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OVERVIEW

In patients with liver-limited oligometastatic disease, the goal of treatment can be curative intent. Historically, this was
accomplished in patients presenting with upfront resectable disease. The availability of increasingly efficacious chemo-
therapy and biologic combinations with encouraging response rates led to the potential to convert unresectable disease
to resectability. Beyond the backbone of surgery, we now have a portfolio of locoregional strategies to consider.From an
interventional radiology perspective, the use of portal vein embolization can facilitate hypertrophy of the liver in antic-
ipation of resection, thus converting unresectable disease to one amenable to a surgical approach with curative intent.
Technological advances in liver-directed ablative therapies have afforded the possibility of eliminate radiographically ev-
ident disease with the hope for long-term disease control. Advanced radiotherapy techniques are further increasing the
therapeutic options for patients with metastatic colorectal cancer. Improvements in external-beam radiotherapy over the
past 2 decades include image-guided radiotherapy, intensity-modulated radiotherapy, stereotactic body radiotherapy, and
proton-beam therapy. Finally, selective internal radiation therapy (SIRT) with microspheres labeled with the B-emitter Y
enable targeted delivery of radiation to hepatic tumors. A coordinated multidisciplinary approach is required to integrate
these nonsurgical adjuncts in an evidence-based manner to optimize outcomes for patients with potentially resectable
metastatic disease. In this article, we summarize recent developments in systemic therapy, radiotherapy, and interventional
liver-directed therapies that have changed the treatment landscape for patients with oligometastatic colorectal cancer.

An estimated 140,250 Americans will be diagnosed with
colorectal cancer (CRC) in 2018.! Of these, approxi-
mately 20% will present with de novo metastatic disease, and
among those presenting with earlier-stage disease treated
with resection, another 35% will relapse with distant met-
astatic disease after an initial disease-free interval. For the
estimated 30% to 5% of patients with liver-limited or oligo-
metastatic disease, it has long been recognized that surgical
metastasectomy may achieve durable disease control and
potentially cure.

However, less than 10% of patients with metastatic CRC
(mCRC) present with upfront resectable disease.? Con-
sequently, to achieve the goal of converting potentially
resectable metastatic disease to resectability requires a
multidisciplinary approach, including medical and surgi-
cal oncologists and, increasingly, radiation oncologists
and interventional radiologists. Herein, we summarize re-
cent developments in systemic therapy, radiotherapy and
interventional liver-directed therapies that have changed
the treatment landscape for patients with oligometastatic
CRC.

SYSTEMIC THERAPY FOR CONVERSION:
WHEN RESPONSE RATE IS THE GOAL

Choice of Chemotherapy Backbone

The choice of chemotherapy regimen is dictated by several
factors, including efficacy, tumor RAS status, toxicity, cost,
and patient preference. Ultimately, however, when the intent
is to convert potentially resectable disease to a complete RO
resection, the primary metric of efficacy is typically response
rate. For patients with good performance status, combination
chemotherapy regimens with 5-fluorouracil and oxaliplatin
(FOLFOX), irinotecan (FOLFIRI), or both (FOLFOXIRI) are all
reasonable considerations. Because of the concern for irino-
tecan-related steatohepatitis,® FOLFOX is commonly preferred;
however, FOLFIRI remains an option, particularly in patients
who have recently received FOLFOX in the adjuvant setting.
Objective response rates of 45% to 55% were demonstrated
with the doublet regimens in the prebiologic era.** Trials
comparing the triplet regimen of FOLFOXIRI to FOLFIRI demon-
strated significantly higher response rates (60% vs. 34%; p <
.0001) with higher rates of secondary liver resection among
patients with initially unresectable disease (15% vs. 6%).°
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Role of Biologics

