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Treatment Options for Resectable 1 3
Colorectal Liver Metastases
in the Presence of Extrahepatic Disease

Kimberly A. Bertens, Jad Abou Khalil,
and Guillaume Martel

Traditionally, extrahepatic disease (EHD) was considered a contraindication to
resection of colorectal liver metastases (LM) [1, 2]. Nevertheless, widespread
improvement in surgical morbidity and mortality, as well as improved efficacy of
chemotherapeutic agents, has driven increased interest in surgical metastasectomy
with the intent of improved survival and potential cure [3, 4]. In patients that undergo
complete resection of LM and EHD, recurrence is expected 80-95% of the time
[5-8]. Therefore, recurrence is the norm, and care must be taken to select patients
who are most likely to benefit from surgical resection. However, recent evidence has
shown that long-term survival is possible in selected patients with resected LM and
EHD.

Various factors have been found to be predictive of a poor outcome in this patient
population. Having multiple sites of EHD predicts worse survival, and the total
number of metastatic lesions (both within the liver and outside) is inversely related
to survival [3, 5, 9]. Other factors that have been shown to be negative predictors of
long-term survival in patients with LM and synchronous EHD are size of LM >3 cm,
more than five LM, and disease progression on neoadjuvant therapy [6]. In the larg-
est meta-analysis to date, patients with more than one site of EHD had a median
survival of only 17 months, which is comparable to chemotherapy alone [9].
Incomplete surgical resection with both microscopic (R1) and grossly (R2) positive
margins also precludes long-term survival and should be avoided [5, 8, 9].

This chapter endeavors to review the clinical evidence behind metastasectomy in
the setting of LM and EHD and to provide clinical guidelines on when surgery
should be considered.
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Pulmonary Metastases
Background

The lung is the second most common location of metastases in patients with colorec-
tal cancer (CRC) after the liver, and the most common extra-abdominal site. During
the course of their disease, 10-20% of patients will develop pulmonary metastases
(PM), with synchronous presentation being most common [10-12]. Isolated PM is
a less common situation occurring only 2—8% of the time [11, 13]. Patients with
rectal cancer have a higher likelihood of developing lung metastases in comparison
to those with a colon primary. It is important to note that only a small proportion of
patients with PM have disease amenable to surgical resection, as the majority pres-
ent with multiple, bilateral nodules, or have limited pulmonary function that impedes
their ability to tolerate extensive surgery.

Evidence for Pulmonary Metastasectomy

Historically, untreated patients with metastatic CRC have a median survival of
8 months [14]. Although modern chemotherapy has prolonged the median overall
survival (OS) to 24-28 months, 5-year survival in the absence of surgery remains rare
[15]. These less-than ideal results generated interest in surgical metastasectomy in
patients with isolated PM from CRC [16]. A multitude of predominantly retrospective
studies have demonstrated favorable 5-year OS of 27-68% in patients who underwent
pulmonary metastasectomy for isolated PM [17-20]. However, it deserves mention
that pulmonary metastasectomy for CRC has been criticized by some individuals who
raise concerns regarding the inherent selection bias of small retrospective series, and
a positive citation bias, with studies that show benefit being cited more frequently
[21-23]. There is no doubt that the patients with CRC who benefit from pulmonary
resection are a highly selected group, and meticulous patient selection likely factors in
the positive results seen with PM. In an attempt to better address the question of
whether pulmonary metastasectomy is beneficial to the population at large, a multi-
center, randomized control trial of lung resection versus active monitoring is currently
underway, with an estimated completion date of 2020 [24, 25].

Pulmonary and Hepatic Metastases

The focus of this chapter is the management of LM in the setting of EHD. Traditionally,
extrapulmonary sites of disease were considered a contraindication to lung resection.
However, over the past decade, this dogma has been challenged. Therefore, it is worth-
while to review the evidence for lung resection specifically in the setting of synchronous
or metachronous liver metastases (LM) (Table 13.1). The 5-year OS for patients with
resected liver and lung metastases ranged from 20% to 61% (all studies in the table).

