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Abstract
Purpose  Nearly one-third of patients diagnosed with colorectal cancer (CRC) will ultimately develop metastatic disease. 
While a small percentage of patients can be considered for curative resection, more patients have limited disease that can 
be considered for local therapy. Challenges remain in defining oligometastatic CRC as well as developing treatment strate-
gies guided by high level evidence.
Methods  In this review, we present the challenges in defining oligometastatic CRC and summarize the current literature on 
treatment and outcomes of local therapy in patients with metastatic CRC.
Results  For patients with liver- and/or lung-confined CRC metastases, surgical resection is the standard of care given the 
potential for long-term progression-free and overall survival. For patients with liver- or lung-confined disease not amena-
ble to surgical resection, non-surgical local therapies, such as thermal ablation, hepatic arterial infusion pump (HAIP), or 
stereotactic body radiation therapy (SBRT), should be considered. For patients with more advanced disease, such as lymph 
node or bony metastases, the role of metastasis-directed therapy is controversial. Emerging data suggests that SBRT to ablate 
all metastases can improve progression-free and overall survival.
Conclusion  Multidisciplinary management is critical for patients with metastatic CRC due to the complexity of their cases 
and the nuanced patient, tumor, biological, and anatomical factors that must be weighed when considering local therapy. 
High-quality prospective randomized data in CRC are needed to further clarify the role of local ablative therapy in patients 
with unresectable oligometastatic CRC with ongoing studies including the RESOLUTE trial (ACTRN12621001198819) and 
the upcoming NCTN ERASur trial (NCT05673148).
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Introduction

Colorectal cancer (CRC) remains the second leading cause 
of cancer-related death in the USA with an estimated 
150,000 new diagnoses and over 52,000 deaths in 2022 [1]. 
Approximately 20–25% of patients present with metastatic 
disease at diagnosis and another nearly 20% develop meta-
static disease following curative treatment [2]. A minority 
of patients with metastatic disease are eligible for curative-
intent resection, but many patients develop a limited num-
ber of metastatic lesions that might be considered for local 
therapy [3].

Despite significant retrospective data showing the benefit 
of local therapy in patients with metastatic CRC (mCRC), 
primarily in those with liver-only metastases, little prospective 
data exists to guide management. In addition, with advances 
in imaging, systemic therapy, and local therapy (including 
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surgery and ablative modalities), an ever-increasing num-
ber of metastatic lesions can be detected and treated with 
local therapy. Challenges remain in defining oligometastatic 
CRC and determining who should be considered for local or 
regional therapy. The purpose of this manuscript is to review 
current definitions of oligometastatic cancer, place CRC in 
context of those definitions, and summarize the current lit-
erature describing treatment and outcomes of local therapy 
in patients with mCRC.

Defining Oligometastatic Colorectal Cancer

One challenge is in the very definition of oligometastatic dis-
ease. It may be nearly impossible to craft a uniform definition 
applicable for all disease histologies and tumor biology. So, 
imaging currently serves as the mainstay for defining oligo-
metastatic disease [4]. Experts from the European Society 
for Radiotherapy and Oncology (ESTRO) and the American 
Society for Radiation Oncology (ASTRO) performed a sys-
tematic review of the literature and Delphi process to formu-
late a consensus document on identifying and treating oligo-
metastatic disease based on a radiation oncology perspective 
[5]. This committee agreed that the oligometastatic state is 
independent of primary tumor type, histology, and metastatic 
site. In their definition, the maximum number of lesions and/
or sites that defined oligometastatic disease was dictated by 
what could be treated safely with curative-intent ablative radi-
ation therapy rather than an absolute number. However, with 
limited literature available including more than five sites of 
disease, the authors felt that five lesions should be an upper 
bound outside of a clinical trial. The consensus document also 
highlighted some important disease qualifiers when thinking 
about the oligometastatic state. The definition was further 
elucidated in another consensus statement from ESTRO and 
EORTC [6]. As a brief and incomplete summary, they deter-
mined that patients can present with either synchronous (de 
novo) oligometastatic disease where the primary tumor and 
limited number of metastatic sites are detected simultaneously 
or metachronous (oligorecurrence) disease where the primary 
tumor was previously treated and an oligometastatic recur-
rence follows a certain systemic therapy-free interval. Patients 
with a history of polymetastatic disease can also have induced 
oligometastatic disease following a favorable response to sys-
temic therapy. Finally, those with a prior history of oligo-
metastatic disease can recur and have repeat oligometastatic 
disease following prior systemic or local therapy.

While identification of oligometastatic disease is primar-
ily based on imaging findings, emerging data on molecular 
subtype may identify subsets of CRC patients that dispro-
portionately benefit from local therapy compared to other 
patients. Pitroda et al. reported on three distinct subtypes 
of 134 patients with colorectal liver metastases based on 

molecular features of their liver tumors [7]. When combined 
with clinical risk stratification, the molecular subtypes were 
complementary to identify low-risk, intermediate-risk, and 
high-risk patient groups with 10-year OS rates of 94%, 45%, 
and 19%, respectively—thus helping to separate patients 
who may be able to undergo curative resection of their liver 
metastases with anticipated long-term survival from those 
with a high risk of recurrence and likely poor prognosis.

