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Radioembolization is a field of interventional oncology that
continues to evolve. The number of institutions adopting
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mount importance in order to facilitate clear communica-
tions between investigators. The vehicle of a standards
document provides the framework for reporting various
aspects of the technique, including classification of meth-
odology, descriptors of toxicities and complications, imag-
ing guidance, and appropriate terminology that require spe-
cific attention when reporting clinical studies. It is the
standpoint of the group that adherence to the recommenda-
tions will facilitate the main objective: improved precision
and communication for reporting the various aspects of
radioembolization. This approach should translate to more
accurate comparison of data across centers and, ultimately,
to enhanced research methodology.

INTRODUCTION

Primary Liver Tumors
Hepatocellular carcinoma (HCC) is the most common primary
malignancy of the liver; its incidence is increasing worldwide.
It ranks as the sixth most common tumor and third most
common cause of cancer-related mortality (1,2). Primary liver
tumors include HCC and intrahepatic cholangiocarcinoma.
Surgical resection is preferred over transplantation and is con-
sidered potentially curative in patients with resectable HCC
and normal liver function (3). Transplantation is considered
the gold standard for patients with unresectable HCC and
whose disease is within the Milan criteria (4). Resection and
transplantation have limited roles, given advanced disease
(chronic liver disease and/or tumor extent) at presentation and
limited organ availability (5–7). Chemoembolization and ra-
diofrequency ablation represent standard therapies in treating
patients and serve as a bridge to transplantation in selected
patients (8,9). Radioembolization has an emerging role in
“bridging” patients within criteria by delaying tumor progres-
sion. It has also been shown to downstage disease beyond the
Milan, to within, transplant criteria (10–12). A recent study
has demonstrated that radioembolization leads to longer time-
to-progression and better toxicity profile when compared with
chemoembolization (13). Patients with macrovascular tumor
involvement have also exhibited evidence of clinical benefit
after radioembolization (14).

Secondary (Metastatic) Liver Tumors
Worldwide, secondary liver tumors are more common than

Table 1. Brief Description of Available Radioembolic Devices

Name TheraSphere

Radionuclide (symbol) Yttrium 90 (90Y)

Half-life (h) 64.2

Carrier Glass microspheres

Carrier size (�m) 20–30

Note.—HDD � 4-hexadecyl-1,2,9,9-tetramethyl-4,7-diaza-1,10-
primary liver tumors (15). Secondary liver tumors are man- u
ged by both surgical and nonsurgical methods. The role of
adioembolization for secondary liver tumors is promising
nd it has been shown to be safe and efficacious in patients
ith secondary liver tumors from colorectal carcinoma,
euroendocrine tumors, and other primary tumors (16–23).

equirement for Research Reporting

tandards for Radioembolization of

epatic Malignancies
he International Working Group on Image-guided Tumor
blation published a document entitled “Image-guided tumor

blation: standardization of terminology and reporting criteria”
24). The main objective was “improved precision and com-
unication in this field that leads to more accurate comparison

f technologies and results and ultimately to improved patient
utcomes” (24). The publication of this document led to the
ublication of a document focused on catheter-directed thera-
ies entitled “Transcatheter therapy for hepatic malignancy:
tandardization of terminology and reporting criteria” (25). A
ranscatheter therapy that is believed to have potential benefit
rom standardization of terminology and reporting criteria is
adioembolization. This therapy is commonly used for patients
iagnosed with primary and secondary liver malignancies. A
omprehensive document standardizing the indications, tech-
iques, multimodality treatment approaches, and dosimetry
as been presented previously by the Radioembolization
rachytherapy Oncology Consortium (26).

The initial goals of the Working Group’s proposal for
tandardization fall in line with the initiative of the Society
f Interventional Radiology (SIR), which promotes inter-
entional oncology. Along these lines, SIR’s Technology
ssessment Committee has been charged with reviewing

nd commenting on the standardization of terminology and
eporting criteria. Accordingly, the document has been
odified in an attempt to align its contents with prior SIR

tandards and to address additional issues that have been
aised by the Technology Assessment Committee. In es-
ence, this independent review and ratification by the SIR
echnology Assessment Committee of the previous reports

epresents a continuation of the collaborative initiative to
onsolidate and unite all investigators and clinicians prac-
icing interventional oncology by providing a common lan-
uage to describe therapies and outcomes (24,25). Recog-
izing that the management of patients with liver tumors
equires a multidisciplinary approach, it is recommended to

SIR-Spheres 131I-Lipiodol

Yttrium 90 (90Y) Iodine 131 (131I)

64.2 192.5

Resin microspheres Iodized oil

20–60 NA

thiol; GMS � glass microspheres.
se terms that are in accordance with all disciplines in-
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volved. The details and definitions reported in the prior
documents pertaining to radioembolization have been in-
corporated into the present document. This document is
designed for reporting research and is not intended for
clinical procedural notes on individual patients.

TERMINOLOGY AND DEFINITIONS

Although substantial technical jargon and marketing termi-
nology appear in the peer-reviewed medical literature, these
should not be used. Radioembolization is an image-guided
transcatheter tumor therapy. Radioactive materials (radio-
nuclide embedded in the carrier, attached to carrier surface,
or in suspension with the carrier) are injected via feeding
vessel(s) to the tumor(s) in an attempt to achieve cell death
by delivering a high dose of focused radiation to the tumor.
It is advised to use “radioembolization” instead of terms
like “selective internal radiation therapy” or “transarterial
radionuclide therapy.”

Description of Device
The device manufacturer with the brand name of the device
should be reported once in the Methods section. Subsequently
treatment should be reference by the agent (eg, yttrium-90
[90Y], iodine-131 [131I], holmium-166 [166Ho]). Table 1 pres-
ents a brief overview of the available radioembolic devices
worldwide. The following details also require description.

Radionuclide
Presently, the following radionuclides are available: 90Y
TheraSphere [MDS Nordion, Ottawa, Ontario, Canada] and
IR-Spheres [Sirtex Medical, Lane Cove, Australia]), 131I

(Lipiocis; CIS Bio International, Gif sur Yvette, France),
rhenium-188 (188Re), phosphorus-32 (32P) (BrachySil;
pSividia, Watertown, Massachusetts) and 166Ho. It is rec-
mmended to present these radionuclides as the name of the
lement (not necessarily capitalized) with a dash followed
y the mass number or as a symbol with the mass number
s a left-hand superscript to the symbol (eg, yttrium-90 or

90Y). The half-life should be presented in standard units of
time (hours instead of days).

Carrier
It is also important to appropriately report the carrier of the

188Re HDD*-Lipiodol 32P-GMS

Rhenium 188 (188Re) Phosphorus 32 (32P)

16.9 342.7

Iodized oil Glass microspheres

NA 46–76
radionuclide. Iodized oil, chitosan, and microspheres have c
een used as carriers for the radionuclides. Furthermore, the
onstituents of the microspheres (ie, resin or glass) should be
escribed. The range of particle size (per the package insert)
ay be reported. As a result of the development of new

adioactive materials, studies comparing different devices may
e seen in the future. Thus, when reporting outcomes it is
ecommended to describe the device early in the manuscript,
ith emphasis on the radionuclide and the carrier, and define

he abbreviations/terms that will be used for the device(s).

rocedure Terms
t is preferred to use the term “procedure” rather than “oper-
tion” (24). A “procedure” refers to a single patient encounter
or treatment of liver tumor(s). The term “treatment session” is
ynonymous with “procedure” but it is recommended to
hoose only one of these terms and use it uniformly through-
ut the manuscript. Multiple vials may be injected in one
reatment session. The term “treatment cycle” consists of all
rocedures required to complete treatment of the tumor-bear-
ng portion of the liver (not including pretreatment angiogra-
hy). If a patient has bilobar disease, patients may need two
rocedures, constituting one treatment cycle. Therefore, a
reatment cycle has been completed when all known disease
as been treated. It is advised to use the term “progression” to
efer to the appearance of new tumor (hepatic or extrahepatic)
nd for the reappearance of tumor in a previously treated area
local progression). A new treatment cycle may be initiated in
ase of progression.

