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What can we treat?  Just about anything!



The Key Concept is where IR fits

• Locoregional Treatment Options
• Ablation

• Fire and Ice
• Newer tech

• Intra-arterial options
• Radioembolization
• Chemoembolization/Bland Embolization

• New Horizon Modalities
• PEF
• IRE
• PHP
• Histotripsy



The Key Concept is where IR fits
• Rationale for Therapy

• Evidence for Ablation
• HCC
• mCRC

• Evidence for Y90
• HCC
• mCRC

• Evidence for TACE
• mNET

• Evidence for combination therapy
• HCC

• Case Examples



Thermal Ablation

• Can be utilized for curative and bridging treatments in HCC or isolated 
metastatic disease to the liver

• Radiofrequency Ablation
• Microwave Ablation
• Cryoablation



Thermal Ablation
• Microwave Ablation

• Utilizes dielectric hysteresis (water molecules continuously realign with the 
electric field to produce heat)

• Produces high temperatures (>60 degrees Celsius), resulting in coagulative 
necrosis.
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Thermal Ablation for HCC



Ablation vs Surgery

• 544 patients, HCC <3 cm, CP A
• SR: 246
• RFA: 298

• No difference in 4-yr OS (74.4% and 66.2%, p=0.353)
• No difference in cumulative HCC recurrence (56% vs 

57.1%, p=0.765)
• Conclusion: Despite a higher rate of local tumor 

progression with RFA, RFA provides long-term 
outcomes similar to surgical resection.

J Hepatology. 2013 Jul;59(1):89-97.



2 more studies supporting ablation vs surgery

• Conclusion: RFA is comparable to 
surgical resection in terms of OS and 
DFS with shorter LOS and fewer post-
operative complications.

• Conclusion: RFA provides better OS and 
RFS than surgical resection, with fewer 
major complications, compared to 
surgical resection, particularly for 
central tumors.

HPB (Oxford). 2013 Mar;15(3):210-7.

Radiology. 2012 Mar;262(3):1022-33.



• 54 year old female with history of HCV and a 7 cm HCC diagnosed by imaging. 

• CP- A, MELD - 8, ECOG- 0, tbili – 1.2, AFP – 4000, remaining labs WNL

Ablation Case Example



Patient initially treated with TAE with LUMI Beads



Pre- Ablation Images



Immediate Post- Ablation CT with gas deposition 
within lesion on left and 3 month MRI on right



Patient Follow – Up 
• This patient was initially considered for right hepatectomy however due to splenic size as well 

as underlying cirrhosis, referred for locoregional therapy first. 

• TAE/Ablate strategy resulted in good radiographic response with AFP dropping from 4000 to 
9. 



Ablation for unresectable mCRC CLOCC Trial

• Randomized Phase II Trial
• Systemic therapy plus aggressive local therapy with ablation +/- surgery vs systemic therapy alone
• 119 patients from 22 hospitals from 2002-2007
• Similar OS at 3 years 

• 61.7% vs 57.6%
• Median OS

• 45.3 months in combination arm vs 40.5 months for systemic (p=0.22)
• PFS at 3 years

• 27.6% in combination arm vs 10.6% in systemic arm (p=0.025)

• But things get interesting if you keep looking…

Ann Oncol. 2012 Oct;23(10):2619-2626.



CLOCC Trial

• Median follow-up of 9.7 years, 35% of 
patients in the combination arm still 
alive vs 10.2% in the systemic only 
arm (p=0.01)

• Key Takeaway: Aggressive local 
treatment can prolong OS in patients 
with unresectable mCRC.

J Natl Cancer Inst. 2017 Sep 1;109(9):djx015.



Ablation for unresectable mCRC COLLISION Trial

• Phase 3, international, randomized, controlled non-inferiority study
• < 10 resectable liver metastases (< 3cm), no extrahepatic disease
• Patients randomized to thermal ablation or surgical resection
• Primary Endpoint: Overall Survival

• Trial stopped early after interim analysis (met non-inferiority and safety criteria)



mCRC COLLISION Trial Key Findings
• Median OS not reached in either group
• Non-inferiority: Thermal ablation vs resection (HR 1.05; 95% CI 0.69-1.58; p=0.83)
• Local control: Non-inferior
• Adverse Events:

• Thermal ablation: 19%
• Resection: 46%

• Serious AEs:
• Thermal ablation: 7%
• Resection: 20%

• Hospital stay: shorter with ablation
• Procedure-related morbidity: lower with ablation



mCRC COLLISION Clinical Implications
• Thermal ablation: valid, less invasive alternative to resection for small-size mCRC
• Oncologic outcomes: Comparable survival and local control
• Safety: Improved profile with fewer complications and shorter recovery



Cryoablation
• Like MWA, minimally invasive ablative modality
• Utilizes the Joule-Thompson effect to create rapid 

freeze/thaw cycles that cause cellular damage and 
vascular stasis

• Results in targeted cell death while preserving 
health surrounding tissue



Cryoablation vs MWA

• Multicenter RCT
• 360 patients, CP-A and CP-B, tumors up to 4cm
• Similar safety and efficacy with no difference in 5-yr OS
• Cryoablation resulted in significantly lower local tumor progression compared to RFA

• LTP at 1, 2, and 3 yrs: 3%, 7%, and 7% for cryoablation vs 9%, 11%, and 11% for RFA (p=0.043)
• Tumors >3cm: LTP significantly lower for cryoablation (7.7% vs 18.2%, p=0.041)



Cryoablation Case Example
• 67 yo male with HBV-cirrhosis with 

previously treated seg 6 tumor
• Unable to treat tumor on the gallbladder



Cryoablation Case Example



Does that make sense?



