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Abstract

Purpose In light of recently published clinical reports and trials, the TheraSphere Global Dosimetry Steering Committee
(DSC) reconvened to review new data and to update previously published clinical and dosimetric recommendations for the
treatment of hepatocellular carcinoma (HCC).

Methods The TheraSphere Global DSC is comprised of health care providers across multiple disciplines involved in the
treatment of HCC with yttrium-90 (Y-90) glass microsphere—based transarterial radioembolization (TARE). Literature
published between January 2019 and September 2021 was reviewed, discussed, and adjudicated by the Delphi method.
Recommendations included in this updated document incorporate both the results of the literature review and the expert
opinion and experience of members of the committee.

Results Committee discussion and consensus led to the expansion of recommendations to apply to five common clinical
scenarios in patients with HCC to support more individualized efficacious treatment with Y-90 glass microspheres. Existing
clinical scenarios were updated to reflect recent developments in dosimetry approaches and broader treatment paradigms
evolving for patients presenting with HCC.

Conclusion Updated consensus recommendations are provided to guide clinical and dosimetric approaches for the use of
Y-90 glass microsphere TARE in HCC, accounting for disease presentation, tumor biology, and treatment intent.
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Abbreviations NTAD Normal tissue—absorbed dose

ALBI Albumin-bilirubin TAD Tumor-absorbed dose

BCLC Barcelona Clinic Liver Cancer TARE Transarterial radioembolization

CT Computed tomography Y-90 Yttrium-90

FLR Future liver remnant

HBS Hepatobiliary scintigraphy

HCC Hepatocellular carcinoma Introduction

HIDA Hepatobiliary iminodiacetic acid

MR Magnetic resonance Over the past decade, there has been an increasing use of

MVI/PVT Macrovascular invasion/portal vein transarterial radioembolization (TARE) using yttrium-90
thrombosis (Y-90) glass microspheres in patients with hepatocellular
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carcinoma (HCC) across the Barcelona Clinic Liver Cancer
(BCLC) classification spectrum. Since the previous publi-
cation of clinical and dosimetric considerations for TARE
with Y-90 glass microspheres, additional published work
has demonstrated the critical role of personalized dosim-
etry, optimizing dosing and patient selection in achieving
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improved clinical outcomes [1-3]. Additionally, several
investigations demonstrated that increasing tumor-absorbed
dose increases the likelihood of achieving complete patho-
logic necrosis, without compromising safety, while limiting
toxicity by minimizing normal liver tissue exposure [4, 5].
These investigations have led to the inclusion of TARE in
the updated BCLC staging system for treatment of single-
HCC lesions <8 cm [6]. The decision to use single-com-
partment or multicompartment dosimetry in these studies
underscores the importance of matching the appropriate
TARE treatment approach with specific patient character-
istics and treatment goals [1-3]. Given the number of new
trials, recent publications, and their rapid impact on clinical
practice, the TheraSphere Global DSC was reconvened to
evaluate these new data and to update the recommenda-
tions [7].

Methods

The committee, comprised of interventional radiologists,
radiation oncologists, nuclear medicine physicians, clinical
scientists, medical oncologists, and physicists, reconvened
for four 2-h virtual meetings, with an additional offline
review in preparation for the process of updating the rec-
ommendations. During the first meeting, the committee
reviewed the prior recommendations, recently published
literature, and discussed updates. To identify literature
since the prior recommendations, a PubMed search using a
combination of the following search terms was conducted:
transarterial radioembolization, TARE, brachytherapy,
internal radiation therapy, SIRT, Y90, yttrium-90, Thera-
Sphere, hepatocellular carcinoma, and HCC. The commit-
tee also considered whether new data warranted changing
the degree of recommendation and/or the strength of con-
sensus from the previous recommendations (Tables 1 and
2). Briefly, per the Delphi method, consensus was defined
during virtual meetings as outlined in Table 2; strong disa-
greements by members were recorded and highlighted
within the recommendation as caveats, where applicable.
During the second and third meetings, committee members
reviewed the revised recommendations and discussed each

Table 1 Degree of recommendation

Table 2 Strength of consensus Strength of Definition

consensus

Strong >80% consensus
Moderate  50-79% consensus
Weak <49% consensus

change collectively. Between the meetings, the lead author
(RS) revised the recommendations based upon commit-
tee discussion and comments. The fourth and final meet-
ing was a comprehensive review of the recommendations
and a review of the draft manuscript. Steering committee
members then had the opportunity to review and refine the
manuscript independently, and final comments were incor-
porated into the manuscript by the lead author. All authors
formally endorsed the manuscript and its recommendations
prior to submission.

The reviewed literature included all published studies
of TARE with glass microspheres for HCC since Janu-
ary 1, 2019; additional studies outside of this timeframe
were reviewed if suggested by steering committee mem-
bers. Publications addressing technical challenges rather
than clinically oriented approaches were not included in
the review. The recommendations included in this updated
document incorporate both the critical literature review and
the expert opinion and experience of members of the com-
mittee. All recommendations made in Tables 3, 4, 5, 6, and
7 are subject to regulatory and clinical standards within
each country.

In light of the changing paradigms and treatment goals
associated with Y-90 glass microsphere TARE, the com-
mittee agreed to expand the clinical scenarios from four
to five, separating multifocal unilobar and bilobar disease
recommendations, and to revise the definition of each. The
scenarios subsequently addressed in the updated recommen-
dations are as follows:

Curative intent:

® Radiation segmentectomy: Localized disease (one or
multiple tumors located in <2 segments), with contem-
porary and modern treatment approaches delivering

Degree Meaning

A Strongly recommended (good evidence that the measure is effective, and benefits outweigh the harms)

B Recommended (at least moderate evidence that the measure is effective and that benefits exceed harms)

C No recommendation for or against (at least moderate evidence that the measure is effective, but benefits are similar
to harms and a general recommendation cannot be justified)

D Recommended against (at least moderate evidence that the measure is ineffective or that harms exceed the benefits)

E Insufficient, low quality, or contradictory evidence (the balance between benefit and harms cannot be determined)
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Table 3 Scenario 1: radiation segmentectomy recommendations using Y-90 glass microspheres

