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Introduction and background

The TheraSphere Global Dosimetry Steering Committee (DSC) is comprised of interventional radiologists,
radiation oncologists, nuclear medicine physicians, clinical scientists, medical oncologists, and physicists
involved in the treatment of hepatocellular carcinoma (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.

Results from over 30 manuscripts and abstracts published since 2019 prompted an update to treatment
recommendations for Y-90 glass microsphere-based TARE in HCC patients; these included the
DOSISPHERE-01, LEGACY, and TARGET studies 23], While previous studies highlighted the improved overall
survival in patients achieving complete response upon imaging, data from the recent DOSISPHERE-01 and
TARGET studies further established associations between TAD, tumor response, and overall survival I 2],

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.

Steering committee members then had the opportunity to review and refine the manuscript independently,
and final comments were incorporated into the manuscript by the lead author. All authors formally endorsed
the manuscript and its recommendations prior to submission.

The recommendations included in this updated document incorporate both the critical literature review and
the expert opinion and experience of members of the committee.
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Introduction and background

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.

SCENARIO 1: SCENARIO 2: SCENARIO 3: SCENARIO 4: SCENARIO 5:

Radiation Radiation Multifocal unilobar ~ Multifocal bilobar HCC with

segmentectomy lobectomy HCC without HCC without macrovascular

recommendations recommendations macrovascular macrovascular invasion

using Y-90 glass using Y-90 glass invasion invasion recommendations

microspheres microspheres recommendations recommendations using Y-90 glass
using Y-90 glass using Y-90 glass microspheres
microspheres microspheres

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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Key definitions

CURATIVE INTENT:

Radiation segmentectomy: Localized disease (one or multiple tumors located in=2 segments), with
contemporary and modern treatment approaches delivering 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 segments but rather inclusive of smaller hepatic segmentectomy

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

PALLIATIVE INTENT:

Multifocal unilobar disease without macrovascular invasion or portal vein thrombosis (MVI/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.

MEAN ABSORBED DOSE:

Quantity is expressed in gray (Gy) in order to describe the average energy (J) deposited 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) & 9,

MIRD SCHEMA:

The Medical Internal Radiation Dose (MIRD) schema is applicable to both the single-compartment 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 permanent microsphere implantation and no biological clearance ™. Using
this schema, D in a VOI is computed as:

Where A is the net activity of 90Y 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 formula for determining final tissue dose.

X -
D A(GBq) (SO(Gy/kg/GBq) (1 F))
(Gy) Y
(kg)
LGY
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Key definitions

SINGLE-COMPARTMENT MODEL:

A MIRD dosimetry model that assumes the 90Y microspheres (and therefore absorbed dose) are distributed
uniformly within the VOI. In this model, only a uniform averaged D value over the VOI is calculated, without
consideration 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 [2.3.14],

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-compartment model). Partition modeling refers to the multicompartment dosimetry
approach reporting the tumoral and non-tumoral doses separately with a single averaged tumor to averaged
non-tumoral uptake ratio (T:N ratio) "%,

LGY
definitions

Introduction

Degree and Strength
and background

of Recommendation

Author

Results Scenarios information

Abbreviations References




o, ROy .

. ©®
o F°

Degree and strength
of recommendation

DEGREE OF RECOMMENDATION

O 0 0 O O

STRONGLY RECOMMENDED NO RECOMMENDATION RECOMMENDED INSUFFICIENT,
RECOMMENDED at least moderate  FOR OR AGAINST AGAINST LOW QUALITY, OR
good evidence evidence that at least moderate at least moderate  CONTRADICTORY
that the measure the measure is evidence that the evidence that EVIDENCE
is effective, and effective and that  measure is effective, the measure is the balance
benefits outweigh  benefits exceed but benefits are similar  ineffective or that ~ between benefit
the harms harms to harms and a general  harms exceed and harms cannot
recommendation the benefits be determined

cannot be justified

STRENGTH OF CONSENSUS

weaK

280% 50-79% =49%
CONSENSUS CONSENSUS CONSENSUS
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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.