OPULATION DESCRIPTION

emographics
he number of patients in the study, the number of partic-

pating institutions, and patient numbers per institution
ust be provided. Age may be reported as a median and

ange. A baseline demographics table is of high importance,
ith appropriate presentation of parameters such as age,

ex, and ethnicity.

isk Factors and Comorbidities
he risk factors for the development of the liver tumors should
e reported. In case of HCC, the etiology and incidence of
hronic liver disease should be reported (eg, hepatitis B, hep-
titis C, alcohol). “Cryptogenic cirrhosis” is a term to describe

Milican 166HoMS

Holmium 166 (166Ho) Holmium 166 (166Ho)

26.8 26.8

Chitosan Poly (L-lactic acid)

NA 25–35
irrhosis without a clear etiology. The number/percentage of
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HCCs developing in the absence of cirrhosis should also be
reported. In the case of secondary liver tumors, it is recom-
mended to report the primary malignancy. Treatments used for
the primary tumor should be reported (eg, history of chemo-
therapy/radiation therapy/surgery). It is also important to re-
port any relevant comorbidities (eg, performance status � 0,
cancer-related symptoms) (27).

Baseline/Pretreatment Evaluation
Physical examination. Physical examination should be
performed, and the performance status should preferably be
reported according to the Eastern Cooperative Oncology
Group score (Table 2). Alternatively, the Karnofsky score
may be used. Whenever possible, the quality of life should be
evaluated using validated instruments (eg, Functional Assess-
ment of Cancer Therapy–General questionnaire or Functional
Assessment of Cancer Therapy–Hep questionnaire for patients
with HCC) at baseline and during each follow-up encounter.

Baseline laboratory values. These should include
complete blood counts, prothrombin time/International
Normalized Ratio, liver function tests, and tumor markers
(eg, �-fetoprotein for HCC). At minimum, baseline biliru-
in values and tumor marker values should be reported in
ne of two formats: (i) stratified by cutoff values into low
r high groups (the rationale behind choosing these cutoff
alues should be clearly stated in the Methods section) or
i) as medians with 95% CIs.

maging findings. Imaging modalities including ultra-
ound, computed tomography (CT), magnetic resonance
MR) imaging, and functional imaging (positron emission
omography with and without CT attenuation correction,
nd single photon emission CT [SPECT]) are used to help
iagnose the liver tumor and help determine whether pa-
ients are suitable candidates for this procedure. It is im-
ortant to report the diagnosis of the liver tumor and to
learly define the diagnostic criteria used (ie, imaging,
iopsy, or tumor markers). The distribution (unilobar/bilo-
ar), number (eg, solitary or multifocal, with optional sub-

Table 2. Eastern Cooperative Oncology Group
Performance Status

Status Description

0 Asymptomatic and fully active

1 Symptomatic; fully ambulatory; restricted in

physical strenuous activity

2 Symptomatic; ambulatory; capable of self-care;

� 50% of waking hours are spent out of bed

3 Symptomatic; limited self-care; � 50% of time

spent in bed, but not bedridden

4 Completely disabled; no self-care; 100%

bedridden

5 Deceased
tratification of multifocal tumors), and size of tumors t
stratified or median with 95% CI), and the presence of
ascular invasion and/or extrahepatic metastases should be
eported (28). Caution should be exercised when reporting
xtrahepatic metastases in the form of lymphadenopathy in
CC; enlarged physiologic lymph nodes may be seen,
articularly with hepatitis C–induced cirrhosis. The Bismuth/
ouinaud segmentation system should be preferred over other

ystems when describing the location of tumors (29).

easurement of Disease Severity
rimary liver tumors. Staging should be performed ac-
ording to accepted staging systems for the disease. In the case
f HCC, in which there is usually coexisting liver cirrhosis, it
s also recommended to calculate the Child–Turcotte–Pugh
core and report the classes. Some commonly used staging
ystems for HCC are the Okuda, Barcelona Clinic Liver Can-
er, Cancer of the Liver Italian Program, and United Network
or Organ Sharing staging systems (30). The Child–Turcotte–
ugh class assesses liver function and should be reported (31).
urthermore, it is recommended to report findings based on a
taging system that incorporates tumor characteristics only
eg, United Network for Organ Sharing staging system) or
oth liver function and tumor characteristics (eg, Barcelona
linic Liver Cancer staging system) (32). Table 3 outlines the
ost commonly used classification systems for HCC. We can

ot mandate the use of one staging system over another as a
esult of limited data comparing the various staging systems
33,34).

econdary liver tumors. Given the numerous types of
iver metastases that might be treated, it is impractical to
andate staging based on all tumor types (eg, tumor/node/
etastasis staging for colorectal cancer). It is, however,

dvised to stratify the study population by the presence or
bsence of extrahepatic disease at time of treatment as well
s any exposure to systemic therapy. Stage at initial pre-
entation of colorectal metastases may be reported.

ndications of Treatment
atients with unresectable/inoperable liver tumors and liver-
ominant disease are candidates for radioembolization. The
ndications and the absolute/relative contraindications may
lso be reported.

ethod of Treatment Assignment
iven the intra- and interinstitutional variability, it is impos-

ible to strictly predefine a patient population that would be
ffered radioembolization. Thus, a brief description of the
eason for choosing radioembolization over other treatments
hould be included. The intent of the therapy should be stated
eg, downstaging/bridging to curative therapies such as trans-
lantation, palliation, or prolongation of survival).

nclusion/Exclusion Criteria
he Materials and Methods section should provide detail on
he inclusion/exclusion criteria for the study. These details
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need to be explicit if the study uses prospective subject
accrual. If applicable, a flowchart showing the stepwise
selection (ie, exclusion) process starting from the source
population to the study population should be presented.
Exclusion may be done on the basis of advanced tumor
characteristics (eg, extrahepatic metastases) and liver dys-
function (eg, bilirubin level greater than normal, � 2.0
mg/dL). This needs to be appropriately reported.

Other Treatment(s)
All previous systemic and locoregional therapies that the
patient has received for the liver tumor need appropriate
description; this is important for context. Prior/concomitant
therapy is more common in patients with secondary rather
than primary liver tumors. When possible, prior/concomi-
tant/subsequent systemic and locoregional therapies should
be reported, including (i) nature of additive therapy, (ii)
information on whether the additive therapy was performed
as a part of a predefined protocol, (iii) rationale and (iv)
timing of additive therapy, and (v) information on whether
treatment was first-, second-, or third-line in nature. These
specifications are required as additive therapies represent a
confounding variable that may alter treatment effectiveness
and may also have a role in extended survival or, alterna-
tively, the development of complications. The panel recog-
nizes the controversy over the definition of a line of sys-
temic therapy. As a result, investigators are encouraged to
define a line of systemic therapy for the purposes of report-
ing their study. Alternatively, reporting exposure to the
cytotoxic chemotherapies (5-fluorouracil, oxaliplatin, irino-
tecan) and cytostatic biologic agents (eg, bevacizumab,
cetuximab, panitumumab) separately is also acceptable.

TREATMENT DESCRIPTION

Preprocedure Angiography
The pretreatment (ie, planning) angiography is an important
step in radioembolization; this is discussed in detail in
comprehensive manuscripts (35–40). The meticulous map-
ping of the vascular anatomy helps the interventional radi-
ologist performing the procedure to (i) identify the vascular
supply of the tumor and (ii) identify and coil-embolize
vessels that may lead to aberrant deposition of the radio-
embolic material. There is a new concept of flow redistri-
bution (ie, occlusion intrahepatic vessels before radioem-
bolization to cause redistribution of flow) that is being
advocated by certain centers; if this technique is used, it
should be reported (38,41). Therapy control is defined as
the intraprocedural adjustments to increase safety/efficacy
of the procedure (25). The embolization of nontarget ves-
sels has been described as “therapy control” by Brown et al.
(25). However, as the pretreatment angiography is typically
performed before the procedure in case of radioemboliza-
tion, therapy control is initiated before the procedure.

C-arm CT is now routinely used intraprocedurally in

addition to digital subtraction angiography to determine a
ascular supply to the tumor (42–44). The committee rec-
mmends the use of this intraprocedural imaging technique
ut does not mandate its use as it is not a universally
vailable technique (45).

maging with Technetium-99m

acroaggregated Albumin
echnetium-99m (99mTc) macroaggregated albumin imag-

ng is performed at the time of the pretreatment angiogra-
hy to quantify lung shunt fraction and identify splanchnic
r nontarget flow (46,47). The advent of improved imaging
rotocols and implementation of SPECT with CT attenua-
ion correction (SPECT/CT), will continue to play a role in
valuating the presence/lack of extrahepatic flow from
9mTc macroaggregated albumin arterial infusions (48). It is
andatory to describe whether static imaging, SPECT, or
PECT/CT was used for image interpretation.