Treatment intent Definitive therapy if non-transplant candidate (ex: solitary T1, solitary/multifocal UNOS T2-T3).
Tumor control with potential for additional curative treatment in appropriately selected patients
(ex: solitary/multifocal UNOS T1-T2-T3) for bridging/downstaging to transplantation

Patient selection 1. Child—Pugh A and select B7, tumor stage UNOS T1-T3 (may consider Child-Pugh
B7-C [rare scenario] if bridging or downstaging to transplant and segmental infusion possible)
[5, 15, 29, 54-58]

2. Treatment may be performed in patients with prior liver therapy (i.e., surgical resection,
ablation, external beam radiation therapy, or stereotactic body radiation therapy) [5, 15, 56,
59]. In patients with prior chemoembolization, angiographic assessment of vascular supply
and patency during mapping angiography will determine TARE eligibility. While patients can
receive Y-90 glass microsphere TARE after external beam radiation therapy or stereotactic
body radiation therapy, more data is needed to determine efficacy and safety. Early data sug-
gests it is safe in patients with preserved liver function

3. Tumors abutting the colon, gallbladder, and stomach can be safely treated; radiation toxicity
in this specific setting of adjacent structures has been reported but is extremely rare [60]

4. Multiple radiation segmentectomy infusions in two separate Couinaud segments may be
performed for multifocal disease during the same session, including two segments that would
define a bilobar disease in patients with normal underlying liver or well-compensated cirrhosis
(ex: 1 lesion in segment 6, 1 lesion in segment 2) [15, 16]. Historically, radiation segmentec-
tomy was defined as <2 segments; however, current definitions include infusion of Y-90 glass
microspheres to much smaller segments of liver, referred to as angiosomes, with the intent of
delivering ablative dose to tissue. Recent investigations have reported Y-90 glass microsphere
TARE infusion in up to 25% in ALBI-1 with excellent tolerability and noted additional liver
toxicities above 14% in ALBI-2 and Child—Pugh B patients [17]

5. In patients with previous hepatectomy, the choice to use radiation segmentectomy should
be approached with caution considering remaining FLR and potential toxicity. Pretreatment
considerations would include the magnitude of post-hepatectomy hypertrophy, time from
resection to recurrence, and the total volume of liver parenchyma. Therefore, the use of radia-
tion segmentectomy in this setting requires further investigation

Treatment planning

Diagnostic studies and target volume definition Diagnostic imaging should ideally be multiphase contrast-enhanced magnetic resonance (MR)
[61]; contrast-enhanced computed tomography (CT) can also be used. Both imaging modali-
ties are considered acceptable

1. Determine angiosome volume by cone-beam CT; this is the gold standard for perfused vol-
ume determination and preferred method when available [3, 18, 19]

2. If there is associated segmental portal venous invasion, treat the territory that encompasses
the MVI/PVT confirmed by cone-beam CT [15]

3. If there is a suspicion of microsatellite lesions, treat a wider territory (i.e., the larger the
lesion, the wider the safety margin necessary) confirmed by cone-beam CT; an angiographic/
cone-beam CT margin of > 1 cm is recommended [62]

Mapping and *"Tc-MAA 1. The need for prophylactic embolization is very low (unless distal branch from infusion site
leads to the gastrointestinal tract) (e.g., left hepatic artery injection with accessory left gastric
artery arising distally, left hepatic artery injection with esophageal branch arising distally)
[63]

2. Perform lobar technetium-99 m macroaggregated albumin (**™Tc-MAA) and segmental Y-90
infusion to limit the number of catheterizations of the small segmental branch perfusing tumor
[16]

3. Elevated lung shunt fraction limiting the intended dose is rarely an issue because of minimal
tumor load (low shunting) and limited prescribed activities (small, perfused volumes) [16].

In the case of small tumors (i.e., those less than 5 cm) and in the absence of MVI/PVT, the
risk of high lung shunt is low. In such cases, it may be possible to eliminate the *™Tc-MAA
mapping step from the treatment planning process [16, 64]; however, more studies evaluating
this concept are needed. In such cases, dosimetry is still required for dose determination. No
formal recommendation on eliminating the " Tc-MAA can be made at this time
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Table 3 (continued)

Treatment intent

Definitive therapy if non-transplant candidate (ex: solitary T1, solitary/multifocal UNOS T2-T3).
Tumor control with potential for additional curative treatment in appropriately selected patients
(ex: solitary/multifocal UNOS T1-T2-T3) for bridging/downstaging to transplantation

Dose calculation and dosimetry considerations

1. Single-compartment model dosimetry is adequate and preferred [3]
2. Target-absorbed dose to the perfused treatment volume of at least 400 Gy to the angiosome

Treatment delivery

Outcome assessment/follow-up

Degree of consensus

with no established upper limit. A median of 400 Gy resulted in 100% of patients achieving
complete pathologic necrosis in tumor explants [3, 4]. Similar results using > 500 Gy to the
perfused volume were reported [29]. Prospective validation demonstrates an adverse event
profile that is minimal using this approach [20]

3. Recent publications have demonstrated that higher doses to the segment>400 Gy yield better
pathologic and clinical outcomes [3, 16, 42]. An upper threshold dose limit may exist, but it
is currently unknown based on the available literature. In case of a small, treated volume, the
dose is oftentimes determined by the lowest available vial (i.e., 3 GBq at calibration)

4. Recommend week 1 (Wednesday/Thursday/Friday) or early week 2 dosing (Monday/Tues-
day) to replicate published outcomes [3, 11]. With glass microspheres, there is preliminary
data to suggest that late first-week and early second-week microsphere-specific activity (esti-
mated >297 Bq) may be associated with increased pathologic necrosis in small tumors treated
with radiation segmentectomy [1, 42]

1. Ensure no contrast refluxes into an adjacent angiosome prior to treatment

2. The entire tumor (and microsatellites) should lie within the perfused angiosome

3. Prime the TheraSphere® injection system slowly

a). There is a low margin of error in radiation segmentectomy given the small territory

b). Prime the system slowly to minimize the risk of bubble formation

4. Consider a 2.1/2.4 French (or smaller) microcatheter in a segmental branch. Exercise caution
if using smaller than 2 French due to a risk of incomplete administration [12, 65]

