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Objective

* To present the most important publications on loco-regional therapy
for liver metastasis in 2020-2021
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Colorectal Cancer Liver Metastasis
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Radioembolization With Chemotherapy for
Colorectal Liver Metastases: A Ranmndomized,
Open-Label, International, Multicenter, Phase

11l Triaal

Aim:

* To investigate the impact of transarterial Yttrium-90
radioembolization in combination with second line
systemic chemotherapy for colorectal liver metastases.

Mulcahy et al, J clin Oncol 2021
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Radioembolization With Chemotherapy for
Colorectal Liver Metastases: A Ranmndomized,
Open-Label, International, Multicenter, Phase

11l Triaal

Study Design:

e Multicenter, open-label phase III trial

* 428 patients

* 95 centers in North America, Europe, and Asia

Mulcahy et al, J clin Oncol 2021
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Radioembolization With Chemotherapy for
Colorectal Liver Metastases: A Ranmndomized,
Open-Label, International, Multicenter, Phase

i1l T riaal

Study Design:

* CLM who progressed on oxaliplatin or irinotecan-based
first-line therapy were randomly assigned 1:1 to receive:

* Second-line chemotherapy and TARE (n=215).
* Second-line chemotherapy (n=213).
* Random assignment was performed by:
* Unilobar or bilobar disease
 oxaliplatin- or irinotecan-based first-line chemotherapy
* KRAS mutation status

Mulcahy et al, J clin Oncol 2021
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Radioembolization With Chemotherapy for

Colorectal

i1l T riaal

Liver VMietastases: A Ranmndomized,
Open-Label, International, Multicenter,

Phase

Inclusion criteria:

Age >18 years,
Unresectable unilobar or bilobar CLM

Ability to receive second-line irinotecan- or oxaliplatin-
based chemotherapy

Measurable disease by RECIST 1.1
ECOG Performance status 0 or 1

Bilirubin < 1.2 upper limit normal
Albumin > 3.0 g/dL.

Mulcahy et al, J clin Oncol 2021
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Radioembolization With Chemotherapy for
Colorectal Liver Metastases: A Ranmndomized,
Open-Label, International, Multicenter, Phase
11l Triaal

Exclusion criteria:

* Prior arterial or radiotherapy to the liver

* C(linically evident ascites

* Unresolved toxicities from first-line therapy
* Confirmed extrahepatic metastases

* Contraindication to angiography.

Mulcahy et al, J clin Oncol 2021
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Radioembolization With Chemotherapy for
Colorectal Liver Metastases: A Ranmndomized,
Open-Label, International, Multicenter, Phase

11l Triaal

Treatments and procedures:

* Treatment was planned for 120 Gy +/- 10% using single-
compartment dosimetry to either:

* One lobe

* Both lobes in a single setting
* Glass-based TARE (Therasphere) was performed.

Mulcahy et al, J clin Oncol 2021
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Radioembolization With Chemotherapy for
Colorectal Liver Metastases: A Ranmndomized,
Open-Label, International, Multicenter, Phase

11l Triaal

End Points:
* Primary end points:

* Progression-free survival (PFS)

* Hepatic progression-free survival (hPFS)
* Secondary endpoints:

* QOverall survival (0S)

* Objective response rate (ORR)

* Disease control rate (DCR)

Mulcahy et al, J clin Oncol 2021
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Radiocoembolization With Chemotherapy for
Liver VMietastases: A Ranmndomized,

Colorectal

Open-Label,

Iinternational,

Viulticenter,

11l T riaal

Phase

Initiate 2nd line CTX =14
days from last
administration of all first line
agents

Administer TS to liver (same
day if bilobar) in place of 2nd
cycle of chemo.

Resume cycle chemo

+/- targeted therapy Post progression: any 3™ line therapy

(investigator discretion)

Patients with
metastatic CRC of the

liver meeting I

14day screening period

TheraSphere + Chemo

(irinotecan or oxaliplatin-based chemo +/-
targeted therapy n= 215)

Stratification
= Unilobar/Bilobar disease

Primafy Endpoint PFS pr hPFS met

Post progression: any 3" line therapy
(investigator discretion)

Secondary Endpoint OS or study end

C h emo (irinotecan or oxaliplatin-
based chemo +/- targeted therapy, n=213)

= Irinotecan- or Oxaliplatin-
based 1#-line chemotherapy

Initiate 2nd line CTX +/- targeted
therapy =14 days from last
administration of all first line agents

Study Visits: Q 8 weeks until death or study end

TheraSphere™ was given using single-compartment dosimetry chemo infusion while awaiting

yE group was allowed
angiography and dosimetry. Cycle 1= chemotherapy, Y-90 TARE replaces Cycle 2, Cycle 3 resume chemotherapy =+ targeted therapy.

Mulcahy et al, J clin Oncol 2021
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Radiocoembolization With Chemotherapy for
Colorectal Liver Metastases: A Ranmdomized,
Open-Label, International, Multicenter, Phase

111 Trial
The groups were well balanced

Y-90 + Chemo Y-90 + Chemo
(N=215) Chemo (N=213) (N=215) Chemo (N=213)

135 (62.8%) 138(64.8%) Liver Tumor Burden?