Patient Selection for Local Therapies

The complexity of managing patients with metastatic CRC 
necessitates the need for a multidisciplinary tumor board 
with appropriate representation by medical oncology, liver 
and thoracic surgery, radiation oncology, diagnostic and 
interventional radiology, and colorectal surgery. Multidisci-
plinary discussion is particularly important, including a sur-
gical opinion, in patients with liver metastases. Choti et al. 
used standardized imaging scenarios to survey 190 medical 
oncologists in the USA regarding resectability and refer-
ral for surgical consultation for patients with liver metasta-
ses [8]. In eight cases deemed resectable upfront by expert 
hepatic surgeons, 34.4% of responding medical oncologists 
felt the case was initially resectable, 41.7% felt neoadjuvant 
chemotherapy was necessary to allow resection, and 23.9% 
felt the tumor was unresectable. The likelihood of medical 
oncologists asking for surgical consultation decreased in 
proportion with their ranking, with < 5% of medical oncolo-
gists recommending consultation for perceived unresectable 
tumors. The latest guidelines from the American Society of 
Clinical Oncology stress the importance of multidisciplinary 
teams in the management of patients with metastatic CRC 
[9]. As patients presented to a multidisciplinary tumor board 
have been shown to receive more treatment, including poten-
tially curative treatment, the importance of multidisciplinary 
care cannot be overstated [10]. In the following sections, we 
highlight organ sites that are commonly considered for local 
therapy in patients with metastatic CRC and provide updated 
evidence to support the potential role of oligometastatic-
directed therapy in these clinical scenarios. Table 1 provides 
a summary of local and regional therapies for patients with 
mCRC with potential indications and supporting evidence.

Resectable Liver‑confined Disease

The liver is the most common site of metastasis in CRC, 
although only about 20% of these patients are candidates for 
potentially curative liver resection [3, 11]. While early expe-
riences with hepatic resection of colorectal liver metastases 
demonstrated 5-year OS rates of approximately 30%, more 
contemporary experiences with modern systemic therapy 



1118	 Journal of Gastrointestinal Cancer (2023) 54:1116–1127

1 3

now show 5-year OS rates of 50–70% [12–16]. Long-term 
outcomes have also been reported. Tomlinson et al. described 
612 consecutive patients who underwent hepatic resection for 
colorectal liver metastases with 10-year follow-up [17]. The 
median disease-specific survival of the entire cohort was 
44 months with 102 10-year survivors. While 34% of 5-year 
survivors suffered a cancer-related death, only one patient 
experienced a disease-specific death after 10 years of survival.

Advances in surgical resection and improvements in sys-
temic therapy have also increased the numbers of patients 
eligible for curative-intent resection. Two-stage hepatectomy 
can be used to resect bilobar disease while minimizing the 
risk of liver failure [18]. Chavez et al. performed a multi-
institutional analysis of 196 patients treated with two-stage 
hepatectomy for bilateral colorectal liver metastases [18]. 
Most patients presented with synchronous disease (87.7%) 
and a median of 7 hepatic metastases. The median OS for 
the entire cohort was 50 months with 1-, 3-, and 5-year OS 
of 89%, 64%, and 44%, respectively. Morbidity was accept-
able with major complications in 5.1% of patients following 
the first stage and 23.4% following the second stage, and a 
90-day mortality rate of 4.5% following the second stage.

Neoadjuvant systemic therapy as conversion chemother-
apy can generate sufficient response to transform initially 
unresectable disease into resectable disease [19]. Because 
a uniform definition of unresectable versus resectable liver 
metastases is lacking and likely surgeon specific, it is chal-
lenging to determine conversion rates. Reports of conversion 
from unresectable to resectable disease following systemic 
therapy range from 10 to 60% [20–23]. In addition, the opti-
mal systemic therapy for conversion is unknown, and the 
length of treatment must be balanced with potential hepa-
totoxicity from systemic therapy. Adding a biologic agent 

such as bevacizumab, cetuximab, or panitumumab to chemo-
therapy to increase response rates and facilitate resection 
is also controversial. In patients with resectable colorectal 
liver metastases, the utility of perioperative chemotherapy is 
unclear. EORTC 40983 was a phase III trial of patients with 
up to four colorectal liver metastases randomized to perio-
perative FOLFOX4 or surgical resection alone [14, 24]. A 
benefit in progression-free survival (PFS) with the addition 
of perioperative systemic therapy was observed compared 
to surgery alone (3-year PFS from 33.2 to 42.4% in patients 
who underwent resection, HR = 0.73, 95% CI 0.55–0.97, 
P = 0.025). However, no benefit in OS was seen at extended 
follow-up (median follow up 8.5 years, HR = 0.88, 95% 
CI 0.68–1.14, P = 0.34). A recent network meta-analysis 
by Sonbol et al. confirmed a disease-free survival (DFS) 
benefit (HR = 0.73, 95% CI 0.63–0.84) with the addition of 
perioperative systemic treatment for patients with resectable 
colorectal liver metastases, but no statistically significant 
benefit in OS (HR = 0.88, 95% CI 0.74–1.05) [25].

