L))

Check for
updat

Review Article (Current Strategies in Colon Cancer Management)

Surgical management of recurrent colon cancer

Kilian G. M. Brown"’, Cherry E. Koh"***

'SOuRCe (Surgical Outcomes Research Centre), “RPA Institute of Academic Surgery, 'Department of Colorectal Surgery, Royal Prince Alfred
Hospital, Sydney, Australia; *Sydney Medical School, Discipline of Surgery, University of Sydney, Australia

Contributions: (I) Conception and design: All authors; (I) Administrative support: None; (III) Provision of study materials or patients: None; (IV)
Collection and assembly of data: All authors; (V) Data analysis and interpretation: All authors; (VI) Manuscript writing: All authors; (VII) Final
approval of manuscript: All authors.

Correspondence to: Cherry E. Koh, MBBS, MS, FRACS. SOuRCe (Surgical Outcomes Research Centre), Royal Prince Alfred Hospital, PO Box
M157, Missenden Road, Sydney, NSW 2050, Australia. Email: cherry.koh@sydney.edu.au.

Abstract: There have been significant developments in the management of advanced and recurrent
colorectal cancer in recent decades. 70% of primary colorectal tumours arise in the colon and for patients
with stage I-III disease, the standard of care is surgical resection followed by adjuvant therapy where
appropriate. Locoregional recurrence (LR) occurs in 4-11.5% of patients following treatment of primary
colon cancer with curative intent, and can be categorised as peri-anastomotic, mesenteric/paracolic (nodal),
retroperitoneal and peritoneal. Of these, peritoneal recurrence is usually recognised as the most challenging
type of recurrence to manage. Patients with isolated peri-anastomotic or limited nodal recurrence in the
mesentery or retroperitoneum may be curable by radical salvage surgery, which often requires en bloc multi-
visceral resection, while patients with low volume peritoneal metastases may be candidates for cytoreductive
surgery with hyperthermic intraperitoneal chemotherapy. Ensuring complete resection along embryonic
mesocolic planes or en bloc resection of contiguously involved structures are best strategies to reduce the
likelihood of local recurrence through a R1 resection margin. The role of complete mesocolic excision (CME)
with high vascular ligation has been demonstrated to increase nodal yield and improve overall survival
although this is more contentious. In patients with T4a disease and serosal surface involvement, peritoneal
recurrence represents the greatest threat. Efforts for early diagnosis of peritoneal recurrence in these patients
or prophylactic treatment, while intuitive have not demonstrated the survival benefit that would be expected.
Other than locoregional recurrence (LR), systemic recurrence may occur in up to 50% of patients who have
undergone curative resection for colorectal cancer. In keeping with portal venous outflow, the most common
site of systemic recurrence is the liver. Although previously thought to be a fatal condition, liver resection is
now the standard of care where liver metastases can be completely resected with clear margins plus leaving an
adequate liver remnant with intact vascular inflow, outflow and biliary drainage. This can usually be achieved
in 26-45% of patients presenting with liver metastases. Liver surgeons at the forefront of liver resection
have also developed techniques to induce liver hypertrophy so as to improve likelihood of resectability.
Even where patients have non-resectable disease, ablative techniques have become increasingly common.
Naturally, none of these would be possible without the advent of improved chemotherapeutic and biological
options in the field of medical oncology. Pulmonary metastasectomy with curative intent may be possible
in a small number (10%) of patients with lung metastases, which is associated with an overall survival of up
to 40%. Unlike liver metastases, proportionally less patients with pulmonary metastases will be resectable.
For these patients, several ablative options are available. For all patients with recurrent colon cancer, patient
selection for radical salvage surgery and decisions surrounding treatment strategy (including use of systemic
therapy or ablative procedures) should take place in a multidisciplinary team setting.
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Introduction

Colorectal cancer is a common cancer. It is consistently
either the second or third most common cancer across
most develop countries (1-3). Not only is colorectal
cancer common, it is also an important cause of cancer
related deaths (4). In Australia, over 16,000 new cases
were diagnosed in 2019, a 5% increase relative to 15,604
cases in 2015 (3). In general, men have a higher risk of
developing colorectal cancer compared to women, and
this is particularly true of rectal cancer, where there is a
substantially higher risk for men compared to women.