North America 63 (29.3%) 56 (26.3%) 210% to <25% 54 (25.1%) 47 (22.1%)

Asia 21 (9.8% 12 (5.6% i i i i
( 6) ( 6) Maximum Liver Lesion Size 162 (75.3%) 142 (66.7%)

EcoGo moesa) ameaw) LU

Albumin 2site LLN 182 (84.7%) 177 (83.1%)

Left side primary tumor location 150 (69.8%) 136 (63.8%)

KRAS Status (stratification parameter)

Number of Lesions

Wild type 115 (53.5%) 112 (52.6%) 3-

5
Well-balanced patient and disease characteristics between >10 88 (40.9%) 77 (36.2%)
treatment and control arms in this advanced disease patients

40 (18.6%) 38 (17.8%)

Medical School




Radiocoembolization With Chemotherapy for
Colorectal Liver Metastases: A Ranmdomized,
Open-Label, International, Multicenter, Phase
i1l Trial

Y-90 + Chemo Chemo
(N=215) (N=213)

Received Assigned Therapy 187 (87.0%)* 191 ( 89.7%)

Irinotecan-based 130 (60.5%) 123 (57.7%)

Oxaliplatin-based 73 (34.0%) 68 (31.9%)

Biological Agent 88 (40.9%) 93 (43.7%)
Bevacizumab 74 (34.4%) 65 (30.5%)
Panitumumab / Ramucirumab 2(0.9%)/0 6(2.8%)/1(0.5%)

Median absorbed dose to perfused volume prior to
progression by investigator determination, Gy (range)

117 (61.7, 156) NA

=E U T Health | McGovern
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Radioembolization With Chemotherapy for

Colorectal
Open-Label,
11l T riaal

Iinternational,

Liver VMietastases: A Ranmndomized,

Phase

100
90
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60
50
40
30
20

Progression Free Survival (%)

Y-90 + Chemo: median 8.0 M (95% Cl: 7.2, 9.2)
Chemo: median 7.2 M (95% Cl: 5.7, 7.6)

HR: 0.69 (0.54, 0.88); p=0.0013

0

N at Risk

Therasphere 215
Control 213

Time (in months)

Viulticenter,
TheraSphere —
Control —
Positive
Outcome
42 48

6M 12MmM 18 M

25.8
(18.9, 33.1)

16.7
(10.6, 23.9)

13.2 1.8
(7.5, 20.5) (0.2,8.1)

Y-90 + Chemo (N=215) (58 z5'721 5)
55.4

Chemo (N=213) (47.2, 62.8)

Patients receiving YO0 + chemo were 31% less likely to show disease progression or death
vs. chemo alone
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Radioembolization With Chemotherapy for
Colorectal Liver Metastases: A Ranmndomized,

Open-Label, International, Multicenter, Phase
11l Triaal

100
TheraSphere ——
Control —

Y-20 + Chemo: median 9.1 M (95% ClI. 7.8, 9.7) Log-Rank p-value

ne-sided superiority)|

Chemo: median 7.2 M (95% Cl: 5.7, 7.6)

90

80
70
60

HR: 0.59 (0.46, 0.77); p<0.0001 Positive

50

Ovuicome

40
30
20

Hepatic Progression Free Survival (%)

0 6 12 18 24 30 36 42 48 54

N at Risk Time (in months)

Therasphere 215 18 32 14 4 1 ] ] , o
Control 213 76 1 .

6M 12Mm 18 M

70.7 29.8 19.8

Y-90 + Ch N=215
+ Chemo ( ) (63.6, 76.6) (22.4,37.6) (13.0, 27.6)

55.2 13.5 1.9

(47.1, 62.7) (7.7, 20.9) (0.2,8.3)

Patients receiving YO0 + chemo were 41% less likely to show hepatic disease progression or
death vs. chemo alone

McGovern

Medical School



Radiocoembolization With Chemotherapy for
Colorectal Liver Metastases: A Ranmndomized,
Open-Label, International, Multicenter, Phase
11l Triaal

Subgroup No. of Patients (No. of Events) Progression Free Survial
TheraSphere Control Hazard Ratio for PFS (95% CI)
'
:
Overall 215(140) 213(127) = 0.69 (0.54, 0.88)
Unilobar or Bilobar Disease at baseline (stratification .
factor corrected) :
1
Bilobar 176 (115) 173(107) = 0.71 (0.54, 0.93)
Unilobar 39( 25) 40 ( 20) =y 0.59 (0.32, 1.09)
KRAS at baseline (stratification factor corrected) H
'
Mutant 100( 67) 101( 67) I 0.57 (0.40, 0.80)
Wild type 115( 73) 112 ( 60) - 0.79 (0.55, 1.12)
Gender :
.
Female 80( 56) 75( 43) = 0.74 (0.48, 1.12)
\
TumOI‘S Wlth KRAS Male 135( 84) 138( 84) F=—: 0.66 (0.49, 0.90)
US and non-US region .
:
mutatlon US Region 54( 37) 50 ( 34) = 0.55 (0.34, 0.89)
:
Non-US Region 161(103) 163( 93) = 0.74 (0.56, 0.99)
Location of primary tumors at time of first diagnosis of :
epatic tumor burden :
H
0 Right Side 49( 33) 61( 37) = 0.74 (0.46, 1.20)
0 = 25 / Left Side 150( 99) 136( 81) [ 0.65 (0.48, 0.88)
Both 10( 6) 14( 8) ; T I 1.30 (0.43, 3.93)
. 1
< 3 leSIOI’IS Not Available 6( 2) 20 1) :
Primary tumor in situ at baseline :
Yes 23 ( _51) f9.(_29) = 0 82 (0 54, 1 26)
No 132( 89) 144 ( 88) [ 0.63 (0.46, 0.85)
Tumor replacement at baseline by Blinded Independent Central :
Review :
<10% 124 (_23) 121( _70) | 0 76 (0 55, 1 _05)
>=10 to <25% 54( 34) 47 ( 37) b 0.43 (0.26, 0.72)
>=25% 29( 21) 28( 19) —=—A 0.91 (0.48, 1.72)
Extrahepatic lesions at baseline :
Yes 113( 77) 95( 62) = 0.69 (0.49, 0.98)
oen No 102 ( 63) 118 ( 65) = 0.68 (0.47, 0.96)
O Biological agent received as part of second-line treatment :
Yes 88 ( 59) 93 ( 61) [ 0.58 (0.40, 0.84)
Re ected Prlmar No 127( 81) 120( 66) P 0.76 (0.55, 1.06)
‘ Maximum Liver lesion size at baseline by Blinded Independent :
Central Review :
<40 mm 40( 28) 41( 20) —=—q 0.92 (0.51, 1.67)
>=40 mm 162(109) 142(105) [on 0.62 (0.47, 0.81)
Number of lesions at baseline by Blinded Independent Central :
Review 1
<3 lesions 25( 13) 21( 15) e 0.33 (0.14, 0.76)
3-5 lesions 40( 25) 38( 19) = 0.74 (0.40, 1.37)
6-10 lesions 54( 38) 60 ( 41) = 0.78 (0.50, 1.23)
>10 lesions 88 ( 62) 77( 51) - 0.85 (0.59, 1.24)
H
T T T T T
0 1 2 3 4
< —>
Favors Favors
Forest plot TheraSphere Control




