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Liver metastases are a major cause of death from colorectal cancer.
Intraarterial therapy options for colorectal liver metastases include
chemoinfusion via a hepatic arterial pump or port, irinotecan-loaded
drug-eluting beads, and radioembolization using °°Y microspheres.
Intraarterial therapy allows the delivery of a high dose of chemo-
therapy or radiation into liver tumors while minimizing the impact on
liver parenchyma and avoiding systemic effects. Specificity in intra-
arterial therapy can be achieved both through preferential arterial
flow to the tumor and through selective catheter positioning. In this
review, we discuss indications, contraindications, preprocedure
evaluation, activity prescription, follow-up, outcomes, and compli-
cations of radioembolization of colorectal liver metastases. Meth-
ods for preventing off-target embolization, increasing the specificity
of microsphere delivery, and reducing the lung-shunt fraction are
discussed. There are 2 types of °°Y microspheres: resin and glass.
Because glass microspheres have a higher activity per particle, they
can deliver a particular radiation dose with fewer particles, likely
reducing embolic effects. Glass microspheres thus may be more
suitable when early stasis or reflux is a concern, in the setting of
hepatocellular carcinoma with portal vein invasion, and for radiation
segmentectomy. Because resin microspheres have a lower activity
per particle, more particles are needed to deliver a particular radi-
ation dose. Resin microspheres thus may be preferable for larger
tumors and those with high arterial flow. In addition, resin micro-
spheres have been approved by the U.S. Food and Drug Adminis-
tration for colorectal liver metastases, whereas institutional review
board approval is required before glass microspheres can be used
under a compassionate-use or research protocol. Finally, radiation
segmentectomy involves delivering a calculated lobar activity of °0Y
microspheres selectively to treat a tumor involving 1 or 2 liver seg-
ments. This technique administers a very high radiation dose and
effectively causes the ablation of tumors that are too large or are
in a location considered unsafe for thermal ablation. The selec-
tive delivery spares surrounding normal liver, reducing the risk of
liver failure.
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Colorectal cancer (CRC) often metastasizes to the liver, and
liver metastases are a major cause of death (/). Chemotherapy
options for metastatic CRC include folinic acid—5-fluorouracil—
oxaliplatin (FOLFOX) and folinic acid-5-fluorouracil-irinotecan
(FOLFIRI). Adding bevacizumab, a vascular endothelial growth
factor inhibitor, to fluorouracil-based chemotherapy results in
improved survival (2). Adding cetuximab, an epidermal growth
factor receptor inhibitor, to FOLFIRI improves survival in patients
with KRAS wild-type metastatic CRC (3).

CRC liver metastases in a small fraction (10%—20%) of patients
are potentially resectable (4). Surgical resection of liver metastases
results in long-term (>10-y) cure in 16% of patients (5). For pa-
tients with small-volume hepatic disease, thermal ablation is a less
invasive alternative to surgery, and it has a comparable 5-y overall
survival rate of about 50% (6-8). Ablation has been used exten-
sively for patients with liver metastases smaller than 3—4 cm, espe-
cially patients who are not candidates for surgery, as well as for
recurrences after hepatectomy (9) that can be ablated with margins
larger than 5 mm (/0,11). In addition, ablation of resectable liver
metastases allows for a “test-of-time” approach: surgery can be
avoided in 76% of patients, either because they were disease-free
after ablation or because they developed new metastases that could
not be resected (/2). Importantly, no tumors became unresectable
after ablation because of the growth of existing metastases.

Patients who have liver-dominant metastases and who are not
candidates for resection or ablation can be treated by intraarterial
infusion of chemotherapy, drug-eluting beads, or radioactive particles
into the hepatic artery. The rationale for intraarterial therapy is that a
high dose of chemotherapy or radiation can be delivered through a
catheter selectively into the tumor arterioles while minimizing liver
toxicity and avoiding systemic effects. The normal liver is supplied
mostly by the portal vein, whereas hepatocellular carcinoma (HCC)
and hypervascular metastases (such as neuroendocrine tumors) are
supplied mostly by the hepatic artery (/3). Hypovascular metastases
(such as colorectal cancer) also have greater hepatic artery supply
than the liver parenchyma (/4). Specificity in intraarterial therapy
can be achieved both through preferential arterial flow to the tumor
and through selective catheter positioning (Fig. 1).

