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Multimodality management of
colorectal liver oligometastases

Shauna R. Campbell, DO; Ehsun H. Balagumwdala, MD; Neil M. Woody, MD, MS;

Kevin L. Stephuns, MD

olorectal cancer (CRC) rep-
‘ resents the second-leading cause

of cancer-related mortality in
the United States.! Due to drainage of
the majority of intestinal mesentery
through the hepatic portal venous sys-
tem, metastases to the liver are the most
common site of spread of CRC. While
many patients present with widespread
or extra-hepatic metastases, a subset of
patients with limited liver metastases
(LM) have been reported to experience
high rates of long-term survival, and
even cure, after liver resection.?” In a se-
ries of patients with CRC from the Brit-
ish Columbia Cancer Agency, 46% of
those with metastatic disease presented
with liver-only metastases, 38% of these
had 1-3 sites of disease, and resected pa-
tients had the highest rates of survival .®
Patients with limited metastatic disease
in which long-term control or even cure
may be achievable are regarded as oli-
gometastatic. The definition of oligo-
metastatic is continually evolving, but

typically refers to patients with 1-3, or
1-5 metastases.” While larger-scale ran-
domized trials are ongoing, exploratory
studies have suggested the potential for
improved survival with local therapy di-
rected at oligometastatic CRC.3° Herein
we review the treatment options for pa-
tients with oligometastatic CRC LM.

Treatment
Intent and Sequencing

A critical first step in managing pa-
tients with oligometastatic CRC is to
define the intent of treatment: deter-
mining those patients who may have a
chance for long-term control or cure
and those whose quality of life would
best be served by palliation. Either ap-
proach requires a multidisciplinary
approach to sequence management
of the primary tumor, metastases, and
chemotherapy. Considerations include
age, comorbidities, performance sta-
tus, presence of symptoms from the
primary tumor, extent and distribution
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of disease, and resectability of meta-
static lesions. If the primary tumor is
symptomatic, it is typically addressed
first to limit risk of complications.
Patients with asymptomatic primary
tumor and limited LM may undergo
simultaneous resection followed by
adjuvant chemotherapy. Patients with
asymptomatic primary tumor and
extensive LM require systemic ther-
apy first. Multi-agent fluorouracil (5-
FU) based chemotherapy is first line;
however, oxaliplatin (FOLFOX) and
irinotecan (FOLFIRI) regimens may
increase the risk of steatohepatitis and
noncirrhotic portal hypertension when
given preoperatively.'®!'! A randomized
trial of perioperative chemotherapy vs
surgery alone demonstrated increased
perioperative complications in the che-
motherapy group (25% vs 16%, p =
0.04); however, there was no difference
in operative mortality, and periopera-
tive chemotherapy was associated with
a sustained benefit in progression-free
survival (PFS) (median 20.9 months vs
12.5 months for eligible patients, p =
0.035).!2 Although there is no proven
impact on overall survival (OS), many
centers favor neoadjuvant chemo-
therapy as an assessment of biologic
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behavior and in vivo chemosensitivity,
improving surgical selection and PFS.
While randomized trials do not demon-
strate an OS benefit to adjuvant chemo-
therapy after hepatic resection, patients
with LM are likely to have unresected
micrometastatic disease. Therefore,
society guidelines, including the Na-
tional Comprehensive Cancer Network,
suggest 6 months of FOLFOX-based
chemotherapy.'3

Chemotherapy

While there is no universally ac-
cepted first-line chemotherapy regimen,
the 5-FU-based multi-agent regimens
(FOLFOX and FOLFIRI) achieve the
most promising response rates in che-
motherapy-naive patients.'* The admin-
istration of these regimens depends on
patient tolerability and frequently re-
quire dose reductions and/or early dis-
continuation secondary to toxicity.