Radioembolization With Chemotherapy for
Colorectal Liver Metastases: A Ranmndomized,
Open-Label, International, Multicenter, Phase

11l T riaal

100
- TheraSphere —
90 Y-90 + Chemo: median 14.0 M (95% CI: 11.8, 15.5) Control —
a0 Chemo: median 14.4 M (95% Cl. 12.8, 16.4)
Log-Rank p-value
— (one-sided superiority)
§ 70 HR: 1.07 (0.86, 1.32); p=0.7229 -02mn Did not meet
©
2 60 secondary
§ 50 endpoint
= 40
§ 30
@)
20
10
0
0 6 12 18 24 30 36 42 48 54 60 66|
N at Risk Time (in months)
-1 T T T S U S N U S I

¥-90+ Chemo (N=215) (83.?952.1) (49.52?.:2.8)
PER PROTOCOL OS: TARE+Chemo 15.2 M (95% ClI: 12.7-17.7) versus Chemo 14.3 M (95% CI: 12.6, 16.4)
HR: 0.96 (0.74, 1.24); p=0.3841
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Radioembolization With Chemotherapy for
Colorectal Liver Metastases: A Ranmndomized,
Open-Label, International, Multicenter, Phase
11l Triaal

Outcome TARE (n = 215) Control (n = 213)
Best overall response,® No. (%)
CR 2(0.9) 3(1.4)
PR 71 (33.0) 42 (19.7)
SD 98 (45.6) 110 (51.6)
PD 27 (12.6) 272 7]
Not evaluable or missing 0/17 (7.9) 1 (0.5)/30 (14.1)
ORR
CR plus PR, No. (%) (95% ClI) 73 (34.0) (28.0 to 40.5) 45 (21.1) (16.2 to 27.1)
Difference (95% Cl) 12.8% (4.0 to 21.4)
Superiority 1-sided P .0019
DCR
CR plus PR plus SD, No. (%) (95% Cl) 171 (79.5) (73.6 to 84.4) 155 (72.8) (66.4 to 78.3)
Difference (95% Cl) 6.8% (-1.6 to 15.1)
Superiority 1-sided P .0626

Mulcahy et al, J clin Oncol 2021
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Radiocoembolization With Chemotherapy for
Colorectal Liver MVetastases: A Ranmndomized,
Open-Label, Intermnational, Multicenter, Phase
Il Triaal

Y-90 + Chemo (N=187) Chemo (N=207)

Any TEAEs (n, %) 181 (96.8%) 194 (93.7%)

Chemotherapy-Related TEAEs 172 (92.0%) 189 (91.3%)

Adverse Device Events (ADEs) 103 (55.1%) 0
Angiographic Procedure-Related TEAEs 55 (29.4%) 2 (1.0%)

TEAEs with CTCAE = Grade 3 128 (68.4%) 102 (49.3%)
Serious TEAEs 70 (37.4%) 43 (20.8%)
Serious Treatment Emergent ADEs 20 (4.3%) 0]
TEAEs Leading to Fatal Outcome 8 (4.3%) 4 (1.9%)

TEAEs Requiring Discontinuation of 24 (12.8%) 25 (12.1%)
Chemotherapy

Ht=e U T Health | McGovern
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Radiocoembolization With Chemotherapy for
Colorectal Liver MVetastases: A Ranmndomized,
Open-Label, Intermnational, Multicenter, Phase
Il Triaal
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Radiocoembolization With Chemotherapy for
Colorectal Liver Metastases: A Ramdomized,
Open-Label, International, Multicenter, Phase
i1l Trial

Y-90 + Chemo (N=187) Chemo (N=207)

Any TEAEs (n, %) 181 (96.8%) 194 (93.7%)

Chemotherapy-Related TEAEs 172 (92.0%) 189 (91.3%)

Adverse Device Events (ADEs) 103 (55.1%) 0
Angiographic Procedure-Related TEAEs 55 (29.4%) 2 (1.0%)

TEAEs with CTCAE = Grade 3 128 (68.4%) 102 (49.3%)

Serious TEAEs Exposure to chemotherapy was similar for
both groups

No reduction in dose intensity or ability to
TEAEs Leading to Fatal Outcome receive planned chemotherapy

Serious Treatment Emergent ADEs

TEAEs Requiring Discontinuation of 24 (12.8%) 25 (12.1%)
Chemotherapy
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Radioembolization With Chemotherapy for
Colorectal Liver Metastases: A Ranmndomized,
Open-Label, International, Multicenter, Phase

11l Triaal

Conclusion:
* The addition of TARE to second line chemotherapy for CLM
led to longer PFS and hPFS.