Intraarterial chemotherapy can be delivered via a hepatic arterial
infusion pump (/5), which can be implanted surgically, or percuta-
neously (/6), although percutaneous ports are currently available
only in Europe and Japan. Liver resection followed by systemic
and hepatic arterial infusion chemotherapy resulted in an impressive
10-y survival of 61% (15). This approach, applied to selected pa-
tients with liver-only metastases, resulted in the prolongation of
survival in comparison to historical survival rates.
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INDICATIONS FOR
RADIOEMBOLIZATION

According to guidelines from the National
Comprehensive Cancer Network, radioem-
bolization is indicated for liver-dominant
CRC and neuroendocrine tumor metastases
that cannot be resected or ablated, as well as
for HCC. National Comprehensive Cancer
Network (20) and European Society for
Medical Oncology (21) guidelines recom-
mend considering radioembolization for
chemoresistant colorectal liver metastases
(salvage setting), as there currently is insuf-
ficient evidence to allow panel consensus on
the use of radioembolization as a first-line
therapy. In the setting of limited extrahe-
patic disease (liver-dominant disease), liver
metastases are often the cause of death (7),
so radioembolization may still be a reason-
able treatment option. However, recent ran-
domized trials suggested that an improved
response in the liver after radioembolization
does not necessarily translate into better sur-
vival, perhaps because of the progression of
extrahepatic disease (/9,22).

Contraindications for radioembolization in-
clude poor liver function (bilirubin, >2 mg/dL;
albumin, <3 g/dL; uncontrolled ascites) and
poor performance status (Eastern Cooperative
Oncology Group performance status, >2).

FIGURE 1.

CRC liver metastases can be hypervascular on angiography, allowing selective

PREPROCEDURE EVALUATION

intraarterial delivery of particles into tumor. (A) CRC liver metastases (arrow) are typically

considered hypovascular because they do not enhance as much as background liver on con-
trast-enhanced CT. (B) However, on catheter angiogram (segment 4), which shows only arte-
rial blood supply, this liver metastasis is actually hypervascular (greater hepatic artery supply
than normal liver). (C) Hypervascularity is confirmed by enhancement of lesion on helical
CT during injection of contrast material into segment 4 artery. (D) Bremsstrahlung SPECT/CT
after injection of °0Y microspheres into same artery shows preferential flow of microspheres

into tumor.

Compared with FOLFIRI, the infusion of irinotecan-loaded
drug-eluting beads into the hepatic artery resulted in a 7-mo
improvement in overall survival as well as improved quality of
life in a small randomized trial (/7). In another small ran-
domized trial, intraarterial irinotecan-loaded drug-eluting
beads added to FOLFOX resulted in improved progression-free
survival (/8).

When used as an adjuvant to first-line chemotherapy, intra-
arterial infusion of °°Y microspheres (radioembolization) resulted
in an 8-mo improvement in progression-free survival in the liver
(19). Outcomes after radioembolization are reviewed in greater
detail later in the article. Radioembolization is also known as
transarterial radioembolization, selective internal radiation ther-
apy, or intraarterial brachytherapy. The 2 brands of °°Y micro-
spheres, SIR-Spheres (resin; Sirtex) and TheraSphere (glass; BTG),
are compared later.

In this article, we review indications for radioembolization,
preprocedure evaluation, radioembolization procedure, follow-up,
and outcomes. Our primary focus is the radioembolization of
colorectal liver metastases.

RADIOEMBOLIZATION OF LIVER METASTASES ®

Patients with colorectal liver metastases
should undergo preprocedure CT of the
chest, abdomen, and pelvis with contrast
material to evaluate liver metastases and
extrahepatic disease. '3F-FDG PET/CT is
also recommended because a metabolic re-
sponse can be seen 4—6 wk after radioem-
bolization (23,24), whereas a response on
CT or MRI may take 2-3 mo to evaluate. Follow-up imaging
recommendations are discussed later.

