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SUMMARY

Metastatic disease to the liver from colorectal cancer re-
mains a significant treatment challenge. Herein, we provide
an update to our group’s previous review regarding the
innovative scientific and clinical advances in the manage-
ment of this disease.

Colorectal cancer is the second leading cause of cancer-
related deaths in the United States and accounts for an
estimated 1 million deaths annually worldwide. The liver
is the most common site of metastatic spread from
colorectal cancer, significantly driving both morbidity
and mortality. Although remarkable advances have been
made in recent years in the management for patients
with colorectal cancer liver metastases, significant chal-
lenges remain in early detection, prevention of progres-
sion and recurrence, and in the development of more
effective therapeutics. In 2017, our group held a multi-
disciplinary state-of-the-science symposium to discuss
the rapidly evolving clinical and scientific advances in the
field of colorectal liver metastases, including novel early
detection and prognostic liquid biomarkers, identifica-
tion of high-risk cohorts, advances in tumor-immune
therapy, and different regional and systemic therapeutic
strategies. Since that time, there have been scientific
discoveries translating into therapeutic innovations
addressing the current management challenges. These
innovations are currently reshaping the treatment para-
digms and spurring further scientific discovery. Herein,
we present an updated discussion of both the scientific
and clinical advances and future directions in the man-
agement of colorectal liver metastases, including adop-
tive T-cell therapies, novel blood-based biomarkers, and
the role of the tumor microbiome. In addition, we provide
a comprehensive overview detailing the role of modern
multidisciplinary clinical approaches used in the manage-
ment of patients with colorectal liver metastases, including
considerations toward specific molecular tumor profiles
identified on next generation sequencing, as well as quality
of life implications for these innovative treatments. (Cell Mol
Gastroenterol Hepatol 2023;16:881–894; https://doi.org/
10.1016/j.jcmgh.2023.08.012)

Keywords: Colorectal Liver Metastases; Adoptive T-Cell Therapy;
Tumor Microbiome; Circulating Hybrid Cells; Surgical Resection;
Hepatic Arterial Infusion; Molecular Profiling; Quality of Life.

olorectal cancer (CRC) is the third most common
1
Cmalignancy worldwide. Although CRC incidence

and mortality have decreased in many Western countries,
there is a rising global incidence of CRC in young adults,
contributing to nearly 1 million deaths annually worldwide,
and it is the second leading cause of cancer-related death in
the United States.1 Importantly, more than 50% of patients
will ultimately develop metastatic disease, with the liver
being the common site of metastases in approximately 70%
of cases. Colorectal liver metastases (CRLM) are a major
contributor toward mortality and morbidity for patients
with CRC, because preservation of liver function in the face
of liver metastases influences survival and quality of life.
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Surgical resection of CRLM remains the only potentially
curative therapeutic strategy, with modern series and ran-
domized clinical trials reporting a 5-year overall survival
(OS) upward of 50%–70% in the era of modern systemic
therapies.2 However, it is estimated that as many as 80% of
patients with CRLM are not candidates for surgical resection
at the outset,3,4 and up to 50%–60% of patients develop
disease recurrence after a curative-intent hepatic resection.5

Therefore, there is great need for continued discovery and
clinical translation of novel and improved strategies for
early identification, prevention, and treatment of patients
with CRLM.

In 2017, our group summarized the evolving paradigms in
CRLM.6 Since our review was published, there have been
numerous scientific discoveries that have been translated
into novel therapeutic strategies that have reshaped modern
treatment approaches for this disease. In this review, we
provide a contemporary overview of both the scientific and
clinical advances related to CRLMwith attention to how these
discoveries will impact the future treatment and ultimately
survival outcomes for patients with this disease (Figure 1).
Scientific Progress in CRLM
Blood-based Biomarkers

Monitoring of the disease burden and treatment
response in patients with CRLM represents an essential
component of disease management. Radiographic imaging
and biopsy-based approaches to measure disease response
carry practical and diagnostic limitations, highlighting the
considerable interest in the development of noninvasive
clinical biomarkers. The circulating protein, carcinoem-
bryonic antigen (CEA), remains a standard blood-based
biomarker for patients with CRC who have an elevation of
this protein. However, when using CEA to assess treatment
response and as part of surveillance after resection of both
primary CRC and CRLM, CEA is limited by variable sensitivity
and specificity, because the protein is produced in a number
of benign conditions and not expressed in every patient with
CRC. Given this, a new generation of promising blood-based
biomarkers have emerged, which have the potential to
inform prognostic and staging information in CRLM, allowing
insights into the patient’s unique tumor biology.

Cell-free tumor DNA or nucleic acids (cfDNA), or naked
DNA arising from tumor cell death, is one such marker
detectable in peripheral blood. A study of 14 patients with
CRC demonstrated that serum cfDNA harbored identical
KRAS point mutations found in the associated primary tu-
mor, indicating potential utility of cfDNA to provide as a
snapshot of tumor microenvironment and genetics.7 Recent
reports have prospectively demonstrated that peripheral
cfDNA levels are associated with disease recurrence in pa-
tients with CRLM after hepatic resection.8,9 However, cfDNA
is limited by its rarity in the peripheral blood and the
dissemination of cfDNA from non-tumor cells. An alternative
blood-based biomarker under development are extracel-
lular vesicles (EVs) or exosomes. These membrane-bound
vesicles carry tumor cargo such as miRNA, protein, and
DNA. Exosomes show potential to provide information on
tumor state and mutational evolution. Discrete profiles of
functional miRNAs contained within serum-isolated EVs
from patients with CRLM may relate to aggressive disease
states and have superior test characteristics when
compared with using CEA for surveillance of disease
recurrence.10,11 However, EVs are generated from both
normal healthy cells as well as tumor cells; thus challenges
with their specificity exist.