The addition of bevacizumab to
5-FU-based multi-agent chemotherapy
demonstrates modest improvement in
OS and PFS across all clinically relevant
subgroups, albeit at the cost of a 10%
absolute increase in grade > 3 toxicity.'3
Cetuximab or panitumumab may be
added for patients with left-sided tumors
that are RAS and BRAF wild-type, but
should not be combined with bevaci-
zumab. CRC is not generally sensitive
to immunotherapy; however, patients
with mutations in DNA mismatch re-
pair genes (< 5% of all metastatic CRCs)
have exhibited high response rates to
pembrolizumab and nivolimab with or
without ipilimumab.'®

For patients who do not progress, the
optimal duration of first-line chemother-
apy is not established. Several random-
ized trials have compared pre-defined
regimens vs maintenance chemother-
apy, and none have demonstrated a clear
difference in survival. These trials are
heterogeneous, varying in the re-intro-
duction of active agents at time of pro-
gression, which limits the ability to reach
definitive conclusions.'7-?° Importantly,

the data clearly demonstrate that 5-FU,
irinotecan, and oxaliplatin are the most
active chemotherapy agents and should
be given to all patients, whether it be
concurrently or sequentially, and with
or without maintenance. These regimens
appear to have lower rates of cross-resis-
tance, and patients offered all available
agents during their disease course appear
to have improved outcomes !

The genetic profile of CRC is an
important characteristic established
at diagnosis, but there can be a discor-
dance of genetic expression between
the primary tumor and metastatic sites.
In a novel gene expression analysis of
both primary and metastatic CRC, in-
vestigators demonstrated that molec-
ular signals that stratify for outcome in
primary CRC were of limited prognos-
tic utility in the subset of patients with
resected CRC LM. Based on surgical
pathology, investigators identified mo-
lecular signals risk stratifying patients
into low-, intermediate-, and high-risk
groups with relative 10-year OS rates
0f 94%, 45%, and 19%, respectively.??
Similarly, in a broader group of patients
with CRC metastases to multiple sites,
a multigene radiation sensitivity index
score (RSI) suggested slightly greater
radiation resistance in metastatic sites
compared to CRC primary tumors, with
the highest median resistance scores
found in ovary, abdominal, and liver
metastases.>* Molecular risk profiling
of both primary and metastatic sites, in
combination with other known prog-
nostic features, likely reflects the future
of individualized therapy.

To summarize the current systemic
therapy guidelines, a 5-FU-based, multi-
agent therapy remains the backbone of
treatment for patients with metastatic
CRC, regardless of the mutational sta-
tus or metastatic burden. Newly di-
agnosed patients should be started on
FOLFOX or FOLFIRI, with the addi-
tion of a monoclonal antibody based
on mutational status. Given low rates
of cross-resistance, patients should be

offered second-line chemotherapy at
progression. For the small percentage of
patients with DNA mismatch repair mu-
tations, treatment with immunotherapy
is the preferred second-line treatment
after progression on standard first-line
therapy.

Surgical Resection

Surgical resection is the standard of
care for low-volume CRC LM. Sur-
gery has the largest body of evidence
demonstrating long-term survival, al-
though only 20% to 30% of metastatic
patients are resectable at diagnosis.>>
A limited group of patients, unresect-
able at presentation, may become sur-
gical candidates following a favorable
response to chemotherapy. This is
known as down-staging, and patients
who undergo resection after down-stag-
ing have similar outcomes to patients
who are resectable at diagnosis.>* In
select cases, surgical resection for bilat-
eral liver involvement can be achieved
with partial right and left hepatecto-
mies. During surgical planning, if the
expected liver remnant is not expected
to be of sufficient volume, portal vein
embolization may be performed. Em-
bolization should prompt hypertrophy
of the perfused liver and, if the remain-
ing liver grows to an adequate volume,
resection is feasible

Overall, for the high-performing pa-
tient with low-volume CRC LM, the
standard of care is surgical resection of
LM. This can be preceded by chemo-
therapy and/or portal vein embolization
in cases appropriate for down-staging.
For most patients who are not surgical
candidates, other liver-directed thera-
pies have emerged.