The American College of Radiology Guidelines and
tandards Committee of the Commission on Nuclear Med-

cine have stated in the American College of Radiology
ractice Guidelines and Technical Standards that 99mTc
acroaggregated albumin, in a dosage of 1–5 mCi (37–185
Bq), is introduced into the hepatic arterial perfusion cath-

ter and infused slowly. Because quantifying the percentage
f activity that is shunted from the liver to the lungs
equires a high density of counts within the images, this
ommittee recommends that the activity infused be at the
igher end of the range and that the particle number be at
east 500,000. Images of the abdomen are obtained imme-
iately in the anterior (with and without external markers),
eft anterior oblique, left lateral, and posterior projections
49). The formula used for determining lung shunting
hould be reported (26,35).

osimetry
he details of dosimetry for different formulations have
een discussed previously (22,35,38,50–52). The method/
ormula used to calculate the activity required should be
resented in the manuscript, especially if these deviate from
he package insert. It is important to understand the differ-
nce between dose (in Gy) and activity (in GBq or mCi).
inally, although it is recognized that some authors report
osimetry using the partition model (tumor–to–normal pa-
enchyma hypervascularity ratio), doses to the entire treated
issue assuming uniform microsphere distribution should
lso be described. For example, investigators would report
median dose of 100 Gy to the overall tissue, assuming

niform distribution. In the same manuscript, investigators
ould also report 180 Gy to tumor and 40 Gy to normal
arenchyma by using partition modeling. If partition mod-
ling was used, the method used to obtain tumor–to–normal
arenchyma relative flow should be described.

For dosimetry purposes, the Medical Internal Radiation
ose can be applied, whereas the Monte Carlo–based dosim-

try protocols are still under investigation (53,54). The activity

ctually delivered should be checked, in particular for resin
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Table 3. Classification Systems for HCC

Requirements for Calculation Score Class/Stage Characteristics

Child–Pugh Classification System

Total Bilirubin (mg/dL)

� 2 1 A Child–Pugh score 5–6

2–3 2

� 3 3

Serum albumin (g/dL)

� 3.5 1 B Child–Pugh score 7–9

2.8–3.5 2

� 2.8 3

INR

� 1.7 1 C Child–Pugh score � 10

1.71–2.20 2

� 2.20 3

Ascites

None 1

Suppressed with medication 2

Refractory 3

Hepatic encephalopathy

None 1

Grade I/II (or suppressed with medication) 2

Grade III/IV (or refractory) 3

Okuda Staging System

Tumor size

� 50% of liver 0 I 0 Points

� 50% of liver 1

Albumin (g/dL)

� 3 0 II 1–2 Points

� 3 1

Total bilirubin (mg/dL)

� 3 0 III 3–4 Points

� 3 1

Ascites

Absent 0

Present 1

Cancer of the Liver Italian Program Staging System

(a) Child–Pugh class

A 0 0 Sum of a, b, c, and d

B 1

C 2

(b) Tumor morphology

Uninodular and extension � 50% 0 1 Sum of a, b, c, and d

Multinodular and extension � 50% 1

Massive or extension � 50% 2

(c) AFP

� 400 0 2 Sum of a, b, c, and d

� 400 1

(d) PVT

Absent 0 3 Sum of a, b, c, and d

Present 1

4 Sum of a, b, c, and d

5 Sum of a, b, c, and d

6 Sum of a, b, c, and d
(continued)
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microspheres, as flow stasis sometimes prevents complete
delivery of the prescribed activity. If termination of the pro-
cedure occurs as a result of flow stasis, the frequency and
magnitude of when this occurs should be reported. The Med-
ical Internal Radiation Dose is used for glass microspheres (ie,
microembolic) dose calculations. It is important to also report
the residual activity that remains in the device and the source
vial. To summarize, the methods/formulas used to calculate
the activity required and dose delivered should be presented in
the manuscript, especially if these deviate from the package
insert. Given the ongoing controversy over dosimetry for
radioembolization, thorough reporting is important to create
reproducibility between investigators.

Intraprocedural Imaging (Tumor

Targeting)
The term “tumor targeting” is used to describe the step during
radioembolization that involves placement of a catheter into
the vessel supplying the tumor(s). The decision to use whole-
liver, lobar (whole lobe perfused) or selective (� 2 hepatic
segments perfused) approach is dependent on the patient’s
baseline characteristics (eg, baseline bilirubin and vascular
anatomy) as determined by the pretreatment angiography (55).

Table 3. Classification Systems for HCC (Continued)

Requirements for Calculation Score

Barcelona Clinic Live

Presence/absence of portal hypertension

Bilirubin level (normal/elevated)

Tumor characteristics (size, number, vascular invasion, extrah

ECOG performance status

Early stage

Intermediate stage

Advanced stage

End-stage

UNOS St

Tumor characteristics (size, number, vascular invasion,

extrahepatic spread)

Note.—AFP � �-fetoprotein; ECOG � Eastern Cooperative On
venous thrombosis.
Targeting is principally accomplished with iodinated contrast r
gent injection under fluoroscopy and intraprocedural correla-
ion with preprocedural imaging. This allows an appropriate
evel of vessel selection in any given patient.

ntraprocedural Treatment Monitoring
Monitoring” is the term that is used to describe the process
ith which therapeutic effects are viewed during a proce-
ure. Treatment monitoring includes extent of tumor cov-
rage (may be evaluated with C-arm CT) in case of using
adioembolic materials that use iodized oil as the carrier. If
adioembolic materials that have microspheres as the car-
iers are used, antegrade flow in the artery of administration
hould be maintained to avoid nontarget delivery (25).

echnical Parameters to Be Provided for

ublication
he authors need to provide sufficient details of the tech-
ique employed to permit duplication of the investigator’s
fforts. For radioembolization, the median dose (with 95%
I) to the treatment site and the lungs (per procedure and
umulative) should be reported. The number of sessions

Stage Characteristics

er Staging System

spread)

1 Solitary tumor, no portal hypertension, normal

bilirubin, ECOG PS 0, Child–Pugh A/B

2 Solitary tumor, portal hypertension, normal

bilirubin, ECOG PS 0, Child–Pugh A/B

3 Solitary tumor, portal hypertension, elevated

bilirubin, ECOG PS 0, Child–Pugh A/B

4 Up to 3 tumors all � 3 cm, ECOG PS 0, Child–

Pugh A/B

Multinodular, ECOG PS 0, Child–Pugh A/B

Vascular invasion or extrahepatic spread, ECOG

PS 1/2, Child–Pugh A/B

Any, ECOG PS 3/4, Child-Pugh C

System

1 Solitary � 2 cm

2 Solitary up to 5 cm or � 3 tumors all up to 3 cm

3 Solitary � 5 cm or � 3 tumors with at least one

� 3 cm

4a � 4 Tumors

4b Vascular invasion

/M Extrahepatic metastases (nodal, N; other, M)

y Group; INR � international normalized ratio; PVT � portal
Class/

r Canc

epatic

A

A

A

A

B

C

D

aging

T

T

T

T

T

N

colog
equired to achieve technical success should be reported.
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ASSESSMENT OF OUTCOMES

Currently, definitions of the appropriate length of follow-up
and the time points indicative of technical success are not
well established. Hence, specific guidelines need to be
dhered to that depend on the type of the disease treated
nd the intended goal of the study. The following pa-
ameters represent treatment study goals: (i) technical
uccess, (ii) technique effectiveness, (iii) tumor progres-
ion, and (iv) patient mortality.

Technical Success
The term “technical success” simply addresses whether the
tumor was treated according to protocol and was addressed
completely. Preliminary angiography can define target ves-
sel(s) for treatment. Additionally, immediate posttreatment CT
may show iodized oil retention in the tumor (if the radioem-
bolic material uses iodized oil as the carrier). To confirm
hepatic delivery of radioembolic materials, some operators
may elect to perform a postradioembolization nuclear medi-
cine scan using Bremsstrahlung imaging (56). As a result of
the inherent properties of scatter imaging, the Bremsstrahlung
image should not be taken into account for defining whether
the procedure was technically successful. However, if per-
formed, acquisition parameters, such as the energy window,
and camera specifications, such as the collimator type,
SPECT, or SPECT/CT, should be described. Image findings of
additive value to information regarding target to nontarget
delivery should be reported. The importance of the term “tech-
nical success” is to separate those patients in whom the pro-
tocol could not be executed completely (because of technical
reasons or comorbidities) from those who were treated accord-
ing to protocol. This is important when considering intent-to-
treat analyses.