For patients who present with colorectal liver metastases 
synchronously with discovery of the primary tumor, tim-
ing of resection of the primary CRC and liver metastases 
should be discussed among experienced hepatobiliary and 
colorectal surgeons. The METASYNC study was a rand-
omized controlled trial of patients with synchronous ini-
tially resectable colorectal liver metastases randomized to 
simultaneous resection of the liver metastases and colorectal 
primary or to staged resection where the colorectal primary 
was removed first and the liver metastases were removed 
12–14 weeks later [26]. The primary endpoint of the trial 
was the rate of major complications within 60 days of sur-
gery and was similar between the groups (49% in the simul-
taneous and 46% in the delayed, OR = 0.84, P = 0.70). At 

Table 1   Local and regional therapies for patients with metastatic colorectal cancer

Site/local or regional therapy Potential indications Select references

Liver-only
Surgical resection Ideal therapy for suitable candidates with adequate liver reserve [12–18, 26]
Thermal ablation Unresectable metastases, limited in size (< 3 cm) and number (usually ≤ 3) [31, 32, 34–37]
Stereotactic body radiation therapy Metastases not suitable for surgical resection or thermal ablation [38–40]
Hepatic arterial infusion pump Unresectable metastases, potential conversion to resectable disease [42–45]
Transarterial radioembolization Unresectable metastases, potentially with second-line systemic therapy [51]
Transarterial chemoembolization Unresectable metastases, potentially with second-line or later systemic therapy [47, 48]
Lung-only
Surgical resection Ideal therapy for suitable candidates with adequate lung reserve [55–58]
Thermal ablation Unresectable metastases, limited in size (< 3 cm) and number (usually ≤ 5) [60, 61]
Stereotactic body radiation therapy Metastases not suitable for surgical resection [62, 63]
Other
Liver and lung metastases Medically fit patients with metastases amenable to surgical resection of both sites [67, 68]
Extrahepatic or extrapulmonary disease Medically fit patients with disease amenable to surgical resection; mounting  

evidence on use of stereotactic body radiation therapy for unresectable disease
[69–71, 73, 74]
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2 years after randomization, OS (87.2% vs. 69.6%, P = 0.05) 
and DFS (35.9% vs. 17.4%, P = 0.05) favored the simulta-
neous resection group, but the study was limited by sample 
size (85 evaluable patients) and potential imbalance between 
the arms in numbers of liver metastases and primary tumor 
location. A meta-analysis consisting of 22 studies and 4494 
patients showed no difference in postoperative mortality, 
morbidity, OS, or DFS between simultaneous and staged 
resection of synchronous colorectal liver metastases [27].

For those patients with repeat oligometastatic disease iso-
lated to the liver, repeat hepatectomy is warranted if it can be 
performed safely [28, 29]. In one study from the Colorectal 
Liver Operative Metastasis International Collaborative, 953 
patients were identified of which 218 were found to have 
an isolated liver recurrence after initial hepatectomy [29]. 
Of those patients with recurrence, 51 underwent second 
hepatectomy. Following propensity score matching to coun-
terbalance inherent selection bias between the repeat and 
no-repeat hepatectomy groups, median OS was 60.1 months 
in the repeat hepatectomy group versus 33.1 months in the 
no-repeat group (P = 0.0023).

While surgery remains the most common approach for 
patients with resectable colorectal liver metastases, a num-
ber of local nonsurgical therapies are available for treating 
liver tumors including thermal ablation. Several ongoing 
randomized trials are comparing thermal ablation to sur-
gical resection for resectable colorectal liver metastases 
including NEW-COMET (NCT05129787) and COLLISION 
(NCT03088150).

Unresectable Liver‑confined Disease

Not all patients are eligible for resection of colorectal liver 
metastases either due to patient health, patient preference, 
tumor location, or hepatic reserve, and other locoregional 
treatment modalities should be considered to provide long-
term local control. Multidisciplinary management is impor-
tant given the lack of a clear standard and the wide range of 
available treatment modalities, institutional specializations, 
and nuances for selecting the best treatment for the indi-
vidual patient.