With respect to biologics, the benefit of the VEGF monoclonal
antibody bevacizumab in potentially resectable disease, with
a goal of maximizing response rates, is still uncertain. In ran-
domized trials, the addition of bevacizumab to oxaliplatin-
containing chemotherapy did not meaningfully improve
response rates,” whereas a modest response rate improve
was observed with irinotecan and 5-fluorouracil in combi-
nation with bevacizumab when administered as the IFL reg-
imen.® In the context of triplet therapy, the TRIBE trial of
bevacizumab with FOLFOXIRI demonstrated a response rate
of 65%, similar to that previously reported with FOLFOXIRI
alone.® Beyond the questionable incremental improvement
in response rates with bevacizumab, the concerns regarding
operative toxicity with respect to bleeding, impaired wound
healing, and impaired hepatic regeneration remain despite
conflicting evidence.®!° As a consequence, it is recommended
that bevacizumab be withheld for 6 to 8 weeks before resec-
tion, recognizing the 3-week half-life of this agent.

The incremental improvement in response rates with EGFR
monoclonal antibodies—cetuximab and panitumumab—is
somewhat compelling in the 40% of patients with mCRC who
have RAS wild-type (WT) disease; however, this is also not
without controversy. The phase Il CELIM trial of cetuximab
with FOLFOX or FOLFIRI demonstrated response rates of 57%
to 68% with a 38% RO resection rate.™ In another randomized
trial from China, a response rate of 57% was reported with
doublet chemotherapy plus cetuximab versus 29% with che-
motherapy alone.'? However, the new EPOC trial of FOLFOX with
or without cetuximab in the peri-metastasectomy setting
showed a significantly detrimental impact on progression-
free survival with the addition of cetuximab (HR 1.48;
p = .030).1® Although this study was in the upfront resect-
able setting, it raises concerns regarding the application of

e When the goal is resectability, the selection of a
chemotherapeutic regimen is based upon what will
permit the best response rates with the least toxicity.

e As hepatotoxicity is correlated with cumulative
exposure, the duration of chemotherapy should be
determined by when disease becomes resectable rather
than treating to maximal response.

¢ Incorporation of an ablation strategy is an important
component of a multispecialty treatment approach
when considering eradication of colorectal liver
metastases.

e Promising local control following stereotactic body
radiotherapy for colorectal oligometastases has been
demonstrated in several studies.

e A coordinated multidisciplinary approach is required
to integrate all available nonsurgical modalities in an
evidence-based manner, in order to optimize outcomes
for patients with potentially resectable metastatic
colorectal cancer.
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a cetuximab-containing regimen in patients who may be
proceeding to a hepatic resection.

More recently, data on the influence of primary tumor
location on response to EGFR-directed therapy has reignited
interest in this biologic strategy in patients with left-sided
RAS WT disease. In the randomized VOLVI trial of FOLFOXIRI
with or without panitumumab, a response rate of 90% was
observed in patients with left-sided RAS WT unresectable
(mCRC), with a secondary resection rate of 60% among pa-
tients treated with the quadruplet regimen.'* Although this
was a relatively smaller study with 96 selected well and
younger patients, the response rates reported are very en-
couraging for the utility of an EGFR-containing regimen in
appropriately selected patients.

Another important consideration is the duration of ther-
apy in patients for whom resectability is the goal. Because
best response is typically observed within the first six to
eight cycles of treatment, if sufficient response to be consid-
ered for resection has not been achieved within 4 months of
therapy, the likelihood of achieving resectability with con-
tinued therapy is low. Recognizing that treatment-related
toxicity, particularly hepatotoxicity, is correlated with num-
ber of administered cycles, it is equally important to recog-
nize that systemic therapy should continue to resectability
and not necessarily to maximal response. Thus, close coor-
dination between the medical oncologist and the surgical
and interventional oncologists is imperative.