Failure of procedure. It is possible that the therapy may
fail. This may be a result of lack of technical success
leading to incomplete targeting of the tumor(s). Thus, iden-
tification of all vessels supplying the tumor at the pretreat-
ment angiography is recommended. Technically unsuccess-
ful therapy may also result from vascular spasm, injury, or
flow stasis after the use of embolic devices. Failure of the
procedure may also be seen during intraprocedural imaging
(angiography showing stasis leading to cessation of further
radioembolic delivery).

Technique Effectiveness (Clinical

Success)
Distinction between “technical success” and “technique
effectiveness” must be made. Effectiveness can only be
demonstrated with appropriate follow-up. Thus, tech-
nique effectiveness may be evident in the following
ways: (i) percentage of patients achieving an endpoint
after a specified time has elapsed following treatment
(eg, tumor response at the 1-month follow-up scan) and
(ii) time to response as calculated by the Kaplan-Meier

technique in which patients who did not show a response m
re censored. In cases in which multiple procedures were
erformed, the median/mean number should be reported.
he therapeutic effect of radioembolization may be ob-
erved based on (i) imaging findings, (ii) changes in tumor
arkers, and (iii) pathologic findings (57–60). The com-
ittee recognizes that symptomatic response is important

nd may be reported; the subjective nature of this measure
hould be recognized as a limitation.

adiologic findings. Investigators should avoid the use of
he term “lesion” as it may be confused with the zone of
nduced necrosis on imaging (25). Recently, use of the term
primary index tumor” to assess response following locore-
ional therapy in HCC has been reported (61). It is important
o report the imaging modalities (eg, contrast-enhanced CT or

R imaging) and the schedule of imaging (eg, 1 month after
reatment and subsequently at every 3 months) used to assess
esponse/progression. Investigators should recognize that,
ith time-to-progression (TTP) or progression-free-survival

PFS) endpoints, guidelines recommend obtaining scans every
–8 weeks. The panel recognizes that this is not often feasible
linically but should be recognized as a limitation. There are
tatistical techniques that may be used to correct for this
imitation. One example is backward correction, whereby an
ndpoint (such as TTP) is reporting as having occurred on scan
1 rather than the one on which the observation (ie, endpoint)

s made. This will help minimize (but not eliminate) variable
maging time bias.

The following guidelines are widely accepted for the
ssessment of response by imaging. World Health Organi-
ation (WHO) and Response Evaluation Criteria in Solid
umors (RECIST) guidelines measure the change in size of

he index tumor(s) irrespective of the amount of necrosis
een. European Association for the Study of the Liver
EASL) guidelines measure change in the amount of
nhancing (ie, viable) tumor only. These guidelines are
utlined in Table 4.

WHO bidimensional guidelines: the WHO guidelines
ompare the posttreatment cross-product of the tumor to the
aseline cross-product for calculating percent change in size
62,63). Complete response (CR) is defined as 100% decrease
n size (complete disappearance of tumor[s]); partial response
PR) is defined as at least 50% decrease in size of the target
umor(s); and progressive disease (PD) is defined as greater
han 25% increase in the cross-product from maximum re-
ponse or appearance of new lesions. All others findings
re defined as stable disease (SD) (59,64).

RECIST unidimensional guidelines: the RECIST
uidelines use the maximum dimension of the tumor(s) to
ssess response. CR is defined as 100% decrease in size (ie,
omplete disappearance of tumor[s]); PR is defined as at
east 30% decrease in the size of the target tumor(s); PD is
efined as greater than 20% increase in size from maximum
esponse or appearance of new lesions. All other findings
re defined as SD (59,64,65). The RECIST 1.1 guidelines
ave recently been published, which recommend measure-

ent of a fewer number of lesions (� 2 per organ, � 5 in
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total) compared with the original RECIST guidelines (66).
EASL necrosis guidelines: EASL necrosis guidelines,

quantifying the amount of enhancing (and hence viable) tissue
in the treated tumor, should also be reported. CR is defined as
the absence of any enhancing tissue; PR is defined as the
appearance of at least 50% decrease in amount of enhancing
tissue from baseline. SD is defined as less than 50% decrease
in amount of enhancing tissue (67). PD is recorded per EASL
guidelines if new enhancement is identified in a previously
treated tumor that may or may not have warranted further
locoregional therapy or if new lesions develop. The modified
RECIST guidelines have been recently published, which rec-
ommend unidimensional measurements of enhancing tissue
(68). In a recent study, various combinations of EASL and
WHO guidelines were studies for radiologic-pathologic cor-
relation. The study concludes that EASLxWHO scoring sys-
tem provides a simple and clinically applicable method of
response assessment following locoregional therapies for he-
patocellular carcinoma (65).

Positron emission tomography. Fluorodeoxyglucose
positron emission tomography is a metabolic imaging tech-
nique that has a role in response assessment following
radioembolization of metastatic hepatic tumors (15,69). In-
vestigators may use this technique as long as their methods
are appropriately described.

Changes in tumor markers. The posttreatment changes in
tumor markers have been thought to correlate to response to
treatment (70). A recent study has consolidated this belief
following locoregional therapies (60). The cutoff value for
the respective tumor marker used to stratify normal and
elevated levels should be described, with appropriate atten-
tion to the rationale behind choosing this value. The percent

Table 4. Imaging Response Guidelines for HCC

Classification

WHO

CR 100% decrease in cross-product of targ

PR � 50% decrease in cross-product of ta

SD � 50% decrease to � 25% increase in

PD � 25% increase from maximum respo

RECIST

CR 100% decrease in maximum diameter

PR � 30% decrease in maximum diamete

SD � 30% decrease to � 20% increase in

PD � 20% increase from maximum respo

EASL

CR 100% decrease in amount of enhancin

PR � 50% decrease in amount of enhanci

SD � 50% decrease to � 25% increase in

PD � 25% increase in amount of enhancin

treated tumor(s) warranting further L

Note.—LRT � locoregional therapy.
change in serum levels of the tumor marker defined as o
esponse should be described. We can not mandate a value
or the cutoff or percent change in serum tumor markers as
here are currently no accepted values. However, as stated,
he rationale behind choosing these investigator-defined
alues should be described in the Materials and Methods
ection of the manuscript. When discussing tumor
arker response, further stratification by patients with or
ithout extrahepatic disease may be considered.

athologic findings. It is not possible to examine all
umors for evidence of pathologic necrosis. The difference
etween pathologic and imaging findings must be stressed
y the appropriate selection of terminology (24,25). How-
ver, necrosis on pathologic evaluation should be reported
s “coagulation necrosis” or “pathologic necrosis” to min-
mize confusion (24,25,59). It is necessary to differentiate
ross and histologic findings. Gross findings should include
i) evidence and quantification (or approximation and cat-
gorization) of coagulation necrosis seen in the treated
umor and (ii) size of the treated tumor(s). Sections of 1 cm
r smaller of the treated tumor should be taken and slides
hould be prepared with routine hematoxylin and eosin
tains for histologic examination (59). The details of how
he pathologic necrosis was interpreted need to be ad-
ressed in the Materials and Methods section.

umor Progression
s there are no guidelines that focus on the imaging re-

ponse/progression assessment following locoregional ther-
pies, progression should be strictly defined in the materials
nd methods section. As described earlier, RECIST, WHO,
nd EASL guidelines define progression distinctly. Progres-
ion should incorporate development of new tumor, devel-

Definition

lines

or(s)

mor(s)

product of target tumor(s)

target tumor(s) and/or appearance of new lesions

elines

et tumor(s)

rget tumor(s)

um diameter of target tumor(s)

target tumor(s) and/or appearance of new lesions

lines

e in target tumor(s)

ue in target tumor(s)

t of enhancing tissue in target tumor(s)

ue in target tumor(s) and/or new enhancement in previously

d/or appearance of new lesions
Guide

et tum

rget tu

cross-

nse of

Guid

of targ

r of ta

maxim

nse of

Guide

g tissu

ng tiss

amoun

g tiss

RT an
pment of vascular invasion, expansion of preexisting vas-
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cular invasion (eg, portal vein thrombosis in HCC), and
development of extrahepatic metastases. The committee
recognizes the difficulty in assessing extrahepatic (un-
treated) progression. Hence, we do not mandate separating
the causes of progression but recommend differentiating
progression in treated and untreated tumor, when possible.
It is recommended to use the term “local progression”
instead of “recurrence” as the latter is a term that is used to
define reappearance of tumor following curative therapy
(eg, radiofrequency ablation, resection, and transplanta-
tion). TTP is a commonly used parameter to assess tech-
nique effectiveness (61). The Kaplan-Meier technique
should be used to calculate the TTP whereby progression
(as defined by the investigator) is the endpoint. PFS may
also be reported. The Kaplan-Meier technique is used to
calculate PFS whereby progression or death (whichever
occurs first) are taken as the endpoints.

