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The development of locoregional therapies such as yttrium-
90 (Y90) transarterial radioembolization has led to inter-
ventions that are analogous in anatomic precision to surgery
but are minimally invasive, increasing patient eligibility for
these treatments, improving treatment of lesions in complex
anatomic locations, and maximizing effectiveness while
reducing side effects.1,2 Radiation segmentectomy is a Y90
transarterial radioembolization treatment where a high
radiation dose is administered to a small volume of liver to
achieve a high tumoricidal dose to a target with anatomic
surgical precisionwhile sparing surrounding parenchyma.1,3

Particles embedded with radioactive isotopes are delivered
through hepatic arteries to a target tumor where the par-
ticles seed the tumor tissue and emit radiation over a period
of time to treat the target lesion. This treatment is based on
an important principle of transarterial liver tumor treatment
that liver tumors receive a majority of their blood supply
from the hepatic arterial system, while normal liver paren-
chyma is supplied by the portal venous system. Radiation
segmentectomy is described as radioembolization during a
single-treatment session of two or fewer hepatic segments,
defined by the Couinaud system.4,5 Radiation segmentec-
tomy results in ablation of the treated lesion and atrophy of
the perfused segment on follow-up imaging. High radiation
doses are delivered to the target lesion, leading to improved
treatment response and a high objective response rate (ORR)
which have been validated by several studies, most recently
culminating in the LEGACY study, which evaluated Local

radioEmbolization using glass microspheres for the Assess-
ment of Tumor Control with Y90.6

Radiation segmentectomywas initially developed in 2011
in response to clinical need for selective treatment of liver
lesions in patients who were not good candidates for other
treatments such as thermal ablation or surgery based on
considerations such as anatomy, comorbidities, and func-
tional liver reserve. The treatment was designed to deliver
high radiation activity directly to a target lesion while
sparing surrounding tissue.5,7,8 Lower radiation doses ap-
plied to surrounding normal parenchyma have been sug-
gested to reduce injury and promote improved regeneration
of normal tissue after treatment.5 Radiation segmentectomy
has undergone an iterative process of research, clinical trials,
and development eventually culminating in the LEGACY
study which was recently published in March 2021. The
LEGACY study demonstrated that Y90 radioembolization and
radiation segmentectomy are effective treatments as neo-
adjuvant to transplant, resection, or as a standalone treat-
ment for lesions up to 8 cm, supporting the use of a perfused
volume absorbed dose of greater than 400Gyas a “threshold”
dose for an ablative effect with an 88% ORR over 24 months.6

Indications for Treatment

Radioembolization treatment is indicated for patients with
unresectable hepatocellular carcinoma (HCC), cholangiocar-
cinoma, or metastatic liver lesions. For patients with HCC,
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Abstract Radiation segmentectomy is an yttrium-90 transarterial radioembolization treatment
where a high radiation dose is administered to a small volume of liver to achieve a
high tumoricidal dose to a target with anatomic surgical precision while sparing
surrounding parenchyma. This therapeutic modality is often used to treat hepatocel-
lular carcinoma, and recent studies have demonstrated that radiation segmentec-
tomy is an effective treatment as a neoadjuvant to transplant, resection, or as a
standalone treatment. This article provides a review of radiation segmentectomy,
indications for treatment, recent outcome data, and guidelines for postprocedural
management.
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radioembolization applications range from very early stage
HCC to advanced stage HCC based on the modified Barcelona
Clinic Liver Cancer (BCLC) staging system and treatment
strategy recommendations from the European Association
for the Studyof Liver (EASL) and the American Association for
the Study of Liver Diseases (AASLD).9 Radiation segmentec-
tomy can be used for curative intent as a standalone treat-
ment or neoadjuvant to transplant or resection. Patientswith
small tumors (�3 cm) are generally considered for curative
treatments such as transplantation, thermal ablation, and
surgical resection.10 Surgical resection is curative for
patients with solitary tumor, normal bilirubin, and absence
of portal hypertension; however, patients often do not meet
these criteria.9 Thermal ablation is also sometimes limited
due to target lesion size (generally <3 cm) and high-risk
location. More recently, the LEGACY study has shown that
radiation segmentectomy is potentially a curative treatment
option.6 If a target lesion is not amenable to more invasive
treatment such as thermal ablation or surgical resection due
to anatomic location (e.g., in close proximity to large vessels
or adjacent to the diaphragm or dome of the liver), patient
comorbidities, or limited functional liver reserve, radiation
segmentectomy should be considered.