5. Same-day planning *™Tc-MAA and treatment approaches may be considered (i.e., low
activity administration needed for high absorbed dose, with a very low chance of high lung-

absorbed dose) [16, 64]
1. Ideally, use the same imaging modality that was used for initial assessment of disease burden

(contrast-enhanced CT or multiphase contrast-enhanced MR)
2. If complete mRECIST response at 3—6 months is not achieved, consider retreatment [3, 15,

66, 67]

Strength of recommendation A

Strong

superselectively to subsegments of liver, referred to as
angiosomes (i.e., hepatic territory perfused by a specific
branch of the hepatic artery), with the intent of delivering
an ablative dose to tumor and normal tissue. Radiation
segmentectomy no longer narrowly defined as <2 seg-
ments but rather inclusive of smaller hepatic segmentec-
tomy

Radiation lobectomy: Unilobar disease, with the ultimate
goal of disease control and contralateral lobar hypertro-
phy in the context of small future liver remnant (FLR),
as a bridge to surgery (resection)

Palliative intent:

Multifocal unilobar disease without macrovascular inva-
sion or portal vein thrombosis M VI/PVT), with the goal
of palliation and delay in progression; in select patients,
intent may be conversion to curative options

Multifocal bilobar disease without MVI/PVT, with the
goal of palliating and delaying progression, usually in
combination or in sequence with systemic treatment

HCC with MVI/PVT, with the goal of palliating and
delaying progression; in select patients, intent may be
conversion to curative options

Key definitions used throughout this document were

defined in the original publication and are reprinted below
for ease of reference [7]:

Mean absorbed dose: Quantity is expressed in gray
(Gy) in order to describe the average energy (J) depos-
ited within a volume of interest (VOI) within a specific
given mass (kg). The mean absorbed dose is referred to
as “Dose” and is distinctly different than “Activity” or
“Dosage” (GBq) [8, 9].

MIRD schema: The Medical Internal Radiation Dose
(MIRD) schema is applicable to both the single-com-
partment and multicompartment dosimetry models.
The mean absorbed dose (D) in any specific VOI (i.e.,
perfused volume, lobe, tumor or normal tissue) with
mass of any VOI, denoted as M, with the assumption
that D is distributed uniformly in each volume with
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Table 4 Scenario 2: radiation lobectomy recommendations using Y-90 glass microspheres

Treatment intent

To increase the number of patients who can undergo curative surgical resection given limited
organ availability for liver transplantation (ex: UNOS T2-T3, unilobar T4a) [21-24]

Patient selection

Treatment planning
Diagnostic studies and target volume definition

Mapping and **mTc-MAA

Dose calculation and dosimetry considerations

Treatment delivery

1. Radiation lobectomy applies to unresectable Child—Pugh A patients in the following sce-
narios:

a) Inadequate FLR and/or

b) Test of time is desired for tumor biology and response prior to surgery and/or

¢) Need for the treated tumor to be retracted away from hepatic vein and/or IVC

d) Potential delay of surgery or definitive treatment instead of surgery

2. Borderline resectable patients are considered, and therefore should not have comorbidities
that would preclude surgery

1. Contrast-enhanced cone-beam CT in the angiography suite should be performed to assess/
ensure tumor coverage within the treated lobe

a) Perform lobar *mTc-MAA and lobar Y-90 infusion. Catheter placements should be to facili-
tate similar distribution pattern

b) Elevated lung dose may be an issue if the lung shunt fraction is high in the context of large
perfused volume

1. Using a multicompartment model with ™ Tc-MAA, a recent randomized study demonstrated
that tumor response in patients with >30% hepatic reserve is optimized and overall survival
extended when the minimum planned tumor-absorbed dose is >205 Gy (with a mean of
331 Gy) and normal tissue—absorbed dose (NTAD) is <120 Gy attained by treating on week 1
(Wednesday) [1]. A minimum threshold absorbed dose of normal injected liver > 88 Gy with
week 1 (Wednesday) dosing in Child—Pugh A patients ensures a minimum 10% hypertrophy
[25]. As an alternative planning criterion, a retrospective study of normal tissue complication
probability determined the maximum tolerable dose for Child A patients at 50 Gy or 90 Gy
whole non-tumoral liver (including perfused and non-perfused normal liver) with a biliru-
bin level > 1.1 mg/dL or < 1.1 mg/dL, respectively, using 4-day decay, to minimize hepatic
dysfunction [41]

2. If using a single-compartment model, a 140—-150 Gy lobar absorbed dose limit is recom-
mended given implied Child—Pugh A status for radiation lobectomy patients [21, 25]. A recent
randomized study demonstrated that for well-selected patients (Child-Pugh A and hepatic
reserve > 30%), targeting a lobar absorbed dose > 150 Gy (with a mean of 178 Gy) with a
whole liver dose < 150 Gy, by treating on week 1 (Wednesday), for well-selected patients
(Child-Pugh A and hepatic reserve >30%) was safe and can be used [1]. Retreatment should
be considered if minimal hypertrophy is noted at months 1-3

3. Existing literature supports treatment on week 1 (Wednesday) to week 2 (Tuesday). No opti-
mal day has been identified [21, 22, 68]

4. Repeated treatment of the same volume has been performed and is safe when carefully con-
sidering dosimetry and liver function

1.Radiation lobectomy is most commonly encountered with right lobe HCC. Treat the right lobe
tumor and induce left lobe hypertrophy in anticipation of surgery [21, 22, 24, 69, 70]

2.Treatment should be administered in a lobar manner (i.e., such that the entire lobe is
treated). If segmental treatment might otherwise be technically feasible but the goal is for
contralateral lobar hypertrophy to bridge to resection, one can consider “modified” radiation
lobectomy, where a single-session segmental tumor infusion (single-compartment dose to seg-
ment >400 Gy; radiation segmentectomy, see previous section) is followed by lobar infusion,
with the second vial delivering single-compartment 100 Gy to the lobe for hypertrophy [3, 21,
71]

a) Modified radiation lobectomy is favored over single lobar infusion when technically feasible

b) In the setting of a), if patient does not undergo surgery, tumor control has been maximized by
performing curative high absorbed dose segmentectomy treatment
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Table 4 (continued)