In a study using the LiverMetSurvey registry, patients with resected, isolated LM
were compared to those who had both LM and PM resected, and those who had LM
resected with unresected PM. There was no statistically significant difference in 5-year
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Table 13.1 Retrospective studies of patients undergoing resection for metastatic CRC to both
liver and lungs

First author Year Sample size (n) Median survival (months) 5-year overall survival (%)
Kobayashi [26] 1999 47 NR 31
Nagakura [27] 2001 27 NR 27
Mineo [28] 2003 29 41 51
Shah [29] 2006 39 42 NR
Miller [30] 2007 131 40 31
Takahashi [31] 2007 30 39 58
Lee [32] 2008 32 NR 61
Barlow [33] 2009 16 17 20
Neeff [34] 2009 44 NR 42
Limmer [35] 2010 17 98 55
Brouquet [36] 2011 112 NR 50
Gonzalez [37] 2012 27 46 39
Andres [38] 2015 149 NR 45
Leung [6] 2017 57 54 32
Rajakannu [7] 2018 150 76 60

NR not reported

OS between the patients with resected liver-only disease and those with resected lung
and liver metastases (51.5% versus 44.5%, p = 0.08); however, the patients with unre-
sected PM had a significantly worse 5-year OS (14.3%, p = 0.001) [38]. A recent meta-
analysis by Hwang et al. summarized the outcomes of patients with CRC and EHD. The
authors demonstrated that patients with PM had a median survival of 45 months, which
was superior to that for patients with peritoneal carcinomatosis (PC) (29 months) and
lymph nodes outside of the primary drainage basin (26 months) [39].

Patients with hepatic and pulmonary metastases that are limited and amenable to
resection have a favorable outcome, which is comparable to patients with resected
isolated liver disease. Nevertheless, recurrence is common, which explains the dis-
crepancy between disease-free survival (DFS) and OS in many studies [7, 28]. A
10-year OS of up to 35% has been reported, and recent studies have demonstrated
that 20% of patients undergoing both hepatic and pulmonary resection for CRC can
achieve long-term cure [7].

Mediastinal and/or Hilar Lymph Node Metastases

Generally, most surgeons do not undertake systematic lymph node dissection at the time
of pulmonary metastasectomy [40]. The prevalence of lymph node metastases (LNM)
in patients undergoing PM is 22.4% [41]. LNM are more often detected in patients with
rectal cancer as compared to colon cancer, patients requiring anatomical lung resections,
and those with greater number of lung metastases [20, 41]. There are conflicting results
with regards to whether having LNM independently portends a worse survival, and
there is no compelling evidence that removal of clinically negative nodes improves sur-
vival in patients undergoing PM [20, 41]. Still, many studies demonstrate inferior out-
comes in patients with clinically positive mediastinal or hilar lymph nodes, and surgical
resection should be recommended with caution in this patient population [20, 41].
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Prognostic Factors

Various prognostic indicators for poor survival in the setting of PM have been reported
in the literature. Significant discrepancy between the various small retrospective stud-
ies exists, and a universally accepted risk score has not been established. Rectal pri-
mary has been shown to be predictive of worse OS than colon primary [20, 41, 42].
The timing of disease presentation is important, with both synchronous disease and a
short disease-free interval (<24 months) between the first and second metastasecto-
mies being independently predictive of worse survival [7, 30, 31]. An elevated pre-
lung resection carcinoembryonic antigen (CEA) level has been demonstrated to be
negatively prognostic in both isolated PM and hepatic and pulmonary metastases,
although the absolute cut-off value differs between studies [7, 31, 42, 43]. There have
been conflicting results regarding the significance of the number of lung metastases,
with some studies demonstrating equitable survival regardless of the number of lung
lesions [29, 32, 41, 43, 44]. In a recent study of 150 patients with both PM and LM,
no LM-related factor was independently predictive of survival, indicating that PM,
being the more distant metastases, may be the driving factor of prognosis [7].