The distribution of cancers of the colon and rectum is
such that 70% of the cancers tend to occur in the colon while
the remaining 30% occur in the rectum (5). This delineation
between colon versus rectum is important as it has
therapeutic, functional as well as prognostic implications (6).
With the exception of stage IV colon cancer where
treatment needs to be individualised depending on the site of
metastases and whether or not the metastases are resectable,
the treatment of stage I to III colon cancer is invariably
surgery with or without adjuvant chemotherapy depending
on final histopathology (7). There is limited role for
radiotherapy, both in the neoadjuvant or adjuvant setting (8).
The use of neoadjuvant chemotherapy in patients with
colon cancer has been examined in a phase III randomised
trial, the FoxTROT trial, and the final results of this large
randomised trial are awaited (9).

Following any curative treatment of colon cancer,
recurrence may develop locoregionally (including within
the peritoneal cavity) or systemically. Considerable
improvements have been made in the management and
outcomes of patients with recurrent colorectal cancer in
recent decades as a result of refined surgical techniques and
improvements in radiation technology and chemotherapy
regimens. This article summarises recent developments
and future directions in the multimodal management of
systemic and LR of colon cancer.

Locoregional recurrence

LR has been documented in 4-11.5% of patients after
curative resection for colon cancer (10-12). LR develops
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from residual tumour cells not excised at the time of surgery,
either at the colonic margin, in the draining lymphatic
vessels or nodes, or due to direct extension or spillage into
the peritoneal cavity. Factors that have been associated with
an increased risk of developing LR in patients with colon
cancer are more advanced disease stage or tumour grade,
lymphovascular invasion, involved resection margins, left
sided tumours and where the tumour causes obstruction,
perforation, invasion of adjacent structures (11-13).
Adjuvant chemotherapy has been associated with lower
rates of LR in some patients with colon cancer (e.g.. stage
IT or stage III tumors in one study), but this has not been a
consistent finding (11,12).

LR has previously been categorised as peri-anastomotic,
mesenteric/paracolic (local lymph node disease),
retroperitoneal (loco-regional lymph node disease) and
peritoneal (12,14,15). Approximately 20% of patients have
more than one site of recurrence (14). Contemporary data
indicates that the peritoneum is the most common site of
LR (46%), which is considered separately due to the unique
and evolving management options available to this group of
patients (see below).

Detection and assessment

LR after curative resection is often more difficult to
diagnose than might be expected. Like rectal cancer,
recurrent colonic tumours may not have an intra-luminal
component and therefore may not present with features
of blood loss or obstruction. More often, symptoms are
vague if present at all and may include lethargy and fatigue,
abdominal pain and weight loss. Serum carcinoembryonic
antigen is elevated in approximately 50% of patients with
LR (14). Surgeons and oncologists must maintain a low
threshold to further investigate patients with imaging,
particularly within the first three years of surgery when the
risk of LR is highest (12). Cross sectional imaging with a
CT of the chest, abdomen and pelvis is generally the initial
investigation of choice in patients with suspected LR,
which may manifest as an intra-abdominal peri-anastomotic
mass, retroperitoneal lymphadenopathy or with peritoneal
metastases, characterized by omental nodularity, scalloping
of the liver and ascites. "*F-fluorodeoxyglucose positron
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Table 1 Selected series reporting outcomes of radical salvage surgery for local recurrence of colon cancer

First author Year Location Patients with LR RO (%) Mortality (%)  Morbidity (%) 5-year OS (%)

Goldberg (22) 1998 Multicentre, USA 24 - - - 27

Taylor (23) 2002 Mayo Clinic, USA 73 52 1 55 24.7

Bowne (14) 2005 Memorial Sloan Kettering 100 56 1 24 35
Cancer Centre, USA

Sjovall (11) 2007 Karolinska Institute, Sweden 23" - - - 43

Akiyoshi (24) 2011 Tokyo, Japan 45 89 2 38 46***

*

survival; LR, loco-regional recurrence.

emission tomography (PET) combined with CT is now
established as a standard part of assessment of all patients
with recurrent colorectal cancer, in particular those who
may be candidates for a potentially curative multi-modal
management approach (16-19). There is some data to
suggest PET-CT can identify small metastases not detected
with CT alone (20).