Radiofrequency and Cryoablation

For unresectable CRC LM, minimally
invasive ablation techniques for LM
treatment include radiofrequency ab-
lation (RFA), microwave ablation, and
cryoablation. The prospective EORTC
4004 phase II trial randomized 119
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- portal vein involvement
- tumor in dome of liver

(not limited to) - diffuse disease

required for local control

-tumor abutting vasculature

Contraindications - decompensated liver failure

- adjacent stomach or bowel limiting dose

- limited portal vein involvement (Y)

- notaccessible by other modalities

- decompensated liver failure
->50% liver replacement by tumor
- inability to undergo arteriography

- inability to isolate arterial blood supply

->20% lung shunt

- reflux to unaffected gastrointestinal organs

- main portal vein thrombosis
- unmanageable coagulopathy

SA-CME (see page 8)
Table 1. Indications for Focal Therapies in Unresectable CRC LM
Table 1 SBRT TACE3>and %Y RFA51-55
Indications - small to medium size well-defined tumor - higher burden of disease involving segmentor lobe - small (<3 cm) well-defined tumor

- peripheral location accessible via
percutaneous or surgical approach

- decompensated liver failure
- diffuse disease
-<1cmfrom bile duct

- intrahepatic bile duct dilation
- anterior exophytic tumor

- major vessel invasion

- unmanageable coagulopathy

RFA = radiofrequency ablation

Key: CRC LM = colorectal cancer liver metastases, SBRT = stereotactic body radiation therapy, TACE = transarterial chemoembolization,

patients with unresectable CRC LM
(< 10 LM and no extrahepatic disease)
to systemic therapy alone (FOLFOX
and bevacizumab) vs systemic therapy
and RFA (+/- resection).’ The major-
ity (73.3%) of patients had < 5 metas-
tases. After a median follow-up of 9.7
years, 10% of patients were alive in
the systemic therapy arm and 35% in
the combined modality arm. The com-
bined modality arm demonstrated im-
proved OS (HR 0.58,p =0.01), median
OS (45.6 months vs 40.5 months), and
PFS (16.8 months vs 9.9 months, p =
0.005) compared to systemic therapy
alone. Local progression occurred in 11
out of 170 RFA-treated lesions (6.5%),
although the median tumor size was
not reported. Postoperative complica-
tions included infection (13.3%), fever
(16.7%), and hospitalization > 24 hours
(13.3%). This study lends strong support
to aggressive local control via ablation
in CRC patients with limited LM. Con-
traindications to RFA are discussed in
Table 1.

Ablation techniques should be con-
sidered when the number of peripheral
LM is limited and preferably < 3 cm.
Tumors abutting or involving a bile
duct should not be treated with ablation
due to a high risk of biliary complica-

tions. Ablation technique selection is
often institution and expertise depen-
dent, but there are considerations for
each. In thermal ablation, microwave is
a newer technology than RFA, tends to
be faster, can treat a larger area, and is
less sensitive to the “heat sink” effect.
This means microwave ablation will
be more effective than RFA for larger
tumors or those abutting vasculature.
Cryoablation is more time intensive
than thermal techniques, but visualiza-
tion of the “ice ball” during freezing
permits close monitoring of the ablation
zone, which is not possible with RFA or
microwave ablation.

Chemoembolization and
Radioembolization

LM receive most of their blood
supply from the hepatic artery. Tran-
sarterial chemoembolization (TACE)
delivers a high local concentration of
chemotherapy while reducing blood
supply to LM via direct embolization
of the hepatic artery. Transarterial radi-
oembolization (TARE) delivers radio-
active microspheres filled with yttrium
90 (°°Y). In both techniques, normal
tissue is relatively spared because of
preserved portal vein blood supply. A
randomized trial compared FOLFIRI

to FOLFIRI with TACE in 74 patients
who had progressed on second- or
third-line chemotherapy. The addition
of TACE improved response, OS, and
increased time to extra-hepatic pro-
gression compared with FOLFIRL.?® As
one would not expect a systemic effect
after TACE, explaining improved ex-
tra-hepatic control is challenging. It is
unclear if this suggests a benefit to treat-
ing local disease, or potentially reflects
an imbalance in this small randomized
trial given unexpected differences in
extra-hepatic progression.