Treatment intent

To increase the number of patients who can undergo curative surgical resection given limited

organ availability for liver transplantation (ex: UNOS T2-T3, unilobar T4a) [21-24]

Outcome assessment/follow-up

1. Imaging with dynamic assessment of FLR is recommended at 1 month, 3 months, 6 months,

and 9 months after treatment. Tumor volume should be subtracted from total right lobe vol-
ume when calculating FLR

2. Allow at least 3—6 months for hypertrophy; a longer wait time is acceptable as long as the
tumor is well controlled [25, 27, 69]

3. Portal vein embolization after lack of hypertrophy from Y-90 radioembolization is currently
investigational [22, 24]. Radioembolization after portal vein embolization is also investiga-

tional [22]

4. Pre- and post-TARE hepatobiliary scintigraphy or Eovist® (USA) or Primovist® (EU)
(gadolinium-EOB-DTPA) using MRI to further determine if adequate FLR was attained, if
additional treatment is required, or if the patient is ultimately suitable for subsequent surgical
resection is investigational [27-29]

5. The decision to proceed with resection post TARE is jointly decided upon with surgeons. In
some cases, resection may be deemed unnecessary given complete tumor response and radia-
tion lobectomy becomes definitive treatment [21, 24]

Strength of recommendation B

Degree of consensus Strong

permanent microsphere implantation and no biological
clearance [10, 11]. Using this schema, D in a VOI is
computed as:

where A is the net activity of °°Y implanted
in the VOI, and F is the lung shunt fraction. As
an example, if 2.2 GBq of glass microspheres was
infused with a residual of 1% and a lung shunt of 5%,
the net implanted activity in the liver tissue would
be 2.2 X (0.99) x (0.95) = 2.07 GBq, and 2.07 GBq
would represent the final activity within a MIRD for-
mula for determining final tissue dose.

Acrg) X (30(6y /kg/GBg) (1 = F))
M)

Dy =

e Single-compartment model: A MIRD dosimetry
model that assumes the °°Y microspheres (and there-
fore absorbed dose) are distributed uniformly within
the VOI. In this model, only a uniform averaged D
value over the VOI is calculated, without considera-
tion of Y-90 activity distribution within the tumor and
normal parenchyma. In reality, hypervascular tumors
will absorb more microspheres and receive a higher
dose, while the normal hepatic tissue will absorb fewer
spheres and receive a lower dose [12—-14].

e  Multicompartment model: A MIRD-based dosimetry
approach where D is determined in more than one VOI,
such as the tumor VOI and the normal parenchyma
VOI. The lung also represents another compartment to
which D can be estimated (based on a single-compart-
ment model). Partition modeling refers to the multi-
compartment dosimetry approach reporting the tumoral

and non-tumoral doses separately with a single aver-
aged tumor to averaged non-tumoral uptake ratio (T:N
ratio) [10].

Results

Relevant publications from the literature review, including
additional suggestions by the committee, resulted in the
inclusion of 31 new publications [1-6, 16, 17, 19, 20, 24-26,
28-31, 35, 36, 41, 47, 48, 50-58] and formed the basis for
updates to the recommendations.

Clinical scenarios
Scenario 1: radiation segmentectomy for HCC

Radiation segmentectomy has been previously defined as the
administration of Y-90 to <2 Couinaud segments with cura-
tive intent. In practical terms, this translates to subselective or
superselective radioembolization. In most scenarios, a superse-
lective, subsegmental infusion covering significantly <1 is
achieved [15, 16]. For radiation segmentectomy, the percentage
total liver volume that is treated should be considered. As long as
aminimal amount of tissue is exposed, radiation segmentectomy
may be considered in the setting of prior surgical resection (par-
ticularly if robust post-surgical hypertrophy has been observed).
In the presence of stable but reduced hepatic function, radiation
segmentectomy should be undertaken using caution and con-
sideration of alternate options [3, 17—19]. Details are included
in Table 3.
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Table 5 Scenario 3: multifocal unilobar HCC without macrovascular invasion recommendations using Y-90 glass microspheres

Treatment intent

Palliation and delaying disease progression ahead of initiation of systemic therapy or downstaging to resec-

tion. The goal should be to provide optimal tumor-absorbed dose and keep NTAD below a safe ceiling for the

following reasons:

a) Many patients are treated with palliative intent due to a multifocal disease within a single lobe
b) Liver function should be preserved in order that subsequent treatment is potentially possible (e.g., surgery
after downstaging, repeat radioembolization, chemoembolization, local ablative therapies, systemic therapy)

[21,22,72]

Patient selection

1. Patients should have Child—Pugh A or B7 cirrhosis. The committee recommends that multidisciplinary

discussions and individualized patient characteristics be considered prior to considering treatment with Y-90
glass microspheres, especially in patients more severe hepatic dysfunction [1, 23, 30-32, 45, 46]

Treatment planning

Mapping and *Tc-MAA

Dose calculation and dosim-
etry considerations

Injection of “Tc-MAA in the lobar hepatic artery in order to perfuse the entire lobe

1. If possible, multicompartment dosimetry model is preferred over a single-compartment model to maximize
tumor-absorbed dose and evaluate normal parenchyma absorbed dose [1, 41]

2. In a multicompartment model, prediction of the normal liver absorbed dose is typically more accurate than
the tumor-absorbed dose, especially for small tumors. A recent randomized study demonstrated that tumor
response in patients with >30% hepatic reserve is optimized and overall survival extended when the mini-
mum tumor-absorbed dose is >205 Gy, with>250 Gy where possible (with a mean of 331 Gy), and NTAD
is <120 Gy attained by treating on week 1 (Wednesday) [1]. Although there are several investigations looking
into the upper limit of dose to normal parenchyma averaged over the whole liver (examples, 50 Gy or 90 Gy
whole liver with a bilirubin level > 1.1 mg/dL or < 1.1 mg/dL, respectively, using 4-day decay), this continues

to be investigational [41]