Conclusion

In the setting of previously resected or resectable LM, surgery should be offered to
patients with limited pulmonary metastases that are amenable to surgical metasta-
sectomy. Recurrence postsurgery is commonplace, but nevertheless, cure can be
achieved in this patient population [7]. Although not an absolute contraindication to
surgical resection, patients with mediastinal lymph node metastases, multiple bilat-
eral pulmonary nodules, short disease-free interval, and more than one site of EHD
should be cautiously considered prior to embarking on surgical resection. In patients
with risk factors predicting poor outcome, chemotherapy should be considered prior
to selection for surgery. If a patient presents with synchronous lung and liver metas-
tases, there is no evidence to recommend which organ should be resected first.
However, it would be reasonable to recommend resecting the organ with the great-
est burden of disease first, because if an RO resection cannot be achieved, resection
of the other site is strongly discouraged.

Peritoneal Metastases
Background

Both the peritoneal surface and the liver are common sites of spread of colon cancer;
however, only a small subset of patients present with both peritoneal carcinomatosis
(PC) and LM. In a Dutch review of patients with CRC, only 2% had both PC and LM
[45]. It is more common for patients with PC to also have LM (34%), whereas only 11%
of those with LM had concomitant PC [45]. The median OS in the patient population
with both LM and PC in the absence of curative-intent treatment is 5 months [45].
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Evidence for Resection of Peritoneal Disease

Within the medical community, concern has been raised about the paucity of phase III
trials to support benefit to cytoreductive surgery and hyperthermic intraperitoneal che-
motherapy (HIPEC). There has been one randomized trial published consisting of 105
patients comparing standard approach (systemic chemotherapy +/—palliative surgery)
to aggressive cytoreduction with HIPEC followed by systemic chemotherapy [46].
This trial demonstrated improved survival in those who underwent cytoreduction and
HIPEC (22.3 versus 12.6 months, p = 0.032); however, the authors cautioned that
patients with involvement of six or more regions of the abdominal cavity, and those
who had grossly inadequate cytoreduction, had a dismal prognosis [46]. The PRODIGE
7 trial, which as of the time of print, has only been published in abstract form is a ran-
domized trial comparing cytoreductive surgery and HIPEC with oxaliplatin to cytore-
ductive surgery alone. The authors report no difference in median OS between the
HIPEC and non-HIPEC arms (41.7 versus 41.2 months, p = 0.995) [47]. Despite the
scarcity of randomized trials, a multitude of observational trials support the principle
that in highly selected patients, resection of PC combined with HIPEC results in
increased survival over palliative treatments alone, and median OS of 21-63 months
has been reported [48, 49]. The American Society of Peritoneal Surface Malignancies
(ASPSM) multi-institutional study reported a median OS of up to 86 months and a
5-year OS of 58% in patients with favorable histology and minimal burden of disease
[48]. Liver resection of CRC metastasis has also been demonstrated to increase sur-
vival over palliative treatments and is accepted as standard of care. However, the treat-
ment of LM in the setting of PC still presents a clinical conundrum.

Peritoneal Disease in the Presence of Hepatic Metastases

There are no randomized trials to inform clinicians on the benefit of resection of LM
and PC in patients with CRC, but observational series suggest a potential benefit over
palliative treatments in select patients. Leung et al. identified 33 patients with con-
comitant LM and PC treated over a 10-year time period—the median OS was
40 months and the 5-year OS was 42% [6]. In a case—control study, 37 patients with
both PC and LM treated with liver resection, and cytoreductive surgery with HIPEC,
were matched to 61 patients with PC alone. The 3-year OS was significantly lower in
those with both LM and PC (40% versus 66%. p = 0.04) [50]. In this small series,
independent predictors of lower survival included a high peritoneal carcinomatosis
index (PCI) (>12), the presence of LM, positive nodal status, and patients not receiv-
ing adjuvant chemotherapy [50]. The authors concluded that patients with limited PC
and less than three LM stood to benefit the most from an attempt at curative surgical
resection. Conversely, a small non-matched comparison of 16 patients with treated
PC and LM and 39 patients with treated PC without hepatic involvement showed no
difference in survival between the groups (median OS 36 months) [51]. However, the
lower PCI scores and shorter procedural duration in the group with hepatic involve-
ment reveal the highly selected nature of this cohort and significant potential for
selection bias. A similar study comparing 36 patients with treated PC and LM and 42
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patients with treated PC in the absence of LM showed median OS of 24 and
46 months, respectively, with more than three LM and more than seven PCI being
associated with decreased survival [52]. A systematic review and meta-analysis of
these and other published cohorts failed to demonstrate a statistically significant
improved OS in patients with PC and LM from CRC treated with curative-intent
surgery compared to palliative chemotherapy (HR 1.24, 95%CI 0.96-1.60) [53].