Multiple randomized trials have
demonstrated the safety and efficacy of
Y with systemic therapy in patients
with LM. A phase III trial compared
5-FU alone vs *°Y with 5-FU in un-
resectable, chemotherapy-refractory,
liver-only metastases. Time to liver pro-
gression was improved (2.1 months vs
5.5 months, p = 0.003), but there was no
difference in OS.’

Subsequently, 3 randomized phase
IIT trials evaluated the addition of
NY to first-line chemotherapy for pa-
tients with liver-only or liver-domi-
nant metastatic CRC. These studies,
known as FOXFIRE, SIRFLOX, and
FOXFIRE-Global, were published in
a combined analysis of 1103 patients
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Table 2. Liver SBRT Series
Table 2 Number of Patients and LM Radiation Dose  Local Control Acute Toxicity
Hoyer et al® 44pts 45Gyin3fx 2yr79% 2 grade 2 Gl ulceration
(Phase l) UNK LM 1 grade 3 Gl ulceration
1 grade 5 hepatic failure

Rusthoven et al% 47 pts 36-60 Gy in 3 x 2yr92% 1 grade 3 soft tissue necrosis
(Phase I-Il) 63 LM
Mendez Romeroetal®* 17 pts (14 CRC) 30-37.5Gyin 3fx 1yr100% 3grade3 TGGT
(Phase ) 34IM 2yr86% 1 grade 3 asthenia
Scorsetti et al® 61 pts (30 CRC) 75Gyin3ix 1yr94% 1 grade 3 chest wall pain
(Phase ll) 76LM 3yr78%

5yr78%
Mahadevan etal® (RR) 427 pts 12-60 Gy in 1-51x 2yr77% Notavailable

568 LM Median 45 Gy in 3fx

Hong et al®” 89 pts (34 CRC) 30-50 GyE in 5 fx 1yr71.9% No grade >3
(Phase ) 143 LM 3yr61.2%
McPartlin et al® 60 pts 22.7-62.1 Gy in 6 x 1yr50% 1 grade 3 nausea
(Phase I/1I) 93LM 2yr32%

4yr26%
Sufficool et al*? 41pts (21 CRC) 30-50 Gy in 3-5fx 6m92% No grade >3
(Phase Il - BROO1 80 LM 1yr75%
liver subset)
Jooetal 70 CRC pts 30-60 Gy in 3-5fx 1yr93% No grade >3
(RR) 103 LM 2yr73%

3yr68%
Key: SBRT = stereotactic body radiation therapy, Pts = patients, Fx = fractions, Yr = year, M = month, Gl = gastrointestinal,
GGT = gamma-glutamyl transferase

that randomized patients to FOLFOX
alone vs a single dose of *°Y during
cycle 1 or 2 of FOLFOX. Median OS
was not significantly different (23.9
months vs 23.4 months, p=0.61), and
there was no difference in OS for the
prespecified analysis of patients with
liver-only metastases.”® A post-hoc
analysis of the SIRFLOX and FOX-
FIRE-Global trials evaluated right-
sided vs left-sided primary tumors
with the knowledge that right-sided
primary tumors are a poor prognostic
factor. Of the 739 patients in these 2
trials, 179 patients (24.2%) had right-
sided primary tumors and improve-
ment in median OS (17.1 months vs 22

months, p = 0.008) with the addition
of Y to FOLFOX. For patients with
liver-only metastases, PFS improved
for both right-sided (9.6 months vs
13.2 months, p =0.001) and left-sided
primary tumors (12.5 months vs 15.3
months, p = 0.015). The addition of
NY to first-line systemic therapy does
not improve OS in an unselected group
of patients with CRC LM, but future
studies may reveal a benefit in a sub-
group of patients.