CURATIVE INTENT

Scenario 1

Radiation segmentectomy: Localized disease (one or multiple
tumors located in = 2 segments), with contemporary and modern
treatment approaches delivering 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 segments but
rather inclusive of smaller hepatic segmentectomy

Page 8

PALLIATIVE INTENT

Scenario 3

Multifocal unilobar disease
without macrovascular invasion

or portal vein thrombosis (MVI/
PVT), with the goal of palliation
and delay in progression; in select
patients, intent may be conversion
to curative options
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Scenario 4

Multifocal bilobar disease
without MVI/PVT, with the

goal of palliating and delaying
progression, usually in
combination or in sequence with
systemic treatment
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Scenario 2

Radiation lobectomy: Unilobar
disease, with the ultimate goal of
disease control and contralateral
lobar hypertrophy in the context
of small future liver remnant (FLR),
as a bridge to surgery (resection)
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Scenario 5

HCC with MVI/PVT, with the
goal of palliating and delaying
progression; in select patients,
intent may be conversion to
curative options
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Radiation segmentectomy recommendations
using Y-90 glass microspheres

—
Scenario| 1

il STRONG [

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) 51529 54.55,56,57,58]

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% %, |n 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 suggests 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 (6%

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) 8, Historically, radiation segmentectomy 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 ['7)

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 radiation
segmentectomy in this setting requires further investigation

Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5
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Radiation segmentectomy recommendations
using Y-90 glass microspheres

Scenario| 1

TREATMENT PLANNING

DIAGNOSTIC STUDIES AND 1. Diagnostic imaging should ideally be multiphase contrast-enhanced magnetic resonance (MR)
TARGET VOLUME DEFINITION 61; contrast-enhanced computed tomography (CT) can also be used. Both imaging modalities are
considered acceptable

2. Determine angiosome volume by cone-beam CT; this is the gold standard for perfused volume
determination and preferred method when available B .

3. If there is associated segmental portal venous invasion, treat the territory that encompasses the MVI/
PVT confirmed by cone-beam CT 13l

4. 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=1cm is recommended ¢

MAPPING AND 99MTC-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) 163!

2. Perform lobar technetium-99 m macroaggregated albumin (99mTc-MAA) and segmental Y-90
infusion to limit the number of catheterizations of the small segmental branch perfusing tumor ¢l

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) [®l, 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 99mTc-MAA mapping step from the treatment
planning process ' 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 99mTc-MAA can be made at this time

DOSE CALCULATION AND 1. Single-compartment model dosimetry is adequate and preferred B!

DOSIMETRY CONSIDERATIONS > Target-absorbed dose to the perfused treatment volume of at least 400 Gy to the angiosome with
no established upper limit. A median of 400 Gy resulted in 100% of patients achieving complete
pathologic necrosis in tumor explants B4l Similar results using>500 Gy to the perfused volume were
reported 1?°.. 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 1642, 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/Tuesday) to replicate
published outcomes B ™. With glass microspheres, there is preliminary data to suggest that late first-
week and early second-week microsphere-specific activity (estimated=297 Bq) may be associated with
increased pathologic necrosis in small tumors treated with radiation segmentectomy (42

TREATMENT DELIVERY 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 ['2 65

5. Same-day planning 99mTc-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) 664

OUTCOME ASSESSMENT/ 1. Ideally, use the same imaging modality that was used for initial assessment of disease burden
FOLLOW-UP (contrast-enhanced CT or multiphase contrast-enhanced MR)

2. If complete mRECIST response at 3-6 months is not achieved, consider retreatment 131566671

Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5
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Scenario

RECOMMENDED

>

TREATMENT INTENT

Radiation lobectomy recommendations
using Y-90 glass microspheres

STRONG it

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) [2'.22 23.24]

PATIENT SELECTION

Introduction Key
and background definitions

Degree and Strength
of Recommendation

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

Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5
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Scenario

Radiation lobectomy recommendations
using Y-90 glass microspheres

/ /2/

TREATMENT PLANNING

DIAGNOSTIC STUDIES AND Contrast-enhanced cone-beam CT in the angiography suite should be performed to assess/ensure
TARGET VOLUME DEFINITION tumor coverage within the treated lobe

MAPPING AND 99MTC-MAA 1. Perform lobar 99mTc-MAA and lobar Y-90 infusion. Catheter placements should be to facilitate

similar distribution pattern

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

DOSE CALCULATION AND 1. Using a multicompartment model with 99mTc-MAA, a recent randomized study demonstrated that
DOSIMETRY CONSIDERATIONS 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) . 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 . 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 bilirubin level=1.1 mg/dL or<1.1 mg/dL, respectively, using 4-day decay,
to minimize hepatic dysfunction 1

2. If using a single-compartment model, a 140-150 Gy lobar absorbed dose limit is recommended
given implied Child-Pugh A status for radiation lobectomy patients 22, 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 ', 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 optimal day
has been identified (2" 22 6]

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

TREATMENT DELIVERY 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 [2'2224.69.70]

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 segment=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 B.2.7
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