All patients with LR of colon cancer should undergo
colonoscopy as those with anastomotic recurrences
may have an intra-luminal tumour component which is
amenable to biopsy. Colonoscopy also excludes synchronous
lesions and is therefore important even in patients with
extra-luminal recurrence. Where there is a suspicion of
mesenteric nodal or retroperitoneal recurrence on imaging
and the lesions are FDG-avid, these factors are virtually
diagnostic and, particularly in the setting of a raised CEA,
does not require percutaneous biopsy (21). Diagnostic
laparoscopy is the best investigation to confirm suspected
peritoneal recurrence as it allows the surgeon to assess
both the extent of peritoneal disease and obtain tissue for
histopathology. For these reasons at our unit we have a low
threshold to perform a laparoscopy in patients with any
suspicion of peritoneal recurrence.

Management

Unlike locally recurrent rectal cancer, in which there has
been increasing interest in the last decade and considerable
progress has been made with multi-modal management
strategies, there is relatively limited data to guide
management of LR of colon cancer (7able I). At the time
of LR diagnosis, approximately 40% of patients will also
have distant metastatic disease, while 60% of patients have
isolated disease (12). The situation becomes incurable in
patients with LR in the presence of unresectable metastatic
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, recurrence-free survival; **, disease-specific survival; ***, cancer-specific survival; ', patients who had RO resection only. OS, overall

disease, and a palliative approach is adopted, as discussed in
the previous sections.

Patients with isolated peri-anastomotic or limited nodal
recurrence in the mesentery or retroperitoneum may be
potentially curative by radical resection in addition to
adjuvant chemotherapy (14,23,24). For right sided recurrent
tumours we position patients in the supine position, while
for left sided and pelvic tumours patients are positioned
in a modified Lloyd-Davies position to allow access to
the pelvis. In general, patients with recurrent tumours
require an open approach and, after a midline laparotomy
is performed, a meticulous adhesiolysis is performed with
care taken to avoid inadvertent enterotomies. The aim
of salvage surgery for LR of colon cancer is segmental
colectomy including re-excision of the anastomosis and
residual mesentery with clear resection margins. Where
there is local infiltration of the abdominal wall or adjacent
organs, then radical en bloc resection is necessary in order to
achieve a RO resection. For tumours of the splenic flexure,
this may involve partial gastrectomy, splenectomy or distal
pancreatectomy. For recurrent right sided colon tumours,
an en bloc pancreaticoduodenectomy may be necessary
where there is tumour infiltration of the duodenum or
head of the pancreas. In a recent report by Akiyoshi and
colleagues including 45 patients who underwent salvage
surgery for locally recurrent colon cancer, four patients
(9%) required en bloc pancreaticoduodenectomy and two
(4%) required pelvic exenteration (24). These more radical
operations generally require input from hepatobiliary or
oesophagogastric specialty colleagues for assistance with the
resection and reconstruction, and a vascular surgeon may
be required for tumours involving major retroperitoneal
vessels. These more complex procedures be associated with
increased morbidity and requires discussion during the
informed consent process.
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Figure 1 Intra-operative photos demonstrating peritoneal recurrence. (A) Small white nodules on parietal peritoneum; (B) peritoneal

recurrence on specimen extraction site with a loop of small bowel involved with disease acting as a transition point for bowel obstruction.

Table 1 summarizes selected reports including the
perioperative and survival outcomes of patients undergoing
radical surgery for LR of colon cancer. A large study by
Bowne and colleagues at the Memorial Sloan Kettering
Cancer Centre included 100 patients and reported an RO
resection rate of 56% which translated to a 35% disease-
specific survival and was achieved with acceptable morbidity
(24%) and mortality (1%) (14). Morbidity following salvage
surgery may be substantial, and has been reported in
24-55% of patients and is likely higher when multivisceral
resection are required.