TACE and TARE should be consid-
ered in patients with liver-dominant met-
astatic disease who progress on first- or
second-line therapy or have residual LM
after a favorable response to systemic

therapy. They are preferred over ablation
and SBRT when there are multiple LM
in a lobe of the liver that can be treated
simultaneously. The efficacy of TACE
and TARE are similar, but TARE is
more likely to promote liver remnant
hypertrophy and should be favored if
future resection is planned.?*° TACE is
associated with an increased incidence of
post-embolization syndrome and hospi-
talization, and carries a high risk of he-
patic decompensation when portal vein
invasion is present. TARE can be used
with limited portal vein thrombus as long
as the portal vein invasion does not in-
volve the main trunk; otherwise, SBRT
is preferred .
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Table 34246 3 Fraction

Table 3. Liver SBRT Dose Constraints

5 Fraction

Liver: noncirrhotic

Liver: cirrhotic

>700 cm® of uninvolved liver < 15 Gy

>700cm3<21 Gy

Child Pugh A >700 cm® < 15 Gy and mean liver dose < 15 Gy in 3 or 5 fractions

Child Pugh B >700cm? <15 Gy, >500 cm3< 7 Gy, and mean liver dose < 10 Gy in 5 fractions

Central liver V33.8<21cm? V26 <40cm?
V32<24cm? V21<37¢cm?
Mean dose < 19 Gy

Duodenum D1cmf<30Gy D1cm3<35Gy

Small Bowel D2cm3<24.5 Gy D2cm3<30 Gy
D5cm3<21Gy D5cmi<25 Gy

External-beam Radiation,
Stereotactic Body Radiation
Therapy, and Protons

The use of external-beam radiation
for LM was historically limited by in-
tolerance of the liver to high doses of
radiation and subsequent risk of radia-
tion-induced liver disease (RILD). As
treatment delivery, image guidance,
and motion management techniques
have advanced, we can now deliver ab-
lative doses of radiation while sparing
normal liver.

For patients with CRC LM, stereotac-
tic body radiation therapy (SBRT) has
proven effective with reliable dosimetry
and high rates of local control (LC), as
outlined in Table 2. Low rates of toxicity
have been reported, with the incidence
of RILD from SBRT rarely described in
noncirrhotic patients.!

A consensus SBRT dose for CRC LM
does not exist; however, it is reported
that higher BED (biologically equivalent
dose) correlates with improved LC.In a
retrospective multi-institutional series of
427 patients with 568 LM treated with
SBRT, BED, =100 Gy demonstrated im-
proved 2-year LC of 77.2% vs 59.6% for
BED, ;<100 Gy. OS was also improved
with higher dose (27 months vs 15
months, p <0.0001) .3 Dose prescription
varies significantly throughout published
trials, but the lack of RILD suggests

greater liver tolerance than previously
proposed, and an opportunity for further
dose escalation in noncirrhotic patients.

Tumor volume has been established
as a driving factor, albeit variable, in
the LC of lesions treated with SBRT,
with lesions > 40 ¢m? demonstrating
decreased LC and OS.3° Most phase 1
and II studies required lesions < 6 cm
for inclusion. Hong et al published the
first series of LM treated with proton
SBRT, and included larger tumors.’
For tumors = 6 cm, they report LC of
73.9% and 65.2% at 1 and 3 years, re-
spectively, challenging the theory that
SBRT is not effective for large tumors.
Furthermore, they also demonstrated
the strongest predictor for inferior LC
was not lesion size but mutational sta-
tus. Tumors with a KRAS mutation
demonstrated significantly decreased
LC of 42.9% compared with 72.1% in
tumors without the mutation (p = 0.02).
The same has been reported in the °Y
literature suggesting this as a marker
of radiation resistance.*! Presence of a
TP53 mutation was also associated with
decreased LC of 46.2% vs 70.5% for
wild type (p = 0.08), and tumors with
both mutations had a 1-year LC of 20%
vs 69.2% for all others (p =0.001).%7