Circulating, disseminated neoplastic cells have great
promise as a biomarker to provide information on disease
burden, revealing a spectrum of tumor information
including mutational status, tissue origin, RNA, as well as
protein and cell signaling pathway activation. Convention-
ally defined circulating tumor cells (CTC) are neoplastic
cells found in circulation that express tumor epitopes/pro-
tein but do not express immune identity.12 In CRC, CTCs
correlate with poorer disease-free survival and may predict
metastatic potential when detected in higher numbers with
specific molecular profiles.13,14 However, the predominant
limitation of CTCs remains their relative paucity in circula-
tion; as few as 1–5 CTCs in 7.5 mL of peripheral blood are
found in patients with a high tumor burden, exemplifying a
significant limitation to their utility for robust genomic or
phenotypic assessment.15,16

Recent investigations have identified novel populations
of circulating neoplastic cells expressing both tumor and
immune identity and are referred to as circulating hybrid
cells (CHCs).17–21 CHCs are defined by co-expression of
epithelial markers (such as EPCAM and/or CK) and the pan-
leukocyte antigen CD45. These cells express phenotypic and
genotypic attributes of both neoplastic and immune cells
and have increased tumorigenic and metastatic potential
when compared with CTCs.18 Importantly, CHCs are reliably
found in peripheral blood at levels that are an order of
magnitude greater than CTCs, across a wide number of
malignancies, and are associated with disease progression
and burden in CRC.19,21–23 In a recent study, CHCs were
longitudinally assessed in patients with rectal adenocarci-
noma during treatment and were found to correlate with
disease response to neoadjuvant therapy, whereas CEA
levels remained unchanged.21 Furthermore, in 2 patients
with advanced, initially unresectable CRLM who were
longitudinally analyzed for their CHC levels during hepatic
arterial infusion (HAI) pump therapy, CHC levels decreased
during periods of treatment response and subsequently
increased before radiographic evidence of progression,
whereas CEA remained low until late in the disease pro-
cess.21 Taken together, these data provide exciting evidence
toward an important role for CHCs as a transformative
blood-based biomarker for both surveillance of disease
recurrence and an assessment of treatment response for
patients with CRLM.

Adoptive T-Cell Therapies
A diverse accumulation of infiltrating immune cells is a

prominent feature of all cancers.24,25 The immune system
has the ability to recognize cancer cells and destroy estab-
lished tumors by directing effector functions of cancer-
killing T cells.26,27 However, constraint of tumor T-cell



Figure 1. Modern scien-
tific and clinical para-
digms in management
and treatment options
for patients with colo-
rectal cancer liver me-
tastases (CRLM).
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effector function underlies disease progression and con-
tributes to therapeutic resistance to immune checkpoint
blockade (ie, aPD-1, aCTLA4) and the T-cell transfer ther-
apies (ie, chimeric antigen receptor [CAR], T-cell receptor
[TCR], TIL).27 In select solid cancers, such as melanoma,
non-small cell lung cancer, and mismatch repair deficient
CRC, immune checkpoint blockade has achieved significant
overall response rates (ORR) of up to 50%, even in
advanced disease.28,29 However, in mismatch repair profi-
cient (pMMR) CRCs, with a low tumor mutation burden and
therefore neoantigen burden, response rates have been
disappointing (reliably <10% ORR).30,31

An additional challenge to the application of immuno-
therapies in CRLM includes the phenomenon of immuno-
dominant suppression observed in other settings of
metastatic cancers to the liver. Liver metastases have been
identified as a negative indicator for response to immune
checkpoint inhibitors (ICI) in multiple trials involving
various primary cancers.32,33 In a cohort limited to meta-
static CRC (mCRC), the presence of liver metastases was
again associated with resistance to immune checkpoint
therapy.34 Approaches to improve checkpoint inhibitor ef-
ficacy in mCRC include combination with anti-angiogenic
drugs, as reviewed by Maiorano et al.35

These data raise the possibility of a unique biology asso-
ciated with liver metastases that prevents efficacy of therapies
that rely on invigorating an endogenous immune response.
One proposed mechanism suggests that tumor-specific cyto-
toxic T cells accumulate and undergo apoptosis in the liver,
thereby hampering the anti-tumor immune response ICI aim
to boost.36 Another proposed mechanism includes T regula-
tory cells driving tolerance to tumor antigens, specifically
when those antigens are present in the liver.37 An additional,
not mutually exclusive, explanation is that the unique immu-
nologic hallmarks of the liver, including resident macrophages
and significant numbers of natural killer and natural killer T
cells,38 constrain T-cell responses. Resolution of these hurdles
will require novel combinations or approaches.

Adoptive T-cell transfer therapies represent a program-
mable and flexible alternative. T cells used in transfer for
the treatment of solid cancer include those that target an-
tigens unique to tumor cells and those that share expression
with healthy tissues. In one scenario, a patient’s own tumor-
reactive T cells are isolated from their tumor, exponentially
expanded ex vivo, and infused back into the patient. This
approach is referred to as tumor infiltrating lymphocyte
adoptive therapy and has been successful in patients with
melanoma.39,40 Another strategy relies on genetic engineering
of autologous T cells to imbue the recognition of a cancer
antigen (unique or shared). This strategy includes T cells that
express an engineered TCR or CAR. The most clinically suc-
cessful case is CD19 CAR-T cells (76% ORR), of which there
are 6 Food and Drug Administration–approved treatments for
treatment-resistant hematologic malignancies.41

The potential of adoptive T-cell therapy in the setting of
mCRC is nicely illustrated by 2 examples. In one case, a
patient with CRC metastatic to the lung had their own tumor
reactive T cells expanded ex vivo and reinfused, resulting in
shrinkage of all lung lesions.42 In the second example, pa-
tient cells were engineered to express a TCR against CEA,
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which is overexpressed in mCRC.43 In both patients, serum
CEA decreased after engineered cell infusion, and one pa-
tient had measurable decrease in liver lesion size.