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

FOLLOW-UP

Introduction
and background

9 months after treatment. Tumor volume should be subtracted from total right lobe volume 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 [2> 27,691

3. Portal vein embolization after lack of hypertrophy from Y-90 radioembolization is currently
investigational 224, Radioembolization after portal vein embolization is also investigational 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 2728291

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 radiation
lobectomy becomes definitive treatment 12" 24

Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5
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Multifocal unilobar’ HCC without macrovascular invasion
recommendations using Y-90 glass microspheres

—
Scenarioi 3

RECOMMENDED ST RO \| G ig?\l‘?ENSUS

TREATMENT INTENT

Palliation and delaying disease progression ahead of initiation of systemic therapy
or downstaging to resection. 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) 1227

PATIENT SELECTION 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 [-23:30.31.32,45,46]

TREATMENT PLANNING

MAPPING AND 99MTC-MAA Injection of 99mTc-MAA in the lobar hepatic artery in order to perfuse the entire lobe

DOSE CALCULATION AND 1. If possible, multicompartment dosimetry model is preferred over a single-compartment model to
DOSIMETRY CONSIDERATIONS maximize tumor-absorbed dose and evaluate normal parenchyma absorbed dose ' 4"

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 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) . 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 ']

3. Optimal tumor-absorbed dose (i.e., dose associated with response) is=205 Gy, with>250 Gy where
possible (with a mean of 331 Gy) [:3239.55. 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 [*2

TREATMENT DELIVERY 1. Single-compartment dosimetry supports 120-150 Gy to the perfused lobe [ 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) ['l. Treatment between week 1
(Wednesday) 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 3%

OUTCOME ASSESSMENT/ Multiphase CT or MR should be performed every 3 months following treatment with consideration

FOLLOW-UP for FLR, hypertrophy, candidacy for surgical resection, and/or systemic therapy. In the palliative intent
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 systemic therapy following partial or complete response, or stable disease, remains
investigational and should be individualized

*The use of TheraSphere outside the labelled indication has not been established.
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Multifocal bilobar* HCC without macrovascular invasion
recommendations using Y-90 glass microspheres

—
Scenario\ 4

RECOMMENDED ST RO \| G ig?\l‘?ENSUS

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 %)

b) Liver function should be preserved to permit subsequent treatment using repeat radioembolization, chemoembolization, or
systemic therapy [2435 36l

PATIENT SELECTION Bilobar HCC patients for Y-90 should have Child-Pugh A cirrhosis and appropriate performance status.
At least 30% hepatic reserve is ideal 14546l

TREATMENT PLANNING

MAPPING AND 99MTC-MAA Multiple variations of 99mTc-MAA administration exist. Options include:
a) Injection of 99mTc-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 99mTc-MAA into RHA and LHA, respectively
d) Sequential lobar infusion of 99mTc-MAA requiring 2 separate mapping angiogram procedures
on separate days (most accurate for multicompartment dosimetry)

DOSE CALCULATION AND 1. A multicompartment dosimetry model is preferred over single compartment to evaluate normal
DOSIMETRY CONSIDERATIONS parenchyma-absorbed dose relative to treatment intent [ 35411

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 431, Targeting from 40 to 70 Gy absorbed
dose to the entire normal liver tissue may be performed safely in a Child-Pugh A patient [3574.75.76.77],
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 >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) [ 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 . The
decision on absorbed dose should be based on clinical status, liver function, tumor load, targeting,
vascularity, and previous treatments

TREATMENT DELIVERY To treat bilobar disease, the treating physician has the discretion to choose single-session bilobar or
staged sequential lobar treatment ¥, 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 recommended at 4-8 weeks once liver function tests are assessed B 4.47.78 For highly
aggressive bilobar disease in a patient with Child-Pugh A cirrhosis and with good tumor targeting
on 99mTc-MAA (i.e., high tumor-absorbed dose; low normal liver absorbed dose), single-session
bilobar treatment (2 unilobar injections) based on multicompartment dosimetry can be considered 13> 47],
Multidisciplinary discussions are recommended to include the use of systemic therapy in aggressive
biology disease.