3. Optimal tumor-absorbed dose (i.e., dose associated with response) is > 205 Gy, with >250 Gy where pos-
sible (with a mean of 331 Gy) [1, 32, 39, 55, 73]. This is only feasible if the multicompartment model can be
applied. Recent publications demonstrated that tumor response and median overall survival improved with

increasing tumor-absorbed dose [1, 2]

Treatment delivery

1. Single-compartment dosimetry supports 120-150 Gy to the perfused lobe [1, 13]

2. Multicompartment dosimetry supports a minimum tumor-absorbed dose of >205 Gy, with>250 Gy where
possible (with a mean of 331 Gy) treating on week 1 (Wednesday) [1]. Treatment between week 1 (Wednes-
day) and week 2 (Tuesday) is acceptable

3. The decision on perfused volume or tumor and NTAD should be based on treatment intent relative to clinical
status, liver function, tumor load, targeting, vascularity, and previous treatments [39]

Outcome assessment/follow-up 1. Multiphase CT or MR should be performed every 3 months following treatment with consideration for FLR,
hypertrophy, candidacy for surgical resection, and/or systemic therapy. In the palliative intent setting, cau-
tion is warranted with an overly aggressive approach to retreatment in patients with stable disease or partial
response. Retreatment in the form of radioembolization, chemoembolization, or systemic therapy should
typically be considered only in the setting of progressive disease. Empirically initiating systemic therapy fol-
lowing partial or complete response, or stable disease, remains investigational and should be individualized

Strength of recommendation B

Degree of consensus Strong

The objective is ablative dosing for both tumoral and
non-tumoral compartments as both are expendable in this
scenario [3]. The strength of these recommendations was
an A in the previous version and remains an A with a strong
degree of consensus from the committee; this recommenda-
tion was further reinforced by the findings of the prospec-
tive RASER study [20]. Partition dosimetry was not recom-
mended by the panel in this scenario.

Scenario 2: radiation lobectomy for HCC
In unilobar HCC patients, resection is often not possible due
to small FLR. For these patients, radiation lobectomy may

be an option, as delivery of a high dose of radiation to one
lobe may trigger the hypertrophy-atrophy complex, inducing
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hypertrophy in the contralateral lobe and thereby increasing
the functional liver volume while controlling tumor growth
in the treated lobe (Table 4) [21-24]. The increased FLR
may allow for subsequent curative resection.

Depending on patient biology and mapping results, either
single-compartment or multicompartment dosimetry approaches
may be used [1, 21, 25, 26]. Hepatobiliary scintigraphy (HBS),
including **™Tc-iminodiacetic acid (HIDA) or **™Tc-mebro-
fenin, and the use of Eovist/Primovist contrast media in mag-
netic resonance imaging are emerging investigational techniques
that are being implemented for regional functional assessment
of the FLR before and after Y-90 treatment. Additional data are
needed to support a strong recommendation of their use as a
standard of care in radiation lobectomy and resection planning
[27-29]. The strength of these recommendations was previously
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Table 6 Scenario 4: multifocal bilobar HCC without macrovascular invasion recommendations using Y-90 glass microspheres

Treatment intent

Palliation and delaying disease progression. The goal should be to provide sufficient tumor-absorbed dose and
keep NTAD dose below a safe ceiling for the following reasons:

a) Most patients are treated with palliative intent due to late-stage disease with diffuse multifocal lesions with
or without large tumor load in both lobes requiring higher exposure to normal tissue to effectively treat [35]
b) Liver function should be preserved to permit subsequent treatment using repeat radioembolization, chem-
oembolization, or systemic therapy [24, 35, 36]

Patient selection

Treatment planning
Mapping and *"Tc-MAA

Dose calculation and dosim-
etry considerations

Treatment delivery

Outcome assessment/follow-up

Strength of recommendation
Degree of consensus

1. Bilobar HCC patients for Y-90 should have Child—Pugh A cirrhosis and appropriate performance status. At
least 30% hepatic reserve is ideal [45, 46]

1. Multiple variations of ®™Tc-MAA administration exist. Options include:

a) Injection of **™Tc-MAA in the proper hepatic artery in order to perfuse the entire liver

b) Injection in the lobe with higher tumor burden (yields most conservative estimate)

¢) Injection in both lobes with a split vial of ™ Tc-MAA into RHA and LHA, respectively

d) Sequential lobar infusion of ®™Tc-MAA requiring 2 separate mapping angiogram procedures on separate
days (most accurate for multicompartment dosimetry)

1. A multicompartment dosimetry model is preferred over single compartment to evaluate normal parenchyma—
absorbed dose relative to treatment intent [1, 35, 41]

2. In a multicompartment model, prediction of the normal liver absorbed dose is typically more accurate than
the tumor-absorbed dose, especially for small tumors [41, 43]. Targeting from 40 to 70 Gy absorbed dose to
the entire normal liver tissue may be performed safely in a Child—Pugh A patient [35, 74-77]. Additional data
is needed to identify the appropriate post-calibration day of treatment

3. Contemporary techniques use multicompartment dosimetry in this population to achieve optimal results [35,
47]. Optimal tumor-absorbed dose (i.e., dose associated with response) is >205 Gy, with>250 Gy where
possible (with a mean of 331 Gy) [1, 32, 39, 55, 73]. This is only feasible if the multicompartment model can
be applied

4. Single-compartment dosimetry supports 120 Gy (range 80-150 Gy) to the perfused tissue [13]. The decision
on absorbed dose should be based on clinical status, liver function, tumor load, targeting, vascularity, and
previous treatments

1. To treat bilobar disease, the treating physician has the discretion to choose single-session bilobar or staged
sequential lobar treatment [35]. In general, staged sequential lobar treatment is preferred and the lobe with
more extensive disease should be treated first. Second treatment, if stage approach is adopted, is recom-
mended at 4-8 weeks once liver function tests are assessed [31, 41, 47, 78]. For highly aggressive bilobar
disease in a patient with Child—Pugh A cirrhosis and with good tumor targeting on *™Tc-MAA (i.e., high
tumor-absorbed dose; low normal liver absorbed dose), single-session bilobar treatment (2 unilobar injec-
tions) based on multicompartment dosimetry can be considered [35, 47]. Multidisciplinary discussions are
recommended to include the use of systemic therapy in aggressive biology disease.

