 (47%)

(median f/u 26 m)

Oxaliplatin, Irinotecan Median OS: 39.8 m

Notes: DFS, disease-free survival; 5-FU, fluorouracil; f/u, follow up; HAI, hepatic arterial infusion. OS, overall survival.
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Table 7.

Overall survival among studies reporting outcomes of pulmonary metastasectomy in colorectal cancer patients.

Study (year) Number of patients 5-year survival (%)

Higashiyama et al. (2003) 94 52

Rena et al. (2002) 80 41

Melloni et al. (2006) 74 44

Saito et al. (2002) 165 40

Pfannschmidt et al. (2003) 167 32

Shiono et al. (2005) 87 61

Vogelsang et al. (2004) 75 27

Okumura et al. (2017) 785 68

Yokoyama et al. (2017) 59 55

Nanji et al. (2018) 420 40

Curr Probl Surg. Author manuscript; available in PMC 2019 October 04.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Stewart et al. Page 76

Table 8.

Ongoing and completed clinical trials for peritoneal carcinomatosis - prophylactic intent.

Prophylactic Intent Trial Title Status Interventions Locations

APEC: Adjuvant Hyperthermic Intraperitoneal 
Chemotherapy (HIPEC) Versus no HIPEC in Locally 
Advanced Colorectal Cancer

Recruiting

Arm 1: Standard adjuvant systemic 
chemotherapy (mFOLFOX6/CapeOx/
sLV5FU2/Cape)

China
Arm 2: Hyperthermic intraperitoneal 
chemotherapy (HIPEC) with 
raltitrexed

Arm 3: Hyperthermic intraperitoneal 
chemotherapy (HIPEC) with 
oxaliplatin

Pilot Study: Prophylactic Hyperthermic Intraperitoneal 
Chemotherapy (HIPEC) for Colorectal Cancers at High Risk 
of Developing Peritoneal Metastases

Recruiting

Arm 1: HIPEC with Mitomycin C at 
the time of primary resection

SingaporeArm 2: HIPEC with Mitomycin C 
after primary resection as a separated 
procedure

Randomized Phase 2 Study Comparing Second Look 
Laparoscopy to Standard Follow up in Patients With no 
Radiologic Evidence of Disease at 6 Months After 
Complete Resection of Colorectal Mucinous Carcinoma

Recruiting

Arm 1: Second look laparoscopy; PCI 
>20 systemic therapy; PCI<20 
cytoreduction and HIPEC (IV: 5-
FU/LV, IP: Oxaliplatin)

Italy

Arm 2: Standard follow up

HIPECT4: Clinical Trial to Evaluate Safety and Efficacy of 
Hyperthermic Intra-peritoneal Chemotherapy (HIPEC) With 
Mitomycin C Used During Surgery for Treatment of Locally 
Advanced Colorectal Carcinoma

Recruiting

Arm 1: HIPEC with Mitomycin C 
followed by standard adjuvant 
chemotherapy Spain

Arm 2: Standard adjuvant 
chemotherapy

COLOPEC: Adjuvant HIPEC in High Risk Colon Cancer Active, not recruiting

Arm 1: HIPEC (IP - Oxaliplatin; IV - 
5FU/LV) followed by standard 
adjuvant chemotherapy Netherlands

Arm 2: Standard adjuvant 
chemotherapy

Adjuvant HIPEC to Prevent Colorectal Peritoneal 
Metastases in High-risk Patients Completed

Arm 1: HIPEC with Cisplatin and 
Mitomycin Italy

Arm 2: Matched historical controls

PROPHYLOCHIP: Trial Comparing Simple Follow-up to 
Exploratory Laparotomy Plus “in Principle” (Hyperthermic 
Intraperitoneal Chemotherapy) HIPEC in Colorectal 
Patients

Completed

6 months of Adjuvant therapy 
followed by:

FranceArm 1: Surveillance

Arm 2: Systematic second look and 
HIPEC (oxaliplatin)

Randomized Multicentric Phase III Trial Comparing Simple 
Surgery to Surgery Plus HIPEC (Hyperthermic 
Intraperitoneal Chemotherapy) With MMC in Colorectal 
Patients Who Have a High Risk of Developing Colorectal 
Peritoneal Carcinomatosis

Recruiting

Arm 1: Surveillance

China
Arm 2: Systematic second look and 
HIPEC (Mitomycin C)

Both arms will then receive 6 months 
of adjuvant therapy

Feasibility of Intraperitoneal Chemotherapy in the Surgical 
Treatment of Colon Cancer pT4 Recruiting

Arm 1: Exploratory Laparotomy and 
Mitomycin C Russia

Arm 2: Exploratory Laparotomy

Adjuvant Pressurized IntraPeritoneal Aerosol Chemotherapy 
(PIPAC) in Resected High Risk Colon Cancer Patients - The 
PIPAC-OPC3 CC Trial

Recruiting

Single arm: Pressurized Intraperitoneal 
Aerosol Chemotherapy (PIPAC) 
treatments with oxaliplatin after 
primary resection and standard 

Denmark
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Prophylactic Intent Trial Title Status Interventions Locations

adjuvant chemotherapy (if indicated) 
for colon cancer

Notes: CapeOx, capecitabine + oxaliplatin; 5-FU, fluorouracil; LV, leucovorin.
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Table 9.