OUTCOME ASSESSMENT/ Multiphase CT or MR should be performed every 3 months following treatment. Given the palliative

FOLLOW-UP 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 systemic therapy following partial or complete response, or
stable disease, remains investigational and should be individualized

*The use of TheraSphere outside the labelled indication has not been established.
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HCC with macrovascular invasion’ recommendations
using Y-90 glass microspheres

Scenarioi 5

STRONGLY 50-79%
RECOMMENDED CONSENSUS

TREATMENT INTENT

Palliation and enabling disease control, combining and/or bridging to systemic
treatment. Surgical conversion or downstaging may be possible ['34 35

PATIENT SELECTION 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 [ 343%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 imaging dictating
when to consider adding systemic therapy. For main MVI/PVT with good targeting,=230% 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 ' 34:3537.38,39]

3. Larger tumors (e.g.,>10 cm) with MVI/PVT have been effectively treated with glass microsphere TARE
using multicompartment dosimetry [-37.39

TREATMENT PLANNING

DIAGNOSTIC STUDIES AND Treatment should be performed in a location that is proximal enough to perfuse all feeding vessels
TARGET VOLUME DEFINITION 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

MAPPING AND 99MTC-MAA 99mTc-MAA MVI/PVT targeting evaluation should be performed 13279
DOSE CALCULATION AND 1. Multicompartment dosimetry is preferred to maximize sparing of normal parenchyma 013540,
DOSIMETRY CONSIDERATIONS 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) I'. The ideal candidate has good MVI/

PVT 99mTc-MAA targeting (treatment intensification), as a suboptimal response is likely if there is
no 99mTc-MAA MVI/PVT targeting or tumor-absorbed dose is<205 Gy ¥, 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 4%, 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 39

TREATMENT DELIVERY 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 123

OUTCOME ASSESSMENT/ Multiphase CT/MR should be performed every 3 months following treatment. Systemic therapy or

FOLLOW-UP 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

*The use of TheraSphere outside the labelled indication has not been established.
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TheraSphere™ Yttrium-90 Glass Microspheres