1. Multiphase CT or MR should be performed every 3 months following treatment. Given the palliative intent
in this setting, caution is warranted with an overly aggressive approach to retreatment in patients with stable
disease or partial response. Retreatment in the form of radioembolization, chemoembolization, or systemic
therapy should typically be considered only in the setting of progressive disease. Empirically initiating sys-
temic therapy following partial or complete response, or stable disease, remains investigational and should be
individualized

B

Strong

a B with strong consensus from the committee; despite these
additional studies and data, the committee deemed the data to
be insufficient to raise the grade to A and maintained the grade
of B with strong consensus.

Scenario 3: multifocal unilobar HCC without macrovascular
invasion (MVI/PVT)

For patients with multifocal unilobar disease without
MVI/PVT, radioembolization can be used for palliation
and prevention of disease progression (Table 5). In this
population, the goal should be to maximize tumor dose

while preserving liver function. The committee recom-
mends that radioembolization be used for Child—Pugh A
patients and that a multidisciplinary tumor board review
be conducted, especially for Child—Pugh B patients who
have more severe hepatic dysfunction [1, 23, 30-32]. In
select cases, this group of patients may be considered for
resection if they exhibit responses and hypertrophy fea-
tures of radiation lobectomy.

Previously, multifocal unilobar and bilobar diseases
were grouped together and granted a B grade with a strong
committee consensus; this newly created unilobar disease
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Table 7 Scenario 5: HCC with macrovascular invasion recommendations using Y-90 glass microspheres

Treatment intent

Palliation and enabling disease control, combining and/or bridging to systemic treatment. Sur-
gical conversion or downstaging may be possible [1, 34, 35]

Patient selection

Treatment planning
Diagnostic studies and target volume definition

Mapping and *"Tc-MAA

Dose calculation and dosimetry considerations

Treatment delivery

Outcome assessment/follow-up

Strength of recommendation

Degree of consensus

1. Child-Pugh A patients with good tumor and MVI/PVT targeting and low NTAD can be
considered when locoregional therapy is selected prior to the initiation of systemic therapy
[1,34-36, 45, 46]. Those with unilobar MVI/PVT should be considered for TARE, with early
consideration for systemic therapy. Patients with bilobar MVI/PVT should be considered
for upfront systemic therapy, especially if associated with CP B disease; these patients are
unlikely to benefit from initial treatment with TARE

2. Treatment can be considered for segmental, lobar, or branch MVI/PVT, with follow-up imag-
ing dictating when to consider adding systemic therapy. For main MVI/PVT with good target-
ing, > 30% hepatic reserve, and unilobar treatment, some patients may benefit from TARE;
however, early (1 month) post-Y-90 combination with systemic agents may be an option for
this population [1, 34, 35, 37-39]

3. Larger tumors (e.g.,> 10 cm) with MVI/PVT have been effectively treated with glass micro-
sphere TARE using multicompartment dosimetry [1, 37, 39]

1. Treatment should be performed in a location that is proximal enough to perfuse all feeding
vessels both into the tumor and to the tumor thrombus. The use of contrast-enhanced cone-
beam CT during angiographic mapping can aid in detection of MVI/PVT perfusion

1. ®™Tc-MAA MVI/PVT targeting evaluation should be performed [1, 39, 79]

1. Multicompartment dosimetry is preferred to maximize sparing of normal parenchyma [1, 35,
40]. This approach may be challenging in the setting of infiltrative disease, where tumor and
normal parenchyma cannot be differentiated

2. For the multicompartment model, a recent randomized study demonstrated that tumor
response in patients with >30% hepatic reserve is optimized and overall survival extended
when the minimum tumor-absorbed dose is > 205 Gy, with >250 Gy where possible (with a
mean of 331 Gy), and NTAD is <120 Gy, attained by treating on week 1 (Wednesday) [1].
The ideal candidate has good MVI/PVT **™Tc-MAA targeting (treatment intensification),
as a suboptimal response is likely if there is no " Tc-MAA MVI/PVT targeting or tumor-
absorbed dose is <205 Gy [39]. In such cases, advanced angiographic techniques may be
attempted, e.g., boost dosing, if specific vessels can be identified. The use of systemic therapy
in patients without significant uptake on MAA should also be strongly considered [1, 40].
Multicompartment dosimetry with good MVI/PVT and tumor targeting may be considered to
downstage patients to surgery. Preservation of FLR function is a key consideration [1, 39]

1. An aggressive dosing approach (similar to radiation lobectomy) can be used for unilobar
disease and Child—Pugh A liver function if lung shunt fraction permits

2. A more conservative approach, including treatment planning using multicompartment
dosimetry, or consideration of systemic therapy, should be used for bilobar disease (similar to
patients with multifocal bilobar HCC), especially when portal perfusion of a large portion of
the functional liver is compromised by tumor invasion [35]

Multiphase CT/MR should be performed every 3 months following treatment. Systemic therapy
or enrollment into clinical trials should be considered for patients who not only demonstrate
progression but should also be considered in the setting of stable disease in order to prolong
time to progression and capitalize on the combination effect of locoregional and systemic
therapies. Given the palliative intent in this setting, caution is warranted with an overly
aggressive approach to retreatment in patients with stable disease or partial response

A
Moderate

section has been given a grade of B with strong committee

consensus.

other clinical scenarios, the goal should be to maximize
the dose of radiation delivered to the tumor while mini-
mizing the dose to remaining normal liver parenchyma.