INTERVENTIONAL RADIOLOGY: THE DRIVETO
SURGICAL RESECTION OR CURATIVE INTENT
Portal Vein Embolization

The liver demonstrates unique regenerative abilities be-
cause of its histopathologic and functional architecture. In
brief, liver perfusion is based on inflow of hepatic arterial
flow and portal venous flow. The organ itself is organized in
parallel functional units (hepatic lobules) and demonstrates
the ability to rapidly proliferate and regenerate in the set-
ting of acute injury/insult. As a result of this condition, a
large fraction of liver tissue may be resected in anticipation
of hepatic regeneration. However, there are limitations to
the compensation response. In liver with no compromise to
hepatic reserve (no chemotherapy, noncirrhotic, no portal
hypertension), up to 80% of the liver may be resected with
extremely low incidence of hepatic failure. In the setting of
compromise to hepatic reserve, up to 60% of the liver may
be resected with a slightly higher incidence of hepatic failure.

In patients presenting with high-volume liver nonre-
sectable metastatic disease, two options exist to facilitate
conversion to surgical resectability: (1) tumor downsizing
through systemic or locoregional therapy and (2) hyper-
trophy of the remaining liver. The decision to pursue these
strategies in isolation or in combination largely depends on
review in a multidisciplinary setting, drawing from the ex-
pertise of the medical oncologist, surgical oncologist, radiol-
ogist, and interventional radiologist.?®

Techniques have been developed to facilitate hypertrophy
of the liver in anticipation of surgical resection, thus converting
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potential nonresectability to curative intent. The use of por-
tal vein embolization is predicated on knowledge that aggres-
sive surgical ligation of the portal vein resulted in a clinically
measurable compensator hypertrophic response in the re-
maining liver. Diversion of blood flow (causing increased
hydrostatic pressure and transient portal hypertension), as
well as increased expression of hepatotrophic mediators,
has been theorized to facilitate the hypertrophic change in
the residual liver, facilitating conversion of patients whose
disease may not be surgically resectable to those with re-
sectable disease.’®

Various techniques have been described with respect to
portal vein embolization, but the general principle is based
on minimally invasive image-guided techniques. The general
approach is summarized as follows: Percutaneous portal
venous access is obtained through the liver under ultraso-
nographic or fluoroscopic guidance. Following this, selec-
tive catheterization of the individual branches of the portal
vein within the liver volume that is intended for surgical re-
section is selectively embolized with particles, coils, liquid
embolics (glue), or combinations of such, to divert portal
venous flow into the portion of liver that is intended to re-
main, as well as increased expression of hyperproliferation
factors secondary to the insult to the portion of liver that is
intended for surgical resection.

Follow-up CT, typically 6 weeks, is performed to mea-
sure the degree of relative hypertrophy of the future liver
remnant and overall total liver volume with anticipation of
surgical resection if appropriate hypertrophy occurs. Hyper-
trophic changes then typically occur immediately and reach
their nadir at 4 to 6 weeks, at which time reassessment for
resectability based on the future liver remnant growth will
be conducted. Changes in future liver remnant as high as
81% + 47% have been reported by using various embolic
materials;'” the general consensus is that microspheres or
cyanoacrylate results in increased growth.® Postsurgical
survival is reported to be equivalent or superior to that
among those patients undergoing surgical resection alone
(5-year survival, 44% vs. 35%, with a statistically significant
decrease in intrahepatic recurrences: 26% vs. 76%; p < .01).%
This situation may be explained through the delay in surgery,
providing a biologic test of time, or the facilitation of more
aggressive surgical resection.

In summary, portal vein embolization is intended to ex-
tend the resection margins and optimization of the function
of the remaining remnant, lowering the potential for liver
failure. Aggressive and creative approaches can be devel-
oped to remove all visible disease through this adjunct pro-
cedure, but they require thoughtful review of the imaging
by both surgeon and interventional radiologist in the setting
of a multidisciplinary team.*>8

Ablation Strategies

The prognosis in patients with colorectal liver metastasis
is largely determined by the degree of liver tumor infiltra-
tion. The rationale and use of liver-directed therapies for
the treatment of resectable disease, or potentially locally

curative therapy through surgical resection, have been es-
tablished with both long-term population-based outcomes
and smaller randomized control trials despite high rates of
recurrence within the liver.2%?!