The unexpected finding of PC at the time of a planned liver resection of LM from
CRC is another clinical conundrum for which high-level evidence to guide clinical
decision-making is lacking. A French study suggested that intraoperative discovery
of unexpected PC occurs in 3% of patients undergoing liver resection for CRC [54].
In this series, only patients found to have very minimal peritoneal disease (PCI < 2)
underwent curative-intent surgery; this highly selected group had a median OS of
42 months and 5-year OS of 18% [54].

Conclusion

Although long-term survival is possible with curative-intent treatment of PC and LM,
the benefit of aggressive surgical intervention appears to be limited to a highly selected
group of patients with minimal disease burden. Although clinical factors such as less
than 12 PCI and less than three liver metastases have been proposed as selection crite-
ria, the exact criteria beyond which the survival benefit of curative-intent surgery
exceeds the risk of added morbidity have yet to be defined or prospectively validated.

Metastases to Abdominal Lymph Nodes
Background

Colorectal cancer LM can spread to locoregional lymph nodes, including porta
hepatis nodes, and from there to more distant celiac, para-aortic and retroperitoneal
lymph nodes [55]. This phenomenon of “remetastasis” has traditionally been asso-
ciated with extremely poor prognosis and has largely been considered a contraindi-
cation to curative hepatic resection [56, 57]. With the advent of modern
chemotherapeutic regimens, numerous investigators have reexamined the role of
curative liver resection in the context of lymph node metastasis (LNM). More spe-
cifically, the recent literature has focused upon three main questions: (1) the role of
routine porta hepatis lymphadenectomy, (2) the management of macroscopic porta
hepatis LNM identified preoperatively, or intraoperatively, and (3) the management
of celiac, para-aortic and retroperitoneal LNM.

Occult Porta Hepatis Lymph Node Metastases

The incidence of occult microscopic porta hepatis LNM from metastatic CRC has
been estimated at 11-27% [58-62]. These data have been derived largely from
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series where a prophylactic porta hepatis lymphadenectomy was carried out system-
atically in all patients undergoing liver resection. Elias et al. conducted one of the
first such studies, where 100 consecutive patients underwent curative liver resection
and wide lymphadenectomy along the porta hepatis and celiac artery [58]. None of
these patients had macroscopic or palpable metastatic lymph nodes. The authors
reported that 14% of patients had microscopically involved metastatic lymph nodes,
most commonly along the transverse portion of the common hepatic artery.
Microscopic lymph node involvement was noted to be associated with the number
of liver metastases, a higher CEA level, and the extent of hepatectomy required.

Similarly, Laurent et al. reported a 15% incidence of occult lymph node metasta-
sis among 156 patients undergoing curative-intent liver resection for colorectal
metastasis [63]. Disease recurrence occurred in 91% among those with microscopic
lymph node disease, compared to 59% among those without lymph node involve-
ment (p = 0.003). The 5-year overall survival was significantly worse among those
with lymph node involvement (43% vs. 5%, p < 0.001).

In contrast to the above data, Grobmyer et al. examined perihepatic lymph nodes in
100 consecutive patients with both LM and primary hepatic tumors, some of whom
had preoperative suspicion of nodal involvement [60]. Among those, 15% had meta-
static lymph nodes, of which 87% had suspicion of involvement on preoperative CT
and/or PET scan, while the other 13% were clinically palpable at surgical exploration.
Among those patients with negative preoperative CT and PET scans, as well as nega-
tive manual exploration, none had microscopically involved lymph nodes. Thus, the
authors argued against routine lymph node harvest in the context of negative preopera-
tive CT and PET scans. Rather, a recommendation for selective sampling was made.
These recommendations must be interpreted in the context of a more recent multicenter
randomized controlled trial that demonstrated that the routine use of PET scan prior to
liver resection was largely ineffective at altering surgical management [64].