Scenario 4: multifocal bilobar HCC without MVI/PVT

In multifocal bilobar HCC without MVI/PVT, the primary
goals of treatment are frequently palliation, delaying dis-
ease progression, and sequencing with other liver-directed
therapies and/or systemic treatment (Table 6). As with
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Previously, multifocal unilobar and bilobar diseases were
grouped together and given a grade of B with a strong
committee consensus; this newly created bilobar disease
section has been given a grade of B with strong commit-
tee consensus.
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Scenario 5: HCC with MVI/PVT

Patients with portal vein thrombosis (MVI/PVT), indica-
tive of advanced HCC, generally have a poor prognosis.
Such patients are not usually considered transplantation or
resection candidates and may not achieve optimal outcomes
with chemoembolization [1, 33-35]. With careful patient
selection and dosimetric planning, radioembolization may
achieve a long-term durable response without compromise
of hepatic function in this population (Table 7) [1, 34-39].
The committee recommended a shift in defining which
patients with MVI/PVT should be selected for treatment
with Y-90 glass microsphere TARE, narrowing from previ-
ous broader recommendations to those who are Child—Pugh
A5 or A6 (except in the case of segmental MVI/PVT where
radiation segmentectomy may be considered [1, 34-36].
Multicompartment dosimetry is preferred in these patients
to ensure that the maximum tumor-absorbed dose (TAD)
is achieved while minimizing the dose to the normal tis-
sue—absorbed dose (NTAD) and allowing the assessment of
MVI/PVT targeting evaluation during pretreatment planning
[1, 35, 40]. As with the approaches discussed earlier, an
adequately high specific activity (the amount of radioactivity
per microsphere at the time of administration) is important
to achieve a desired TAD in the MVI/PVT with potentially
limited microsphere deposition [1]. Given data from this
and other recent studies, the committee chose to increase
the degree of recommendation from B to A, with a moderate
degree of committee consensus.

Discussion

Results from over 30 manuscripts and abstracts published
since 2019 prompted an update to treatment recommen-
dations for Y-90 glass microsphere—based TARE in HCC
patients; these included the DOSISPHERE-01, LEGACY,
and TARGET studies [1-3]. While previous studies high-
lighted the improved overall survival in patients achiev-
ing complete response upon imaging, data from the recent
DOSISPHERE-01 and TARGET studies further established
associations between TAD, tumor response, and overall sur-
vival [1, 2]. For patients with limited disease, ablative Y-90
TARE remains the most effective and well-tolerated treat-
ment option in eligible patients. Important new updates to
the recommendations based on recent publications include
more specific dosimetric recommendations for radiation seg-
mentectomy and lobectomy, separating multifocal unilobar
and bilobar diseases into different sets of recommendations
and providing context in which Y-90 glass microsphere
TARE should be used for patients with portal vein throm-
bosis. Additional multicompartment dosimetry updates
included proposed new thresholds for tumor and NTAD

and incorporated the impact of underlying liver function
[3, 4, 41-43]. Multiple publications focused on the util-
ity of ®MTc-MAA imaging to estimate Y-90 glass micro-
sphere distribution confirm the distribution of treatment and
whether to select tumor or NTAD as the primary driver in
choosing the appropriate Y-90 activity using multicompart-
ment dosimetry [1, 41, 43].

Ablative dosing approaches in radiation
segmentectomy

Recent publications, including LEGACY and its companion
publications, have reported on higher selective treatment-
absorbed doses for radiation segmentectomy [3, 4, 42].
Higher absorbed dose in selective ablative Y-90 glass micro-
sphere TARE led to increased rates of complete pathologic
necrosis, e.g., > 400 Gy; complete and extensive pathologic
necrosis have been shown to be associated with reduced
recurrence in patients bridging to transplant [5, 42]. How-
ever, a maximum perfused volume-absorbed dose has not yet
been identified. Recent publications also refined guidance
for albumin-bilirubin (ALBI)-1/Child—Pugh A and ALBI-2/
Child-Pugh B patients from up to 2 Couinaud segments to
specific volume recommendations [17]. The use of cone-
beam CT or angio-CT with selective intra-arterial contrast
enhancement provides the best preprocedural volume defini-
tions for accurate dosimetry calculations, provides the most
accurate arterial flow assessing for non-target flow and cov-
erage of microsatellites, and ensures dose target accuracy
[19].

Improving conversion to resection

Recent studies and published recommendations have dem-
onstrated the utility of personalized dosimetry in convert-
ing unresectable patients to candidates for resection [1, 3,
4,21, 23, 25, 44]. Some recent publications showed that
such an approach not only increased overall tumor response,
but approximately doubled response rates when the TAD
exceeded 300 Gy [1, 3]. In one of these investigations, mul-
ticompartment dosimetry used in multifocal unilobar HCC
with or without MVI/PVT offered superior conversion
of unresectable HCC compared to standard lobar single-
compartment dosimetry (36% versus 4%, respectively) [1].
Single-compartment dosimetry using radiation lobectomy
or modified lobectomy imparts local tumor control and con-
tralateral lobe hypertrophy as a bridging strategy prior to
resection. Collectively, these data demonstrated that treat-
ment efficacy outcomes exhibit a continuum of improvement
as TAD is escalated [3, 4, 21, 23]. Select studies provide
guidance on the NTAD maximum and support evaluation
of liver function, i.e., baseline bilirubin, prior to selecting
NTAD targets [41]. Treatment outcome data regarding the
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use of NTAD to guide Y-90 glass microsphere activity selec-
tion are limited; further clinical data is needed to strengthen
recommendations.

Differing treatment approaches for unilobar
and bilobar HCC

Based on approvals of new systemic treatment options, the
committee decided to divide unilobar and bilobar diseases
without MVI/PVT into two separate clinical scenarios [30].
Systemic therapy is the current standard of care for advanced
disease; however, it is important to consider TARE early in
treatment planning, as it plays an important role in providing
a cytotoxic effect, while ensuring tumor control, preserving
liver function, and keeping future treatment options avail-
able [45, 46]. In these patients, multicompartment dosimetry
is preferred to adequately assess TAD and NTAD relative
to the extent of disease and liver function. Select centers
have published Y-90 glass microsphere TARE experience
in patients undergoing bilobar treatment, demonstrating that
a multicompartment dosimetry approach is appropriate and
beneficial in bilobar HCC [35, 43, 47].

The NTAD values proposed for unilobar treatment,
50-90 Gy based on baseline bilirubin levels, are higher
than those recommended for bilobar patients, 40-70 Gy.
However, additional clinical data are needed to better define
the appropriate range for bilobar patients [41, 43]. In the
case that multicompartment dosimetry is not feasible and
single-compartment dosimetry is used, a lower target (i.e.,
120 Gy to the perfused volume) is recommended for bilobar
HCC patients; planning for such treatment should include
careful evaluation of clinical status and liver function when
evaluating possible treatment options. A more conservative
approach to TAD and NTAD is recommended in the pallia-
tive setting as compared to in patients where treatment intent
includes downstaging or conversion to resection.