The current limitation to the widespread adoption of
CAR-T cell therapy in solid cancers, including patients with
CRLM, is treatment-induced toxicity. For example, all of the
patients who received cells engineered with a CEA-targeting
TCR developed severe, dose-limiting colitis. This was a
result of on-target, off-tumor toxicity: the engineered T cells
attacked any cells expressing CEA, which include the healthy
colonic epithelium. This example is emblematic of the larger
problem; most engineered T cells target a shared antigen,
which is overexpressed in cancer and also may be found on
healthy cells in the body. As a result, on-target off-tumor
toxicity is a major barrier to implementation; efforts are
underway to limit this toxicity.44 If successful, strategies to
limit on-target, off-tumor toxicity will unleash the potential
of adoptive cell therapy for treating patients with CRLM.
Tumor Microbiome. The gut microbiome refers to the
collective group of microorganisms (ie, bacteria, virus, and
fungi) inhabiting the gastrointestinal tract and producing
metabolites vital to human health. Whereas gut dysbiosis
has been implicated in the development of CRC, recent ev-
idence supports an association between the gut microbiome
and the development of CRLM, postulated to be influenced
by enterohepatic circulation directly linking the gastroin-
testinal tract to the liver. Sun et al45 found that patients with
mCRC had significantly decreased microbial diversity, and in
the subset of patients with CRLM, there was an enrichment
of select species of bacteria including Fusobacterium spe-
cifically. Perhaps even more compelling, Bullman et al46

demonstrated that patients who have a primary CRC with
synchronous liver metastases exhibit concordant intra-
tumoral microbial genera in the primary and metastatic
sites, with a similar enrichment of Fusobacterium species. In
addition, Chen et al47 reported that the abundance of fecal
Fusobacterium is significantly increased in patients with
intact primary CRC with synchronous CRLM compared with
patients without metastatic disease. Taken together, these
studies suggest that decreased intestinal microbial diversity
and potentially a predominance of Fusobacterium species
are associated with the development of CRLM development.

A number of groups have investigated underlying
mechanisms for how the microbiome influences the devel-
opment of CRLM. The gut-vascular barrier (GVB), presence
of microbiome-produced oncometabolites, and microbiome-
induced Kupffer cell reduction are identified as potential
drivers of metastasis.48–55 The GVB regulates the exposure
of metabolites and microorganisms between the intestinal
epithelial layer and the systemic circulation. Damage to the
GVB leads to systemic inflammation and may promote
CRLM development.48,49 Bertoochi et al48 identified a spe-
cific strain of Escherichia coli (C17) that directly disrupts the
GVB, promoting bacterial translocation to the liver, to form a
premetastatic niche. The authors hypothesize this creates a
pro-tumorigenic inflammatory milieu potentially favoring
the development of liver metastases.

Specific gut-derived oncometabolites have been implicated
in the development of CRLM. Formate is a metabolite derived
from a variety of bacteria, including Fusobacterium, and has
been shown to increase the invasive potential of CRC cells in
experimental models by inducing stem cell traits that propa-
gate metastasis.52 D-2-hydroxyglutarate, a by-product of
cancer-cell glutamine metabolism, was shown to directly
induce epithelial-mesenchymal transition in colorectal cancer
cells.50 Kynurenine, a metabolite of tryptophan, was found to
regulate the growth-promoting genes in colon cancer cells.53

Taken together, these 3 oncometabolites may drive the
development of CRLM within the microbial milieu.

Kupffer cells are resident liver macrophages hypothe-
sized to play a role in cancer progression. These cells
are able to undergo M1 (pro-inflammatory) and M2 (anti-
inflammatory) repolarization.51 Although the gut-liver-
Kupffer cell interaction is complex and incompletely
understood, there is evidence to suggest that Kupffer cells
have inhibitory and stimulatory roles in tumor develop-
ment. Murine Kupffer cell-depletion models demonstrate
this bimodal effect, with Kupffer cells exhibiting an early
inhibitory function and a later stimulatory effect on tumor
growth.54 Furthermore, inoculation with Proteus mirabilis
inhibited Kupffer cell proliferation, promoting an increased
risk of developing liver metastases in murine models,
whereas inoculation of Bacteroides vulgatus significantly
increased Kupffer cell proliferation, leading to a decrease in
liver metastases development.55
Clinical Progress in CRLM
Hepatic Resection