A comprehensive metabolic panel, complete blood count, and
international normalized ratio should be checked at the preproce-
dure clinic visit. Bilirubin should be rechecked 1 wk before each
treatment to ensure adequate liver function. In patients with rising
or borderline bilirubin, checking bilirubin again 24 h before
radioembolization should be considered.

Many chemotherapeutic agents, including 5-fluorouracil, irino-
tecan, and oxaliplatin, are radiosensitizers (25) and thus may have
a synergistic effect when combined with radioembolization. Com-
bining systemic chemotherapy and radioembolization appears to
improve response rates (/9,26). These data suggest that chemo-
therapy should be continued during radioembolization, although
dose reduction may be necessary to reduce toxicity (/9).

Bevacizumab is typically withheld for at least 2 and ideally
4 wk before mapping angiogram and radioembolization procedures,
although the optimal timing is unknown. Bevacizumab interferes
with wound healing (27), may result in hepatic artery dissection
(28), and increases the risk of stasis being reached—resulting in an
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inability to deliver the entire dose as well as possible reflux and
gastroduodenal ulceration (29).

RESIN VERSUS GLASS °°Y MICROSPHERES

TheraSphere consists of 20- to 30-pwm glass microspheres with
embedded °°Y. It has received a Humanitarian Device Exemption
from the U.S. Food and Drug Administration for the treatment of
HCC, meaning that local institutional review board approval is re-
quired for use in the United States. The institutional review board
protocol determines whether TheraSphere can be used only for
HCC or for other pathologies as well.

SIR-Spheres consist of 20- to 60-pwm (median, 33) resin micro-
spheres with °°Y attached to the surface. They have been approved
by the U.S. Food and Drug Administration for the treatment of
CRC liver metastases but frequently are used off-label for other
pathologies (30,31).

A key difference between glass and resin microspheres is the
activity per particle: 40-80 Bg/particle for resin microspheres and
2,500 Bg/particle (at the time of calibration) for glass microspheres
(32). Thus, for a given desired activity, resin microspheres have
more particles and a greater embolic effect than glass microspheres
(33). The practical implication is that early stasis has been seen in
approximately 20% of patients in whom resin microspheres have
been used (34). Early stasis has been seen even more frequently
(38%) in patients who have received multiple prior lines of chemo-
therapy, including hepatic arterial infusion pump chemotherapy
(35). The probability of early stasis can be reduced by delivering
the microspheres using 5% dextrose (36) or 50% contrast material
plus 50% saline (37) instead of sterile water. Early stasis results in
the inability to deliver the entire dose and can result in the reflux of
particles into off-target arteries. Thus, if there is concern about early
stasis or reflux, glass microspheres may be more appropriate as less
embolic agents that are less likely to result in reflux. Glass micro-
spheres also may be preferable in the setting of HCC with portal
vein invasion, where they were associated with lower toxicity and
improved overall survival in a small single-institution retrospective
study (38).

More particles (which can be obtained using resin microspheres
or extended—shelf life glass microspheres) can result in more uni-
form particle distribution in a tumor (39). This may be important
for larger tumor volumes or more hypervascular tumors. At pre-
sent, there is no strong evidence suggesting an overall difference
in outcomes between resin and glass microspheres. In studies on
the radioembolization of colorectal liver metastases, similar sur-
vival rates were reported using either resin (40) or glass (41)
microspheres.

TECHNIQUE

Before radioembolization, a mapping angiogram is obtained to
identify the vessel(s) supplying the tumor, evaluate extrahepatic
perfusion, and determine the lung-shunt fraction (LSF). Generally,
the aim is to deliver °°Y microspheres as selectively as possible to
treat the entire tumor while sparing as much normal liver as possi-
ble. A cone-beam CT catheter arteriogram is very helpful for iden-
tifying incomplete tumor perfusion or extrahepatic perfusion (42).
Alternatively, if available in the angiography room, helical CT
catheter angiography has better image quality than cone-beam
CT. We typically administer *°™Tc-labeled macroaggregated albu-
min (*™Tc-MAA) to each artery in which we plan to administer
%Y microspheres. For example, if we are treating the entire liver,
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we deliver separate ™Tc-MAA doses to the right and left hepatic
arteries. After the mapping angiogram is obtained, SPECT/CT is
performed to ensure tumor coverage and evaluate for extrahepatic
perfusion. Planar scintigraphy is typically used to calculate the LSE.