Thermal Ablation

Thermal ablation using either radiofrequency waves or 
microwaves is an established technique for treating gener-
ally small (< 3 cm) colorectal liver metastases [30]. The 
only prospective study investigating the role of local ther-
apy in patients with unresectable colorectal liver metastases 
remains EORTC 40004 (Chemotherapy + Local ablation ver-
sus Chemotherapy, CLOCC), which was a randomized phase 
III study investigating the additional value of radiofrequency 

ablation (RFA) to systemic therapy [31, 32]. Due to slow 
accrual, the study was amended and downsized to a phase II 
trial with 119 patients randomized in a 1:1 fashion. The total 
tumor burden in the liver needed to be ≤ 50% with < 10 liver 
metastases. Complete treatment of all liver lesions needed 
to be possible with either RFA alone or in combination with 
resection. Tumors planned for RFA needed to be < 4 cm in 
maximum diameter. For patients randomized to systemic 
therapy alone, resection was permitted if it converted unre-
sectable disease to resectable disease. The primary endpoint 
of this trial was 30-month survival rate with the primary 
objective to demonstrate a > 38% 30-month OS rate in the 
combined modality arm. The primary endpoint was met as 
the OS rate at 30 months was 61.7% for the combined treat-
ment group. However, the 30-month OS rate for the systemic 
therapy alone group was higher than anticipated at 57.6% 
[31]. The median OS was 45.3 months for the combina-
tion treatment and 40.5 months for systemic treatment alone 
(HR = 0.74, 95% CI 0.46–1.19, P = 0.22). The median PFS 
was 16.8 months in the combination treatment group and 
9.9 months in the systemic therapy alone group (HR = 0.63, 
95% CI 0.42–0.95, P = 0.025) [31]. An OS advantage was 
seen on long-term follow-up at a median of 9.7 years in 
favor of the combined modality therapy arm (HR = 0.58, 
95% CI 0.38–0.88, P = 0.01). Overall survival in the com-
bined modality arm, as compared to the systemic therapy 
alone arm, at 3, 5, and 8 years were 56.9% versus 55.2%, 
43.1% versus 30.3%, and 35.9% versus 8.9%, respectively.

Microwave ablation (MWA) is gaining popularity for the 
treatment of liver metastases due to technical advantages 
over RFA [33]. A number of retrospective studies have 
reported favorable local control rates of 70–90% at 1 year 
and low rates of toxicity following MWA for colorectal liver 
metastases [34–37]. A prospective study evaluating the role 
of MWA as a curative modality in patients with up to 3 
hepatic metastases ≤ 2.5 cm in size will be opening soon 
(NCT05265169).

Stereotactic Body Radiation Therapy

Stereotactic body radiation therapy (SBRT) is a non-invasive  
ablative therapy that uses an advanced form of radiation 
therapy planning and delivery to treat tumors to high doses 
of radiation while minimizing dose to adjacent normal tis-
sues. Multiple retrospective series have reported their results 
of using SBRT to treat colorectal liver metastases. Joo et al. 
reported on 70 patients with 103 colorectal liver metastases, 
where most patients received an SBRT dose of 45–60 Gy 
in 3–4 fractions [38]. The 2-year PFS rate was 35%, with 
59% of patients recurring in the liver outside of the prior 
SBRT field. The local control rate at 1, 2, and 3 years for 
all patients was 93%, 73%, and 68%, respectively. Improved 
local control was observed for higher radiation doses with 
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1-, 2-, and 3-year local control rates of 93%, 89%, and 89% 
in patients receiving a dose of 60 Gy in 3–5 fractions. The 
2-year OS rate for all patients was 75%. Scorsetti et al. 
performed a phase II trial of patients with inoperable liver 
metastases not amenable to RFA, treating the tumors with 
an SBRT dose of 45–78.5 in 3 fractions [39]. The actuarial 
1-, 2, and 3-year local control rates were 95%, 91%, and 
85%, respectively, with a median time to local progression of 
17 months. No difference in local recurrence was observed 
between lesions > 3 cm in size and smaller lesions. The actu-
arial PFS and OS at 2 years was 48% and 65%, respectively. 
There were no occurrences of radiation-included liver dis-
ease or grade ≥ 3 toxicity. A systematic review by Petrelli 
et al. consisting of 18 studies and 656 patients treated with 
liver SBRT for CRC liver metastases reported a pooled 1- 
and 2-year OS of 67.2% and 56.5%, respectively [40]. The 
pooled 1-year local control rate was 59.3%.

Hepatic Arterial Infusion Pump

Focal therapies, such as thermal ablation and SBRT, treat 
individual tumors targeted using image guidance. Regional 
therapies, such as hepatic arterial infusion pump (HAIP) 
chemotherapy, serve as a method to deliver high doses of 
drug to liver tumors while minimizing dose to the normal 
hepatic parenchyma [41]. HAIP chemotherapy for patients 
with unresectable colorectal liver metastases has shown ben-
efit in multiple prospective trials, although dated systemic 
therapy limited the applicability of these study results [42, 
43]. A case control study by Dhir et al. compared patients 
with unresectable colorectal liver metastases treated with 
HAIP in combination with modern systemic therapy (n = 40) 
versus modern systemic therapy alone (n = 46) [44]. The 
groups were well matched for burden of disease and treat-
ment. The median OS in the HAIP plus chemotherapy group 
was 32.8 months compared with 15.3 months for the chemo-
therapy alone group (P < 0.0001). On multivariate analysis, 
treatment with HAIP plus systemic therapy remained statis-
tically significant (HR = 0.39, 95% CI 0.21–0.72, P = 0.003).