In addition to following established
SBRT constraints,*>** (Table 3) many
centers extrapolate from surgical liter-

SA-CME (see page 8)

ature estimating a minimum necessary
residual volume of liver of 700 cm?3,
and spare this volume below an ablative
dose-level. While this is a frequently
applied estimate, the minimum required
functional reserve likely varies based on
many factors (age, BMI, liver size and
health). Additional models for liver con-
straints use mean dose, effective volume
of radiated liver (V,),* and functional
imaging to spare more critical portions
of a functioning liver.*> We recommend
evaluating multiple toxicity models to
balance the risk-benefit ratio for each
patient. Although not uniformly agreed
upon, dose constraints to the central liver
are used to limit toxicity such as biliary
stricture. The central liver is most com-
monly delineated as an expansion of the
portal vein, and toxicity is more common
in the treatment of primary biliary ma-
lignancy, such as cholangiocarcinoma.
This suggests that in addition to radiation
dose, disruption of normal biliary tree ar-
chitecture likely contributes to the risk of
central liver toxicity.*® The importance
of dose constraints to the duodenum and
small bowel come from the toxicity seen
following the early pancreas SBRT
experience and the increased inci-
dence of ulceration, hemorrhage, and
perforation.

Generally, the experience of liver
SBRT has been in heavily pretreated
patients, who often have received prior
liver-directed therapy and multiple
lines of chemotherapy. Comparative
analyses of SBRT with other liver-di-
rected therapies are scarce, but those
available demonstrate that SBRT pa-
tients commonly have less favorable
characteristics, but equal or superior
control rates. Jackson et al compared a
cohort of SBRT patients with RFA and
found a higher local failure risk with
RFA for tumors = 2 cm.*’ Franzese et
al performed a propensity-score-based
comparison of SBRT with microwave
ablation and showed a reduced risk
of local relapse with SBRT (adjusted
HR 0.31; p = 0.005).*® Shen et al also
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completed a propensity-score-based
comparison of SBRT with TACE, for
hepatocellular carcinoma lesions 3-8
cm, and found that SBRT demonstrated
superior LC and OS, and was especially
effective for recurrent cases.*’ The fa-
vorable outcomes of SBRT are likely
attributable to the high reliability of
SBRT dosimetry, image guidance, and
delivery of the planned treatment.

Conclusion

Oligometastatic CRC LM comprises a
heterogeneous group of patients who re-
quire individual consideration when as-
sessing treatment decisions. Multi-agent
systemic therapy remains the backbone
of treatment, but there are several op-
tions for complementary liver-directed
therapy. LM location, size, and baseline
hepatic function are the most important
considerations when selecting optimal
liver-directed therapy.

Surgical resection remains the stan-
dard of care, but the development of
nonsurgical liver-directed therapies
have been vital for the 70% of patients
unresectable at diagnosis. Thermal and
cryoablation techniques are best suited
for LM < 3 cm, of limited number, and in
the periphery of the liver. SBRT is effec-
tive for small to medium LM and portal
vein thrombosis, but should be carefully
considered if multiple lesions require
treatment. TACE or TARE is best for pa-
tients with higher volume LM in which
treatment of a hepatic segment or lobe
will address multiple LM synchronously.
Table 1 summarizes indications and
contraindications that can aid treatment
selection based on individual patient and
tumor factors.