Patient Mortality
Substantial patient mortality that is unrelated to the inter-
vention is expected as a result of (i) cancer, (ii) underlying
liver disease, and (iii) comorbidities. Mortality rates should
not be confused with survival. Mortality rates are repre-
sented by the percentage of patients who have died at a
specific time. “Overall survival” (in which the endpoint is
death of any cause) and “disease-specific survival” (in
which the endpoint is death from a specific cause, eg, tumor
progression or liver failure) are calculated using the
Kaplan-Meier technique. A brief overview of how to cal-
culate these parameters is outlined in the subsequent section
on statistical analyses. However, when reporting outcomes
in HCC, it may be difficult to specifically identify the cause
of death (eg, liver dysfunction, tumor progression). For
tumor-related death, further subclassification (eg, differen-
tiating death from hepatic or extrahepatic tumor progres-
sion) may be reported.

COMPLICATIONS

Complications following radioembolization may occur as a
result of (i) toxic dose to normal hepatic parenchyma, (ii)
toxic dose to extrahepatic tissue, (iii) complications of
wire/catheter placement (eg, groin complications) and ma-
nipulation (eg, vessel dissection) during the planning or
treatment angiogram, and (iv) side effects (71). The stan-
dard SIR grading system for complications of image-guided
transcatheter tumor therapies is recommended (72). Table 5
presents the SIR definitions and grading system of compli-
cations. Complications reported in accordance with the SIR
standard table allow consistent categorization by complica-
tion severity. Adverse events secondary to treatment deliv-
ery should be defined by using the National Cancer Institute
Common Terminology Criteria for Adverse Events, version

3.0 (or most recent version) (73). Specifically, it is recom- b
ended to specify liver-related biochemical toxicities (eg,
ilirubin, ascites). Common Terminology Criteria for Ad-
erse Events, version 3.0, is designed to be applied to all
reatment modalities. It is recommended to report severe
oxicities (ie, grade � 3) separately.

As it is difficult to differentiate between adverse events
hat result from worsening of liver disease, progression of
umor, and treatment toxicity, complications should be dis-
inguished based on the time elapsed between the procedure
nd their occurrence. SIR recommends grouping them into
he following: (i) immediate (� 24 h after the procedure),
ii) early (ie, 1–30 d after the procedure), and (iii) delayed
ie, � 30 d after the procedure). All complications that are
udged to have a high likelihood of being attributable to the
rocedure should be reported. Complications may be re-
orted on a per-procedure, per–treatment cycle, or per-
atient basis. Details of the procedure resulting in the
omplications, including but not limited to agents used and
essel(s) treated, should be provided. Thirty-day mortality
ust be reported. The temporal relationship of reported

oxicity from the treatment should be defined in the Mate-
ials and Methods section.

A major complication is defined as an event that leads
o substantial morbidity and disability, increasing the level
f care or resulting in hospital admission or substantially
engthened hospital stay (SIR classifications C–E; Table 5).
his includes any case in which a blood transfusion or

nterventional drainage procedure is required (24,25). All
ther complications are considered minor.

epatic Complications
epatic complications include liver failure, portal hyper-

ension (resulting from hepatic fibrosis), liver abscess,
ntrahepatic biloma, and liver infarction (74 –76). Liver
ysfunction (or failure) seen after radiation is termed
adiation-induced liver disease. It may be necessary to
tratify the occurrence of radiation-induced liver disease

Table 5. SIR Definition and Grading System of
Procedural Complications

Grade Description

Minor

A Necessitates no therapy, causes no consequence

B Necessitates nominal therapy, causes no

consequence; includes overnight admission

for observation only

Major

C Requires therapy, minor hospitalization

D Requires major therapy, unplanned increase in

level of care, prolonged hospitalization (�

48 h)

E Results in permanent adverse sequelae

F Results in death
ased on the pretreatment liver functional status (as
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shown by the Child–Turcotte–Pugh class) (77). Radia-
tion-induced liver disease is defined as the development
of or worsening of liver functions compared with base-
line. Clinical signs and symptoms (eg, worsening ascites,
jaundice) and laboratory tests (eg, elevation in total
bilirubin level) may indicate postprocedural liver dys-
function. The committee recommends the use of the term
“radioembolization-induced liver disease” to define he-
patic toxicity following radioembolization. Several in-
vestigators are currently attempting to better differentiate
the clinical characteristics of radiation-induced liver dis-
ease and radioembolization-induced liver disease.

Extrahepatic Complications
Extrahepatic complications can generally be separated into

Table 6. Summary of Reporting Standards

Parameter

Details of study

Study design (flow diagram preferred)

Inclusion/exclusion criteria

Method of treatment assignment

Sponsorship/funding/role of sponsor/medical writing suppo

Participating centers

Institutional review board approval

HIPAA compliance

Description of statistical methods

Population description

Population demographics (table preferred)

Baseline evaluation (clinical/imaging/laboratory)

Primary neoplasm (eg, HCC, colorectal cancer, neuroendoc

Method of diagnosis

Performance status

Tumor staging

Prior therapy for liver tumor

Concomitant therapy for liver tumor

Treatment description

Description of device (radionuclide and carrier)

Details of dosimetry

Median number of treatment sessions

Tumor targeting (lobar/segmental)

Median dose delivered

Outcomes assessment

Technical success

Clinical success/failure (survival, TTP, PFS, response rate)

Complications (according to SIR reporting and/or NCI CTCA

Description of adverse events

Quality of life assessment

Other

Costs/cost effectiveness

Limitations

Conclusions

Note.—CTCAE � Common Terminology Criteria for Adverse E
NCI � National Cancer Institute.
complications resulting from systemic effects resulting m
rom the procedure (eg, lymphopenia) or the extrahepatic
eposition (ie, nontarget embolization) of injected material.
he latter includes radiation pneumonitis, radiation chole-
ystitis, and gastrointestinal ulcers (46,78,79). In case of
heir occurrence, relevant details of the vascular anatomy
n angiography and findings on imaging with 99mTc mac-
oaggregated albumin that may have been missed should be
riefly discussed.

ascular Complications
t is recommended to report the incidence of vascular
omplications (eg, groin hematoma and dissection). Given
hat systemic chemotherapeutic agents may render the ves-
els fragile, these complications potentially occur more
ften after systemic chemotherapy for secondary liver tu-

Required Recommended

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

ion � 3.0) X

X

X

X

X

X

HIPAA � Health Insurance Accountability and Portability Act;
rt

rine)

E vers

vents;
ors.
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Side Effects
Side effects are expected, undesired, and frequent conse-
quences of the procedure that rarely result in substantial
morbidity. The most common side effect of radioemboli-
zation is a postradioembolization syndrome that consists of
the following clinical symptoms: fatigue, nausea, vomiting,
anorexia, fever, and abdominal discomfort. Hospitalization
is usually not required. Postradioembolization syndrome is
less severe than that observed after other embolic therapies
where fatigue and constitutional symptoms predominate
(11,80–82). Mild abdominal pain may be experienced fol-
lowing radioembolization (56,81). All toxicities should be
reported according to the National Cancer Institute Com-
mon Terminology Criteria for Adverse Events, version 3.0
(or most recent version) (73).

STUDY DESIGN AND STATISTICAL

EVALUATION

Given that most reports of radioembolization have been
case series, a major benefit of uniform reporting standards
is the ability to perform metaanalyses of outcomes to com-
pare therapies (83). Prospective randomized studies are
considered the standard for pivotal studies and should be
performed whenever possible (84). However, the commit-
tee recognizes the obstacles that limit the ability to perform
such studies in interventional oncology and the benefit of
reporting less robust forms of data such as prospective
investigations, retrospective analyses, and case series and
reports (85). The study design needs to be defined with
focus on the primary and secondary endpoints that are
under consideration. Study flowcharts are recommended. It
is necessary to describe the statistical methods employed
for the analysis. It is also recommended to present substrati-
fication analyses wherever possible. A brief description of
some commonly used tests is presented later.