Treatment goals for HCC with MVI/PVT

In HCC patients with MVI/PVT, treatment goals (i.e.,
potential downstaging or conversion to resection) and care-
ful patient selection should drive the decision as to whether
TARE should be used as monotherapy or in conjunction
with systemic treatment. In both DOSISPHERE-01 and
TARGET, Y-90 glass microsphere TARE was evaluated in
patients with MVI/PVT as monotherapy [1, 2]. Patients in
DOSISPHERE-01 were selected based on a dual targeting
of tumor and MVI/PVT, crucial to tumor control and resolu-
tion of MVI/PVT [1]. Over 40% of patients with MVI/PVT
in DOSISPHERE-01 who were treated with multicompart-
ment dosimetry were converted to resection, compared to
no patients in the single-compartment dosimetry arm. In
the presence of ongoing cirrhotic liver function decline,
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systemic agents may be considered early on in treatment
and in combination with Y-90 following a multidisciplinary
review; however, further investigation is needed to better
determine specific timing and treatment algorithms [48,
49]. Multicompartment dosimetry is the preferred treatment
option in this patient population.

Future directions

As noted throughout the recommendations, there remain
several areas which require additional investigations to bet-
ter understand optimized patient selection and outcomes.
The investigational research areas identified by the commit-
tee as high interest and requiring additional data and pub-
lications to inform clinical practice are detailed in Table 8.
The committee encourages the collection and publication
of clinical data to further provide evidence relating to the
updated recommendations in these key areas of Y-90 glass
microsphere TARE for HCC patients. Here, we briefly dis-
cuss two of these areas in which research is currently being
or was recently conducted: the use of functional assessments
in treatment planning and increasing reproducibility of dosi-
metric approaches.

Functional assessments in treatment planning

In a parallel advancement in treatment planning for Y-90
glass microsphere TARE patients with insufficient FLR,
functional assessments have been proposed in addition to
volume assessments. Traditionally, the timing to undergo
resection has focused solely on hypertrophy of the contralat-
eral lobe; however, mounting evidence suggests a role for
hepatobiliary scintigraphy to assess regional adequate liver
function in confirming treatment candidacy [27-29]. Though
the time course of function and volume recovery are par-
allel, functional recovery lags behind volume. Functional
assessment may better drive key clinical decisions regard-
ing treatment success, such as follow-up duration, the need
for additional Y-90 treatment, and surgical timing or addi-
tional observations. Additional investigation is necessary to
confirm the utility of functional assessment in making such
treatment decisions.

Variability and reproducibility of dosimetry

One oft-cited concern with using more complex dosimetry-
based approaches is the prediction reproducibility in the
treatment phase; however, there are now several tools avail-
able to help address these challenges. Several commercial
dosimetry software options are available, streamlining cal-
culation of multicompartment dosimetry. Advancements in
catheter technique in addition to refinement of the use of
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Table 8 High-priority investigational research areas

Priority area
1 Evaluation of regional liver function of the FLR using newer imaging modalities to assess pre- and post-Y-90 functional liver volume

e Hepatobiliary scintigraphy (®™Tc-iminodiacetic acid (HIDA) or *™Tc-mebrofenin) [27]
o Eovist/Primovist gadolinium-based contrast agent and MRI imaging

2 Radiation segmentectomy:

Evaluation of a streamlined workflow and of clinical outcomes in select populations (due to low lung shunt fraction)
Same-day ™ Tc-MAA imaging and Y-90 glass microsphere TARE

o Elimination of ™ Tc-MAA imaging
e Use in patients post-hepatectomy

e Specific activity impact on rates of complete histopathologic necrosis

3 Radiation lobectomy:

e Comparing the outcomes of Y-90 glass microsphere TARE as an alternative to portal vein embolization

o Evaluating multicompartment dosimetry
4 Establishing the NTAD limit by

e Examining baseline bilirubin impact on a recommended NTAD maximum

o Using multicompartment targets in dosimetry planning
5 Studying bilobar disease treatment algorithms addressing:

o Sequence of Y-90 glass microsphere TARE, immune checkpoint inhibitors, and/or tyrosine kinase inhibitors
e Optimal outcomes of sequential lobar treatment or Y-90 glass microsphere TARE limited to <70% of the whole liver volume

Exploring the sequencing/combination of TARE with systemic therapy
7 Exploring the role of glass-based TARE as first-line treatment in locally advanced HCC (MVI/PVT, no metastases)

9mTc-MAA imaging to estimate Y-90 glass microsphere
distribution have led to improved clinical utility [50-53].
NTAD exhibits better reproducibility, which provides con-
fidence in its use as a safety threshold. Although reproduc-
ibility in TAD may be suboptimal, it has been shown to be
predictive of patient outcomes (such as tumor response and
overall survival) in DOSISPHERE-01, TARGET, and other
recent single-center publications [1, 2, 50, 51, 53]. To date,
publications evaluated all patients to ascertain reproducibil-
ity. However, it may be appropriate to screen out patients in
whom multicompartment tumor dosimetry predictions may
be unreliable; in those cases, defaulting to MIRD is recom-
mended. Recent publications note that variability may be
driven by a limited sample size of published data, operator
experience, and variability of tumor flow (and hence T:N) in
the presence of multifocal disease, suggesting further opti-
mization of patient selection is needed to improve accuracy
and reproducibility of multicompartment dosimetry [52].

Conclusions

While Y-90 glass microsphere TARE is a key tool in the
HCC treatment arsenal, appropriate patient selection, multi-
disciplinary review, and consideration of alternative or com-
bination treatment in the algorithm are critical to achieving
optimal patient outcomes. A number of advancements have
been incorporated into the updated HCC treatment recom-
mendations for Y-90 glass microsphere TARE presented
here in an effort to improve patient selection, toxicity pro-
files, and outcomes.
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