Despite only a minority of patients being candidates,
hepatic resection of liver metastases remains the only
curative treatment modality in the management of patients
with CRLM. For a patient to be considered resectable, the
liver remaining after resection must have intact hepatic
arterial and portal venous inflow along with intact biliary
and hepatic venous outflow in a liver volume sufficient to
support physiological function. In a series of more than
1000 patients Scheele et al56 reported a median OS of 7
months and 15 months in patients with unresected and
resected CRLM, respectively. For patients who had re-
sections with negative liver parenchymal margins, the me-
dian survival increased to 30 months with 5-year OS of
38%. In a follow-up study by the same group, 5 years later,
for patients resected with negative margins, the authors
reported 5- and 10-year OS of 40% and 24%, respectively,
with a recurrence-free survival of 34% at 5 years.57 These
data were reported in the 1990s and have since been vali-
dated by several high-volume institutions with modern
chemotherapy regimens.58–60 In the current era, treatment
with cytotoxic chemotherapy alone without hepatic resec-
tion has reached 10%–12% OS at 5 years as compared
with 5-year OS of 40%–60% when patients with CRLM have
their metastatic disease resected as part of their
management.61–63

Recurrence of metastatic disease after the initial hepatic
resection of CRLM occurs in upward of 50%–60% of pa-
tients, with intrahepatic recurrence being the predominant
site in 20%–47% of patients.5,64,65 The phenomenon of
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disease recurrence after a curative intent resection of all
radiographically and intraoperative disease is reflective of
the undoubted occult micrometastatic disease burden that is
not visualized and addressed during an operation. For pa-
tients with recurrent CRLM, when limited to the liver and
technically feasible, repeat resection is safe and is associated
with an improvement in OS compared with treatment with
chemotherapy alone.65 Although no randomized controlled
trials have investigated this, several retrospective studies
have demonstrated 5-year OS from 30% to 50% after repeat
resection.61,65–67 In a retrospective review of 488 patients,
Neal et al68 demonstrated 3- and 5-year OS of 82% and
48%, respectively, in those undergoing repeat resections for
CRLM liver recurrence, compared with 46% and 32% for
those who did not; median survival was 59 months
compared with 33 months, favoring those who underwent
repeat resection. Furthermore, de Jong et al61 demonstrated
5-year OS of 33% and 24% for first and second repeat he-
patic resections, respectively. It is important to note that
patient selection and disease biology are important factors
in predicting long-term outcomes, because patients with
good clinical performance status, longer disease-free in-
tervals, and solitary lesions tend to have improved survival
outcomes with hepatic resection.69 These considerations are
essential for a disease where there are now 2 phase III trials
randomizing patients with resectable CRLM to hepatic
resection alone compared with perioperative treatment
with modern chemotherapy regimens that do not show an
OS benefit with the addition of chemotherapy.70,71

Systemic Therapies and Molecular Profiling. Current
treatment guidelines for patients with CRLM recommend
first-line chemotherapy with fluoropyrimidines (5-
fluorouracil [FU], capecitabine), oxaliplatin, and/or irinote-
can delivered as either doublet (FOLFOX, CAPOX, FOLFIRI)
or triplet (FOLFOXFIRI) regimens. In the last 15 years, these
cytotoxic chemotherapy regimens have often included the
addition of monoclonal antibodies targeting epidermal growth
factor receptor (EGFR) (ie, cetuximab, panitumumab) or
angiogenesis (ie, anti-vascular endothelial growth factor re-
ceptor [ie, bevacizumab]).72,73 However, the specific regimen,
timing, and duration of therapy are nuanced because treat-
ment management must account for several patient-specific
factors (ie, surgical resectability, performance status, hepato-
toxicity risk, right-sided versus left-sided primary CRC dis-
ease, and mutational profile from next generation
sequencing). All of these factors are weighed together along
with the patient’s overall clinical goals including prolonging
survival, disease down-staging to facilitate a potential hepatic
resection, or for palliative intent.

For patients with upfront technically resectable CRLM,
perioperative chemotherapy is associated with improved
progression free survival (PFS) of upward of 10% at 5 years
but no difference in OS as demonstrated in the European
Organization for Research and Treatment of Cancer
(EORTC) 40983 and JCOG0603 randomized phase III clinical
trials.70,71 However, for patients with resectable CRLM,
preoperative chemotherapy is used in many centers
throughout the world to “test the disease biology” and often
helps facilitate liver resection with maximal parenchymal
perseveration to minimize postoperative morbidity.
Combining chemotherapy with EGFR or vascular endothelial
growth factor receptor blockade is a well-documented
approach for disease downsizing in patients with CRLM
initially considered unresectable.74,75 For patients with
initially unresectable disease that is microsatellite stable
(MSS)/pMMR, doublet regimens (FOLFOX or FOLFIRI) are
recommended as a first-line strategy. The choice of targeting
EGFR or angiogenesis is largely influenced by mutational
status and primary CRC disease sidedness.76 For example,
constitutive downstream signaling in RAS or BRAF mutant
tumors renders tumors insensitive to EGFR-based therapy
and should be avoided.72,77 Likewise, first-line anti-EGFR
containing chemotherapy regimens are not recommended for
patients with mCRC originating from right-sided primary tu-
mors, which are characterized by wild-type KRAS/NRAS or
BRAF mutations.78,79 In contrast, for patients with RAS wild-
type, primarily non-resectable mCRC, combined treatment
with FOLFOXIRI and panitumumab converted 75% of patients
to resectable, as compared with 36% of patients who received
FOLFOXIRI alone.75 However, the toxicity of the triplet
chemotherapy regimen warrants careful patient selection.79