Comparison of Categoric Variables
It is recommended to use the Fisher exact test or �2 test
when comparing independent categoric variables. The Mc-
Nemar test may be used for comparing dependent categoric
variables.

Comparison of Continuous Variables
It is recommended to use the Mann-Whitney U test if
comparing independent continuous variables (eg, age com-
parison between two treatment arms). The Kruskal–Wallis
test may be used if there are more than two categories of the
variable (eg, age comparison among three treatment arms).
It is recommended to use the Wilcoxon test if comparing
dependent continuous variables (eg, pre- and postradioem-
bolization tumor size). The Friedman test may be used for

more complex comparisons. t
nivariate Time-to-endpoint Analyses
ime-to-endpoint (eg, TTP, PFS, and overall survival) anal-
ses should be calculated using the Kaplan–Meier tech-
ique and should be reported as a median and 95% CI where
ossible (86). It may also be reported as 1-year, 2-year, and
-year rates. The log-rank test may be used to calculate the
azard ratios of the difference between the reference category
which should be specified) and the category of interest. It is
ecommended to illustrate the Kaplan–Meier curves wherever
ossible. P value adjustments for multiple comparisons should
e considered.

ultivariate Time-to-endpoint Analyses
t is also recommended to perform multivariate analyses if
ossible by using the Cox proportional-hazards model. This
llows correction for and identification of the covariates
hat have independent effect on survival (or any other
arameter, eg, TTP). It is necessary to specify (i) the
ariables entered into the model, (ii) the rationale for en-
ering the variables into the multivariate model (ie, clinical
nd statistical reasoning), and (iii) the method used for
ntry (simultaneous entry, stepwise, backward, or forward).
nly one variable should be chosen (either the composite
ariable or its constituents) if there is overlapping of factors
f the variables (eg, ascites, bilirubin, albumin; are all
ncluded in calculating Child–Pugh score). In cases in
hich composite variables such as Child–Pugh score are

ncluded in the model, it is inappropriate to also enter
ovariates that are constituents of the composite variable in
he same model (87). The results of the Cox proportional-
azards model are reported as hazard ratios with 95% CIs
88). In specific cases in which there are covariates that are
ime-dependent (such as changes in tumor size at various
ime points following therapy), specific methods used to
orrect for the time dependence should be appropriately
escribed.

ONCLUSIONS

adioembolization is establishing its role in the manage-
ent of liver tumors. The intent of this proposal for stan-

ardization of terminology is to provide an appropriate
ehicle for reporting the various aspects of radioemboliza-
ion. Our intent is to provide such a framework to facilitate
he clearest communication between investigators and the
reatest flexibility in comparison among the many emerg-
ng technologies. Clearly this is an ongoing process that
ill require modifications as our understanding of these

echnologies improves, new treatment paradigms emerge,
nd greater consensus is achieved on standardizing the
eporting of currently unresolved issues. Constructive
eedback from the medical community at large is wel-
omed in an attempt to further refine this proposal.
evertheless, we encourage all our colleagues to adopt
he terminology and reporting strategies outlined in this
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proposal. A summary of the reporting standards de-
scribed here is presented in Table 6.

REFERENCES

1. Parkin DM, Bray F, Ferlay J, Pisani P. Global cancer statistics, 2002. CA
Cancer J Clin 2005; 55:74–108.

2. Bosch FX, Ribes J, Diaz M, Cleries R. Primary liver cancer: worldwide
incidence and trends. Gastroenterology 2004; 127(Suppl):S5–S16.

3. Michel J, Suc B, Montpeyroux F, et al. Liver resection or transplanta-
tion for hepatocellular carcinoma? Retrospective analysis of 215 patients
with cirrhosis. J Hepatol 1997; 26:1274–1280.

4. Mazzaferro V, Regalia E, Doci R, et al. Liver transplantation for the
treatment of small hepatocellular carcinomas in patients with cirrhosis.
N Engl J Med 1996; 334:693–699.

5. Kulik LM, Atassi B, van Holsbeeck L, et al. Yttrium-90 microspheres
(TheraSphere(R)) treatment of unresectable hepatocellular carcinoma:
downstaging to resection, RFA and bridge to transplantation. J Surg
Oncol 2006; 94:572–586.

6. Lu DS, Yu NC, Raman SS, et al. Radiofrequency ablation of hepatocel-
lular carcinoma: treatment success as defined by histologic examination
of the explanted liver. Radiology 2005; 234:954–960.

7. Maddala YK, Stadheim L, Andrews JC, et al. Drop-out rates of patients
with hepatocellular cancer listed for liver transplantation: outcome with
chemoembolization. Liver Transpl 2004; 10:449–455.

8. Lencioni R, Crocetti L. Radiofrequency ablation of liver cancer. Tech
Vasc Interv Radiol 2007; 10:38–46.

9. Takayasu K, Arii S, Ikai I, et al. Prospective cohort study of transarterial
chemoembolization for unresectable hepatocellular carcinoma in 8510
patients. Gastroenterology 2006; 131:461–469.

10. Carr BI. Hepatic arterial 90yttrium glass microspheres (Therasphere)
for unresectable hepatocellular carcinoma: interim safety and survival
data on 65 patients. Liver Transpl 2004; 10(suppl):S107–S110.

1. Salem R, Lewandowski RJ, Atassi B, et al. Treatment of unresectable
hepatocellular carcinoma with use of 90y microspheres (TheraSphere):
safety, tumor response, and survival. J Vasc Interv Radiol 2005; 16:
1627–1639.

2. Lewandowski RJ, Kulik LM, Riaz A, et al. A comparative analysis of
transarterial downstaging for hepatocellular carcinoma: chemoemboliza-
tion versus radioembolization. Am J Transplant. 2009; 9:1920–1928.

3. Salem R, Lewandowski RJ, Kulik L, et al. Radioembolization results in
longer time-to-progression and reduced toxicity compared with chemo-
embolization in patients with hepatocellular carcinoma. Gastroenterology
Epub ahead of print Oct 30 2010.

4. Kulik LM, Carr BI, Mulcahy MF, et al. Safety and efficacy of (90)Y
radiotherapy for hepatocellular carcinoma with and without portal vein
thrombosis. Hepatology 2007; 47:71–81.

5. Lewandowski RJ, Thurston KG, Goin JE, et al. 90Y microsphere (Ther-
aSphere) treatment for unresectable colorectal cancer metastases of the
liver: response to treatment at targeted doses of 135-150 Gy as mea-
sured by [18F]fluorodeoxyglucose positron emission tomography and
computed tomographic imaging. J Vasc Interv Radiol 2005; 16:1641–
1651.

6. Gray B, Van Hazel G, Hope M, et al. Randomised trial of SIR-Spheres
plus chemotherapy vs. chemotherapy alone for treating patients with
liver metastases from primary large bowel cancer. Ann Oncol 2001;
12:1711–1720.

7. Rhee TK, Lewandowski RJ, Liu DM, et al. 90Y radioembolization for
metastatic neuroendocrine liver tumors: preliminary results from a multi-
institutional experience. Ann Surg 2008; 247:1029–1035.

8. Kennedy AS, Dezarn WA, McNeillie P, et al. Radioembolization for
unresectable neuroendocrine hepatic metastases using resin 90Y-micro-
spheres: early results in 148 patients. Am J Clin Oncol 2008; 31:271–279.

9. Sharma RA, Van Hazel GA, Morgan B, et al. Radioembolization of liver
metastases from colorectal cancer using yttrium-90 microspheres with
concomitant systemic oxaliplatin, fluorouracil, and leucovorin chemother-
apy. J Clin Oncol 2007; 25:1099–1106.

0. Kennedy AS, McNeillie P, Dezarn WA, et al. Treatment parameters and
outcome in 680 treatments of internal radiation with resin 90Y-micro-
spheres for unresectable hepatic tumors. Int J Radiat Oncol Biol Phys

2009; 74:1494–1500.
1. Mulcahy MF, Lewandowski RJ, Ibrahim SM, et al. Radioembolization
of colorectal hepatic metastases using yttrium-90 microspheres. Cancer.
2009; 115:1849–1858.

2. Van Hazel G, Blackwell A, Anderson J, et al. Randomised phase 2 trial
of SIR-Spheres plus fluorouracil/leucovorin chemotherapy versus fluo-
rouracil/leucovorin chemotherapy alone in advanced colorectal cancer.
J Surg Oncol 2004; 88:78–85.