Bridging as well as downstaging patients for transplant is an
important indication for treatment with radiation segmentec-
tomy. The LEGACY study showed that treatment with Y90
microspheres for solitary unresectable HCC allowed 85.3% of
patients to attain and/ormaintainMilan criteria after treatment
at 24 months, which is significant due to often prolonged wait
times for transplant, which can vary based on factors such as
region and donor/recipient blood type.6 Radioembolization can
be used to “bridge” a patient to transplantation by controlling
tumor burden prior to transplant and to “downstage” a patient
to becomeeligible for transplant bycontrolling tumorburden to
fit specific transplant eligibility tumor criteria.11 The manage-
ment of HCC is guided by the BCLC algorithm which provides
treatment recommendations based on staging determined by
performance status, underlying liver disease, and tumor burden
extent.10–12 Liver transplantation is a curative therapy for HCC
as part of the BCLC algorithm, but for patients to qualify for liver
transplant, theymustfit “Milan”criteria,which isasetofcriteria
developed at the National Cancer Institute in Milan, Italy,
showing survival benefit for patients with HCC tumor burden
meeting specific criteria, such as single tumors �5cm in
diameter or three or fewer tumors �3cm in diameter without
vascular invasion or metastases.11,13,14 In addition, they must
undergo a 6-month waiting period related to their calculated
Model of End-Stage Liver Disease (MELD) score before receiving
exception points for HCC.15 Radiation segmentectomy is begin-
ning to be recognized as a curative therapy, is often better
tolerated thanother locoregional therapies such as transarterial
chemoembolization (TACE) without significant differences in
downstaging/bridging success rates, and offers additional
advantages discussed in more detail below.

Radiation segmentectomy has specific advantages and
disadvantages compared with other treatments such as
thermal ablation, external-beam radiation therapy (EBRT),
and transarterial chemoembolization. Radiation segmentec-

tomy uses particles with increased specific radiation activity
to deliver a high treatment dose directly to a target while
sparing surrounding parenchyma, which is an important
advantage over treatments such as EBRT where a larger
proportion of normal parenchyma is impacted in the process
of treating the target lesion. With radiation segmentectomy,
there is no radiation dose limit compared with EBRT. Advan-
tages of radioembolization versus EBRT are that certain
lesions are easier to access via radioembolization, such as
targets within the caudate lobe and the dome of the liver,
where treatment with EBRTwould risk damage to surround-
ing structures such as the lungs and porta hepatis.5 In
addition, treatment with EBRT often includes multiple ses-
sions, and respiratory motion can expose lung parenchyma
to possible radiation damage.5,16

Some advantages of radioembolization versus thermal
ablation are that percutaneous needle and probe placement
are avoided, minimizing the theoretical risk of tract seeding,
and high-risk ablation lesions (based on anatomic location or
patient comorbidities) are often more easily targeted with
radiation segmentectomy.5,8 Another advantage of radioem-
bolization is that while thermal ablation as a curative intent
therapy has been validated with studies for lesions less than
3 cmforHCC, severalgroups including Salemet al andKimetal
have demonstrated favorable response rates for lesions up to
8 cm in size using radiation segmentectomy.6,17–20 Some
examples of high-risk lesions include those located in the
caudate lobe, near thediaphragmand lung tissue, large vessels
and biliary structures, or located near other organs such as the
heart, gallbladder, or small or large bowel.5 Disadvantages of
radioembolization versus ablation are that there is potentially
increased cost and reliance on hypervascularity to the tumor,
as some tumors are hypovascular.8

Radioembolization also has specific advantages compared
with TACE in that the particles used for radioembolization
are ideally sized for minimal stasis and to permit continued
blood flow through the hepatic arteries after treatment,
which potentiates the effects of radiation and also maintains
access to the tumor lesion if other additional treatments
subsequently need to be delivered to the target tissue. With
TACE, a chemotherapeutic agent is injected into the target
lesion and the target vessels are occluded to destroy the
lesion. Another advantage is that radiation segmentectomy
has been shown to be safe and effective for patients with
moderate hepatic dysfunction and advanced disease.21 In
2017, Padia et al reported that radiation segmentectomy has
greater complete response rates and local tumor control
compared with TACE with similar side effect profiles.22