Treatment is typically performed 1-3 wk after mapping to allow
time to order the *°Y dose, although mapping and treatment on the
same day are possible (43). For bilobar disease, the right and left
lobes are typically treated in separate sessions 4—-8 wk apart. Treat-
ing the entire liver in a single session is associated with a higher
rate of liver failure (44). After the °°Y microspheres are delivered,
bremsstrahlung SPECT/CT is performed to confirm tumor cover-
age and evaluate for extrahepatic perfusion (45).

It is critical to avoid delivering °°Y microspheres to the stom-
ach, duodenum, pancreas, or other nontarget organs because they
could cause nonhealing ulcers or pancreatitis. In particular, the
gastroduodenal artery, right gastric artery, dorsal pancreatic ar-
tery, accessory left gastric artery, cystic artery, and falciform
artery should be identified. If there is a risk of extrahepatic per-
fusion, then off-target vessels are usually coil embolized during
treatment instead of during mapping to reduce the risk of recan-
alization or formation of arterial collateral vessels in the interim
(46). An antireflux catheter or sublobar superselective adminis-
tration technique can be used to reduce reflux into off-target
vessels, especially when coil embolization is not feasible or
desirable (47).

There is a low rate of cholecystitis requiring cholecystectomy
after coil embolization of the proximal cystic artery (48), and there
is also a low rate of cholecystitis requiring cholecystectomy after
radioembolization including the cystic artery (49). Ideally, *°Y
microspheres should be delivered distal to the cystic artery. For
example, for treatment of the right lobe, if the cystic artery arises
from the right hepatic artery, then separate doses can be delivered
into the right anterior and right posterior arteries to avoid delivery
into the cystic artery. If this approach is not possible, then the
cystic artery either can be coil embolized proximally or can
be included in the treatment. We tend to prefer the latter op-
tion, acknowledging that cholecystitis is a possibility with ei-
ther approach.

There is a low rate of serious complications from radio-
embolization involving nontarget microsphere delivery into the
falciform artery, which supplies the anterior abdominal wall and
skin (50). The falciform artery can be coil embolized before radio-
embolization. Alternatively, applying an ice pack to the skin may
be sufficient to prevent radiation toxicity (517).

Glass microspheres are delivered in saline, precluding angio-
graphic monitoring during infusion. However, at the beginning of
the infusion, fluoroscopy can show the flow rate in the vessel while
the catheter still contains contrast material. Glass microspheres
are minimally embolic, so they rarely cause stasis. Resin micro-
spheres are often delivered in sterile water or 5% dextrose. Many
operators use 50% contrast material plus 50% saline in both the B
line and the D line of the infusion set; this approach allows for
continuous fluoroscopic monitoring of the flow rate during delivery
and reduces the probability of terminating the infusion early because
of stasis (37). However, this approach is not recommended by the
manufacturer.

Preprocedure antibiotics (e.g., a single dose of cefazolin intra-
venously) are often given before radioembolization, although infec-
tious complications are rare. For patients with a biliary anastomosis
or incompetent sphincter, broad-spectrum antibiotics are recom-
mended, starting before the procedure and continuing for 5 d
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after the procedure. To reduce the risk of gastric and duodenal
ulcers, a proton-pump inhibitor should be administered before
and for 1-4 wk after treatment. To reduce postradioemboliza-
tion syndrome (nausea, fatigue, and pain), an antiemetic and a
steroid can be given before the procedure, and the patient should
go home with a steroid taper, antiemetic (as needed), and pain
medications.

S0Y ACTIVITY CALCULATION

90Y decays to *°Zr with a half-life of 2.7 d, emitting a high-energy
electron (B~ decay) with mean and maximum tissue penetration
values of 2.5 and 11 mm, respectively. As the electron decelerates
in tissue, it emits bremsstrahlung (German for “braking radia-
tion”), which can be detected on SPECT. °°Y also emits a small
fraction of positrons, which can be detected on PET, allowing
for more accurate quantitation of the dose distribution—but
with increased image noise due to the small number of posi-
trons emitted (52).