In addition to the potential for long-term disease control 
in the liver, patients treated with HAIP chemotherapy for 
unresectable disease also have a favorable chance at con-
version to resection based on available evidence. Pak et al. 
reported on a single-institution phase II trial of 64 patients 
with unresectable colorectal liver metastases treated with 
combination HAIP and modern systemic chemotherapy [45]. 
The majority of patients had prior chemotherapy (67%) and 
bilobar disease (95%) with a median of 13 liver tumors. Con-
version to resection was achieved in 52% of patients at a 
median of 5 months from treatment initiation. The median 
OS from treatment initiation for all patients was 38 months 
with a median PFS of 13 months.

While the use of HAIP chemotherapy was initially limited 
to a small number of institutions, an increasing number of 
centers are gaining expertise with this therapy. Practice will 
also be informed by the results of ongoing prospective trials, 
including the PUMP-IT trial (NCT04552093) and a planned 
NCTN randomized trial evaluating HAIP in patients with 
persistently unresectable colorectal liver metastases after 
first-line systemic therapy.

Transarterial Chemoembolization

Transarterial chemoembolization (TACE), another regional 
therapy, takes advantage of the selective dependence of 
hepatic metastases on the arterial blood supply while the 
normal hepatic parenchyma is supplied primarily via the 
portal circulation [46]. TACE has a limited role in the man-
agement of colorectal liver metastases with sparse prospec-
tive data to support its use. Fiorentini et al. performed a 
phase III study in patients with unresectable colorectal liver 
metastases, randomizing patients to TACE using drug-
eluting beads preloaded with irinotecan (DEBIRI) versus 
systemic therapy alone with irinotecan, fluorouracil, and 
leucovorin (FOLFIRI) with a primary endpoint of OS [47]. 
Median OS was improved in the DEBIRI group versus the 
systemic therapy alone group (22 vs. 15 months, P = 0.031). 
PFS was also longer in the DEBIRI group with 7 versus 
4 months, respectively (P = 0.006). In a separate small, 
randomized phase II study of 70 treatment-naïve patients 
with unresectable colorectal liver metastases, Martin et al. 
investigated adding DEBIRI to modified FOLFOX versus 
FOLFOX alone, with bevacizumab also permitted in both 
arms [48]. Despite some imbalances in the arms likely due 
to the small size of the study, the overall response rates in 
the DEBIRI arm were superior at 2 (P = 0.01), 4 (P = 0.03), 
and 6 (P = 0.05) months with similar statistically significant 
improvements when evaluating the target lesions alone at 2, 
4, and 6 months. Upon blinded radiologic review, however, 
the overall response rate was deemed to be non-significant 
between the groups. After a median follow-up of 24 months, 
there was a non-significant improvement in PFS (15 months 
for DEBIRI vs. 12 months for chemotherapy alone, P = 0.18) 
between the treatment groups. Toxicity between the two 
groups was similar and OS was not reported in the study.

Transarterial Radioembolization

Transarterial radioembolization (TARE) with yttrium-90 
involves delivering millions of beta-emitting particles into 
the hepatic arteries, preferentially depositing radiation into 
liver tumors while sparing normal liver parenchyma [49]. 
A combined analysis was performed of three multi-center 
randomized phase III trials investigating the efficacy of 
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combining first-line FOLFOX with TARE versus FOL-
FOX alone for patients with liver-dominant mCRC [50]. 
There was no difference in OS between the groups with 
a median OS of 22.6  months for FOLFOX plus TARE 
versus 23.3 months for FOLFOX alone (HR = 1.04, 95% 
CI 0.90–1.19, P = 0.61). While no difference in PFS was 
observed between the groups, there was a lower cumula-
tive incidence of first progression in the liver in the first 
12  months of follow-up in the FOLFOX plus TARE 
group versus the FOLFOX alone group: 22% versus 39%, 
respectively.

The use of TARE has also been investigated prospec-
tively with the addition of second-line systemic therapy. 
The EPOCH trial was a randomized multi-center phase 
III trial investigating the role of TARE added to stand-
ard-of-care second-line systemic therapy for patients 
with colorectal liver metastases [51]. In this study, 428 
patients who progressed on oxaliplatin- or irinotecan-
based first-line therapy were randomized to second-line 
irinotecan- or oxaliplatin-based chemotherapy with or 
without the addition of TARE. The primary end points 
of the study were PFS and hepatic PFS. The median PFS 
was 8 months for the TARE plus chemotherapy group 
and 7.2  months for the systemic therapy alone group 
(HR = 0.69, 95% CI 0.54–0.88, P = 0.0013). The median 
hepatic PFS also favored the TARE plus chemotherapy 
group with 9.1 versus 7.2 months, respectively (HR = 0.59, 
95% CI 0.46–0.77, P < 0.0001). No difference in OS was 
observed between the groups with 14 months for TARE 
plus chemotherapy versus 14.4 months for chemotherapy 
alone (HR = 1.07, 95% CI 0.86–1.32), but the study was 
not powered or designed for OS. Rates of severe toxicity 
were high, with more grade 3 or higher adverse events 
reported in the TARE group than the chemotherapy alone 
group (68.4% vs. 49.3%).