Biederman et al also showed similar outcomes in patients
treated with radiation segmentectomy for HCC up to 3 cm
compared with TACE and microwave ablation, with im-
proved imaging response and increased time to secondary
treatment compared with TACE.23,24

Radiation Segmentectomy Outcome Data

The LEGACY study is a retrospective, single-arm, multicen-
ter study conducted at three U.S. sites (Northwestern
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University in Chicago, IL; University of Washington, Seattle,
WA; and Mount Sinai Health System, New York, NY) that
evaluated consecutive patients treated with Y-90 glass
microspheres between January 2014 and December 2017
with median follow-up of 29.9 months (95% confidence
interval [CI]: 24.7–34.6).6 The purpose of the study was to
assess patient outcomes when glass microspheres are used
to treat early or advanced HCC by evaluating a primary
endpoint of local tumor control ORR and duration of
response (DOR) following treatment with Y90 glass micro-
spheres in unresectable solitary HCC lesions. These end-
points are similar endpoints that have been published for
phase III randomized controlled clinical trials of systemic
therapies for the treatment of advanced-stage HCC. The
patient population age ranges from 18 to greater than
75 years with approximately 18% of the population being
older than 75 years. Eastern Cooperative Oncology Group
(ECOG) status and BCLC status ranged from 0 to 1 and A to C,
respectively. Median tumor size was 2.6 cm with a range
from 0.9 to 8.1 cm, and the absorbed dose to perfused liver
volume median was 410.1 Gy (interquartile range: 199.7–
797.7). This dose threshold produced a high treatment
response rate, and using a localized mRECIST (modified
Response Evaluation Criteria in Solid Tumors) within the
radioembolization-treated region at 24 months, 100% of
patients were without localized tumor progression and 94%
of patients had progression-free survival. Local recurrence
rate for the study was approximately 5.6% and ORR was
88.3%. At 24 months, 85% of patients were able to maintain
or attain the Milan criteria for transplantation, and 82%
maintained or improved baseline ECOG status. Overall, the
LEGACY study demonstrated that Y90 radioembolization is
an effective treatment as neoadjuvant to transplant, resec-
tion, or as a standalone treatment, and supports the use of a
perfused volume-absorbed dose of greater than 400 Gy.

The LEGACY study and selected additional radiation seg-
mentectomy studies are listed in ►Table 1. These studies
evaluated imaging response and overall survival after radia-
tion segmentectomy for HCC with Y90 glass microspheres
using various criteria to evaluate imaging response to treat-
ment, including guidelines from the EASL, World Health
Organization (WHO), and mRECIST. Of note, in a review of
these studies, median time-to-disease progression ranged
from 7.9 to 33.3 months.3,23–27 Biederman et al compared
outcomes of radiation segmentectomy and TACE in the
treatment of unresectable solitary HCC less than or equal
to 3 cm in size and found improved efficacy of radiation
segmentectomy in a homogeneous cohort with respect to
HCC stage.24 UsingmRECIST criteria, they reported complete
response in 81.2% of patients after radiation segmentectomy
and after propensity score matching, complete response was
92.1%.24 The same group also evaluated radiation segmen-
tectomy versus TACE combined with microwave ablation for
unresectable solitary HCC up to 3 cm and showed that
imaging response and progression outcomes were not sig-
nificantly different between the two groups with complete
response of 82.9% for radiation segmentectomy versus 82.5%
for TACE with microwave ablation.23

Lewandowski et al evaluated long-term outcomes (>10
years) of radiation segmentectomy for the treatment of early
HCC and showed that response rates, tumor control, and
survival outcomes are comparable to treatments such as
ablation for patientswith BCLC stage 0 or AHCC lesions.3Kim
et al addressed the use of a boosted dose of Y90 to large HCC
lesions greater than 5 cm in size and showed favorable tumor
response but with increased biliary complications such as
biliary strictures.20 In an earlier study, Vouche et al used
mRECIST criteria to evaluate treatment response on imaging
and showed objective response in 88% and stable disease in
12% of patients.8 Median time-to-disease progression in this
trial was 33.1 months, with a majority of cases with disease
progression secondary to new intrahepatic lesions and not
the previously treated lesion. In the earliest experience, Riaz
et al used EASL and WHO criteria to evaluate treatment
response on imaging and demonstrated EASL response in
81% of patients with median time to response of 1.2 months
and WHO response in 59% of patients with median time to
response of 7.2 months.5

Overall median survival rates with radiation segmentec-
tomy range from 13.6 to 80.4 months.3,5,8,24 Variability in
overall survival is likely related to several factors including
study duration, advances in treatment technique, and avail-
ability of new medical treatments while studies are in
progress. For instance, the duration of the largest studies
ranges between 5 and 8 years, and advances in treatment
technique and use of specific medical treatments during
some of these studies became more common, such as the
use of sorafenib when it was approved in 2007.