For patients with unresectable CRLM, treatment is
largely with doublet or triplet chemotherapy regimens,
often combined with an agent targeting EGFR or angiogen-
esis. A meta-analysis of 5 phase II or III randomized
controlled trials shows a strong association with improved
clinical outcomes among patients with mCRC who receive
FOLFOXIRI and bevacizumab as compared with doublet
regimens with bevacizumab, with a doubling of the esti-
mated 5-year OS (22% vs 11%) for patients treated with
FOLFOXIRI with bevacizumab.80–82 Patient selection and
support of side effects during this chemotherapy regimen are
paramount because there can be a frequent occurrence of
diarrhea, neurotoxicity, and neutropenia with younger and
more fit patients with right-sided and/or RAS-mutated CRC
thought best able to tolerate and derive the most benefit from
this more intensive first-line regimen.80 Treatment options for
patients who are not candidates for intensive doublet or
triplet chemotherapy include 5-FU or capecitabine with or
without bevacizumab or irinotecan alone.73,83 Findings from
the recent PANDA trial suggest that 5-FU with panitumumab
may provide yet another alternative for elderly patients with
RAS/BRAF wild-type mCRC and CRLM.84

Current guidelines recommend completion of next gen-
eration sequencing from the primary CRC or CRLM biopsy at
the outset of metastatic disease diagnosis. This facilitates
consideration of possible targeted treatment options
relating to KRAS, NRAS, BRAF, TP53, PIK3CA, APC, HER2
amplification (ERBB2), neurotrophic tyrosine receptor ki-
nase, rearranged during transfection (RET) fusions, as well
as high microsatellite instability (MSI-H) and deficient
MMR.73 The continued improvements in the identification of
biomarkers and altered molecular pathways have enabled
optimization of existing treatment strategies, as well as
development of novel targets that can be therapeutically
exploited, including those previously thought to be
undruggable. Recently, there has been significant work in
the development of inhibitors targeting tumors harboring
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KRAS mutations, such as adagrasib and sotorasib, that
selectively inhibit KRAS G12C.85–89 As a monotherapy, tar-
geting KRAS G12C alone may not be an ideal strategy
because adaptive feedback within the RAS-MAPK signaling
pathway may provide a mechanism of resistance.90 Rather,
several ongoing trials are examining targeting of KRAS G12C
in combination with EGFR inhibition. In the phase II
CodeBreak-101 trial, the combination of sotorasib and
panitumumab in 26 patients with KRAS G12C mCRC ach-
ieved ORR of 30% and median PFS (mPFS) of 6 months.89

Comparably, the phase I/II KRYSTAL trial combining ada-
grasib and cetuximab was associated with ORR of 46% and
mPFS of 7 months.88 Although KRAS G12C mutations
comprise only 7% of all colorectal cancer, the ability to
effectively target this mutation marks an important mile-
stone for treating this small subset of patients. These ad-
vancements have aided the development of newer agents
targeting other KRAS mutations, including the more com-
mon KRAS G12D.90,91

Patients with BRAF mutations represent another small
subset that may benefit from targeted therapy.92 Found in
approximately 10% of CRC cases, BRAF V600E mutations
occur more commonly in RAS wild-type and right-sided
tumors. On the basis of findings from the BEACON trial,
targeting BRAF mutant CRC with the oral tyrosine kinase
inhibitor, encorafenib, in combination with cetuximab is a
Food and Drug Administration–approved second-line
therapy.92 Building on this, the BREAKWATER trial is
currently examining this combination in previously un-
treated mCRC with or with chemotherapy.93 Encouraging
preliminary findings from 12 mCRC patients with BRAF
V600E mutations receiving treatment in the first-line
setting showed that encorafenib in combination with
cetuximab and mFOLFOX6 achieved ORR of 75%.93 Addi-
tional correlative analyses also suggest there is an in-
crease in T-cell infiltration after BRAF inhibition;
subsequent trials are exploring the combination of BRAF
inhibition with immunotherapy.94,95

The current use of immunotherapy for CRC is largely
limited to a small subset (w5%) of patients with MSI-H/
dMMR cancers. The addition of immune checkpoint
blockade to upfront chemotherapy (with or without anti-
EGFR or anti-angiogenic agents) confers significant clinical
benefit for this subset of patients.96–99 Findings from the
KEYNOTE-177 trial show that anti-PD-1 antibody, pem-
brolizumab, in combination with chemotherapy (with or
without bevacizumab or cetuximab) achieves a nearly
doubled mPFS (17 months) compared with chemotherapy
alone (8 months). Importantly, the median OS was not
reached for patients receiving pembrolizumab, whereas the
mOS was 37 months among those given traditional systemic
therapy.96,97 Likewise, in the CheckMate-142 trial, first-line
treatment with the combination of anti-PD-1, nivolumab,
and anti-CTLA4, ipilimumab, yielded 2-year PFS and OS
rates of 51% and 72%, respectively.98,99 This combination
of nivolumab and ipilimumab provides a treatment option
for when potential toxicity from chemotherapy is concern-
ing in patients with poor functional status. Unfortunately,
for the majority of patients with MSS/pMMR tumors,
attaining robust and durable responses using current
immunotherapy strategies has not been successful.100–103

Ongoing efforts to improve immunotherapy options for
patients with mCRC having MSS/pMMR include combina-
torial approaches leveraging chemotherapy, angiogenesis
blockers, and other targeted therapies.102,104,105