INDICATION FOR USE: TheraSphere is indicated for use as selective internal radiation therapy (SIRT) for local tumor control of solitary tumors
(1-8 cm in diameter), in patients with unresectable hepatocellular carcinoma (HCC), Child- Pugh Score A cirrhosis, well-compensated liver
function, no macrovascular invasion, and good performance status. CONTRAINDICATIONS: TheraSphere is contraindicated in patients:
whose Tc-99m macroaggregated albumin (MAA) hepatic arterial perfusion scintigraphy shows any deposition to the gastrointestinal tract
that may not be corrected by angiographic techniques ® who show shunting of blood to the lungs that could result in delivery of greater
than 16.5 mi (0.61 GBq) of Y-90 to the lungs. Radiation pneumonitis has been seen rarely in patients receiving doses to the lungs greater
than 30 Gy in a single treatment. « in whom hepatic artery catheterization is contraindicated, such as patients with vascular abnormalities
or bleeding diathesis e who have pulmonary insufficiency (conventionally defined by an arterial oxygen pressure (Pa,02) of < 60 mmHg,
or oxygen saturation (Sa,02) of < 90%) or severe liver dysfunction, including hepatic encephalopathy, clinically evident ascites or treatment
with diuretics for ascites e with portal vein thrombosis (PVT) Type 4 involvement and lack of Tc-99m MAA deposition on the PVT seen on the
Tc-99m MAA imaging with >70% tumor replacement in the liver  with comorbidities or poor overall health (e.g., ECOG performance status
rating > 2) which may make the patient a poor candidate for locoregional radiation treatment. » who are pregnant. WARNINGS: The following
pre-treatment, high-risk factors (disease characteristics) have been associated with serious adverse events deemed possibly related to use
of the device: infiltrative tumor type ¢ tumor nodules too numerous to count e AST or ALT > 5 times ULN e bilirubin > 2 mg/dL e tumor
volume >50% combined with albumin <3 g/dL. Keep the TheraSphere dose vial upright and stored in its lead pot before and during patient
treatment, except as required for radiation measurement. Do not open the dose vial acrylic shield prior to patient treatment. Post-treatment,
waste materials require caution to prevent contamination and beta shielding due to residual glass microspheres. PRECAUTIONS: GENERAL
PRECAUTIONS: As in any intra-arterial procedure, aseptic technique should be practiced, and care should be taken to ensure minimum
patientanesthesia exposure extraneous to therapeutic objective. « Consideration of patient comorbidities should be used when determining
the type and volume of fluid to infuse via catheter to avoid electrolyte imbalance, fluid shift, and hyperglycemia. e It is important to avoid
any aggressive arterial procedure that may lead to arterial spasm that impairs TheraSphere distribution into the perfused liver target volume
which may lead to underdosing or non- target deposition of TheraSphere. PRECAUTION IN PATIENTS WITH IMPAIRED LIVER FUNCTION:
No efficacy or safety data from the LEGACY study are available to support the use of the device in patients with Child-Pugh score B or C
cirrhosis. PRECAUTION IN VULNERABLE PATIENTS: No effectiveness or safety data are available to support the use of the device in children or
breast- feeding women. ENDOCRINE DISRUPTION, CARCINOGENICITY, MUTAGENICITY, TOXICITY TO REPRODUCTION: Ideally the use of this
radioactive device in women of childbearing capability should be performed during the first few (approximately 10) days following the onset
of menses. RADIATION SAFETY: Radioactive products should be used only by healthcare professionals who are qualified by specific training
in the safe use and handling of radionuclides and whose experience and training have been approved by the appropriate government
agency authorized to license the use of radionuclides. e As in the use of any radioactive material, ensure minimum radiation exposure to
the patient extraneous to the therapeutic objective, and to minimize radiation exposure to workers and others in contact with the patient.
RELEASE AND POST-TREATMENT PRECAUTIONS: Post treatment patient care: use universal precautions for body fluid contact. Trace Y-90
may be detectible in blood and urine; handle with gloves and dispose as normal body fluids. The radiation field is expected to be less than
1 mrem/h (10 uSv/h) at 3 ft (1 m) from the patient's abdomen. Supplemental shielding and segregation of the patient are not required to
maintain exposure to others below regulated limits. e Release instructions: The patient should follow good hygiene (e.g., proper hand
washing). Caregivers, family, and others do not require restrictions on patient contact; however, they can minimize their radiation exposure
by avoiding prolonged time (>12 hours per day) within 11t (0.3 m) of the patient's abdomen for the first week post therapy. Patients should
be advised that radiation emitted from the patient may be detectible at security screening (e.g., international travel). » Special precautions
post-administration: If the patient requires hospitalization, surgery, medical assessment or treatment regarding any part of their thorax or
abdomen within first 2 weeks of treatment, the patient should advise the hospital and treating physician of the Y-90 TheraSphere implant.
The physician should consult their radiation safety staff for handling and disposal of liver tissue. e Special liver tissue handling: Special
liver tissue handling may be required for post-treatment surgery, explant, or transplant since the glass microspheres remain permanently
implanted in the liver tissue. Disclosure of the treatment will be required if cremation is considered. POTENTIAL ADVERSE EVENTS: The use
of this product leads to irradiation of both tumorous and normal liver tissue. As a result, patients with compromised liver function may be
at greater risk of liver function impairment and hence could experience complications. Clinical side effects usually occur within the first 4 to
6 weeks after treatment. Based on clinical trial data, literature reviews and post market surveillance, adverse events potentially associated
with treatment using Y-90 microspheres, including TheraSphere, may include the following: Allergic reaction e Altered liver function, acute
or chronic » Anorexia » Anxiety e Ascites  Bile Duct injury » Bleeding/hemorrhage e Chills / rigors » Cholecystitis (inflammatory or infectious)
o Colitis » Death e Dehydration  Diarrhea e Dizziness » Dyspnea ¢ Edema (any Iocation(); o Electrolyte abnormalities  Elevated BUN/
creatinine o Fall » Fatigue  Fever e Gastrointestinal bleeding / hemorrhage e Gastrointestinal ulcer or ulceration  Hepatic encephalopathy
* Hepatorenal failure e Hiccups » Hypertension  Hypotension e Infection (any location)  Liver failure, acute or chronic « Lymphopenia e
Malaise  Mood alteration ® Muscle weakness e Nausea  Neutropenia e Pain (any location)  Pancreatitis » Platelet count abnormalities
o Pleural effusion e Portal hypertension e Pre-existing chronic liver disease decompensation ® Pulmonary edema e Pulmonary fibrosis
« Radiation hepatitis e Radiation induced disease, acute » Radio Embolization Induced Liver Disease (REILD) e Sepsis  Supraventricular
arrhythmia e Thrombosis (arterial or venous) » Tumor inflammation (including tumor edema) e Tumor-lysis syndrome  Vomiting » Weight
loss. Complications related to the administration procedure itself may include: Allergic reaction: Arterial injury including vessel dissection
o Aspiration pneumonia e Bruising/bleeding/hematoma at site e Constipation/abdominal distension e Fatigue e Flushing e Infection ©
Nausea » Nerve damage. CAUTION: Federal ?USA) law restricts this device to sale by or on order of a physician. PI-992004-AA. Note: Dose
to the liver does not exceed 150 Gy.

TheraSphere is a registered trademark of Theragenics Corporation used under license by Boston Scientific Medical Device Limited., a wholly
owned indirect subsidiary of Boston Scientific Corporation.
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