90Y microspheres preferentially flow to tumors (Fig. 1), which
have greater hepatic artery supply than the surrounding normal
liver (13,14). Specificity can be further improved by selective
catheter positioning. The microspheres are deposited in arterioles,
preferentially at the periphery of the tumor (53). The microspheres
are too large to pass through capillaries, but if there is a shunt from
the hepatic artery to the hepatic vein, some microspheres can exit
the liver and be deposited in the lungs.

For glass microspheres, the manufacturer recommends deliver-
ing a dose of 120 Gy (range, 80-150 Gy). One GBq of *°Y micro-
spheres distributed uniformly in 1 kg of tissue results in an absorbed
dose of 50 Gy. Thus, to achieve a dose of 120 Gy:

Y activity (GBq) = [(120 Gy x treatment mass)/50]/(1 — LSF),

where treatment mass is in kilograms. If this activity is uniformly
distributed throughout the treatment volume, then the dose will be
120 Gy. However, if there is preferential flow of microspheres
to the tumor, then the tumor will receive a dose of greater than
120 Gy, and the background liver will receive a dose of less than
120 Gy. For glass microspheres, the maximum lung dose per
treatment is 30 Gy, and the maximum total lung dose is 50 Gy.

For resin microspheres, the body surface area method is most
commonly used for calculating activity:

Y activity (GBq) = (treatment volume/total liver volume)
X [(body surface area — 0.2)
+ (fraction of liver containing tumor)],

where body surface area is in meters squared. The resin micro-
spheres dose is reduced if the LSF is elevated, and the maximum
allowed LSF is 20%. The maximum lung dose is 30 Gy.

The recommended activity for glass microspheres depends on
the treatment volume (tumor + normal liver), whereas the recom-
mended activity for resin microspheres depends on both tumor and
treatment volumes. The optimal dose and number of particles for
each patient remain unknown and are being investigated.

After radioembolization of metastatic CRC, tumors with a good
metabolic response received a median dose of 46 Gy, and tumors
with a poor metabolic response received a median dose of 20 Gy
(54). On mapping *™Tc-MAA SPECT/CT, a tumor-to-normal liver
uptake ratio of greater than 1 has been correlated with a good
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metabolic response (54). However, the correlation between tumor
uptake seen on pretreatment *°™Tc-MAA SPECT/CT and posttreat-
ment °°Y PET/CT is low (55). Thus, accurately predicting the tumor
dose on the basis of pretreatment imaging may be challenging.

FOLLOW-UP

For hypermetabolic liver tumors (such as colorectal metasta-
ses), we routinely perform '8F-FDG PET/CT before treatment and
1-2 mo after treatment to evaluate the response; this approach
allows for an earlier evaluation of the response than CT or MRI.
After radioembolization of CRC liver metastases, patients with an
I8E-FDG metabolic response according to PERCIST guidelines
have better overall survival (23,24,56-58). For bilobar treatments,
I8F-FDG PET/CT can allow for an evaluation of the response
of one lobe before a decision about whether to treat the other
lobe is made.

A CT or MRI evaluation of the response after radioembolization
can take 2-3 mo (59,60) because tumor necrosis and edema can
result in increased tumor size at 1 mo, even when the tumor is
responding to treatment. Thus, for tumors that are usually not
hypermetabolic (such as HCC or neuroendocrine tumors), we per-
form follow-up CT or MRI 2-3 mo after treatment to evaluate the
response.

OUTCOMES

In the SIRFLOX randomized controlled trial (/9), radioembo-
lization as an adjuvant to first-line chemotherapy for metastatic
CRC was examined. Chemotherapy-naive patients with liver-dom-
inant colorectal liver metastases (530 patients) were randomized
to a group receiving FOLFOX with or without bevacizumab and a
group receiving FOLFOX with or without bevacizumab and radio-
embolization. There was an improved objective response rate in
the liver with radioembolization (79%) versus without radioembo-
lization (69%). There was also an 8-mo increase in liver-progression—
free survival in the radioembolization arm (21 vs. 13 mo).
However, there was no difference in overall progression-free sur-
vival because of the high percentage of patients with progression
of extrahepatic disease.