Various energy-based ablative platforms are available
(cryoablation, microwave ablation, irreversible electropora-
tion), with most of the published literature relating to radiof-
requency ablation. A discussion relating to the technology
platforms is beyond the scope of this article, and interested
readers may refer to review articles specific to the topic.
Clinically, radiofrequency ablation is widely considered the
most mature in terms of both technology and publication,
and it remains the standard by which new ablative therapies
(including stereotactic radiotherapy [SBRT]) are measured.??

Although the acceptance of hepatic resection and conver-
sion to resectability have become mainstream, discussion
and research on curative intent ablative therapies largely
entail single-arm studies that often are retrospective. Fur-
thermore, the high rate of recurrence of liver metastasis in
patients undergoing curative intent questions the utility of
aggressive surgical resection in the setting of small tumor
burden. Because of the high variability in patient selection,
randomized controlled trials comparing surgical resection to
curative intent ablation have been limited.?

As a result of the variations in morphology, technique,
and technologies, 5-year survival benefit has been used as
a primary measure of efficacy, based on the low rates seen
(145-year survival rate of 14% in patients with distant spread
of disease, most hepatic) with optimized chemotherapeutic
and biologic regimens.?*

Many articles have reported outcomes with the incor-
poration of radiofrequency ablation into clinical practice.
However, the variability of application (e.g., oligometastatic
disease with curative intent, extension of irradiation of
tumors that cannot be resected as an adjunct to resection,
treatment upon recurrence, neoadjuvant setting) result in
high variability in patient selection. Table 1 outlines the more
commonly cited literature.?3>

Two studies (by Kim and colleagues®® and Ruers and col-
leagues®) provide some perspective on the indications and
efficacy of ablation in the setting of colorectal liver metastasis.
Kim and colleagues retrospectively reported on a subset of
patients presenting with solitary colorectal liver metastasis
of less than 3 cm, comparing surgical resection to radiofre-
guency ablation with curative intent. In the subset of patients
who met these criteria, no significant difference was observed
with respect to disease-free survival and overall survival
(p = .962) between patients undergoing surgical resection
and those receiving radiofrequency ablation.3®

Ruers and colleagues' recent publication of the CLOCC
data set (EORTC Intergroup phase Il study [EORTC 40004]),
examining a strategy of colorectal liver metastasis eradi-
cation through a surgical resection/ablation approach, had
demonstrated a significant improvement in all clinically rele-
vant parameters, highlighted by an 8-year overall survival rate
of 56.9% versus 8.9% (HR 0.58; 95% Cl, 0.38-0.88; p < .01)
comparing radiofrequency ablation plus chemotherapy
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versus chemotherapy alone.** One may infer from this
landmark study that curative-intent locoregional therapies
result in improvement in survival and greater control of pro-
gression compared with systemic therapy alone.*

With these two studies, two emerging roles for ablation
become apparent: (1) in patients with low-volume disease
amenable to curative ablation as opposed to surgical resec-
tion due to the expected high rates of recurrence and (2)
in patients presenting with a high burden of disease that is
nonresectable, even with conversion therapy that may involve
ablation only, or as a combinatorial approach to eradication
of all identifiable tumor burden.

The technical limitations of radiofrequency ablation in le-
sions less than 3 cm (near vascular structures, subcapsular,
central) may be overcome by microwave ablation, cryoabla-
tion and irreversible electroporation. However, controversy
remains as to whether patients presenting with lesions less
than 3-cm benefit from ablation, despite newer technol-
ogies allowing for larger ablation zones, as the biology of
patients with large tumors (not necessarily large burden of
disease) has not been clearly established.®”

In summary, incorporation of an ablation strategy is an
essential component of multispecialty care in the patient
diagnosed with colorectal liver metastasis. The technolo-
gies and techniques have advanced substantially, with a

greater emphasis on larger ablations and efficiency predi-
cated on the justifiable assumption that removal of radio-
graphically visible disease translates into a survival benefit.