The objective of radiation segmentectomy is complete
pathological necrosis (CPN) of the target lesion analogous to
what is seen with ablation, and several studies have focused
on the radiation dose necessary to achieve this goal.28 In
particular, the LEGACY study has established that a perfused
liver treatment dose greater than 400 Gy is the dose thresh-
old for a high ORR, achieving more than 96% response rate in
patients with lesions less than 3 cm in size.6 Although there
are limitations comparing radiation segmentectomy to other
types of therapies such as percutaneous ablation, studies
suggest that overall survival and localized tumor response do
not differ significantly between radiation segmentectomy
and ablation when patients are stratified based on level of
liver dysfunction (e.g., Childs–Pugh score).8,17–19,29 Further-
more, radiation segmentectomy offers advantages where
ablation is limited, such as with complex lesions in high-
risk anatomic locations.30,31

Postprocedural Complications and Toxicities

Postprocedural complications after radiation segmentec-
tomy are similar to those that have been described for other
Y90 radioembolization procedures. For instance, some
symptoms that can be expected after radiation segmentec-
tomy include fatigue, fevers, and chills, which may be due to
the release of endogenous pyrogens secondary to the effect of
radiation on normal hepatic tissue.32–34 Additional possible
clinical adverse events include pain, nausea, vomiting,
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Radiation Segmentectomy Prachanronarong, Kim 427

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



Ta
b
le

1
Re

ce
nt

ra
di
at
io
n
se
g
m
en

te
ct
om

y
st
ud

ie
s

St
ud

y
N
um

b
er

of
p
at
ie
nt
s

Pa
ti
en

t
ag

e
(y
ea

rs
)

Pa
th
o
lo
g
y

Y
90

de
liv

er
y

m
ic
ro
sp

he
re

A
ct
iv
it
y
or

d
os

e
Ti
m
e
fo
r
fo
llo

w
-u
p

Im
ag

in
g
re
sp

o
ns

e
O
ve

ra
ll
su

rv
iv
al

Sa
le
m

et
al
6

16
2

M
ed

ia
n:

66
(r
an

ge
:
21

–9
0)

H
C
C

G
la
ss

M
ed

ia
n
do

se
:
41

0.
1
G
y

(I
Q
R
:
19

9.
7–

79
7.
7)

M
ed

ia
n:

29
.9

m
o

Lo
ca
liz
ed

m
R
EC

IS
T:

O
RR

88
.3
%
(C
I,
82

.4
–

92
.4
);
M
ed

ia
n
D
O
R
:

11
.8

m
o

O
ve

ra
ll
su

rv
iv
al
:
94

.8
%

at
24

m
o
(C
I,
89

.5
–

97
.5
)
an

d
86

.6
%
at

36
m
o
(C
I,
78

.2
–9

2.
0)

K
im

et
al
20

20
M
ea

n:
63

.4
(s
ta
nd

ar
d
de

vi
-

at
io
n:

8.
8)

H
C
C

G
la
ss

M
ea

n
do

se
:
26

3.
5
G
y

(r
an

g
e:

15
6.
2–

55
0.
6
G
y)

M
ed

ia
n:

11
.6

m
o
(r
an

ge
:

6.
3–

22
.2

m
o)

m
R
EC

IS
T:

C
R
:
80

%
;
PR

:
20

%
;
SD

:
0%

O
ve

ra
ll
su

rv
iv
al

no
t

as
se
ss
ed

.
10

0%
su
rv
iv
al

at
co

m
p
le
ti
on

of
st
ud

y

Bi
ed

er
m
an

et
al
24

55
27

�6
5
y,

28
>
65

y
H
C
C

G
la
ss

M
ed

ia
n
ac

ti
vi
ty

to
se
gm

en
t:

1.
38

G
Bq

(I
Q
R:

1.
06

–2
.0
8

G
Bq

)

M
ed

ia
n:

19
.6

m
o
(r
an

ge
:

14
.3
–2

1.
1
m
o
)

m
R
EC

IS
T:

C
R
81

.2
%
(C
I,

1.
4–

3.
3)

an
d
TT

ST
:
70

0
d
(C
I,
0.
55

–0
.9
2)
;
af
te
r

PS
M
,
C
R
:
92

.1
%
(C
I,

2.
41

–1
35

)
an

d
TT

ST
:

81
2
d
(C
I,
0.
08

–0
.5
5)

M
ea

n
ov

er
al
ls
u
rv
iv
al
:

37
.6

m
o
(C
I,
0.
51

–1
.2
2)

Le
w
an

d
ow

sk
i,
et

al
(2
01

8)
70

M
ed

ia
n:

71
(r
an

ge
:
22

–9
6)

H
C
C

G
la
ss

D
o
se

>
19

0
G
y

M
ea

n:
29

m
o
(C
I:
6–

11
7.
8)

12
-m

o
EA

SL
:
C
R
:
63

%
;

W
H
O
:
C
R
11

%
;
m
ed

ia
n

TT
P:

2.
4
y
(C
I,
2.
1–

5.
7)

M
ed

ia
n
ov

er
al
ls
ur
vi
va
l:

6.
7
y
(C
I,
3.
1–

6.
7)

Bi
ed

er
m
an

et
al
23

41
M
ea

n:
65

.7
(s
ta
nd

ar
d
de

vi
-

at
io
n:

8.
5)

H
C
C

G
la
ss

M
ed

ia
n
ac

ti
vi
ty

to
se
gm

en
t:

1.
38

G
Bq

(I
Q
R:

1.
5
¼
2.
19

G
Bq

)

M
ed

ia
n:

11
.1

m
o
(r
an

ge
:

8.
4–

13
.8

m
o)

m
R
EC

IS
T:

C
R
:8

2.
9%

(C
I,

0.
62

–1
.6
7)
;
af
te
r
PS

M
,

C
R
:
82

.5
%
(C
I,
0.
22

–
4.
91

)
an

d
m
ed

ia
n
TT

P:
11

.1
m
o
(C
I,
8.
8–

25
.6
)

M
ea

n
su
rv
iv
al
:
30

.8
m
o

Pa
di
a
et

al
21

20
M
ed

ia
n:

61
(r
an

ge
:
54

–7
6)

H
C
C

G
la
ss

M
ed

ia
n
do

se
to

se
gm

en
t:

25
4
G
y
(r
an

g
e:

10
5–

1,
05

5
G
y)
,
m
ed

ia
n
do

se
to

tu
m
or

53
6:

G
y
(r
an

ge
:
20

3–
1,
61

8
G
y)

M
ed

ia
n:

27
5
d
(r
an

ge
:
32

–
67

7
d)

Ti
m
e-
to
-E
A
SL

re
sp
on

se
:

33
d
(r
an

g
e:

5–
13

3
d)
.

EA
SL
:
C
R
19

,
SD

:
1

90
%
at

m
ed

ia
n
fo
llo

w
-

up
of

27
5
d

V
ou

ch
e
et

al
8

10
2

M
ed

ia
n:

64
(I
Q
R:

58
–7

4)
H
C
C

G
la
ss

M
ed

ia
n
do

se
to

se
gm

en
t:

24
2
G
y
(I
Q
R
:
17

3–
36

9
G
y)

M
ed

ia
n:

27
.1

m
o

m
R
EC

IS
T:

C
R
:
47

%
,
PR

:
39

%
,
SD

:
12

%
,
PD

:
1%

M
ed

ia
n
ov

er
al
ls
ur
vi
va
l:

53
.4

m
o
;
m
ed

ia
n
ov

er
-

al
ls
ur
vi
va

lc
en

so
re
d
fo
r

tr
an

sp
la
nt
at
io
n:

34
.5

m
o

R
ia
z
et

al
5

84
M
ed

ia
n:

68
(r
an

ge
:
43

–9
0)

H
C
C

G
la
ss

M
ed

ia
n
do

se
to

se
gm

en
t:

52
1
G
y
(r
an

g
e:

40
4–

64
5

G
y)

N
R

TT
P:

13
.6

m
o
(C
I,
9.
3–

18
.7

m
o)
;
EA

SL
:
re
-

sp
on

se
in

81
%
of

pa
ti
en

ts
;
m
ed

ia
n
ti
m
e

to
re
sp
on

se
:1

.2
m
o
(C
I,

1.
1–

1.
4
m
o)
;
W
H
O
:r
e-

sp
on

se
in

59
%
of

pa
ti
en

ts
;
m
ed

ia
n
ti
m
e

to
re
sp
on

se
:7

.2
m
o
(C
I,

4.
2–

8.
5
m
o)

M
ed

ia
n
ov

er
al
ls
ur
vi
va
l:

26
.9

m
o
(C
I,
20

.5
–3

0.
2

m
o)

A
bb

re
vi
at
io
ns

:C
I,
95

%
co

nfi
de

nc
e
in
te
rv
al
;C

R
,c
om

p
le
te

re
sp

on
se
;D

O
R
,d

ur
at
io
n
of

re
sp

on
se
;E

A
SL
,E
ur
op

ea
n
A
ss
o
ci
at
io
n
fo
r
th
e
St
ud

y
of

Li
ve

rD
is
ea

se
;H

C
C
,h

ep
at
oc

el
lu
la
rc

ar
ci
no

m
a;

IQ
R
,i
nt
er
qu

ar
ti
le

ra
ng

e;
N
R
,n

ot
re
p
or
te
d;

O
R
R
,o

bj
ec

ti
ve

re
sp

on
se

ra
te
;P

D
,p

ro
g
re
ss
iv
e
di
se
as
e;

PR
,p

ar
ti
al

re
sp

on
se
;P

SM
,p

ro
p
en

si
ty

sc
or
e
m
at
ch

in
g
;S

D
,s
ta
bl
e
di
se
as
e;

TT
P,
ti
m
e
to

pr
og

re
ss
io
n;

TT
ST

,t
im

e
to

se
co

nd
ar
y
tr
ea

tm
en

t;
W
H
O
,W

or
ld

H
ea

lt
h
O
rg
an

iz
at
io
n.

So
ur
ce

:
A
da

pt
ed

/R
ep

ri
nt
ed

w
it
h
pe

rm
is
si
on

fr
om

K
im

et
al
.1

Seminars in Interventional Radiology Vol. 38 No. 4/2021 © 2021. Thieme. All rights reserved.

Radiation Segmentectomy Prachanronarong, Kim428

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



diarrhea, anorexia, and weight loss.5,8 Laboratory abnormal-
ities that can be expected after radiation segmentectomy
include elevations in measures of liver function such as
bilirubin, albumin, international normalized ratio, platelet
levels, aspartate aminotransferase, alanine transaminase,
alkaline phosphatase, and lymphocyte counts. However,
delineating toxicities from radiation segmentectomy versus
preexisting liver dysfunction or progression of liver dysfunc-
tion due to underlying disease is difficult.4,8

Another potential risk of Y90 radioembolization proce-
dures is radioembolization-induced liver disease (REILD)
which is comparable to radiation-induced liver disease
(RILD) and which encompasses symptoms such as fatigue,
jaundice, and ascites that occur 1 to 2months after treatment
with external beam radiation therapy without subsequent
bile obstruction or tumor progression.35,36 These syndromes
are a subset of venoocclusive disease (VOD). REILD presents
with markedly increased bilirubin in contrast to RILD, which
is characterized by relatively proportional liver enzyme
elevation.36 Factors such as worsening liver function, elevat-
ed bilirubin, cirrhosis, prior treatment with chemotherapy,
young age, volume of treated liver, and ratio of activity
administered to treated liver volume are risks for the devel-
opment of REILD.36–38 With radiation segmentectomy, the
volume of normal liver parenchyma that is affected is
reduced without impacting treatment efficacy, and conse-
quently, REILD is less of a risk.36 Notably, during the LEGACY
study, none of the patients experienced REILD.6 Because the
radiation dose is targeted to one to two segments of the liver
which is a smaller volume of liver parenchyma, there is a
theoretical risk of bilirubin toxicity and biliary complica-
tions.4,5 In one studyof 84 patientswho underwent radiation
segmentectomy, 5% of patients developed small postproce-
dural bilomas within the treated segment.5 Kim et al
reported biliary strictures in some patients who underwent
boosted dose Y90 for large HCC lesions greater than 5 cm in
size.20 However, in additional studies such as a multicenter
study of 102 patients, a separate study of 20 patients, and the
LEGACY study, there were no reports of bilomas.6,8,21 This
discrepancy may be due to variability in techniques, such as
superselectivity, whichmay theoretically increase the risk of
biloma. There were some cases of hepatobiliary disorders
seen in the LEGACY study, where a small number of patients
experienced posttreatment gallbladder obstruction (N¼1),
portal vein thrombosis (N¼1), ascites (N¼3), and increase
in bilirubin (N¼3).6 In contrast, with lobar radiation treat-
ments, these types of focal bilirubin complications or toxicity
are more common.4,39