Portal Versus Retroperitoneal Lymph Node Metastases

The oncologic outcomes of liver resection for colorectal metastasis with concomi-
tant metastatic lymph node excision have been widely studied. In a recent system-
atic review, Hadden et al. identified 21 relevant publications pertaining to 559
patients with nodal disease [9]. Proportional meta-analysis of these manuscripts
revealed pooled 3-year and 5-year OS of 35% (95% CI 29-41%, I = 15%) and 15%
(95% CI 11-20%, I = 27%), respectively. The authors argued that these data sup-
port the use of radical surgery for colorectal liver metastases with concomitant
LNM, as pooled survival outcomes exceeded those reported in modern series of
patients receiving systemic chemotherapy alone. An acknowledged limitation of
this paper was the inability to pool for oncologic differences between distinct lymph
node basins (i.e., portal pedicle vs. para-aortic).

More recently, Leung et al. have reported their 10-year data on 219 patients who
underwent liver resection with concurrent EHD treated with resection [6]. A total of
40 (18%) patients had portal LNM, defined as nodes along the hepatic artery proper,
portal vein, and common hepatic artery. In this series, patients with portal LNM had



166 K. A.Bertens et al.

a median OS of 24 months, as well as 3- and 5-year OS rates of 32% and 14%,
respectively. No patient survived to 10 years following resection. Portal LNM was
identified as an extrahepatic disease site carrying a particularly poor prognosis. A
clinical risk score was devised, including liver metastases >3 cm, having more than
five liver metastases, and site of EHD (portal/retroperitoneal nodes or multiple
sites). Patients with 3/3 clinical risk points all died or recurred within 6 months and
had a median recurrence-free survival of 1.4 months. The authors of this paper thus
argued that liver resection with concurrent EHD resection should be highly selected,
particularly as it pertains to patients with metastatic portal lymph nodes. It may be
particularly inadvisable to pursue resection in patients with 3/3 clinical risk points.

Jaeck et al. were the first to differentiate oncologic outcomes between those with
metastatic lymph nodes located in the porta hepatis and celiac axis, arguing that liver
resection should only be considered among those with porta hepatis nodal involve-
ment and not among those with celiac disease (3-year overall survival 38% versus
1-year OS 0%) [61]. Similarly, Adam et al. reported on 47 patients who had concur-
rent liver resection and regional LNM [65]. Not surprisingly, OS was significantly
worse among patients with LNM (5-year overall survival 53% versus 18%, p <0.001).
More importantly, lymph node location strongly affected survival: those with porta
hepatis lymph nodes achieved a 5-year overall survival of 25% compared to those
with both celiac and para-aortic nodes, whose overall survival is 0% (p = 0.001).

Another multi-institutional study reported data on 171 patients who had a liver
resection and extrahepatic metastasectomy [5]. Among those, 41 had portal LNM,
leading to a median OS of 23 months and 3-year and 5-year OS of 43% and 27%,
respectively. Most importantly, this study separated portal from aortocaval LNM,
reporting a significantly different median survival of 13 months, 3-year OS of 22%,
and 5-year OS of 7% (p = 0.001). In light of the above series, it is interesting to note
that the recent series by Leung et al. did not find a difference in survival between
patients who had portal versus retroperitoneal LNM [6]. This finding is inconsistent
with that of other series. It may be related to varying definitions of anatomic lymph
node locations, as it can sometimes be difficult to differentiate between lymph node
sites within retrospective surgical datasets.

Conclusion

In summary, the possibility of LNM, particularly within the porta hepatis,
should be considered in every patient undergoing liver resection for CRC metas-
tases. A thorough preoperative imaging assessment of lymph nodes draining the
liver is recommended for every patient. Routine systematic lymph node harvest
is unlikely to be necessary in the context of modern imaging techniques. Liver
resection should be considered selectively in patients with porta hepatis LNM
who also have a limited disease burden within the liver and no additional sites
of EHD. Liver resection cannot be recommended in the context of retroperito-
neal/para-aortic/celiac lymph node metastases, or among patients with addi-
tional sites of EHD.
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Other Sites of Disease
Background

CRC metastases to distant solid organs, outside of the lung and liver, are rare, and
as such, robust clinical recommendations are not possible. Much of the literature
existing on rare sites of EHD is based on case series or single institution retrospec-
tive reviews, both of which are significantly impacted by substantial selection bias.
The largest meta-analysis on surgical resection of EHD examined 2308 patients
who underwent resection for EHD, and only 4% had metastases to infrequent sites
such as bone, brain, ovary, and adrenal gland [9].