Embolization
The fundamental concept of hepatic arterial embolic ther-
apy is based on the process of tumor angiogenesis and
the exploitation of the vascular capacitance of the tumor
to administer high concentrations of chemotherapy loaded
on calibrated microparticles through a process of ionic
binding. Delivery of the chemotherapy is based on plasma
ion exchange as a function of time, resulting in sustained
concentrated locoregional delivery of the chemotherapeutic
agent. Through the compartmentalization of chemotherapy,
decreasedtoxicities, increased concentrations, and potentially
improved tumor response may occur, in hopes of altering
or regulating tumor biology, translating into an improve-
ment in survival. Most commonly, irinotecan is used as the
systemic therapeutic agent in the treatment of mCRC, so
termed DEBIRI.3®

The current body of literature relating to the use of DEBIRI
has been limited by risk of bias and the strength of reported
results. A comprehensive critical review of the use of this
technique, including elution profile of the various micro-
sphere manufacturers, particle size, and chemotherapeutic

TABLE 1. Summary of Radiofrequency Ablation Studies for Treatment of Metastatic Disease

No. of Median/Range No. Mean/Median Extrahepatic 5-Year
Study (Year) Patients Approach of Tumors Diameter, cm Disease, % Survival, % Comment
Ruers et al (2017)* 119 Percutaneous 4 (1-9) <4 cm (NR) 0 43.1 8-year survival:
laparoscopic 39.5%; RCT"
Imai et al (2017)* 31 Hepatect (Paviour) 5 (2-25; total) 29 (7-90; total) 0 57
+RFA 2 (1-4; RFA) 1.3 (0.4-3.0; RFA)
Agcaoglu et al 395 Laparoscopic 3(1-11) 3.4 8 17 Extension of
(2013)* RFA during
resection
Bale et al (2012)*® 63 Percutaneous 2 (1-14) 2 (0.5-13) 0 27
Gillams et al 123 Percutaneous 2.1(1-5) 2.9(0.9-5) 0 24
(2009)%
Hamada et al 101 Percutaneous 1.7 2.3 (0.5-9) 27 21
(2012)
Kim et al (2011)%* 595 Open 1.6 2.1(0.5-6.2) 0 51 (<3cm)
percutaneous
Machi et al 100 Open 3.5 3 20 31
(2006)* percutaneous
laparoscopic
Van Tillborg et al 38 Open 2.4 2.4 (0.2-8.3) = 36 8-year survival:
(2011)* percutaneous 24%
Hammill et al 101 Laparoscopic 2.6 3-4 18-49"
(2011)*
Solbiati et al 99 Percutaneous 2 2.2 (0.8-4) 7 48 7-year survival:
(2012)* 25%

*The only prospective randomized controlled trial to date.

**Extrahepatic spread with intent for surgical resection.

*Forty-nine percent for resectable disease with curative intent.

Abbreviations: NR, not reported; RCT, randomized, controlled trial; RFA, radiofrequency ablation.

Randomized controlled trial: 119 patients with confirmed unresectable disease by conventional anatomic approach randomly assigned to systemic therapy (59 patients) alone or to systemic therapy plus

ablation/resection (51 patients).
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intensity, concluded that the small body evidence (primarily
restricted to small retrospective analyses, and phase lla ob-
servational prospective studies) limited broad adoption of
DEBIRI.3®

Recently, Martin and colleagues reported on the largest
randomized controlled trial to date of patients undergoing
DEBIRI.** They recruited 70 patients into this two-group study
to compare FOLFOX6 and bevacizumab versus mFOLFOX6
and DEBIRI with or without bevacizumab in the first-line set-
ting. The primary endpoint was response rate. The overall
response rate was significantly greater in the interventional
arm at 2 months (70% versus 54%; p = .02) and at 6 months
(76% versus 60%; p = .05), achieving success in the primary
endpoint.?®

However, critics have stated concern regarding the in-
troduction of additional chemotherapeutic agents in the
experimental arm, questioning whether the reported im-
provement in outcome may be confounded by the systemic
effects rather than the liver-directed therapy. Under these
pretenses, a proper study would be best compared with
a FOLFOXIRI/FOLFIRINOX regimen as opposed to what is
being described in the study, which is FOLFOX alone. The
authors concluded that the simultaneous administration
of microspheres is safe and does not cause treatment de-
lays or increase systemic toxicity of chemotherapy, with the
added benefit of improved overall response rate, improved
hepatic progression-free survival, and more durable overall
progression-free survival (with a statistically increased inci-
dence of downstage to surgical resection). Given the limited
evidence, the use of DEBIRI should be reserved for further
study.