3. Kennedy AS, Salem R. Radioembolization (yttrium-90 microspheres)
for primary and metastatic hepatic malignancies. Cancer J 2010; 16:163–
175.

4. Goldberg SN, Grassi CJ, Cardella JF, et al. Image-guided tumor abla-
tion: standardization of terminology and reporting criteria. J Vasc Interv
Radiol 2005; 16:765–778.

5. Brown DB, Gould JE, Gervais DA, et al. Transcatheter therapy for
hepatic malignancy: standardization of terminology and reporting criteria.
J Vasc Interv Radiol 2007; 18:1469–1478.

6. Kennedy A, Nag S, Salem R, et al. Recommendations for radioem-
bolization of hepatic malignancies using yttrium-90 microsphere
brachytherapy: a consensus panel report from the radioembolization
brachytherapy oncology consortium. Int J Radiat Oncol Biol Phys
2007; 68:13–23.

7. Oken MM, Creech RH, Tormey DC, et al. Toxicity and response criteria
of the Eastern Cooperative Oncology Group. Am J Clin Oncol 1982;
5:649–655.

8. Inarrairaegui M, Martinez-Cuesta A, Rodriguez M, et al. Analysis of
prognostic factors after yttrium-90 radioembolization of advanced hepa-
tocellular carcinoma. Int J Radiat Oncol Biol Phys 2010; 77:1441–1448.

9. Couinaud C. Liver anatomy: portal (and suprahepatic) or biliary seg-
mentation. Dig Surg 1999; 16:459–467.

0. Vauthey JN, Ribero D, Abdalla EK, et al. Outcomes of liver transplan-
tation in 490 patients with hepatocellular carcinoma: validation of a
uniform staging after surgical treatment. J Am Coll Surg 2007; 204:
1016–1027.

1. Child CG, Turcotte JG. Surgery and portal hypertension. Major Probl
Clin Surg 1964; 1:1–85.

2. Llovet JM, Fuster J, Bruix J. The Barcelona approach: diagnosis, stag-
ing, and treatment of hepatocellular carcinoma. Liver Transpl 2004; 10
(suppl):S115–S120.

3. Seo YS, Kim YJ, Um SH, et al. Evaluation of the prognostic powers of
various tumor status grading scales in patients with hepatocellular car-
cinoma. J Gastroenterol Hepatol 2008; 23:1267–1275.

4. Helton W, Strasberg S. AHPBA/AJCC consensus conference on stag-
ing of hepatocellular carcinoma: rationale and overview of the confer-
ence. HPB (Oxford) 2003; 5:238–242.

5. Salem R, Thurston KG. Radioembolization with 90yttrium micro-
spheres: a state-of-the-art brachytherapy treatment for primary and sec-
ondary liver malignancies: part 1—technical and methodologic consider-
ations. J Vasc Interv Radiol 2006; 17:1251–1278.

6. Salem R, Thurston KG. Radioembolization with yttrium-90 micro-
spheres: a state-of-the-art brachytherapy treatment for primary and sec-
ondary liver malignancies: part 3—comprehensive literature review and
future direction. J Vasc Interv Radiol 2006; 17:1571–1593.

7. Salem R, Thurston KG. Radioembolization with 90yttrium micro-
spheres: a state-of-the-art brachytherapy treatment for primary and sec-
ondary liver malignancies: part 2—special topics. J Vasc Interv Radiol
2006; 17:1425–1439.

8. Salem R, Lewandowski RJ, Sato KT, et al. Technical aspects of radio-
embolization with 90Y microspheres. Tech Vasc Interv Radiol 2007;
10:12–29.

9. Liu DM, Salem R, Bui JT, et al. Angiographic considerations in patients
undergoing liver-directed therapy. J Vasc Interv Radiol 2005; 16:911–
935.

0. Lewandowski RJ, Sato KT, Atassi B, et al. Radioembolization with
(90)y microspheres: angiographic and technical considerations. Cardio-
vasc Intervent Radiol 2007; 30:571–592.

1. Bilbao JI, Garrastachu P, Herraiz MJ, et al. Safety and efficacy assess-
ment of flow redistribution by occlusion of intrahepatic vessels prior to
radioembolization in the treatment of liver tumors. Cardiovasc Intervent
Radiol 2009; 33:523–531.

2. Orth RC, Wallace MJ, Kuo MD. C-arm cone-beam CT: general princi-
ples and technical considerations for use in interventional radiology. J
Vasc Interv Radiol 2008; 19:814–820.

3. Wallace MJ, Murthy R, Kamat PP, et al. Impact of C-arm CT on hepatic

arterial interventions for hepatic malignancies. J Vasc Interv Radiol 2007;
18:1500–1507.



4

4

4

4

4

5

5

5

5

5

5

5

5

5

5

6

6

6

6

6

6

6

6

6

6

7

7

7

7

7

7

7

7

7

7

8

8

8

8

8

8

8

8

278 � Reporting Standards for Hepatic Malignancy Radioembolization Salem et al � JVIR
44. Louie JD, Kothary N, Kuo WT, et al. Incorporating cone-beam CT into
the treatment planning for yttrium-90 radioembolization. J Vasc Interv
Radiol 2009; 20:606–613.

5. Rhee TK, Omary RA, Gates V, et al. The effect of catheter-directed CT
angiography on yttrium-90 radioembolization treatment of hepatocellular
carcinoma. J Vasc Interv Radiol 2005; 16:1085–1091.

6. Salem R, Parikh P, Atassi B, et al. Incidence of radiation pneumonitis
after hepatic intra-arterial radiotherapy with yttrium-90 microspheres as-
suming uniform lung distribution. Am J Clin Oncol 2008; 31:431–438.

7. Leung TW, Lau WY, Ho SK, et al. Radiation pneumonitis after selective
internal radiation treatment with intraarterial 90yttrium-microspheres for
inoperable hepatic tumors. Int J Radiat Oncol Biol Phys 1995; 33:919–
924.

8. Garin E, Rolland Y, Boucher E, et al. First experience of hepatic radio-
embolization using microspheres labelled with yttrium-90 (TheraSphere):
practical aspects concerning its implementation. Eur J Nucl Med Mol
Imaging 2009; 37:453–461.

9. American College of Radiology Guidelines and Standards Committee of
the Commission on Nuclear Medicine. ACR Practice Guidelines and
Technical Standards. ACR Practice Guideline for the Performance of
Liver/Spleen Scintigraphy. Amended 2006 (Resolution 35). Reston, VA:
American College of Radiology, 2006.

0. Raoul JL, Guyader D, Bretagne JF, et al. Prospective randomized trial
of chemoembolization versus intra-arterial injection of 131I-labeled-io-
dized oil in the treatment of hepatocellular carcinoma. Hepatology 1997;
26:1156–1161.

1. Kumar A, Srivastava DN, Chau TT, et al. Inoperable hepatocellular
carcinoma: transarterial 188Re HDD-labeled iodized oil for treatment--
prospective multicenter clinical trial. Radiology 2007; 243:509–519.

2. Wong JY, Somlo G, Odom-Maryon T, et al. Initial clinical experience
evaluating yttrium-90-chimeric T84.66 anticarcinoembryonic antigen an-
tibody and autologous hematopoietic stem cell support in patients with
carcinoembryonic antigen-producing metastatic breast cancer. Clin Can-
cer Res 1999; 5(suppl):3224s–3231s.

3. Andreo P. Monte Carlo techniques in medical radiation physics. Phys
Med Biol 1991; 36:861–920.

4. Gulec SA, Sztejnberg ML, Siegel JA, Jevremovic T, Stabin M. Hepatic
structural dosimetry in (90)Y microsphere treatment: a Monte Carlo
modeling approach based on lobular microanatomy. J Nucl Med 2010;
51:301–310.

5. Riaz A, Gates V, Atassi B, et al. Radiation segmentectomy: a novel
approach to increase safety and efficacy of radioembolization. Int J
Radiat Oncol Biol Phys 2010 (in press).

6. Murthy R, Nunez R, Szklaruk J, et al. Yttrium-90 microsphere therapy
for hepatic malignancy: devices, indications, technical considerations,
and potential complications. Radiographics 2005; 25(suppl 1):S41–S55.

7. Atassi B, Bangash AK, Bahrani A, et al. Multimodality imaging follow-
ing 90Y radioembolization: a comprehensive review and pictorial essay.
Radiographics 2008; 28:81–99.