Prevention strategies

Complete mesocolic excision (CME) with central vein
ligation (CVL) for resection of right sided colon cancer
is equivalent to the total mesorectal excision (TME)
technique for rectal cancer. TME is based on dissection in
the embryological and avascular mesorectal plane which
avoids disruption of the draining lymphatics channels and
allows complete resection of the peri-rectal (mesorectal)
lymph node package, and has led to dramatic improvements
in oncological outcomes for patients with rectal cancer.
CME with CVL has more recently been proposed as a
standardised technique for resection of colon cancer (25).
Ligation of the inferior mesenteric artery at its origin from
the aorta is considered a standard approach to resection of
left sided colon cancer. For a right hemicolectomy, CME
involves dissecting between the right mesocolon and the
parietal peritoneum of the posterior abdominal wall, in
order to access the ileocolic vessels are their origin. The
mesocolon and vessels are divided along the superior
mesenteric vein (SMV), in order to achieve complete
resection of the lymphatic channels and lymph nodes
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anterior and lateral to the SMV (a D3 lymphadenectomy).

Although early data suggested that CME was associated
with a lower rate of loco-regional recurrence when
compared to conventional colectomy (25), it has not been
universally taken up due to a lack of randomised data, and
concerns about the technical difficulty and safety of this
approach when performed laparoscopically or robotically.
More recent data from a pooled analysis of conventional
colectomy vs. CME demonstrated that CME improved
disease-specific survival and was associated with lower rates
of local recurrence (26) and furthermore laparoscopic CME
has been shown to have equivalent oncological outcomes to
open surgery without similar morbidity (27). On the basis
of this more recent data, the authors would suggest that
CME with CVL is an effective strategy to reduce the risk of
LR during colectomy for colon cancer and can be feasibly
performed laparoscopically.

Peritoneal recurrence

The risk of metachronous peritoneal metastasis (or
peritoneal recurrence, PR) after curative resection
of colorectal cancer has been reported as 3.4-6% in
unselected cohorts (28-30) (Figure 1). There are, however,
major difficulties in establishing the true incidence of PR
relating to the poor sensitivity of contemporary imaging
modalities for detecting peritoneal disease, limitations of
administrative datasets and biased historical data (31). These
issues make it difficult to define risk factors for PR, however
there is evidence to suggest that limited synchronous
peritoneal or ovarian metastasis which were resected at the
index operation, perforated tumours, mucinous subtype
and T4 tumours convey an increased risk of recurrent PM
(28,29,32-34). Synchronous PM, synchronous ovarian
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Figure 2 Intra-operative photo of a patient with a large Krukenberg

tumour.

metastasis and perforated tumours confer the greatest risk
of developing PM after curative resection with reports in
the literature as high as 27-71% (32).

Management

Traditionally PM carried a poor prognosis. Older systemic
chemotherapy regimens based on 5-fluorouracil have been
associated with a median survival of 5-7 months (35-37).
This has improved with newer agents such as oxaliplatin,
leucovorin, irinotecan and bevacizumab but treatment with
adjuvant chemotherapy alone remains palliative treatment
because of the limited penetration of peritoneal surfaces by
systemic chemotherapy agents.

The application of cytoreductive surgery (CRS)
combined with hyperthermic intraperitoneal chemotherapy
(HIPEC), initially developed in the 1990s, to colorectal PM
has transformed the management and prognosis for this
group of patients who now may be offered a chance of long-
term survival. CRS is a radical procedure that aims to clear
the peritoneal cavity of all peritoneal disease.