Adrenal Gland

The adrenal gland is an uncommon location for CRC to metastasize, and it is seldom the
only metastatic site of disease [66]. The current literature consists primarily of case
reports of CRC metastases and case series of adrenal metastases from all tumor types.
One such case series reported 3-year OS and 5-year OS of 50% and 40%, respectively,
in patients undergoing adrenalectomy for metastases from all primary sites, of which the
majority were non-small-cell lung cancer and RCC [66]. Only 10.3% of patients in this
study had CRC metastases to the adrenal gland. In the absence of robust data, recom-
mendations for or against adrenal metastasectomy for CRC cannot be made. However,
asurvival benefit in select patients without other sites of EHD can be reasonably inferred.

Ovary

Ovarian metastases occur in approximately 2—8% of women with CRC, and 50-70%
of these patients also have extra-ovarian metastases [67, 68]. There is some evidence
that ovarian metastases may be less responsive to chemotherapy when compared to
other sites of CRC metastases [69]. The reported prognosis is highly variable, with
median OS ranging from 28 to 82 months [6, 8, 68]. Historically, some surgeons
advocated for prophylactic oophorectomy in all postmenopausal women undergoing
bowel resection for CRC. However, this practice has not been demonstrated to impact
survival, and in the absence of clinical indications, prophylactic oophorectomy is not
recommended [70, 71]. Given the relatively low surgical morbidity, and the potential
for long-term survival, resection of ovarian metastases in the setting of resectable LM
is indicated, especially if an ovarian metastasis is the only site of EHD.

Bone
The reported incidence of bone metastases in CRC is in the range of 5-7%, with

signet-ring cell subtype of CRC more commonly behaving in this fashion [72, 73].
Bone metastases are rarely an isolated site of CRC disease, and the median OS is
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between 5 and 7 months [74, 75]. The prognosis is highly variable in patients with
isolated bone metastases, and treatment with radiation or surgery can be considered,
especially for symptom control on a case-by-case basis.

Brain

Brain metastases from CRC is fortuitously rare, with a reported incidence of only
0.3-0.6%, and this is more common when the primary disease is located in the rectum
[76, 77]. Typically, brain metastases occur late in the disease course when patients
often have numerous other sites of metastatic CRC and as such confer a uniformly
dismal prognosis. In patients with CRC brain metastases, only 2—10% have isolated
brain lesions [78-80]. The decision to pursue local treatment depends on the patient’s
performance status, number and location of lesions, the presence of leptomeningeal
disease, and whether or not there are other sites of disease [81]. In general, however,
even with aggressive local treatment consisting of whole brain radiation, stereotactic
radiation, or surgery, the OS is dismal ranging from 12 to 15 months, and long-term
survival greater than 5 years is observed in less than 4% [82-86]. Often times, the
decision to treat brain metastases is driven by objectionable symptoms than an inten-
tion to alter survival. In the absence of more compelling survival benefit, routine cere-
bral metastasectomy in the setting of LM cannot be recommended.

Summary

There has been increasing enthusiasm for surgical resection in patients with both
resectable LM and EHD, despite having been previously considered a contraindica-
tion to surgery. Certainly, it has been demonstrated that in carefully selected patients,
medium- to long-term survival, and even cure, can be achieved. However, much of
the surgical evidence for resection of EHD in the setting of resectable hepatic dis-
ease is based upon single-center, retrospective studies, and as such, the possibility
of significant selection and publication bias exists. Patients with metastatic CRC
should be always discussed in a multidisciplinary setting prior to embarking on
treatment. Moreover, patients should be properly informed that the majority of indi-
viduals who undergo aggressive surgical treatment of LM in the setting of EHD will
recur. Surgical resection should be offered to selected patients who are the most
likely to benefit from metastasectomy. Those individuals with poor prognostic indi-
cators such as multiple sites of EHD, a high metastatic burden, retroperitoneal or
celiac axis LNM, brain or bone metastases, progression on neoadjuvant systemic
therapy, and short disease-free intervals should not be offered resection.
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