No prospective studies have compared the efficacy and 
safety of regional therapies head-to-head, although retro-
spective studies have been performed. In one retrospec-
tive study, Dhir et al. compared patients with unresectable 
colorectal liver metastases treated as second-line therapy 
with either HAIP (n = 48) or TARE (n = 49), comparing 
both outcomes and cost [52]. The groups were similar in 
terms of tumor and prior treatment characteristics with both 
groups receiving a median of 3 lines of chemotherapy prior, 
although more patients treated with TARE underwent prior 
liver resection (36.7% vs. 12.5%, P = 0.006). Patients treated 
with HAIP had longer OS from time of unresectable liver 
metastasis diagnosis than the patients treated with TARE 
(31.2 vs. 16.3 months, P < 0.001), but the two groups were 
similar when comparing OS from the time of stage 4 disease 
diagnosis (34.4 for HAIP vs. 32 for TARE, P = 0.291). To 
date, there are limited prospective studies comparing local or 
regional nonsurgical therapy for colorectal liver metastases, 

and treatment decisions are largely based on institutional 
preference and referral patterns.

While these local or regional therapies are often used 
in combination or sequentially in practice, data are lacking 
regarding the optimal integration of such therapies or the 
efficacy and safety of such an approach. For patients fit and 
motivated for surgical resection, upfront use of HAIP has 
demonstrated favorable response rates potentially increasing 
the chances of a margin-negative resection and long-term 
cure. For patients with a limited number of liver lesions who 
are not candidates for surgery, SBRT and thermal ablation 
have shown favorable results. For patients with a higher 
number of lesions that cannot be addressed with SBRT or 
thermal ablation, both TARE and TACE can be considered 
in the second-line setting. In all cases, there should be a 
multidisciplinary discussion involving specialists in the vari-
ous local and regional therapies, and the final treatment plan 
should coincide with the patient’s goals and desires [53].

Lung‑confined Disease

Surgical Resection

For patients with lung-isolated disease, local therapy such as 
surgical resection can be considered, although there are no 
prospective randomized trials showing benefits of such an 
approach over continued systemic therapy alone. The Pul-
monary Metastasectomy in Colorectal Cancer (PulMiCC) 
trial was a randomized phase III non-inferiority trial con-
ducted in the UK with a plan to register 1350 patients and 
subsequently randomize 300 patients to either pulmonary 
metastasectomy or observation [54]. The trial was closed 
early due to poor accrual after registering 512 patients with 
93 consenting to randomization. In both groups, about 30% 
of patients had undergone prior resection for liver metas-
tases and 55% of patients had 2–4 lung metastases. Other 
patient characteristics and the use of systemic therapy were 
well balanced between the groups. The 5-year OS rates were 
29.6% for the observation arm and 36.4% for the metasta-
sectomy arm, which were comparable and did not achieve 
statistical significance (HR = 0.93, 95% CI 0.56–1.56).

Despite limited prospective data, there are a number of 
large retrospective series highlighting long-term survival fol-
lowing pulmonary metastasectomy for patients with CRC 
of which several are highlighted here [55–57]. Booth et al. 
reported a population-based study in Ontario that included 
709 patients who underwent lung metastasectomy for CRC, 
with most patients undergoing either segmentectomy (56%) 
or lobectomy (40%) [55]. The 5- and 10-year OS rates were 
40% and 27%, respectively, on par with some surgical series 
for liver metastases. Lung metastasectomy use also increased 
over time. Okumura et al. reported on the outcomes of 785 
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patients with pulmonary metastasis from CRC treated with 
curative resection at 46 Japanese hospitals [57]. Extratho-
racic disease was present in 24% of patients, but all patients 
received curative treatment to those disease sites. Solitary 
pulmonary metastasis was present in 74% of patients and 
60% of patients underwent wedge resection. The 5-year 
DFS and OS rates for all patients were 37.1% and 68.1%, 
respectively. A number of prognostic factors for adverse OS 
were identified, including disease-free interval of less than 
2 years, presence of extrathoracic disease treated curatively 
prior to lung resection, abnormal serum carcinoembryonic 
antigen level, three or more radiologic pulmonary metas-
tases, and age of 70 years or older. The 5-year OS rates of 
low-risk (no risk factors), moderate-risk (1–2 risk factors), 
and high-risk (≥ 3 risk factors) groups were 89.4%, 72.5%, 
and 48.9%, respectively. A large retrospective registry study 
from South Australia compared outcomes of patients who 
underwent hepatic resection versus those who underwent 
lung resection for colorectal metastasis [58]. While the 
proportion of patients who underwent lung resection was 
relatively small (3.1%), OS between the two cohorts were 
comparable, supporting the use of lung resection in patients 
with pulmonary metastases from CRC.