Ongoing and completed clinical trials for peritoneal carcinomatosis - therapeutic intent.

Therapeutic Intent Trial Title Status Interventions Locations

HIPEC and Systemic Chemotherapy in Unresectable Peritoneal 
Metastases From Colorectal Cancer

Recruiting Single Arm: HIPEC with Raltitrexed 
followed by systemic (Oxaliplatin and 
Capecitabine) then second look surgery with 
possible cytoreduction

China

HIPEC Using High Intra-abdominal Pressure Completed HIPEC with cisplatin Italy

Immunotoxin in Peritoneal Carcinomatosis-ImmunoPeCa Trial Completed Arm 1: Low intra-abdominal pressure 8–
12mmHg

Norway

ICARuS Post-operative Intraperitoneal Chemotherapy (EPIC) 
and Hyperthermic Intraperitoneal Chemotherapy (HIPEC) 
After Optimal Cytoreductive Surgery (CRS) for Neoplasms of 
the Appendix, Colon or Rectum With Isolated Peritoneal 
Metastasis

Recruiting Arm 2: High intra-abdominal pressure 18–
22mmHg”

United States

Comparing Cytoreductive Surgery and Hyperthermic 
Intraperitoneal Chemotherapy (CRS-HIPEC) Using 
Mitomycin-C Versus Melphalan for Colorectal Peritoneal 
Carcinomatosis

Recruiting Single arm: Cytoreduction and HIPEC 
followed by MOC31PE Immunotoxin 
(targeting EpCAM positive cells)

United States

The Influence of Perioperative Administration of 
Dexmedetomidine on Inflammation Response and 
Postoperative Outcomes in Patients Undergoing Hyperthermic 
Intraperitoneal Chemotherapy (HIPEC) Cytoreductive Surgery; 
Double Blind Randomized Controlled Trial

Recruiting Arm 1: Cytoreduction then HIPEC with 
Mitomycin C

South Korea

Thalidomide in Treating Patients Who Have Undergone 
Surgery and Chemotherapy for Cancer That Has Spread 
Throughout the Abdomen Due to Colorectal Cancer or 
Appendix Cancer

Completed Arm 2: Cytoreduction then EPIC with 
FUDR and Leucovorin

United States

CAIRO6 trial: Perioperative Systemic Therapy and Surgery 
Versus Surgery Alone for Resectable Colorectal Peritoneal 
Metastases.

Recruiting Arm 1: Cytoreduction then HIPEC with 
Mitomycin C

Netherlands

PRODIGE 7: A UNICANCER phase III trial of hyperthermic 
intra-peritoneal chemotherapy (HIPEC) for colorectal 
peritoneal carcinomatosis (PC)

Completed Arm 2: Cytoreduction then HIPEC with 
Melphalan

France

Histopathological Response to FOLFOXIRI + Bevacizumab in 
Peritoneal Metastasis From Colorectal Cancer

Recruiting Both arms get Cytoreduction then HIPEC. Austria

Note: FUDR, floxuridine
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Table 10.

Studies examining peri-hepatic lymphadenectomy in patients undergoing liver resection for metastatic colon 

cancer

Study (n=lymphadenectomy patients) Neoadjuvant chemo
# LN 

harvested 
(range)

% with (+)PHLN OS (−) PHLN OS (+) PHLN

Bennett et al. 2008 (n=59) 50/59 (85%) 3.2 (1–11) 22/59 (37%) 3-year 75% 3-year 25% (H&E
+), 76% (IHC+)

Okuno et al. 2017 (n=174) 154/174 (89%) NR 54/174 (31%) 71 months 13.8 months

Nanji et al. 2016 (n=103) 22/103 (21%) 2.2 (1–15) 30/103 (29%) 46 months 25 months

Bradatsch et al. 2016 (n=20) 15/20 (75%) 5 (NR) 0/20 (0%) NR NA

Pindak et al. 2017 (n=59) 0/59 (0%) 4.6 (0–13) 7/59 (12%) 67 months 30 months

Notes: LN, lymph node; NA, not applicable; NR, not reported; OS, median overall survival; PHLN, peri-hepatic lymph node
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Table 11.

Median survival time for colorectal brain metastases by treatment modality.

Median Survival (months) SC WBRT SRS S WBRT +SRS S+ SRS S+ WBRT S+ WBRT +SRS

Sperduto et al. 2010 (280) (n=211) 2.9 7.3 7.1 9.8 10.4 7.9

Silva et al. 2017 (276) (n=1,475) 1.8 4.4 6.4 10.3

Notes: CI, confidence interval; S, surgery; SC, supportive care; SRS, sterotactic radiosurgery; WBRT, whole brain radiation therapy
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Table 12.

Predictive scoring methods for brain metastases.

Criteria Median Overall Survival (months)

RPA – all brain metastases (Gaspar et al.)(278)

Class I KPS >70, age <65, controlled primary, Brain only metastasis 7.1

Class II KPS >70, not meeting class I criteria 4.2

Class III KPS <70 2.3

DS-GPA – GI cancer (Sperduto et al.)(280)

GPA 0–1 KPS <79 3.1

GPA 2 KPS 80 4.4

GPA 3 KPS 90 6.9

GPA 4 KPS 100 13.5

Notes: DS-GPA, disease specific graded prognostic assessment; KPS, Karnofsky performance status; RPA, recusive partitioning analysis
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