Combined data from the SIRFLOX, FOXFIRE, and FOXFIRE
Global studies (1,075 patients) showed that despite an improved
response in the liver and liver progression-free survival when
radioembolization was added to first-line chemotherapy for meta-
static CRC, there was no difference in overall survival, perhaps
because of the progression of extrahepatic disease (22). On the basis
of these data, radioembolization is currently not recommended as
first-line therapy, especially in the presence of extrahepatic disease.
Better patient selection may be required to identify a subset of
patients who can benefit from radioembolization as an adjuvant to
first-line chemotherapy.

A secondary analysis of the SIRFLOX and FOXFIRE Global
trials suggested that patients with right-sided colon cancers had a
4.9-mo improvement in survival when radioembolization was
added to first-line chemotherapy (67). Right-sided colon cancers
tend to have different mutations (62) and worse survival and to be
less responsive to epidermal growth factor receptor inhibitors (63)
than left-sided colon cancers.

An earlier phase 2 randomized trial showed improved survival
when radioembolization was combined with systemic chemother-
apy (64). Another study showed that in 10% of cases, unresectable
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colorectal liver metastases could be downsized to resection after
radioembolization and systemic FOLFOX (65).

Several factors are associated with shorter survival after radio-
embolization of colorectal liver metastases: an Eastern Cooperative
Oncology Group performance status of greater than or equal to 1,
prior chemotherapy, uncontrolled ascites, elevated liver function tests,
low albumin level, LSF of greater than 10%, presence of extrahepatic
metastases, lymphovascular invasion of the primary tumor, carci-
noembryonic antigen level of greater than 62 ng/mL, KRAS mutant
tumors, greater than 25% tumor involvement of the treated liver
volume, and low apparent diffusion coefficient values on diffusion-
weighted MRI (35,40,41,66—69). Many of these factors are simply
markers of more aggressive tumors that would respond poorly to any
treatment (/0,70), and data on whether these factors can be used to
choose one therapy option over another are limited.

Radioembolization can be safely and effectively performed in the
extreme salvage setting, including in patients who have undergone
liver resection, hepatic arterial infusion pump chemotherapy, or 3 or
more lines of systemic chemotherapy (35,71). These patients had a
complete or partial metabolic response rate of 45% and a median

overall survival of 13 mo after radioembolization (35). In addition,
extensively pretreated patients can still receive additional therapy
after radioembolization, including ablation or systemic or intraarte-
rial chemotherapy (35,72). Elderly patients (=75 y old) can safely
receive radioembolization, with the same overall survival and com-
plications as younger patients (73).

Interestingly, colorectal liver metastases with increased arterial
perfusion did not show a better response to radioembolization—a
somewhat surprising result for an arterially directed therapy (/4).
However, a higher ratio of arterial to portal venous perfusion
did predict a better response (/4). This result suggests that portal
flow plays an important role in determining the response to
radioembolization.

COMPLICATIONS

Postradioembolization syndrome—including nausea, fatigue,
pain, and low-grade fever—is very common after radioemboliza-
tion and usually lasts for 1-2 wk but only rarely requires treat-
ment or hospitalization. The most common severe adverse events

(40) are hyperbilirubinemia (5.4%), asci-
tes (3.6%), and gastrointestinal ulceration

(1.7%). Rare but serious complications in-
clude pancreatitis, radiation pneumonitis,
and liver abscess (74).
Radioembolization-induced liver disease
(REILD) is characterized by elevated liver
function tests (mostly bilirubin and alkaline
phosphatase) and ascites in the absence
of tumor progression. REILD can develop
4-8 wk after radioembolization, although
delayed hepatotoxicity can also occur (75).
Histology shows venoocclusive disease in
severe cases (76). In 1 study, REILD devel-
oped in 20% of patients after radioemboli-
zation, and 11% of patients with REILD
died of progressive liver failure (76). A much
lower risk of REILD was reported in another
study (77). Risk factors for REILD include
prior chemotherapy, younger age, low body
mass index, non-HCC pathology, low tumor
volume, higher bilirubin level, and whole-
liver radioembolization (76). There are lim-
ited data on the treatment of REILD, but
potential treatment options include steroids,
ursodeoxycholic acid, low-molecular-weight
heparin, and pentoxifylline (78,79). Steroids
can be routinely given before and after the
procedure to reduce the risk of REILD.