Mulcahy et al, J clin Oncol 2021
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Effricacy and T olerability of Selecrive Internal
Radiocherapy YWWith Yrterium-90 as Consolidaction
T reatment Afrer Chemotherapy 1in Metastartic
CCoaloreceral €avnicer

Aim:
* To analyze the outcomes in patients who had received

Y90 radioembolization as consolidation therapy after
one or more lines of chemotherapy.

Cortesi et al, clinical colorectal cancer, 2020
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Effrcacy and T olerabilicy of Selecrive Internal
Radiocherapy Yith Yrtecrium-90 as Consolidaction
T reatment Afrer Chemotherapy 1in Metastartic
CTolarcaetal € arniacer

* Retrospective study
* 68 patients
 Eligibility Criteria:
* Confirmed colorectal liver metastases.

* Unsuitable for surgical resection or local ablation with curative intent.

* Received Resin Y90 as consolidation therapy after one or more lines of
chemotherapy.

* The primary endpoint was progression-free survival.

Cortesi et al, clinical colorectal cancer, 2020
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Effrcacy and T olerabilicy of Selecrive Internal
Radiocherapy YWWith Yrterium -90 as Consolidaction
T reatment Afrer Chemotherapy 1in Metastartic
Colorecral Cancer

Characteristic Value Characteristic Value
Total no. of patients 68 Chemotherapy
Median age (years) 67 FOLFOX—bevacizumab 21 (30.9)
Age FOLFOXRI—bevacizumab 20 (29.4)
>65y 40 (39 FOLFIRI—bevacizumab 16 (23.5)
<65y 28 (41) FOLFIRI—cetuximab 3 (4.4
Gender Capecitabine—bevacizumab 3 (4.4
Female 20 (29.4) Irinotecan—cetuximab 1(1.5
Male 48 (70.6) Other 4 (5.9
Site of metastasis Prior lines of chemotherapy
Liver only 27 (39.7) 1 42 (61.8)
Extrahepatic 41 (60.3) ) 15 (22.1)
3 or more 11 (16.1)
ECOG PS before SRT
0 46 (61.8)
1 20 (29.4)
2 2 (3.2%)
RAS mutation status (64/68 patients tested)
Cortesi et al, clinical colorectal cancer, 2020 Wild-type RAS 34 (531)°
RAS mutated 30 (47.9°

Zi= U T Health | McGovern
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Effrcacy and T olerabilicy of Selecrive Internal
Radiocherapy YWWith Yrterium -90 as Consolidaction
T reatment Afrer Chemotherapy 1in Metastartic
Colorecral Cancer
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Effrcacy and T olerabilicy of Selecrive Internal
Radiocherapy YWWith Yrterium -90 as Consolidaction
T reatment Afrer Chemotherapy 1in Metastartic
Colorecral Cancer
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Effrcacy and T olerabilicy of Selecrive Internal
Radiocherapy YWWith Yrterium -90 as Consolidaction
T reatment Afrer Chemotherapy 1in Metastartic
Colercecal Canicer

Characteristic Value Characteristic Value
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Effrcacy and T olerabilicy of Selecrive Internal
Radiocherapy YWWith Yrterium -90 as Consolidaction
T reatment Afrer Chemotherapy 1in Metastartic
Colercecal Canicer

Survival (%)
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Cortesi et al, clinical colorectal cancer, 2020
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Effrcacy and T olerabilicy of Selecrive Internal
Radiocherapy YWWith Yrterium -90 as Consolidaction
T reatment Afrer Chemotherapy 1in Metastartic
Colorecral Cancer
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There was no grade 3 or higher Adverse events

Cortesi et al, clinical colorectal cancer, 2020
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Effricacy and T olerability of Selecrive Internal
Radiocherapy Yith Yrterium -90 as Consolidaction
T reatment Afrer Chemotherapy 1in Metastartic
CCoaloreceral €avnicer

Conclusion:

* Earlier use of Y90 Radioembolization may provide
a greater survival benefit compared to that in

salvage settings.

Cortesi et al, clinical colorectal cancer, 2020
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Breast Cancer Liver Metastasis
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Yttrium-90 dosimetry and implications on tumour response
and survival after radioembolisation of chemo-refractory
_hepatic metastases from breast cancer

Aim:
* To evaluate the effects of tumor dose on tumor response
and overall survival (OS) in patients with chemo-

refractory metastatic breast cancer (MBC) to the liver
undergoing yttrium-90 radioembolization (Y90 RE).

Cheng et al, Nuclear Medicine Communications, 2021
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Yttrium-90 dosimetry and implications on tumour response
and survival after radioembolisation of chemo-refractory
_hepatic metastases from breast cancer

Study design:

* Retrospective study

* 20 patients with chemo-refractory MBC to the liver
* 33 total Resin Y90 RE treatments

* Volumes of interest were drawn around the five largest tumors of the
targeted liver lobe on SPECT/CT

* MIM software used to calculate dose-volume histograms were
calculated.

Cheng et al, Nuclear Medicine Communications, 2021
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Yttrium-90 dosimetry and implications on tumour response
and survival after radioembolisation of chemo-refractory
_hepatic metastases from breast cancer

Age
Median
Range
Gender
Female
Metastases
Bone
Brain
Lymph nodes
Lungs
Skin
Peritoneum
Soft tissue
Brachial plexus
Receptor sensitivities®
ER+, PR+, HER2—
ER+, PR—, HER2—
ER-, PR—, HER2—-
ER-, PR—, HER2+
ERT, PR HER3:

62years old
43-77 years old

100%

15 patients (75%)
6 patients (30%)
6 patients (30%)
3 patients (15%)
2 patients (109%)
1 patient (5%)
1 patient (5%)
1 patient (5%)

9 patients (45%)

5 patients (25%)

2 patients (109%)
1 patient (5%)
1 patient (5%)