CRS usually comprise of stripping of the parietal
peritoneum and omentectomy but may also extend to
include visceral resections (splenectomy, partial gastrectomy,
small bowel resection and colectomy) depending on the
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extent and location of the PM (38). In female patients, the
ovaries are commonly affected by peritoneal disease and will
manifest as Krukenberg tumours. These tumours do not
tend to respond well to chemotherapy and can cause marked
symptoms (Figure 2). Bilateral salpingo-oophorectomy
is usually needed even if they appear macroscopically
normal because of risk of microscopic involvement which
is not as yet clinically apparent. Young women who have
not completed child-bearing need to be appropriately
counselled about this. Following CRS, a chemotherapy
solution (generally high dose mitomycin or oxaliplatin
diluted in 2-3 liters of crystalloid) is heated to 40-42 degree
Celsius and circulated through the peritoneal cavity using
a closed perfusion circuit driven by a rollator pump. Most
patients will also receive concurrent systemic chemotherapy
intra-operatively. This treatment strategy, in combination
with adjuvant systemic chemotherapy, had resulted in
reported median overall survival of 22-47 months and a
5-year survival of 26-58% in selected patients (39).

The peritoneal carcinomatosis index (PCI, range 0-39)
is a staging system that defines the volume of peritoneal
disease based on the size of peritoneal metastasis lesions
within 13 defined areas in the peritoneal cavity. The
Completeness of Cytoreduction (CC) Score defines the
extent of disease remaining after CRS & HIPEC where
CC-0 implies that there is no remaining visible disease. The
completeness of CRS is well established as a prognostic
indicator (40,41) and the ability of the surgeon to
completely clear the peritoneal cavity is strongly influenced
on the PCI score (i.e., the extent of PM within the
peritoneal cavity). In addition to difficulty with complete
cytoreduction with higher PCI scores, the survival benefit
when the PCI is greater than 15 is not well established.
Both of these factors have led to an increased interest in
early detection or prevention of PR.

Early detection

Low volume colorectal PM is difficult to detect on routine
imaging during follow up after colorectal cancer resection.
Consequently, patients are often diagnosed late when the
disease is visible on imaging or when symptoms develop.
This necessarily means that the disease is more advanced
with higher volume PM (i.e., higher PCI). It is also
established that CT and PET imaging tend to understage
the extent of disease and when patients are identified later,
the burden of disease is often too advanced (PCI of >15) to
offer any survival advantage with CRS & HIPEC, leaving
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Table 2 Selected contemporary series reporting outcomes of patients undergoing hepatic metastasectomy for colorectal cancer.

First author Year Location Patients 30-day mortality (%) Morbidity (%) 5-year OS (%)
Wei (52) 2006 Toronto, Canada 423 1.6 17 47
Cummings (53) 2007 Population data, USA 833 4.3 32 32.8
Rees (49) 2008 Basingstoke, UK 929 1.5 26 36
Robertson (54) 2009 Population data, USA 3,957 4 - 25.5
Morris (55) 2010 Multicentre, UK 3,116 - - 44.2
Zaydfudim (56) 2015 Population data, USA 2,190 3.6 26.8 26-33*

*, study included two cohorts based on year of surgery (1991 to 2001 and 2002 to 2009).

patients with palliative systemic chemotherapy as the only
treatment option.

The difficulties with early detection of disease and a
lack of curative intent treatment options when disease
is clinically evident have prompted the development of
novel approaches which attempt to either prevent or
identify PR at a subclinical stage in patients who are at
high risk of developing PM. In a landmark study by Elias
et al., 41 asymptomatic patients at high risk of colorectal
PM (perforated tumours, resected low PM at time of
primary colorectal cancer surgery and resected ovarian
metastases) were enrolled prospectively to undergo a relook
laparotomy at 12 months (42). The study found PM in
55% of their patients all of whom subsequently underwent
CRS and HIPEC. The 2- and 5-year overall survivals of
these patients were found to be 81% vs. 65% and 55% uvs.
13% in the CRS + HIPEC group vs. the standard group
respectively. Unfortunately the ProphyloCHIP trial, which
randomised 150 patients at high risk of PR to standard
surveillance vs. routine exploratory laparotomy, showed that
second-look laparotomy was not associated with improved
disease-free survival or PR (43) and therefore this approach
has not been adopted outside of the trial setting.