RADIOTHERAPY FOR OLIGOMETASTASES:
ADVANCES IN EXTERNAL BEAM AND
SELECTIVE-INTERNAL RADIATION

Modern advanced radiotherapy techniques are increasing
the therapeutic options for patients with oligometastatic
mMCRC. Improvements in external-beam radiotherapy (EBRT)
over the past 2 decades include image-guided radiotherapy,
intensity-modulated radiotherapy, SBRT, and proton-beam
therapy.

Although the standard dose for primary rectal cancer is
generally 45 to 54 Gy in 1.8-Gy fractions daily, some inves-
tigators report that hepatic metastases from CRC are more
radioresistant than other liver metastases clinically.*>*
SBRT can potentially allow delivery of higher biologic dos-
es of radiotherapy than conventional fractionation in three
to five fractions over 2 weeks, with greater convenience for
patients and potentially higher efficacy than conventional
radiotherapy. It requires very accurate image guidance and
motion management to ensure a high degree of spatial ac-
curacy. At most centers, SBRT is generally offered to patients
with up to three to five liver metastases and small treatment
volumes (< 8 cm lesion diameter), but it can be used to treat
more lesions depending on their locations within the liver
and larger tumors as long as sufficient normal functioning
liver (700 mL minimum) can be spared.*>** Larger lesions are

commonly treated with three-dimensional conformal radio-
therapy or intensity-modulated radiotherapy with 45 to
66 Gy in 1.8-Gy fractions.*

For all forms of external-beam radiotherapy to the liver,
it is recommended that patients have high-quality triphasic
CT planning scans, ideally with coregistration of MRI, with
or without positron-emission tomography for accurate tar-
get delineation.**** Because the liver moves with breath-
ing, techniques for motion management are essential, as is
image-guided radiotherapy, such as cone-beam CT with or
without radio-opaque fiducial markers.**® Techniques used
by liver centers include abdominal compression, measured
breath-hold, and gated-radiotherapy treatment during the
breathing cycle.***¢ If four-dimensional CT is used, an inter-
nal target volume is defined to encompass the target volume
in all respiratory phases.*®

Many studies have evaluated the safety, feasibility, and
toxicity profile of SBRT in the management of hepatic tu-
mors.3%47%0 Particular caution must be exercised regarding
the proximity of adjacent luminal gastrointestinal structures
because all forms of EBRT can cause hemorrhagic gastritis
with doses greater than 7 Gy to one third of the stomach®
or colonic/duodenal ulceration with doses greater than 30
Gy in three fractions.”? Departmental protocols are based
on international guidance®; if substantial compromise
of the planning target volume is likely to be required, the
treating oncologist may decide to change to conventional
fractionation.

Radiation-induced liver disease (RILD) has been the main
limiting factor for the use of EBRT in hepatic tumors. RILD is
characterized by central sinusoid congestion with adjacent
hepatic atrophy** and usually occurs from a few weeks to
4 months after irradiation. Traditionally, a 5% risk for RILD
after 32 Gy to the whole liver at 2 Gy per fraction is quoted.>
The risk for RILD is considered proportional to the mean
dose of radiation to the normal tissue as the liver follows
the parallel architecture model of radiobiology.** By sparing
sufficient functioning liver, doses up to 90 Gy have been re-
ported to be safely given to up to a third of the liver vol-
ume.*?°%% From the patient’s perspective, nausea, elevated
liver enzymes, acute skin erythema, asthenia, thrombocy-
topenia, and chest wall pain have been observed following
EBRT.