ECOG status”®
ECOGO0
ECOG 1
ECOG 2

Child-Pugh Grade
A
B

LFTs® preoperative®
Albumin
Alanine aminotransferase
Aspartate aminotransferase
Total bilirubin

LFTs postoperative®
Albumin
Alanine aminotransferase
Aspartate aminotransferase
Total bilirubin

Number of metastases
Median
Range

17 patients (85%)
0 patients
2 patients (109%)

18 patients (90%)
2 patients (109%)

3.81
49.7
59.5
0.61

3.64
44.82
60.04

0.63

10
1-30

Cheng et al, Nuclear Medicine Communications, 2021

McGovern

Medical School



Yttrium-90 dosimetry and implications on tumour response
and survival after radioembolisation of chemo-refractory
_hepatic metastases from breast cancer

Age
Median
Range
Gender
Female
Metastases
Bone
Brain
Lymph nodes
Lungs
Skin
Peritoneum
Soft tissue
Brachial plexus
Receptor sensitivities®
ER+, PR+, HER2—
ER+, PR—, HER2—
ER-, PR—, HER2—-
ER-, PR—, HER2+
ERT, PR HER3:

62years old
43-77 years old

100%

|15 patients (75%)

6 patients (30%)
6 patients (30%)
3 patients (15%)
2 patients (109%)
1 patient (5%)
1 patient (5%)
1 patient (5%)

9 patients (45%)

5 patients (25%)

2 patients (109%)
1 patient (5%)
1 patient (5%)

ECOG status”®
ECOGO0
ECOG 1
ECOG 2

Child-Pugh Grade
A
B

LFTs® preoperative®
Albumin
Alanine aminotransferase
Aspartate aminotransferase
Total bilirubin

LFTs postoperative®
Albumin
Alanine aminotransferase
Aspartate aminotransferase
Total bilirubin

Number of metastases
Median
Range

|17 patients (85%)

0 patients
2 patients (109%)

|18 patients (90%)

2 patients (10%)

3.81
49.7
59.5
0.61

3.64
44.82
60.04

0.63

| 10

1-30

Cheng et al, Nuclear Medicine Communications, 2021
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Yttrium-90 dosimetry and implications on tumour response
and survival after radioembolisation of chemo-refractory
_hepatic metastases from breast cancer

Survival Functions
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Cheng et al, Nuclear Medicine Communications, 2021
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Yttrium-90 dosimetry and implications on tumour response
and survival after radioembolisation of chemo-refractory
_hepatic metastases from breast cancer

Survival Functions
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Yttrium-90 dosimetry and implications on tumour response
and survival after radioembolisation of chemo-refractory
_hepatic metastases from breast cancer

Conclusion:

* For patients with chemo-refractory breast cancer with liver
metastases, achieving a mean tumor dose >70 Gy is a
significant predictor of tumor response and prolonged OS.

Cheng et al, Nuclear Medicine Communications, 2021
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Incidence and risk factors for sustained hepatic function toxicity 6
months after radioembolization: analysis of the radiation-emitting
sir-spheres in non-resectable liver tumor (RESIN) registry

Aim:
* To quantify rates and risk factors for toxicity
after hepatic radioembolization

Brown et al, J Gastrointest Oncol, 2021
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Incidence and risk factors for sustained hepatic function toxicity 6
months after radioembolization: analysis of the radiation-emitting
sir-spheres in non-resectable liver tumor (RESIN) registry

* 614 patients

» SIR-Spheres in Non-resectable

liver tumor (RESIN) registry Common tumor types were:

* Mean patient age was * Hepatocellular (32%)
63.1+£12.5 years. * Colorectal (30%)
* The majority of patients were * Neuroendocrine (9%)

male (n=375, 61%) and white
(n=490, 80%).

Brown et al, J Gastrointest Oncol, 2021
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Incidence and risk factors for sustained hepatic function toxicity 6
months after radioembolization: analysis of the radiation-emitting

sir-spheres in non-resectable liver tumor (RESIN) registry

Treatments Prior to Radioembolization

Pathology Total (N patients) Surgery Chemo 1line Chemo 2 lines Chemo 3+ lines  Ablation SBRT Arterial
Hepatocellular 197 8,4.1% 28, 14.2% 20, 10.2% 8,4.1% 24,12.2% 2,1.0% 50, 25.4%
Colorectal 187 29,155%  35,18.7% 43, 23.0% 61, 32.6% 26,139% 12,6.4% 14,7.5%
Neuroendocrine 56 8,14.3% 20, 35.7% 9,16.1% 14, 25% 4, 7.1% 3,54% 9,6 16.1%
Cholangiocarcinoma 35 3, 8.6% 11, 31.4% 6,17.1% 5, 14.3% 2,5.7% 4. 114% 4,11.4%
Breast 27 1,3.7% 1, 3.7% 3,11.1% 15, 55.6% 2,7.4% 1,37% 3,11.1%
Melanoma 16 0,0% 6, 37.5% 4,25% 2.12.5% 1,6.3% 1,6.3% 1,6.3%
Pancreatic 16 2,12.5% 4, 25% 4,25% 4, 25% 0, 0% 2,125% 1,6.3%
Esophageal 7 0, 0% 1,14.3% 2, 28.6% 4, 57.1% 0, 0% 1, 14.3% 0, 0%
Other 73 8,11.0% 20, 27.4% 17,23.3% 27, 37% 5,6.8% 7,96% 4,55%
Total 614, 100.0% 59,9.6% 126, 20.5% 108, 17.6% 140, 22.8% 64,10.4%, 27,51% 86,14.0%

Chemo, systemic therapy; SBRT, stereotactic body radiation to hepatic malignancy; Arterial, previous embolization or chemoembolization.