Prophylactic HIPEC, where patients at high risk of PR
are given HIPEC at the time of primary cancer surgery
and in the absence of macroscopic PM, has been advocated
by some authors as a potential way to reduce rates of PR.
Similar to second-look surgery, there were encouraging
early data to support the use of prophylactic HIPEC to
reduce rates of PR. Randomised data from the COLOPEC
trial became available in 2019, which was conducted across
nine Dutch centres and randomised 204 patients with T4
or perforated tumours to standard resection and standard
adjuvant systemic chemotherapy with or without HIPEC
at the time of surgery (44). The results of this trial showed
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there was no difference in peritoneal-free survival at
18-month between the groups (80.9% for the experimental
group vs. 76.2% for the control group, P=0.28). Therefore,
like second-look surgery, this approach has not been broadly
adopted. There are several ongoing trials addressing the
issue of early detection and prevention of PR (45,46).

Liver metastases

Liver metastases can occur in up to 50% of patients
following curative colon cancer treatment and is the
most common site of recurrent disease. Traditionally,
the approach to hepatic metastases was one of palliative
chemotherapy as metastases were thought to be uniformly
fatal. In the 1990s, Scheele et al. demonstrated favourable
survival with liver resection (47) and in the two decades
since, not only liver resection has become widely accepted,
the boundaries of what constitutes resectable liver metastases
has also changed dramatically. Initially surgeons adhered
to anatomically defined criteria (number of metastases,
size of metastases, uni vs. bilobar disease) and the need
for a lem resection margin, but in contemporary practice
resectability is defined by the ability to excise all disease
with a clear margin and an adequate remnant liver (48).
Liver resection has been shown to improve 5 year overall
survival from <5% to up to 60% in contemporary series
(49-51) (Table 2).

Resectability criteria

In contemporary practice, resectability of colorectal liver
metastases is evaluated in a multi-disciplinary setting and
according to three domains (medical, oncological and
technical resectability) in order to optimise patient selection
and ensure safe and effective liver resections (48). Medical
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resectability includes evaluation of chronic comorbidities
and the degree of underlying hepatic impairment.
Oncological resectability includes consideration of the
primary tumour characteristics including its molecular
profile, resection margins and nodal status, the number and
size of hepatic lesions, the presence of extrahepatic disease,
as well as the length of disease-free interval in patients.

Technical resectability

Technical resectability is defined by complete oncological
excision of all metastases (i.e., RO resection) with an
adequate functional liver remnant. Generally, this requires
preservation of two or more liver segments with intact
vascular inflow, outflow, and biliary drainage. An assessment
of resectability depends on both hepatic imaging to estimate
the volume of the future liver remnant as well as the variety
of surgical techniques that can be utilised, which is beyond
the scope of this article.

It is clear that a negative surgical margin is an important
factor in long-term survival for patients undergoing
hepatectomy. Scheele et 4/. demonstrated that patients with a
microscopically or macroscopically involved margin resection
had worse survival compared to those who had a clear
resection margin (median survival of 14 vs. 40 months) (47).
However, what constitutes a clear margin is more
controversial. Older studies have reported worse survival
with margins <1 cm (57,58), but more recent studies have
refuted this (51,59). A recent meta-analysis included 11,147
hepatic resections in 34 studies found that resection margin
>1 cm was associated with improved 3-, 5- and 10-year
overall and disease-free survival (60). On the basis of this
data, most units would currently consider a clear margin
>1 cm as the ultimate goal of resection, however a narrower
margin is not in itself a contraindication for surgery (61).