Thermal Ablation

Not all patients are eligible for surgical resection, or they 
choose against surgery for various reasons including the 
potential for persistent pain at the surgical site [59]. An 
effective non-surgical therapy for treating lung metastases 
is thermal ablation. Hasegawa et al. performed a prospec-
tive multicenter phase II trial of patients with technically 
resectable colorectal lung metastases treated with RFA 
[60]. Patients were required to have ≤ 5 surgically resectable 
lung metastases measuring ≤ 3 cm. There were 70 patients 
included and 100 lung metastases treated, with local and 
distant tumor progression evaluated by a central diagnostic 
committee. At a mean follow-up of 57 months, the rate of 
local tumor progression was 9% at a mean of 12.8 months 
from RFA. The 3-year rates of PFS were 41% and 84%, 
respectively. There were no grade 3–4 adverse events and 
one grade 5 event. Grade 2 pneumothorax events requiring 
chest tube placement occurred in 20% of patients. Kurilova 
et al. retrospectively reviewed 50 patients with 90 CRC pul-
monary metastases treated with MWA [61]. The median 
tumor size was 1 cm with a range of 0.3–3.2 cm, and 12% 
of patients underwent two separate sessions of MWA for 
bilateral disease. The rates of 1-, 2-, and 3-year local tumor 
PFS were 93%, 86%, and 86%, respectively. The rates of 1-, 
2-, and 3-year OS were 94%, 82%, and 61%. The major com-
plication rate was 13% with most complications involving 
prolonged hospitalization due to pneumothorax.

Stereotactic Body Radiation Therapy

Data supporting the use of SBRT for colorectal lung 
metastases is largely based on retrospective reviews of 
single- or multi-institution experiences. Sharma et al. ret-
rospectively reviewed 118 patents with 202 pulmonary 
oligometastases treated with SBRT [62]. Nearly 30% of 
tumors were ≥ 3 cm in size. The local control at 2-, 3-, and 
5-years was 83%, 81%, and 77%, respectively, with bio-
logically effective doses (BED) ≥ 100 Gy associated with 
improved local control. OS at 2, 3, and 5 years was 69%, 
55%, and 36%, respectively. Treatment was well tolerated 
with 6% of patients experiencing grade 3 acute or late 
toxicities. The largest multi-center retrospective series was 
reported by Nicosia et al. of 1033 colorectal lung metas-
tases treated with SBRT [63]. The median tumor diameter 
was 1.3 cm (range, 0.5–5.8 cm). The 2-year freedom from 
local progression was 75.4% with a rate of 94% for lesions 
treated with a BED ≥ 125 Gy. The median time to pro-
gression of polymetastatic disease, defined as first occur-
rence of > 5 simultaneous new metastases after SBRT, was 
26.8 months.

Whether non-surgical therapies are as effective as 
surgical resection for pulmonary metastases remains an 
open question in need of prospective data for guidance. A 
number of retrospective studies have compared surgical 
resection to other modalities such as image-guided thermal 
ablation [64] and SBRT [65, 66], but their conclusions 
are limited due to study design issues including selec-
tion bias. A prospective randomized trial (PUCC-Trial, 
DRKS00024727) that may help clarify therapy options 
for patients with pulmonary metastases is being conducted 
in Germany for patients with ≥ 3 lung metastases rand-
omized to pulmonary metastasectomy versus standard of 
care treatment (including medical treatment and SBRT, 
if indicated).

Both Liver and Lung Metastases

For patients with both liver and lung metastases, local 
therapy to eradicate disease in both organs can be consid-
ered, but the data utilizing such an approach is primarily 
limited to small retrospective series. Shah et al. reported 
on 39 patients who underwent both hepatic and pulmonary 
resections for mCRC [67]. The median number of liver 
lesions removed was 1 (range, 1–6) with the median size 
of largest metastasis 4 cm (range, 1.7–16 cm). For the lung 
metastases, the median number of lung lesions removed 
was 1 (range, 1–5) with nearly 60% of patients undergoing 
wedge resection with thoracotomy. The median DFS and 
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OS after initial metastasectomy were 19.8 and 87 months, 
respectively. When comparing outcomes of patients with 
both liver and lung metastases, those who underwent both 
liver and lung resection had a significantly longer 5-year OS 
than patients who did not undergo lung resection for pulmo-
nary metastases (74% vs. 42%, respectively, P = 0.05). Wei 
et al. performed a phase II single-arm study evaluating the 
role of metastasectomy in 26 patients with intrahepatic and 
extrahepatic disease (primarily lung) [68]. Eligible patients 
with any number of resectable intrahepatic metastases were 
required to have ≤ 3 foci of extrahepatic disease that was 
resectable. Nearly 85% of patients had received chemother-
apy prior to resection. Protocol surgery was completed in 
77% of patients; major complications occurred in 19% of 
patients and one perioperative death. The median OS from 
time of first metastasectomy to death was 38 months with a 
3-year OS of 53%.