UTHealth
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Incidence and risk factors for sustained hepatic function toxicity 6
months after radioembolization: analysis of the radiation-emitting
sir-spheres in non-resectable liver tumor (RESIN) registry

Treatments in the 6 months after Radioembolization

Pathology Total (N patients) Surgery Chemo Ablation SBRT Arterial
Hepatocellular 86/197 (44%) 7 (3.6%) 36 (21.8%) 9 (4.6%) 4 (2%) 30 (15.2%)
Colorectal 58/187 (31.0%) 3(1.6%) 45 (24%) 7 (3.7%) 2 (1%) 1(0.5%)
Neuroendocrine 9/56 (16.1%) 0 (0%) 7 (12.5%) 0 (0%) 0 (0%) 2 (3.6%)
Cholangiocarcinoma 11/35 (31.4%) 1(2.9%) 7 (20%) 0 (0%) 2 (5.7%) 1(2.9%)
Breast 6/27 (22.2%) 0 (0%) 4 (14.8%) 1(3.7%) 1 (3.7%) 0 (0%)
Melanoma 4/16 (25%) 0 (0%) 3 (18.8%) 0 (0%) 0 (0%) 1(6.3%)
Pancreatic 5/16 (31.2%) 0 (0%) 3 (6.3%) 0 (0%) 0 (0%) 2 (12.5%)
Esophageal 2/7 (28.6%) 0 (0%) 2 (28.6%) 0 (0%) 0 (0%) 0 (0%)
Other 24/73 (32.9%) 0 (0%) 22 (30.1%) 0 (0%) 0 (0%) 2 (2.7%)
Total 205/614 (33.4%) 11 (1.8%) 129 (21%) 17 (2.8%) 9 (1.5%) 39 (6.4%)
Chemo, systemic therapy; SBRT, stereotactic body radiation to hepatic malignancy; Arterial, embolization or chemoembolization.
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Incidence and risk factors for sustained hepatic function toxicity 6
months after radioembolization: analysis of the radiation-emitting
sir-spheres in non-resectable liver tumor (RESIN) registry

At 6 months after Radioembolization

614 Patients

91 Deaths

N

70 Known Cause:

20 Entered Hospice4 46: Tumor Progression

-« 7: Liver Decompensation
Treatment Elsewhere P

17: Other

\J
499 Patients Alive and on Study

Brown et al, J Gastrointest Oncol, 2021
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Incidence and risk factors for sustained hepatic function toxicity 6
months after radioembolization: analysis of the radiation-emitting
sir-spheres in non-resectable liver tumor (RESIN) registry

At 6 months after Radioembolization

614 Patients

—
91 Deaths
70 Known Cause:
20 Entered Hospice4 30 Tumor Progresser
Treatment Elsewhere 7: Liver Decompensation
17: Other
\/

499 Patients Alive and on Study

Brown et al, J Gastrointest Oncol, 2021
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Incidence and risk factors for sustained hepatic function toxicity 6
months after radioembolization: analysis of the radiation-emitting
sir-spheres in non-resectable liver tumor (RESIN) registry

At 6 months after Radioembolization

614 Patients

91 Deaths

N

70 Known Cause:
46: Tumor Progression

20 Entered Hospice4
Treatment Elsewhere

S— =1.1% | 7: Liver Decompensation
17: Other

\J
499 Patients Alive and on Study

Brown et al, J Gastrointest Oncol, 2021
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Incidence and risk factors for sustained hepatic function toxicity 6
months after radioembolization: analysis of the radiation-emitting
sir-spheres in non-resectable liver tumor (RESIN) registry

Liver Function Toxicity:

Bilirubin Albumin INR
Tumor n
Gr1-2 Gr 3+ Gr 1-2 Gr 3 Gr 1-2 Gr 3

Colorectal 187 44 (23.5%) 28 (15%) 80(42.8%) 10(5.3%) 20 (10.7%) 5:(2.790)
Hepatocellular 197 89 (45.2%) 34 (17.3%) 103 52.3%) 10(.1%) 39 (19.8%) 0 (0%)
Neuroendocrine 56 5 (8.9%) 2 (3.6%) 12(21.4%) 2 (3.6%) 1 (1.8%) 0 (0%)
Cholangiocarcinoma 35 4 (11.4%) 3 (8.6%) 12 (34.3%) 1 (2.9%) O (02%) O (0%)
Breast 2. 6 (22.2%) 2 (7.4%) 11 (40.1%) 1(3.7%) 2 (7.4%) O (0%)
Melanoma 16 1(6.2%) 3 (18.8%) 6 (37.5%) 0 (0%) 2 (12.5%) 0O (02%)
Pancreatic 16 3 (18.8%) 2 (12.5%) 7 (43.8%) 0 (0%) 3 (18.8%) 0 (09%)
Esophageal 7 3 (42.9%) 2 (28.6%) 5(71.4%) 1(14.3%) 1 (14.3%) 1 (14.3%)
Other 73 16(21.9%) 9(12.3%)  29(39.7%) 3 (4.1%) 7 (9.6%) 1 (1.4%)
Total 614 171(27.9%) 85(13.8%) 265 (43.2%) 28 (4.6%) 75 (12.2%) 7 (1.1%)
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Incidence and risk factors for sustained hepatic function toxicity 6
months after radioembolization: analysis of the radiation-emitting
sir-spheres in non-resectable liver tumor (RESIN) registry

Liver Function Toxicity:

Bilirubin Albumin INR
Tumor n
Gr1-2 Gr 3+ Gr 1-2 Gr 3 Gr 1-2 Gr 3

Colorectal 187 44 (23.5%) 28 (15%) 80(42.8%) 10(5.3%) 20 (10.7%) 5:(2.790)
Hepatocellular 197 89 (45.2%) 34 (17.3%) 103 52.3%) 10(.1%) 39 (19.8%) 0 (0%)
Neuroendocrine 56 5 (8.9%) 2 (3.6%) 12(21.4%) 2 (3.6%) 1 (1.8%) 0 (0%)
Cholangiocarcinoma 35 4 (11.4%) 3 (8.6%) 12 (34.3%) 1 (2.9%) O (02%) O (0%)
Breast 2. 6 (22.2%) 2 (7.4%) 11 (40.1%) 1(3.7%) 2 (7.4%) O (0%)
Melanoma 16 1(6.2%) 3 (18.8%) 6 (37.5%) 0 (0%) 2 (12.5%) 0O (02%)
Pancreatic 16 3 (18.8%) 2 (12.5%) 7 (43.8%) 0 (0%) 3 (18.8%) 0 (09%)
Esophageal 7 3 (42.9%) 2 (28.6%) 5(71.4%) 1(14.3%) 1 (14.3%) 1 (14.3%)
Other 73 16 (21.9%) 9 (12.3%) 29 (39.7%) 3(4.1%) 7 (9.6%) 1 (1.4%)
Total 614 171 (27.9%) | 85 (13.8%) | 265 (43.2%) | 28 (4.6%) | 75 12.2%) |7 (1.1%)
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Incidence and risk factors for sustained hepatic function toxicity 6
months after radioembolization: analysis of the radiation-emitting
sir-spheres in non-resectable liver tumor (RESIN) registry

Liver Function Toxicity:

Bilirubin Albumin INR
Tumor n
Gr1-2 Gr 3+ Gr 1-2 Gr 3 Gr 1-2 Gr 3

Colorectal 187 44 (23.5%) 28 (15%) 80(42.8%) 10(5.3%) 20 (10.7%) 5:(2.790)
Hepatocellular 197 89 (45.2%) |34 (17.3%) | 103 52.3%) 10(.1%) 39 (19.8%) 0 (0%)
Neuroendocrine 56 5 (8.9%) 2 (3.6%) 12(21.4%) 2 (3.6%) 1 (1.8%) 0 (0%)
Cholangiocarcinoma 35 4 (11.4%) 3 (8.6%) 12 (34.3%) 1 (2.9%) O (02%) O (0%)
Breast 2. 6 (22.2%) 2 (7.4%) 11 (40.1%) 1(3.7%) 2 (7.4%) O (0%)
Melanoma 16 1(6.2%) 3 (18.8%) 6 (37.5%) 0 (0%) 2 (12.5%) 0O (02%)
Pancreatic 16 3 (18.8%) 2 (12.5%) 7 (43.8%) 0 (0%) 3 (18.8%) 0 (09%)
Esophageal 7 3 (42.9%) 2 (28.6%) 5(71.4%) 1(14.3%) 1 (14.3%) 1 (14.3%)
Other 73 16(21.9%) 9(12.3%)  29(39.7%) 3 (4.1%) 7 (9.6%) 1 (1.4%)
Total 614 171 (27.9%) | 85 (13.8%) | 265 (43.2%) 28 (4.6%) 75 (12.2%) 7 (1.1%)
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Incidence and risk factors for sustained hepatic function toxicity 6
months after radioembolization: analysis of the radiation-emitting
sir-spheres in non-resectable liver tumor (RESIN) registry

Liver Function Toxicity:

Bilirubin Albumin INR
Tumor n
Gr1-2 Gr 3+ Gr 1-2 Gr 3 Gr 1-2 Gr 3

Colorectal 187 44 (23.5%) 28 (15%) 80 (42.8%) | 10 (5.3%) 20 (10.7%) 5:(2.790)
Hepatocellular 197 89 (45.2%) 34 (17.3%) 103 52.3%) | 10(5.1%) | 39 (19.8%) 0 (0%)
Neuroendocrine 56 5 (8.9%) 2 (3.6%) 12(21.4%) 2 (3.6%) 1 (1.8%) 0 (0%)
Cholangiocarcinoma 35 4 (11.4%) 3 (8.6%) 12 (34.3%) 1 (2.9%) O (02%) O (0%)
Breast 2. 6 (22.2%) 2 (7.4%) 11 (40.1%) 1(3.7%) 2 (7.4%) O (0%)
Melanoma 16 1(6.2%) 3 (18.8%) 6 (37.5%) 0 (0%) 2 (12.5%) 0O (02%)
Pancreatic 16 3 (18.8%) 2 (12.5%) 7 (43.8%) 0 (0%) 3 (18.8%) 0 (09%)
Esophageal 7 3 (42.9%) 2 (28.6%) 5(71.4%) 1(14.3%) 1 (14.3%) 1 (14.3%)
Other 73 16(21.9%) 9(12.3%)  29(39.7%) 3 (4.1%) 7 (9.6%) 1 (1.4%)
Total 614 171(27.9%) 85(13.8%) 265 (43.2%) | 28 4.6%) | 75 12.2%) 7 (1.1%)
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Incidence and risk factors for sustained hepatic function toxicity 6
months after radioembolization: analysis of the radiation-emitting
sir-spheres in non-resectable liver tumor (RESIN) registry

Predictors of toxicity: m

Age P=0.046
Male gender P<0.001
Primary liver cancer (HCC) P<0.001
Metastatic tumor type (CRC) P<0.001
Increased lung shunt percentage P=0.004
Increased delivered activity P=0.04
Bilobar compared with unilobar tumor P=0.04
Baseline laboratory elevation compared with normal labs P<0.001
Undergoing previous liver tumor intervention compared to treatment P=0.05

naive patients

Previous surgery P=0.01

= UTHealth McGovern
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Incidence and risk factors for sustained hepatic function toxicity 6
months after radioembolization: analysis of the radiation-emitting
sir-spheres in non-resectable liver tumor (RESIN) registry

Conclusion:

* Radioembolization was well-tolerated clinically in a
heavily pretreated group of patients.