Patients will commonly require more
than 1 liver-directed therapy, and critical
evaluation of disease response and toxic-
ity to prior therapy should be considered.
Given the complex clinical decision
making and lack of definitive random-
ized evidence for CRC LM, multidisci-
plinary care by physicians specializing in
the treatment of LM is imperative.
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Case Example

A 63-year-old man was diagnosed with cT2N1bM la, stage
IVA, adenocarcinoma (KRAS mutated) of the rectum with mul-
tiple liver metastases. The patient was initiated on chemotherapy
with FOLFOX, and bevacizumab was added on cycle 2. After
3 cycles of chemotherapy the patient was treated with Y to
the right liver, the dominant site of liver metastases. Following
4 additional cycles of chemotherapy, computed tomography
(CT) imaging of the chest, abdomen, and pelvis demonstrated a
favorable response to therapy with a reduction in size of the pri-
mary rectal mass, near resolution of regional lymph nodes, and
significant volume reduction of liver metastases. The patient’s
CEA had decreased from 1205 ng/mL to 13 ng/mL during this
time and he was continued on chemotherapy for 3 cycles (bev-
acizumab held the last cycle in anticipation of possible surgery).
Follow-up imaging demonstrated a continued response to che-
motherapy, so the patient was taken for surgical resection of
the primary tumor via laparoscopic transanal total mesorectal
excision. Surgical pathology demonstrated 0.5 cm of invasive
moderately differentiated adenocarcinoma with a partial re-
sponse to treatment. There was a microscopic focus of residual
disease in only 1 of 27 lymph nodes, final pathologic staging
ypT1Nla(mic). Six weeks following surgery the patient was
restarted on FOLFOX with bevacizumab for an additional 2 cy-
cles. Repeat imaging demonstrated residual but stable disease in
the right liver, and no other evidence of metastatic disease. Fol-
lowing multidisciplinary tumor board discussion, the patient was
then taken for right hepatectomy. Surgical pathology revealed
no evidence of viable carcinoma and hepatic parenchyma with
histologic features consistent with treatment effect. At this time,
15 months following diagnosis, the patient demonstrated no ev-
idence of disease and CEA was within normal limits at 1.5 ng/
mL. Following right hepatectomy, the patient received 2 addi-
tional cycles of FOLFOX and then transitioned to surveillance
follow-up every 3 months. Nine months following systemic
therapy, imaging demonstrated a solitary liver metastasis and
there was a slight rise in CEA to 4.0 ng/mL. Following multidis-
ciplinary tumor board discussion, it was determined that SBRT
was the best treatment option given the patient’s single site
of disease.

The patient received 54 Gy in 3 fractions to the 3.6-cm-x-
2.7-cm segment I lesion. Treatment was delivered over 8 days
(minimum 40-hour interfraction interval) with volumetric arc
therapy (VMAT) using 10 MV flattening filter-free photons.
The patient was treated at 80% maximum inhalation breath-

FIGURES 1 and 2 illustrate the highly conformal stereotactic body
radiation therapy (SBRT) treatment plan with sharp dose fall-off
near the critical structures (bile duct and bowel). An internal target
volume (ITV-not shown) was generated by combining the gross
tumor volume (GTV) from 3 separate breath-hold scans. The ITV
was expanded by 5 mm uniformly to create a PTV, which is delin-
eated by the red outline. The prescription dose of 54 Gy is repre-
sented by the yellow color wash, 27 Gy by the magenta color wash,
and 15 Gy by the lime green color wash. Delineated organs at risk
include the stomach in light blue, bile duct in dark blue, right kidney
in teal, large bowel in purple, and spinal cord in lime green.

hold utilizing Automatic Breathing Control (ABC) (Elekta,
Stockholm, Sweden). Daily image guidance was performed
with ABC-gated cone-beam CT.

The patient tolerated SBRT well with toxicity isolated to
grade 2 diarrhea 2 weeks following SBRT. Follow-up CEA
decreased to 1.8 ng/mL 1 month after SBRT and imaging 14
months after SBRT demonstrates a complete response in the
segment I lesion, and no other hepatic metastases.
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