8. Ibrahim SM, Nikolaidis P, Miller FH, et al. Radiologic findings following
Y90 radioembolization for primary liver malignancies. Abdom Imaging.
2009; 34:566–581.

9. Riaz A, Kulik L, Lewandowski RJ, et al. Radiologic-pathologic correla-
tion of hepatocellular carcinoma treated with internal radiation using
yttrium-90 microspheres. Hepatology 2009; 49:1185–1193.

0. Riaz A, Ryu RK, Kulik LM, et al. Alpha-fetoprotein response after lo-
coregional therapy for hepatocellular carcinoma: oncologic marker of
radiologic response, progression, and survival. J Clin Oncol 2009; 27:
5734–5742.

1. Riaz A, Miller FH, Kulik LM, et al. Imaging response in the primary
index lesion and clinical outcomes following transarterial locoregional
therapy for hepatocellular carcinoma. JAMA 2010; 303:1062–1069.

2. World Health Organization. WHO Handbook for Reporting Results of
Cancer Treatment. WHO offset publication no. 48. Geneva: WHO, 1979.

3. Miller AB, Hoogstraten B, Staquet M, Winkler A. Reporting results of
cancer treatment. Cancer 1981; 47:207–214.

4. Therasse P, Arbuck SG, Eisenhauer EA, et al. New guidelines to eval-
uate the response to treatment in solid tumors. European Organization
for Research and Treatment of Cancer, National Cancer Institute of the
United States, National Cancer Institute of Canada. J Natl Cancer Inst
2000; 92:205–216.
5. Riaz A, Memon K, Miller FH, et al. Role of the EASL, RECIST, and WHO
response guidelines alone or in combination for hepatocellular carci-

8

noma: Radiologic-pathologic correlation. J Hepatol Epub ahead of print
Oct 23 2010.

6. Eisenhauer EA, Therasse P, Bogaerts J, et al. New response evalua-
tion criteria in solid tumours: revised RECIST guideline (version 1.1). Eur
J Cancer 2009; 45:228–247.

7. Bruix J, Sherman M, Llovet JM, et al. Clinical management of hepato-
cellular carcinoma. Conclusions of the Barcelona-2000 EASL conference.
European Association for the Study of the Liver. J Hepatol 2001; 35:421–
430.

8. Lencioni R, Llovet JM. Modified RECIST (mRECIST) assessment for
hepatocellular carcinoma. Semin Liver Dis 2010; 30:52–60.

9. Lin M, Shon IH, Wilson R, D’Amours SK, Schlaphoff G, Lin P.
Treatment response in liver metastases following 90Y SIR-spheres: an
evaluation with PET. Hepatogastroenterology 2007; 54:910–912.

0. Chan SL, Mo FK, Johnson PJ, et al. New utility of an old marker: serial
alpha-fetoprotein measurement in predicting radiologic response and
survival of patients with hepatocellular carcinoma undergoing systemic
chemotherapy. J Clin Oncol 2009; 27:446–452.

1. Riaz A, Lewandowski RJ, Kulik LM, et al. Complications following
radioembolization with yttrium-90 microspheres: a comprehensive liter-
ature review. J Vasc Interv Radiol 2009; 20:1121–1130.

2. Brown DB, Cardella JF, Sacks D, et al. Quality improvement guidelines
for transhepatic arterial chemoembolization, embolization, and chemo-
therapeutic infusion for hepatic malignancy. J Vasc Interv Radiol 2006;
17:225–232.

3. Trotti A, Colevas AD, Setser A, et al. CTCAE v3.0: development of a
comprehensive grading system for the adverse effects of cancer treat-
ment. Semin Radiat Oncol 2003; 13:176–181.

4. Atassi B, Bangash AK, Lewandowski RJ, et al. Biliary Sequelae follow-
ing radioembolization with yttrium-90 microspheres. J Vasc Interv Radiol
2008; 19:691–697.

5. Jakobs TF, Saleem S, Atassi B, et al. Fibrosis, portal hypertension, and
hepatic volume changes induced by intra-arterial radiotherapy with
(90)yttrium microspheres. Dig Dis Sci 2008; 53:2556–2563.

6. Sangro B, Gil-Alzugaray B, Rodriguez J, et al. Liver disease induced by
radioembolization of liver tumors: description and possible risk factors.
Cancer 2008; 112:1538–1546.

7. Georgiades CS, Hong K, D’Angelo M, Geschwind JF. Safety and effi-
cacy of transarterial chemoembolization in patients with unresectable
hepatocellular carcinoma and portal vein thrombosis. J Vasc Interv Radiol
2005; 16:1653–1659.

8. Carretero C, Munoz-Navas M, Betes M, et al. gastroduodenal injury
after radioembolization of hepatic tumors. Am J Gastroenterol 2007;
102:1216–1220.

9. Murthy R, Brown DB, Salem R, et al. Gastrointestinal complications
associated with hepatic arterial yttrium-90 microsphere therapy. J Vasc
Interv Radiol 2007; 18:553–561.

0. Kennedy AS, Coldwell D, Nutting C, et al. Resin 90Y-microsphere
brachytherapy for unresectable colorectal liver metastases: modern USA
experience. Int J Radiat Oncol Biol Phys 2006; 65:412–425.

1. Murthy R, Xiong H, Nunez R, et al. Yttrium 90 resin microspheres for
the treatment of unresectable colorectal hepatic metastases after failure
of multiple chemotherapy regimens: preliminary results. J Vasc Interv
Radiol 2005; 16:937–945.

2. Sato K, Lewandowski RJ, Bui JT, et al. Treatment of unresectable
primary and metastatic liver cancer with yttrium-90 microspheres (Ther-
aSphere): assessment of hepatic arterial embolization. Cardiovasc Inter-
vent Radiol 2006; 29:522–529.

3. Stangl DK. Bridging the gap between statistical analysis and decision
making in public health research. Stat Med 2005; 24:503–511.

4. Rothmann M, Li N, Chen G, Chi GY, Temple R, Tsou HH. Design and
analysis of non-inferiority mortality trials in oncology. Stat Med 2003;
22:239–264.

5. Omary RA, Bettmann MA, Cardella JF, et al. Quality improvement
guidelines for the reporting and archiving of interventional radiology
procedures. J Vasc Interv Radiol 2003; 14(suppl):S293–S295.

6. Kaplan EL, Meier P. Nonparametric estimation from incomplete obser-
vations. J Am Stat Assoc 1958; 53:457–481.

7. Salem R, Lewandowski RJ, Mulcahy MF, et al. Radioembolization for
hepatocellular carcinoma using yttrium-90 microspheres: a comprehen-
sive report of long-term outcomes. Gastroenterology 2010; 138:52–64.
8. Cox DR, Oaks D. Analysis of survival data. London: Chapman and Hall,
1984.


	 Research Reporting Standards for Radioembolization of Hepatic Malignancies
	Rationale
	Introduction
	Primary Liver Tumors
	Secondary (Metastatic) Liver Tumors
	Requirement for Research Reporting Standards for Radioembolization of Hepatic Malignancies

	Terminology and Definitions
	Description of Device
	Radionuclide
	Carrier
	Procedure Terms

	Population Description
	Demographics
	Risk Factors and Comorbidities
	Baseline/Pretreatment Evaluation
	Physical examination
	Baseline laboratory values
	Imaging findings

	Measurement of Disease Severity
	Primary liver tumors
	Secondary liver tumors

	Indications of Treatment
	Method of Treatment Assignment
	Inclusion/Exclusion Criteria
	Other Treatment(s)

	Treatment Description
	Preprocedure Angiography
	Imaging with Technetium-99m Macroaggregated Albumin
	Dosimetry
	Intraprocedural Imaging (Tumor Targeting)
	Intraprocedural Treatment Monitoring
	Technical Parameters to Be Provided for Publication

	Assessment of Outcomes
	Technical Success
	Failure of procedure

	Technique Effectiveness (Clinical Success)
	Radiologic findings
	Positron emission tomography
	Changes in tumor markers
	Pathologic findings

	Tumor Progression
	Patient Mortality

	Complications
	Hepatic Complications
	Extrahepatic Complications
	Vascular Complications
	Side Effects

	Study Design and Statistical Evaluation
	Comparison of Categoric Variables
	Comparison of Continuous Variables
	Univariate Time-to-endpoint Analyses
	Multivariate Time-to-endpoint Analyses

	Conclusions
	References