Extrahepatic or Extrapulmonary Disease

The presence of extrahepatic disease was once thought to 
be a contraindication to local therapy in patients with colo-
rectal metastases. However, mounting evidence demon-
strating reasonable outcomes following resection of liver 
metastases and limited extrahepatic disease has augmented 
consideration of this approach in select patients [69, 70]. 
A retrospective review of 219 patients who underwent 
resection of colorectal liver metastases and synchronous 
extrahepatic disease was reported by Leung et al. [71]. 
Extrahepatic sites included portal lymph nodes, retrop-
eritoneal lymph nodes, ovaries, and peritoneum, among 
others. The median, 5-, and 10-year OS were 34.4 months, 
28%, and 10%, respectively, with disease recurring in 90% 
of patients at a median of 8 months. Patients with liver 
metastasis > 3 cm, > 5 liver metastases, and extrahepatic 
site of disease (including portal, retroperitoneal, or multi-
ple sites) were associated with a poorer prognosis. While 
90% recurrence at a median of 8 months may seem dismal, 
the median PFS with FOLFOX chemotherapy as first-line 
therapy is approximately 10 months [72]. It remains to be 
seen if the delay in initiating systematic therapy improves 
quality of life.

With advances in radiation therapy planning and deliv-
ery, motion management, and the development of stereo-
tactic radiosurgery (SRS) and SBRT, ablative therapy is not 
limited to the liver and lung and can be administered safely 
and effectively to a number of body sites simultaneously 
[73]. The SABR-COMET study was a phase II randomized 
tumor-agnostic study in patients with a controlled primary 
tumor and 1–5 oligometastases randomized to either SBRT 
to all sites of disease or standard-of-care (SOC) therapy 
alone. Extended long-term outcomes from this study were 

recently published [74]. Most patients had 1–3 lesions 
(~ 90%), and ~ 80% of the treated sites were lung or bone 
with other sites treated including liver, adrenal, brain, and 
lymph nodes. Patients with colorectal primaries included 
27% of the control arm and 14% of the SBRT arm. At a 
median follow-up of 5.7 years, 8-year OS was 27.2% in 
the SBRT arm versus 13.6% in the control arm (HR = 0.50, 
95% CI 0.30–0.84, P = 0.008). For PFS, 8-year estimates 
were 21.3% for the SBRT arm versus 0% for the control arm 
(HR = 0.45, 95% CI 0.28–0.72, P < 0.001). There were no 
new toxicities on extended follow-up with grade ≥ 2 acute 
or late toxicity observed in 30.3% of patients treated with 
SBRT versus 9.1% of the control arm (P = 0.019). Finally, 
chemotherapy use was significantly lower in the SBRT arm 
versus the control arm (33.3% vs. 54.6%, P = 0.043). The 
successor study to SABR-COMET, SABR-COMET-10, is 
ongoing and will include patients with a controlled primary 
and 4–10 metastatic lesions randomized to SOC treatment 
with or without the addition of SBRT to all sites of disease 
[75]. The feasibility of successfully treating up to 10 lesions 
was recently published by the study team [76]. Sheikh et al. 
recently published a large multi-institutional retrospective 
study of 235 patients with metastatic colorectal cancer 
treated with SBRT to ≤ 5 lesions [77]. The most common 
sites treated were lung (62.7%) and liver (26.5%). The 1- 
and 5-year local recurrence rates were 13.6% and 44.3%, 
respectively. The 2- and 5-year PFS were 26.4% and 14.1%, 
respectively, while the 2- and 5-year OS were 76.1% and 
35.9%, respectively.

The role of local ablative therapy in patients with unre-
sectable oligometastatic CRC will hopefully be clarified by 
the results of ongoing prospective trials, including the RES-
OLUTE trial (ACTRN12621001198819) and the upcoming 
NCTN ERASur trial (NCT05673148).

Future Directions

Well-designed prospective trials are needed to determine 
how best to treat patients with oligometastatic CRC. Iden-
tifying appropriate candidates who may benefit from local 
therapy remains an open question, particularly for patients 
with lung, liver, or extrahepatic disease where the role of 
local therapy is unclear. The role of metastasis-directed 
therapy in patients with mismatch repair-deficient CRC is 
also unclear, although neoadjuvant immunotherapy may 
be highly effective in this subgroup of patients based on 
early data [78–80]. In addition, selecting the correct modal-
ity or combination of therapies for an individual patient, 
or the correct sequencing of therapies to optimize therapy 
for patients, is unknown. Finally, how to incorporate novel 
biomarkers such as circulating tumor DNA (ctDNA) in the 
workflow for such patients is currently unknown; however, 
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preliminary data has shown that using ctDNA can help iden-
tify patients at high risk of recurrence following curative-
intent hepatectomy for colorectal liver metastases [81].

Conclusions

Oligometastatic CRC remains one of the model malignancies 
for the use of local therapy in patients with non-localized dis-
ease. As local and regional therapies have evolved, however, 
the definition of oligometastatic CRC clearly needs to mature 
as well. Technological advances in therapy are outpacing the 
data to support their use. Prospective trials, perhaps incorpo-
rating novel biomarkers, are needed to help identify which 
patients with metastatic CRC might benefit from the addition 
of local therapy. The results of ongoing prospective trials—
including the RESOLUTE trial (ACTRN12621001198819) 
and the upcoming NCTN ERASur trial (NCT05673148)—
will hopefully clarify the appropriate role of local ablative 
therapy in patients with unresectable oligometastatic CRC.
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