Future liver remnant

With improved imaging, chemotherapeutic agents
including the introduction of biological therapy and
improved operative techniques, criteria for resectability is
now extended such that the focus is hepatic insufficiency.
In view of this, and in order to increase the pool of patients
eligible for surgery, there has been considerable interest
in increasing the future liver remnant (FLR). In general,
a 20% or greater FLR is adequate in patients with normal
underlying liver parenchyma. A higher FLR however is
needed in patients on chemotherapy because of concerns
for steatohepatitis induced by chemotherapy (>30%) and
even higher in patients with cirrhosis (>40%). If the FLR
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is anticipated to be inadequate, then techniques to induce
hypertrophy of the future remnant include staged resections,
the associating liver partition and portal vein ligation for
staged hepatectomy procedure, and portal vein embolization
(PVE). Preoperative PVE is the most common approach
and involves occlusion of portal perfusion to the part of the
liver planned for resection. This is performed several weeks
prior to surgery, which induces hypertrophy of the expected
FLR, and may make more extensive hepatectomies feasible,
particularly for right sided resections (62). This may also
be combined with other techniques to result in more rapid
liver hypertrophy. One recent technique that is novel and
promising is ALPPS (Associated Liver Partitioning and
Portal Vein ligation for staged hepatectomy) (Figure 3).

Parenchymal-sparing vs. anatomical resection
techniques

Anatomical (i.e., segmental) resections have traditionally
been preferred for colorectal liver metastases, however
there is increasing use of non-anatomical (or parenchymal-
sparing) resections. A recent meta-analysis demonstrated
that parenchymal-sparing techniques do not compromise
oncological or survival outcomes when compared to
anatomical resections, and are not associated with higher
rates of postoperative complications, length of stay or
intraoperative blood loss (63). Importantly, parenchymal-
sparing techniques preserves liver function, an important
consideration in a group of patient who have generally
had previous systemic chemotherapy, and may increase
the feasibility of re-resection in the case of hepatic re-
recurrence.

Immaging

The aims of imaging during the assessment of hepatic
metastases are to define the number and anatomical
location of lesions, proximity to major vascular and
biliary structures, and to identify extra-hepatic disease.
High resolution CT with contrast enhancement is a
readily available and low-cost modality with reported
sensitivity and specificity rates of between 70-95% and
96%, respectively, for the detection of hepatic metastases.
CT is, however, limited in its ability to identify lesions
smaller than lem as well as extrahepatic disease. For these
reasons, MRI with hepatospecific contrast enhancement
(e.g., gadoxetate disodium, tradename Primovist'") is now
established as the imaging of choice at specialist units for
the evaluation of patients for potentially curative liver
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Figure 3 CT images of patients with liver metastases. (A) This patient has multiple liver metastases involving segments 4 to 8 as well as the

caudate lobe. There was inadequate liver remnant to permit safe liver resection to proceed. (B) ALPPS (associated liver partition and portal

vein ligation for staged hepatectomy) was performed to allow segments 2 and 3 to hypertrophy. Note the hypertrophied segments 2 and 3

prior to liver resection. (C) After liver resection

resection. MRI has demonstrated comparatively better
detection rates for sub-centremetre lesions, in particular in
patients with hepatic steatosis (which is common following
systemic chemotherapy) and higher soft tissue definition
may allow better assessment of infiltration of major hepatic
vascular and biliary structures (64,65). The role of PET
as part of the evaluation of patients with colorectal liver
metastases is unclear. While some data has demonstrated
a reduction in futile laparotomies by detection of occult
extra-hepatic metastases on preoperative PET (66), results
from other studies have been conflicting (67). Importantly,
FDG-avidity of hepatic lesions is difficult to interpret in the
setting of recent systemic chemotherapy, which may cause
lesions to become metabolically “switch off” for several
weeks after chemotherapy, with reported false negative rates
for detection of hepatic metastases as high as 87% (68).

Neoadjuvant chemotberapy

In patients with resectable liver disease, the role of pre-
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operative chemotherapy is unclear. While it makes
biological sense for patients to receive chemotherapy for
management of micrometastatic disease, chemotherapeutic
agents, particularly modern chemotherapy agents can
lead to liver injury, increasing peri-operative morbidity
and mortality and data examining these considerations is
conflicting. In a randomised trial comparing peri-operative
FOLFOX plus liver resection surgery versus liver resection
alone did not demonstrate an overall survival benefit
although there was an improvement in progression free
survival rates at 3 years (69,70). Another potential role of
chemotherapy is in some patients with initially unresectable
or borderline resectable metastases, where a period of
systemic chemotherapy may ‘convert’ them to resectable
disease or act as a measure of tumour biology before
hepatectomy is considered.