Various studies have shown promising local control rates
after SBRT as a focal treatment of CRC oligometastases in
multiple organs, including liver, lung, and lymph nodes.>*%-%0
Some studies have included hepatic oligometastases from
multiple primaries, including CRC.**#761%% Studies that in-
cluded only inoperable hepatic oligometastases from CRC
are listed in Table 2.3648507071 Of note, rates of Common
Terminology Criteria for Adverse Events (CTCAE) adverse
events of grade 3 or greater toxicity range between 0% and
15% in the six studies listed in Table 1, confirming that SBRT
is generally well tolerated.

Local control rates at 1 year for SBRT from three prospec-
tive and three retrospective studies of treatment for CRC he-
patic metastases range between 50% and 100%, and overall
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survival rates at 2 years range between 26% and 83%.36485070.71
However, out-of-field recurrences are common, with rates
reported between 59% and 68%.3¢°%7 Patient selection is
therefore important; preferably, patients should be selected
for SBRT if they seem less likely to develop other metastases
in the near future, without or with the addition of systemic
therapy. Clinical trials exploring this approach include those
combining SBRT for mCRC with immunotherapy.”

A pooled analysis of 47 patients evaluated a range of doses
between 22 and 60 Gy and showed that total dose, dose
per fraction, and biologically effective dose (BED) correlated
with local control (p = .06).3® The best-fit curve estimated
that a dose of 48 Gy or greater in three fractions (BED, 117
Gy) was required for a 1-year local control rate of greater
than 90%. In a separate study, a retrospective analysis of
70 patients showed that more prolonged local control was
observed if higher doses were used; the optimal BED dose
was greater than 132 Gy.”* The 2-year local control rate for
lesions receiving BED at greater than 132 Gy was 89%,; for
those receiving 100 to 112 Gy and 60 to 80 Gy, the rates
were 83% and 52%, respectively.” The optimal dosimetric
parameters for an effective ablative dose with minimal tox-
icity require further evaluation through clinical trials.

Proton-beam therapy uses charged particles to deposit
dose at a defined depth with a very sharp fall-off in dose,
potentially reducing irradiation of the surrounding normal
tissue. One prospective phase Il study of 89 patients with
hepatic metastases, of varying histologic types (34 CRCs),
used protons to doses of 30 to 50 gray equivalents in five
fractions (BED, 48-100 Gy; relative biologic effectiveness,
1.1) and had a median follow up of 30.1 months.” There
were no CTCAE grade 3 or greater toxicities, and 1- and
3-year local control rates were 71.9% and 61.2%, respectively.
Interestingly, as suggested by other investigators using SBRT
with photons,** CRC metastases in the photon-beam ther-
apy study had worse local control than did other tumors.”
Somatic analyses showed that tumors with mutant KRAS
and TP53 tumors were more radioresistant than tumors
wild-type for the same genes, and that mutation of the
KRAS oncogene was a strong predictor of poor local control.
This study is an important demonstration that proton-beam
therapy safe and effective to treat oligometastases from
mCRC.

EBRT for Lung or Lymph Node Metastasis

Lung is a common site for mCRC, and SBRT is considered
a treatment option for oligometastatic pulmonary metasta-
ses. The dose and fractionation depend on tumor size and
proximity to areas at risk, including the chest wall, heart,
and main bronchus. In one study, 60 patients were treated
with doses of 48 to 60 Gy in three to four fractions, demon-
strating 2-year local control rates of 80%, with a median
time to lung progression of 7 months.*® In another study, 44
patients with 69 CRC pulmonary metastases were treated
with SBRT;”> 2-year overall survival rate was 67.7%, and
2-year local progression-free survival rate was 60.2%. No
CTCAE grade 3 or greater toxicities were reported.