Y90 Radioembolization
• Theraspheres and Sir-spheres FDA approved for 

use in primary liver cancer
• Sir-spheres FDA approved for use in mCRC
• Beta emitter

• 64.1 hr half-life

• Tissue penetration
• Mean 2-4mm
• Max 11mm (synergistic effect)

• 1 GBq in 1 kg tissue = ~50 Gy



• Tumorcidal effects 2/2 near-pure emission of Beta particles
• Average energy of 933.7 keV (~2.5mm distance traveled)

• Bq implies the number of decays per second
• “The pew-pews”

• Need double-stranded DNA breaks to kill tumor cells
• Majority of radiation produces single-stranded breaks

Y90 Energy and Tumor Concepts

O
H

O
H
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Direct Damage
Double/single strand breaks

Indirect Damage
Free radicals & reactive oxygen species

(O2, OH, H2O2, etc.)

Cell Death
(Apoptosis, necrosis, mitotic catastrophe, etc.)



𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷(𝐺𝐺𝐺𝐺) =
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴(𝐺𝐺𝐺𝐺𝐺𝐺)𝑥𝑥 50 (𝐽𝐽/𝐺𝐺𝐺𝐺𝐺𝐺)

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀(𝐾𝐾𝐾𝐾)

90Y for HCC – Dosing Rationale



𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷(𝐺𝐺𝐺𝐺) =
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴(𝐺𝐺𝐺𝐺𝐺𝐺)𝑥𝑥 50 (𝐽𝐽/𝐺𝐺𝐺𝐺𝐺𝐺)

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀(𝐾𝐾𝐾𝐾)
Individual sphere activity x # of spheres

90Y for HCC – Dosing Rationale
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• The goal is to accumulate “microbullet hits” in a tumor cell.
• More “hits” = higher likelihood of cell death.
• Need exponentially more “ammo” as tumors grow

• Delivered activity to tumor

• Key Points:
• More decays = more “microbullets”

• These guys aren’t snipers…
• Need lots of ammo

• Y90 is about probability and stacking the odds in your favor.

Radiation-induced Cell Death

PI-1016107-AA



• More Dose = Higher Rate of CPN
• <190 Gy = 25% rate of CPN
• >190 Gy = 67% rate of CPN
• >400 Gy = 100% rate of CPN

• What drives dose?
• Mass
• Activity

• More microbullets!

What We Know: Dose drives CPN…

Vouche et al. Hepatology. 2014 Jul;60(1):192-201.

Gabr et al. EJNMMI. 2021. 48(2): 580-583.

𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨 𝑫𝑫𝑫𝑫𝑫𝑫𝑫𝑫 (𝑮𝑮𝑮𝑮) =
𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨 𝑮𝑮𝑮𝑮𝑮𝑮 � 𝟓𝟓𝟓𝟓
𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻 𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴 (𝒌𝒌𝒌𝒌)

vs.



90Y for HCC – Data
Trials

• PREMIERE – Y90 significantly prolongs TTP 
compared to cTACE

• LEGACY – Threshold dosimetry radiation 
segmentectomy has high rate of durable 
imaging response

• DOSISPHERE-01 – Personalized dosimetry 
improves imaging response and 
downstaging to surgery for prolonged OS

• TARGET – Real-world study confirms tumor 
absorbed dose drives imaging response & OS

• RASER – Prospective study confirms imaging 
and pathologic response after Radiation 
Segmentectomy

• TRACE – Y90 offers superior tumor control and 
survival compared to DEB-TACE

Guidelines
Contemporary dosing recommendations from an 
international multidisciplinary group help to guide 
reproducible results for 5 HCC clinical scenarios:

International Guidelines
90Y added to international guidelines and 
recommendations on the strength of pivotal trials

Radiation 
Segmentectomy

Radiation 
Lobectomy

Multifocal 
Unilobar w/o PVT

Multifocal 
Bilobar w/o PVT

Macrovascular 
Invasion



Yttrium-90 Radioembolization Has Become the Most 
Utilized Bridging Treatment for Liver Transplant 
Candidates in the United States
Riad Salem1, Allison J Kwong2, Nathan Kim3, Daniel Y Sze4, Neil Mehta3