There is ongoing debate surrounding the use of systemic
chemotherapy in patients with potentially resectable hepatic
metastases and how it might be best integrated with surgery.
At our institution patients who are medically well with low
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volume, potentially resectable disease generally undergoing
upfront surgery followed by adjuvant chemotherapy. Those
with high volume, borderline resectable disease or who are
poor candidates for surgery from a medical fitness point
of view generally undergo an initial period of systemic
chemotherapy, after which they are reassessed as to whether
potentially curative resection is possible.

Incurable liver metastases

The majority of patients with metachronous hepatic
metastases from colorectal cancer, even in the absence of
extra-hepatic recurrence, do not have potentially curative
disease due to tumour location or due to poor hepatic
reserve. In this group of patients, modern chemotherapy
regimens that include oxaliplatin or irinotecan have
dramatically improved survival such that median survivals
of 30 months have been reported (71). In addition to
systemic therapy, for patients whose disease progress
while on systemic therapy, a number of local and regional
approaches have been developed, including radiofrequency
and microwave ablation, hepatic intra-arterial, and various
radiotherapy, however data supporting a survival advantage
for most of these therapies is limited.

Pulmonary metastases

Pulmonary metastases are the second most common site
for systemic recurrence after the liver. These metastases
may also be amendable to resection. However, as only 10%
who develop pulmonary metastases will have the disease
confined to the lung, few patients will be suitable for
potentially curative surgery. Studies reporting pulmonary
metastasectomy outcomes therefore reflect a highly
select group of patients with favourable disease (72).
In these studies, pooled 5-year overall survivals of up to
40% have been reported, which would certainly seem
to favour pulmonary metastasectomy (73). However, it
is also important to understand that lung metastases are
generally asymptomatic and an uncommon cause of death
in patients with metastatic colorectal cancer. The true value
of pulmonary metasectomy is therefore unclear and it is on
this premise that the PULMICC (Pulmonary Metasectomy
in Colorectal Cancer) trial was designed (74). The trial is
a 2-armed multicentre randomised trial which compared
pulmonary metastasectomy with continued observation.
After prolonged and slow accrual from 2010 to 2016, the
trial was terminated early in 2016 after enrolling 65 patients
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(sample size of 300 at trial inception). The 4-year overall
survival were 40% (95% CI: 26-63%) for the control
group versus 43% (95% CI: 27-66%) for patients assigned
to metastasectomy. At 5 years, the estimated survival was
29% (95% CI: 16-52%) and 38% (95% CI: 23-62%) for
control and metastasectomy groups respectively. Although
this trial was not able to inform the survival benefit of
metastasectomy, what it did confirm is that patients with
lung metastases can have good survival outcomes without
surgery, which contrasts with the widely held assumption
that patients with lung metastases have a 5-year overall
survival of <5% (74).

In patients with unresectable lung metastases, ablative
techniques are commonly offered as an alternative to
lung resection. The assumption associated with ablative
techniques is that it may offer the same survival benefit
but with less surgical morbidity because of the minimally
invasive nature of the technique. A number of ablative
techniques are available including radiofrequency ablation,
image guided thermal ablation, microwave ablation and
stereotactic ablative radiotherapy amongst others (75). The
common principle of ablative techniques is to apply an
energy source to the metastasis such that the cancer tissue
is destroyed (ablated) regardless of the energy source used.
The delivery is aimed at the centre of the lesion which
causes irreversible cellular damage and hence immediate
tissue destruction (76). Surrounding this however, will be
a zone of lethal exposure but the energy delivery is such
that tissue death is imminent rather than being immediate.
Beyond this, there is usually non-lethal cell injury, where
inflammatory process usually results in increased blood
flow and a rim of hyperaemia. A concern with ablative
techniques, despite its minimally invasive nature is the
lack of tissue for histology and hence the inability to
confirm if the lesion has been completely ablated with a
normal “margin”. At present, no ablative technique has
been adequately assessed in a randomised trial to allow its
effectiveness to be determined (75).
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