In practice, SBRT is usually the second choice if surgical
resection is not feasible. One study evaluated the outcomes
of patients with pulmonary oligometastases after SBRT with
those after pulmonary metastasectomy.’® Despite the selec-
tion bias (SBRT was second choice in this study if resection
was not possible), 2-year local control rates did not signifi-
cantly differ between the two study groups: 94% for SBRT
and 90% for resection.”®

Despite its widespread use at SBRT centers, there are
limited high-quality data on the efficacy of SBRT for oligo-
metastatic lymph node metastases. Because lymph node
resection is not practiced widely for metastatic disease and
can be technically challenging and morbid, SBRT is often the
preferred treatment option for these patients and can offer
them periods free from the toxicities of systemic therapy. In
a retrospective study of 18 patients treated with SBRT for
lymph node oligometastases from various primary tumors
(seven CRC), a 1-year local control rate of 94% was observed
and 1-year overall survival rate was 89%. No CTCAE grade
3 or greater toxicities were observed.”” In general, doses
ranging from 36 to 51 Gy in three to five fractions have been
used; careful recording of acute and late toxicities is advised
to ensure adequate clinical governance.

Selective Internal Radiotherapy for Liver Metastasis
Selective internal radiation therapy (SIRT) with resin or glass
microspheres labeled with the B-emitter °°Y enables targeted
delivery of radiation to inoperable liver metastases from
CRC.7®8 Whereas SBRT delivers high doses of external radia-
tion in fractions, SIRT delivers a continuous dose of radiation
inside the liver. The physical half-life of Y is 64 hours, so
patients must be aware of some simple radiation protection
precautions for up to 7 days after SIRT.” The treatment in-
volves a workup procedure during which hepatic angiogra-
phy is performed, aberrant vessels from liver to other organs
are embolized with coils, and **™Tc-labeled macro-aggregated
albumin is injected as a surrogate of the treatment.”®® The
definitive treatment procedure is performed within 2 to
3 weeks of the workup procedure, during which millions of
Y microspheres are injected directly into the hepatic arte-
rial vasculature. Because the Y-loaded microspheres pref-
erentially localize in tumor arterial vasculature, very high
radiation doses are delivered to tumors while tolerable radi-
ation doses to normal hepatic tissue are maintained.

In mCRC, SIRT is predominantly used as salvage therapy
in treatment-refractory disease®® or in the second-line
settings in combination with chemotherapy.”# Hendlisz
and colleagues randomly assigned 46 patients with mCRC
refractory to standard chemotherapy to protracted intra-
venous infusional 5-fluoroucil or the same chemotherapy
(dose reduced) plus SIRT; they observed an improvement in
median time to tumor progression of 2.4 months in favor of
the combination treatment.®® Because of crossover to SIRT
treatment from the control arm, overall survival could not
be studied meaningfully. On the basis of this randomized
controlled trial and published cohort studies, SIRT is widely
reimbursed in high-income countries for the treatment of
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mMCRC refractory to chemotherapy. There exists recently
published guidance on the optimal approach to managing
some of the most important complications of SIRT.®

The combination of SIRT with first-line chemotherapy is
not widely used in clinical practice. The feasibility of combin-
ing SIRT with first-line FOLFOX chemotherapy as a combined
radiosensitization approach for mCRC had previously been
demonstrated by Sharma and colleagues in 2007.2° The
FOXFIRE-SIRFLOX-FOXFIRE Global combined analysis of 1,103
patients assessed the efficacy and safety of SIRT with %Y
resin microspheres when combined with first-line FOLFOX
chemotherapy versus FOLFOX alone in patients with liv-
er-only or liver-dominant mCRC (bevacizumab or other bi-
ologically targeted agent was allowed at the discretion
of the investigators). This combined analysis demonstrated
that despite improving objective response rate and liver-
specific progression, the addition of SIRT did not affect
overall survival and increased the frequency of grade 3 to 5
adverse events.!” The median improvement in local control
of liver metastases exceeded 8 months,®* but the amount
of chemotherapy and other anticancer therapy received
by patients in the combination arm was significantly lower
than that in patients randomly assigned to the control arm.
Because approximately 16% of patients in these prospective
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ogy have substantially expanded our therapeutic armamen-
tarium. A coordinated multidisciplinary strategy is required
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