* Baseline liver function abnormalities is the strongest
predictor of post-treatment Grade 3 or more toxicity

Brown et al, J Gastrointest Oncol, 2021
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Incidence and risk factors for sustained hepatic function toxicity 6
months after radioembolization: analysis of the radiation-emitting
sir-spheres in non-resectable liver tumor (RESIN) registry

Conclusion:

* For primary hepatic malignancy, future clinical trials
would ideally include treatment naive patients.

* Future trials for metastatic disease should focus primarily
on baseline liver function to optimize recruitment and
minimize toxicity, particularly if bilobar treatment is
planned in the setting of limited tumor volume.

Brown et al, J Gastrointest Oncol, 2021
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Clinical Application of Trans-Arxrterial Radioembolization
in Hepatic Malignancies in Europe: First Results
from the Prospective Multicentre Observational Study CIRSE

Registry for SIR-Spheres Therapy (CIR'T)

Study Design:

* Prospective observational study initiated by the
Cardiovascular and Interventional Radiological Society of

Europe (CIRSE)
* CIRSE Registry for SIR-Spheres Therapy (CIRT).

Helmberger et al. Cardiovasc Intervent Radiol (2021) 44:21-35
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Clinical Application of Trans-Arxrterial Radioembolization

in Hepatic Malignancies in Europe: First Results

from the Prospective Multicentre Observational Study CIRSE
Registry for SIR-Spheres Therapy (CIR'T)

e Patients treated with TARE with ————
: : 1 Median OS (95%Cl): 9.8 (8.3-12.9)
Y90 resin microspheres for Censored: 62 (26.6%)
primary or metastatic liver "

0.6

ftumors.

0.5 1

Probability of death

0.4

* 1027 patients were analyzed.

0.3 1

* 53.1% had prior systemic therapy

0.1

* 38.3% had prior loco-regional L
therapy i (onth

At Risk 237 146 87 44 31 13 5 0

Helmberger et al. Cardiovasc Intervent Radiol (2021) 44:21-35
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Clinical Application of Trans-Arxrterial Radioembolization

in Hepatic Malignancies in Europe: First Results

from the Prospective Multicentre Observational Study CIRSE
Registry for SIR-Spheres Therapy (CIRT)
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Clinical Application of Trans-Arxrterial Radioembolization
in Hepatic Malignancies in Europe: First Results

from the Prospective Multicentre Observational Study CIRSE
Registry for SIR-Spheres Therapy (CIRT)
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Clinical Application of Trans-Arxrterial Radioembolization
in Hepatic Malignancies in Europe: First Results
from the Prospective Multicentre Observational Study CIRSE

Registry for SIR-Spheres Therapy (CIRT)
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Clinical Application of Trans-Arxrterial Radioembolization
in Hepatic Malignancies in Europe: First Results
from the Prospective Multicentre Observational Study CIRSE

Registry for SIR-Spheres Therapy (CIR'T)

Significant predictors of OS:

Presence of ascites

Cirrhosis

Extrahepatic disease

Patient performance status (ECOG)

Number of chemotherapy lines
prior to TARE

Bilobar disease
Tumor burden.

Covariate Level Events (%) HR estimate®  95% CI p value”
ECOG O-Fully active 58.7% (352/600)  1.000
| -Restricted 73.2% (46/336) 1513 (1.280, 1.789] < 0.0001
2 or higher 70.0% (56/80) 1.64 (1217, 2.168]
Extra-hepatic discase prior to treatment ~ No 59.0% (426722)  1.000
Yes 76.7% (2341305 1372 [1.149, 1.638] < 0.0001
Cirrhosis No 65.6% (463/706) 1000
Yes 614% (197321) 1304 (1.063, 1.599) 0.0128
Ascites No 03.6% (588/925)  1.000
Yes 70.6% (72/102) 134 [1.035, 1.746] 0.0039
Tumour to liver percentage Less than 10% 59.0% (242/410)  1.000
109%-20% 620% (127205 1137 (0914, 1.413 0.0195
Greater than 20%  66.8% (147/20) 1414 (1.143, 1.750]
Unknown 75.0% (144192 1.098 0.879, 1.373]
Location of liver tumours Bilobar T1.4% (419/587) 1.000
Left only 57.0% (57/100) 0.790 0.589, 1.059] 0.0024
Right only 54.3% (184/339)  0.6% [0.572, 0.843]
Prior chemotherapy: number of lines 0 574% (296/516)  1.000
I 64.4% (123/191) 1176 (0931, 1.485] < 0.0001
25 76.8% (172/224) 185 1493, 2.303)
6 or more 72.5% (66/91) 1.355 [1.010, 1.818]

$ U T Health

The University of Texas

McGovern
Medical School




Clinical Application of Trans-Arxterial Radioembolization
in Hepatic Malignancies in Europe: First Results
from the Prospective Multicentre Observational Study CIRSE

Registry for SIR-Spheres Therapy (CIR'T)

Conclusion:

* TARE is safe and effective in the real-life clinical setting across various
indications.

* Careful patient selection has been shown to be essential in the treatment of liver
malignancies with TARE.

Helmberger et al. Cardiovasc Intervent Radiol (2021) 44:21-35
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y Concl’uséog , _

* Y90 Radioembolization is a well tolerated intra-arterial therapy for
metatstatic disease including pretreated patients.

* There is survival advantage of using Y90 Radioembolization early in
the course of disease progression in CRC liver metastasis, particularly
with second line chemotherapy.

 Normal baseline liver functions is the most important predictor of
toxicity following Y90 Radioembolization treatments.
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