Postprocedural Patient Management

Immediate Postprocedural Care
Radiation segmentectomy is an outpatient procedure, and
patients recover for approximately 2 to 6hours postproce-
durally before discharge home. In general, patients are dis-
charged home with pain medication, gastrointestinal ulcer
prophylaxis such as proton pump inhibitors, antiemetics,
and, rarely, steroid tapers for treatment of fatigue, similar to

usual postprocedural radioembolization care. Prior to dis-
charge, patients should be reminded of possible often self-
limited adverse events they may experience, such as fevers,
chills, pain, nausea, and vomiting and radiation safety pre-
cautions if applicable.34

Outpatient Follow-up Evaluation
Patients are usually seen for follow-up in an outpatient clinic
approximately 4 to 6 weeks after treatment. While the
majority of patients will have few side effects, clinicians
should evaluate patients for changes in performance status
as well as monitoring for adverse effects, such as tumor lysis
syndrome or nontarget organ toxicity such as adverse events
within the lungs or gastrointestinal system. Many of the
potential immediate postprocedural adverse clinical events
described previously are self-limited; however, further eval-
uation should be considered if symptoms persist. Follow-up
laboratory tests may show transient increases in liver func-
tion tests and tumor markers and decreases in lympho-
cytes.34 Follow-up imaging is also recommended with
contrast-enhanced CT or MRI approximately 1 to 3 months
posttreatment and then at 3- to 6-month intervals to evalu-
ate treatment response and guide future treatment planning.
Median time to objective response per mRECIST has been
demonstrated at 1.2 and 6.6 months for change in size as per
mRECIST.26,40–42

Clinical Cases with Images
In one representative case of radiation segmentectomy for
the treatment of HCC, a patient with a past medical history of
solitary unresectable HCC measuring 5 cm in segment 4 was
treated with Y90 radiation segmentectomy, and on MRI
follow-up 2 years later, the patient had complete response
based on mRECIST with unchanged liver function and with
AFP dropping to within normal limits from 600. This patient
underwent liver transplant 5 years after treatment and
explant pathology showed complete necrosis without tumor
recurrence (►Fig. 1). In another case, a patient with a
segment 4 HCC was treated with Y90 radiation segmentec-
tomy, and on follow-up, the patient had complete treatment
response and remained free of disease progression
21 months after treatment (►Fig. 2). These cases provide
examples of how radiation segmentectomy is a potentially

Fig. 1 Magnetic resonance T1-weighted gadolinium-enhanced arte-
rial phase sequence prior to radiation segmentectomy (a) demon-
strates a segment 4 lesion (arrows) measuring 5.0 cm. (b) 2 years post
radiation segmentectomy demonstrates complete response as per
mRECIST.
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curative treatment modality that is well tolerated and has
superior tumor response. The second case also illustrates an
example of how cone beam CT can be used to evaluate
intraprocedural tumor treatment volume to provide up-to-
date volume measurements for dose calculations prior to
treatment.43

Conclusions

Radiation segmentectomy is an important treatment option
for patients with a spectrum of disease, ranging from very
early stage to early-stage patients with target lesions in
anatomically challenging locations to patients with more
intermediate to advanced disease who may benefit from
downstaging treatment to become eligible for liver trans-
plantation, and patients with advanced stage disease with
portal invasion and extrahepatic spread. Understanding
factors such as indications for treatment, patient selection,
dosimetry, tumor biology, postprocedural care, and expected
patient outcomes is critical for the appropriate application of
radiation segmentectomy in patient care.
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