Ablative Therapies
A growing body of evidence has supported the integra-

tion of thermal ablation into the treatment paradigm of
patients with CRLM. A number of ablative techniques exist
and are offered through percutaneous, laparoscopic, or open
surgical techniques. The 2 most common modalities are
radiofrequency ablation (RFA) and microwave ablation
(MWA), which both induce coagulative tissue necrosis
through inducing locally directed hyperthermia. In addition,
irreversible electroporation (IRE) has emerged as a non-
thermal ablative modality that can safely ablate small tu-
mors adjacent to sensitive ductal and vascular structures,
such as central tumors near the biliary tree, without damage
to these structures, allowing for preserved hepatic function
of the involved liver.106 The experience with the newer
technologies of MWA and IRE is more limited with few
direct head-to-head prospective comparisons.107 Similar
outcomes to RFA have generally been reported, and out-
comes from RFA are thought to extrapolate to MWA as a
closely related thermal ablation modality.108 Although IRE
has proportionally most limited data regarding treatment
outcomes, it is a modality that has a niche application, with
outcomes to date suggesting similar outcomes to standard
thermal ablative techniques.109 Regardless of the modality
used, careful patient selection and application of technique
are crucial to effective outcomes. Achieving a suitable
ablation margin of at least 5–10 mm has also been shown to
correlate with more effective tumor control and recurrence-
free intervals.108,110

Tumor ablation most conventionally is a treatment op-
tion for nonsurgical candidates, such as those who are un-
able to proceed with hepatic resection because of tumor
location, medical comorbidities, and insufficient future liver
remnant. In a randomized phase II clinical trial comparing
systemic therapy alone versus systemic therapy combined
with RFA for those with unresectable CRLM, Ruers et al111

demonstrated improved 3-year PFS in patients receiving
combined treatment when compared with systemic therapy
only (28% vs 11%). A follow-up analysis in the same cohort
demonstrated 3-, 5-, and 8-year OS of 57%, 43%, and 36%
in the combined arm, as compared with 55%, 30%, and 9%,
respectively.112 Similarly, Solbati et al113 evaluated long-
term survival outcomes with systemic therapy plus RFA in
a cohort of patients not eligible for surgical resection and
demonstrated 5- and 10-year survival of 48% and 18%,
respectively. It is important to note that regardless of mo-
dality, ablative therapies are typically most effective with
solitary or few lesions that are relatively small (<3 cm), are
not located near large blood vessels (heat sink effect), and
with complete ablation of the entire lesion with sufficient
ablation margins, because these factors are associated with
decreased local recurrence.110,112
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There is growing evidence to suggest a role for tumor
ablation for lesions that are technically resectable, in
conjunction with surgical resection or possibly alone.
Percutaneous thermal ablation offers several benefits as
compared with hepatic resection; it is typically an outpa-
tient procedure, associated with less post-procedural
morbidity, can preserve more healthy hepatic parenchyma,
and may have similar long-term survival outcomes in
carefully selected patients. In a multicenter retrospective
review, Evrard et al114 reported on the safety and efficacy of
combined intraoperative ablation and hepatic resection,
with reported 5-year OS of 45%. Data comparing hepatic
resection head-to-head against thermal ablation are difficult
to interpret because of their retrospective and inherently
biased nature. One systematic review of the literature sug-
gested similar survival in those undergoing surgical resec-
tion as compared with RFA with systemic chemotherapy or
MWA alone.115 However, a separate meta-analysis sug-
gested a lower complication rate associated with RFA when
compared with surgical resection, although also an associ-
ated lower OS.116 Although it is clear that ablative therapies
play an integral role in the management of CRLM, more data
are needed to define the scope of these therapies. Ran-
domized prospective clinical trials are ongoing to accurately
assess hepatic resection vs thermal ablation in those with
CRLM (eg, COLLISION trial; NCT03088150).
Hepatic Arterial Infusion
For patients with multifocal, unresectable CRLM, treat-

ment with systemic chemotherapy remains an essential
cornerstone of disease management. However, treatment
with chemotherapy can be associated with intolerable side
effects and toxicities. HAI offers liver-directed regional
therapy with the potential to provide maximal disease
control while minimizing systemic toxicity. The delivery of
HAI chemotherapy is facilitated by surgical implantation of a
chemotherapy pump into the abdominal wall with a con-
nected intra-abdominal catheter sutured into the hepatic
arterial system. The HAI pump reservoir is subsequently
filled with chemotherapy, which is then delivered as fixed
daily dose.117 Treatment with HAI exploits tumor biology to
provide maximal treatment to cancer cells in the liver,
because normal hepatocytes derive a majority of their blood
supply from the portal venous system, whereas cancer cells
derive their blood supply predominantly from the hepatic
arterial system.118 In addition, chemotherapeutic agents
with optimal pharmacokinetic profiles are favored as HAI
agents. For example, floxuridine is the most commonly used
agent because of its pharmacokinetic characteristics
including a high first-pass extraction and short plasma half-
life that result in a 400-fold greater hepatic drug exposure
compared with systemic delivery, with minimal systemic
toxicity.119,120

In patients with unresectable CRLM, treatment with HAI
floxuridine alone compared with systemic 5-FU has
demonstrated an increased median OS (24 vs 20 months,
P ¼ .0034).121 However, current therapeutic strategies
involve using HAI in conjunction with systemic therapy to
maximize hepatic disease response for both disease control
and conversion to resectability, although randomized pro-
spective data evaluating this strategy are lacking at present.
This will be investigated in the upcoming EA222 PUMP trial
(NCT05863195), which will randomize patients with unre-
sectable CRLM in a 2:1 fashion to combined treatment with
HAI floxuridine and systemic therapy or to treatment with
continued systemic therapy alone. In addition, for patients
with unresectable CRLM, HAI is emerging as an effective
therapeutic strategy to facilitate downstaging of the liver
disease to allow for complete hepatic clearance of the me-
tastases.122 Kemeny et al123 reported on their experience of
49 patients with unresectable CRLM treated with HAI flox-
uridine in combination with modern systemic chemo-
therapy. Liver-directed therapy allowed conversion to
resection in 23 patients (47% overall conversion to resec-
tion) and 45 patients having either partial or complete
radiologic responses. Both patients who were
chemotherapy-naive and previously treated patients had
significant response rates to therapy (100% and 85%
response rates, respectively). Patients who were
chemotherapy-naive also had longer median overall survival
of 51 months vs 35 months (P ¼ .02). Ultimately, by
providing maximal treatment to patients with unresectable
disease, the integration of HAI therapies can offer superior
response rates and facilitate the ultimate goal of hepatic
resection to offer the best chance at long-term survival.
Transarterial Therapies
Percutaneous transarterial therapies for liver cancers