SPECIAL SITUATIONS

High LSF
If the LSF is greater than 20%, then
temporary balloon occlusion of the hepatic

veins can reduce the LSF to allow safe radio-

FIGURE 2. Radiation segmentectomy. (A) Patient with intrahepatic cholangiocarcinoma who

developed a 3-cm recurrence at resection margin after left hepatectomy (arrow). (B) Entire
right-lobe dose was delivered into tiny artery supplying tumor. This tiny artery (arrow) could not

embolization (80). Sorafenib can also reduce
the LSF in patients with advanced HCC (81).

be selectively catheterized, so off-target vessels were protected with gelatin foam (Gelfoam;

Pfizer) before dose was delivered into parent vessel. (C) Bremsstrahlung SPECT/CT after injection
of %Y microspheres shows selective delivery of particles into tumor. (D) CT at 2 mo after pro-

cedure shows lack of enhancement, corresponding to tumor necrosis.
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Arterioportal Shunting
HCC with a portal vein tumor and asso-
ciated arterioportal shunting can still be
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treated with °°Y microspheres if the *™Tc-MAA scan shows good
distribution in the tumor. Arterioportal shunting can sometimes be
reduced with coil embolization of the shunt or selective catheter
positioning beyond the shunt. Alternatively, HCC with a portal
vein tumor can be safely treated by bland embolization (82).

Repeated Treatment

Data on the safety of repeated radioembolization in a territory
that has already been treated are mixed (83,84). One study showed
an elevated risk of REILD after repeated radioembolization, espe-
cially repeated whole-liver radioembolization (83). Another study
showed acceptable toxicity when an average of 3 lobar treatments
was performed, with 4-6 wk between sequential lobar treatments;
when a bilirubin cutoff of 1.75 mg/dL was used for both initial and
repeated treatments; and when repeated radioembolization was
performed only for patients who initially demonstrated a response
to radioembolization (6 wk after treatment) but then later showed
disease progression (84).

Temporary Protection of Off-Target Branches

Gelatin foam (Gelfoam; Pfizer) or an autologous clot can be
used to temporarily occlude and thus protect off-target branches
before °°Y microspheres are delivered (Fig. 2); this approach
allows for more selective delivery of °°Y.

Multiple Doses

Multiple doses can be delivered selectively during a single
treatment session. This approach is helpful if the tumors to be
treated are supplied by multiple vessels; it can also allow more
selective catheter positioning to spare normal liver or avoid
extrahepatic vessels.

Flow Redirection

Coil embolization of an artery supplying a tumor results in flow
redistribution via intrahepatic collateral vessels, which can con-
solidate the vascular supply to the tumor into a smaller number
of treatment locations (85). For comparison, embolization of a
hepatic artery branch with gelatin foam (Gelfoam, Pfizer) tends
to result in more distal embolization, which prevents *°Y micro-
spheres from reaching that portion of the liver (see the earlier
discussion about temporary protection of off-target branches).
More proximal embolization with coils allows for flow redistribu-
tion via intrahepatic collateral vessels, thus allowing the coil-
embolized territory to be treated with °°Y microspheres via an
adjacent branch of the hepatic artery.

RADIATION SEGMENTECTOMY

Radiation segmentectomy (86) involves the delivery of a high
dose of radiation selectively to treat a tumor that involves 1 or 2
segments of the liver (Fig. 2). The °°Y activity (Bq = decays/s) is
calculated for a 120-Gy lobar treatment, but this is delivered
selectively into a sublobar treatment volume, resulting in a higher
absorbed tumor dose (Gy = J/kg). In one study, the median tumor
dose was 1,200 Gy (86). The high absorbed dose effectively
creates an “ablation” zone, with a high rate of tumor necrosis
(87). This technique is suitable for tumors that are localized to 1
or 2 segments of the liver but are too large or are in an unsafe
location for thermal ablation. The selective delivery allows the spar-
ing of surrounding normal liver, reducing the risk of liver failure.
Radiation segmentectomy using glass microspheres, which are less
embolic, has been described; this approach allows the entire dose to
be delivered to a small territory before stasis is reached.
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