grew as an extension of HAI therapy, with the earliest ex-
periences in the 1970s and 1980s.124,125 The recognition
that transarterial therapy in the liver was well-tolerated and
potentially more efficacious than intravenous drug delivery,
along with the developing technology of embolization to
concomitantly disrupt tumor blood supply, spurred the
growth of transarterial chemoembolization (TACE). Despite
the conceptual benefit of transarterial therapy, the primary
indication remains palliation for disease refractory to sys-
temic chemotherapy. Various chemotherapeutic drugs have
been used in the setting of TACE for CRLM with variable
outcomes.126 Treatment with irinotecan-loaded polymer
microspheres has been one of the more modern iterations of
TACE for colorectal liver metastases, with favorable safety
and efficacy relative to historical standards.127 However, the
role of TACE in the palliative setting and the heterogeneity
of clinical protocols limit the granularity of data with which
to compare this strategy with others.

Transarterial radioembolization, most commonly using
the beta-emitter, yttrium-90 (Y90), has rapidly grown in use
for primary liver cancers such as hepatocellular carcinoma
and intrahepatic cholangiocarcinoma but has been used in
patients with CRLM since the early 2000s. As a form of very
high-dose brachytherapy leveraging delivery via the primary
arterial blood supply of hepatic tumors, radioembolization
has been shown to be safe and well-tolerated in select pa-
tients.128 The first Food and Drug Administration-–approved
indication for Y90 radioembolization was for the treatment of
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CRLM. This indication was based on a phase III randomized
controlled trial that demonstrated improved radiographic
objective response rates, biochemical response rates, and PFS
comparing transarterial delivery of Y90 to the liver with
concomitant hepatic arterial chemoinfusion therapy with
hepatic arterial chemoinfusion therapy alone.129 Use of Y90
radioembolization for CRLM has subsequently been studied
in first-line, second-line, and salvage settings.128,130–132 For
chemorefractory disease, radioembolization has been shown
to be safe and well-tolerated and results in improved OS
compared with supportive care by historical controls in
observational retrospective studies.128 Recent prospective
randomized controlled trials have assessed the role of radi-
oembolization with concomitant systemic therapy in both
first- and second-line treatment of mCRC with liver-only or
liver-dominant disease.130–132 Outcomes using radio-
embolization as part of first-line treatment have thus far
shown no benefit over systemic therapy alone for OS, with
the possible exception of metastatic disease from a right-
sided colonic primary.130,132 In the second-line, a recent
trial reached its intended endpoint with improved PFS with
radioembolization and systemic therapy compared with
systemic therapy alone, with a similar safety profile.131

However, overall survival remained similar between the 2
strategies. Thus, despite prolonged recurrence-free survival
in the liver, at present there is not enough evidence to sug-
gest that use of Y90 will impact OS compared with other
therapeutic options. Ongoing strategies regarding delivery
technique, sequencing of treatments, and potential synergy
with immunotherapy remain areas of active investigation.133
Stereotactic Body Radiation Therapy
Stereotactic body radiation therapy (SBRT) is a highly

focused outpatient delivery of noninvasive but potent ra-
diation therapy doses to the tumor while minimizing radi-
ation dose to surrounding organs at risk. Although SBRT has
not been directly compared with other liver-directed ther-
apy modalities for the treatment of CRLM, there are a
multitude of prospective clinical trials reporting on its
safety and local control capabilities.134–136 A pooled analysis
of multiple studies assessing SBRT local control for a total of
290 liver metastases revealed that higher vs lower biolog-
ical effective doses yielded higher 1- (96% vs 84%), 2- (93%
vs 70%), and 3-year (93% vs 65%) local control,137 sug-
gesting a relative radio-resistance of CRLM as compared
with primary liver cancers.

There are limited reported randomized clinical trials for
patients with oligometastatic colorectal cancer comparing
chemotherapy alone with chemotherapy plus local therapy
for metastases for any modality, surgical or nonsurgical. The
SABR-COMET trial was an international randomized phase
II clinical trial of 99 patients with primary cancers
controlled with systemic therapy and 1–5 metastatic lesions
amenable to SBRT. Patients were randomized in 1:2 ratio
between palliative standard of care (SOC) treatments and
SOC plus SBRT to all metastatic lesions. All cancer histol-
ogies were included (CRC in 27% in SOC arm and 14% in
SOC plus SBRT arm) with an over-representation of breast
and prostate cancers. Most common sites of metastases
were bone and lung, with nearly 20% of patients harboring
liver metastases. The addition of SBRT to SOC treatments
(chemotherapy) improved 5-year OS from 18% to 42% (P ¼
.006), with a limited sample size preventing any conclusions to
be drawn from the CRLM only disease cohort.138 Larger and
confirmatory phase III trials of SBRT in the oligometastatic
setting are ongoing and will include patients with CRLM.139

Liver SBRT in patients without cirrhosis is well-
tolerated, with a minimal risk of radiation-induced liver
disease for properly selected patients with sufficient liver
volumes. Proximity of metastatic lesions (<5 mm) to
radiosensitive endoluminal organs poses the greatest chal-
lenge to safely delivering SBRT. However, respiratory mo-
tion management and image-guided techniques with or
without fiducial markers may allow for smaller treatment
margins and resultant minimization of ablative doses to
surrounding organs. More recently, development of on-
treatment magnetic resonance image guidance with MR-
Linac technologies has allowed for more superior and
real-time soft tissue visualization that may in turn allow for
even smaller and safer setup margins. Similar to percuta-
neous thermal ablative techniques and transcatheter arte-
rial treatments, SBRT can be used in conjunction with
resection in patients with short-interval radiographic
recurrence after hepatic resection as part of a multidisci-
plinary approach to eradicate liver metastases.
Quality of Life and Survivorship Considerations
Having cancer has an unquestionable negative impact on

the quality of life (QOL) of patients, which is related to the
disease process itself, symptoms, treatment used, and soci-
odemographic factors.140,141 The concept of QOL is multi-
dimensional and defined as “an individual’s perception of
their position in life in the context of the culture and value
systems in which they live and in relation to their goals,
expectations, standards and concerns”.142 Importantly, QOL
embodies the wholeness of a person’s experience and in-
cludes physical (ie, pain, sleep), psychological (ie, anxiety,
depression), social (ie, roles, finances), and spiritual do-
mains (ie, meaning of illness).143,144

As a patient-reported outcome (PRO), QOL assessments
are being integrated into clinical trials but in a limited ca-
pacity at present. For patients with mCRC, QOL is not
adequately captured and is absent in a high portion of
seminal publications including recent randomized trials.145

In a recent published literature review on QOL assessment
and reporting in phase III trials for patients with CRC, QOL
was not listed among endpoints in 41 of 67 publications.145

In 12 of 18 mCRC trials with OS as the primary endpoint and
in 20 of 29 trials with other endpoints (PFS, treatment
response), no QOL data were available.145 Because of the
modest benefit in OS with repeat hepatic resection
compared with chemotherapy alone and the larger impact
on PFS, there are important QOL and survivorship consid-
erations. PRO measures reflecting the “time toxicity” of
amount of time patients spend in the infusion unit and the
cumulative side effects associated with systemic treatment
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deserve attention. These considerations are essential for a
disease where there are now 2 randomized trials that do not
show an overall survival benefit with the addition of peri-
operative chemotherapy for patients with resectable CRLM,
although they do suggest a 15% incidence of permanent
neuropathy as related to oxaliplatin-based therapy.146 The
only potential benefit is a modest improvement in
recurrence-free survival that may come at the expense of
significant treatment toxicity and an impact on the QOL for
patients and their families.

The most commonly used measures to assess QOL for
patients with cancer include the EORTC QOL Questionnaire
(EORTC QLQ-C30),147 the Functional Assessment of Cancer
Therapy-General (FACT-G),148 the EuroQOL-5D,147 and the
Medical Outcome Study Short Form.149 The EORTC QLQ-C30
and the FACT-G are cancer specific, whereas the EuroQOL-
5D and Medical Outcome Study Short Form can be used
with different diseases. To capture symptoms specific to
patients with CRC and CRLM the EORTC QLQ-CR29 or the
EORTC QLQ-LMC21 are also used, which cover CRC-specific
questions and symptoms related to liver metastases
including activity and nutritional experiences, respectively.
Importantly, these measures assess physical, psychological,
and social QOL domains, with a lack of attention to spiri-
tuality. Although data have been mixed, studies have re-
ported positive correlations between spirituality and mental
and physical health.150 These findings speak to the impor-
tance of including spirituality as a specific domain in QOL
assessments. In a qualitative study of patients with mCRC
receiving non-curative chemotherapy, the authors report
that patients used cognitive, affective, and behavioral stra-
tegies to increase spiritual well-being as changes occurred
in their life. Most patients focused on achievable positive
goals and adjusted long-term goals.143

Future research should include the development of well-
designed and validated QOL measures addressing the needs
of patients with mCRC and specifically CRLM. Furthermore,
incorporating the collection of qualitative data (ie, in-
terviews) as essential endpoints in clinical trials will pro-
vide in-depth patient perspectives on how they define QOL,
how the domains of QOL play into the most relevant con-
siderations and goals of their choice of treatment, and how
each domain may change over time. Combining results from
quantitative and qualitative patient QOL assessments allows
the treatment team to consider the impacts of treatment
benefits, safety, feasibility, and tolerability to provide a more
granular insight to guide treatment selection and decisions
that are patient centered.

Conclusions and Future Directions
Patients with CRLM have an unquestionably unique dis-

ease biology among those with stage IV cancers. Compared
with other patients with stage IV gastrointestinal cancers,
treatment of the metastatic disease in the liver can confer
upward of 20% cure with no evidence of disease at 10 years
in carefully selected patients. The efforts to understand these
exceptional responders have led to numerous novel scientific
discoveries and to the evolution of clinical paradigms all
directed to improve the outcome of patients diagnosed with
CRLM. In the era of molecular profiling, it remains clear that a
one-size-fits-all approach is ineffective for the spectrum of
cancer biology contained within the broad category of CRLM.
We believe a multidisciplinary treatment strategy should be
tailored to the individual patient and their unique cancer
biology. Ultimately, we need to support ongoing basic scien-
tific investigations having the potential to translate discovery
from the bench to patients to improve the clinical outcomes
for patients with CRLM.
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