– JVIR 2024

1Department of Radiology, Section of Vascular and Interventional Radiology, Northwestern University, 676 N. St. Clair, Suite 800, Chicago, IL 60611
2Division of Gastroenterology and Hepatology, Department of Medicine, Stanford University, Medicine, Stanford, CA
3Division of Gastroenterology and Hepatology, Department of Medicine, University of California at San Francisco, San Francisco, CA
4Division of Interventional Radiology, Department of Radiology, Stanford University, Stanford, CA

90Y Timeline



Y90 first recorded as 
bridging modality in 
OPTN database

Salem et al. (2018) – NW adopts 
Y90 for HCC from 1,000 patient, 
15-year study

PREMIERE (2016) – 
TheraSphere prolongs TTP 
compared to cTACE

LEGACY (2020) – Confirms 
TheraSphere as neoadjuvant/ 
standalone HCC therapy

TRACE (2022) – TheraSphere 
offers superior tumor control 
and survival compared to DEB-
TACE

PMA + BCLC (2021) – TheraSphere 
approved for HCC, driving Y90 
adoption into international 
guidelines

Salem et al. (2010) – First 
large report (291 patients) 
of long-term outcomes 
following Y90

90Y Timeline



90Y for HCC – Data
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90Y for HCC – Data
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Y90 Case Example
• 63 yo M with HCV cirrhosis found to have a 3.8cm mass in seg V

• MELD-Na 7

• Total Bilirubin 0,5, Albumin 3.2

• AFP 1.2



Imaging



Mapping



• Perfused volume: 95mL
• LSF: 5.2%
• Target Dose: 691Gy

• We selected a 4GBq vial (W1 Thurs) 
to be delivered to a subsegmental 
branch of segment V

Delivery



Delivery



• 6 month MRI: CR with obvious necrosis 
throughout the tumor location.  No residual 
or recurrence.

• Using absorbed dose, 1200Gy = 197,567 
spheres were delivered to tumor

• Accounted for 22% of 4GBq vial or 16,062 
spheres/mL

• 614Gy to 83mL normal tissue
• 8,213 spheres/mL

Follow-up Imaging and Discussion

18 months later!



• Heterogeneous sphere distribution
• Hot areas that receive more dose

• D5 = 1549Gy (20,734 spheres/mL)
• Relatively colder areas that receive less dose

• D95 = 799Gy (10,695 spheres/mL)
• V400 = 100%

• Planned target dose: 691Gy
• D95 = 799Gy

• Tumor volume: ~30mL
• Perfused volume: 95mL

Exploring the Case a Little More…



Radiation Segmentectomy is Curative for Early HCC!

PI-1016107-AA



• CPN and no local progressions when applying threshold dosimetry 
of 400 Gy (glass) as demonstrated in the LEGACY study

• Neoadjuvant as a bridge to transplant or resection
• Tumor response rates exceeding 90% by mRECIST
• Time-to-progression of 2.4 years 
• Median overall survival of 6.7 years in selected patients

• Overall Survival at 1, 3 and 5 years of 100%, 82% and 75% in 
patients with baseline tumor size ≤3 cm.

Radiation Segmentectomy is Curative for Early HCC

PI-1016107-AA



Y90 for mCRC EPOCH
• Prospective, RCT of 428 patients at 95 sites worldwide
• Adding Y90 to standard of care 2nd line chemotherapy
• Results

• Increased PFS 8 months vs 7.2 months (p=0.001)
• Increased hPFS 9.1 months vs 7.2 months (p<0.001)
• No significant difference in OS
• Chemotherapy-related adverse events were comparable between the groups
• Y-90 did not compromise ability to receive additional chemotherapy

Mulcahy et al., 2021. J Clin Oncol.



A Brief History Lesson: Interventional 
Oncology’s Toddler Years
• “You can’t really know where you are 

going until you know where you have 
been.”

• Maya Angelou



TACE
• Generate tumor necrosis by:

• Therapeutic agent delivery
• Tissue devascularization

• Types
• cTACE
• DEB-TACE

• Chemo agents
• Doxorubicin
• Cisplatin
• Mitomycin



Intra-arterial Therapy (Chemoembolization)

Lancet 2002.



Intra-arterial Therapy (Chemoembolization)

Lancet 2002.





TACE Case Example
• 67 year old male with known diagnosis of HCC by imaging. 

• MELD of 13 on presentation, Child Pugh B, ECOG – 1

• Tbili 0.7, Alk Phos – 189, AST – 12, ALT – 24, AFP – 62, Cr – 0.7

• Patient initially read outside of Milan at outside center and was deemed non-surgical. 



Initial Imaging

Arterial Phase (left) and Portal Venous Phase Image
(bottom right) demonstrating enhancing residual lesion





TACE Images – treated with 1 vial LC Beads



Post TACE CT 30 days later: 

Post treatment changes: Internal nodular enhancing components “concerning for residual disease”





Post – Ablation CT and MRI thirty days later with 
no residual disease and continued surveillance 
recommended. 



Patient follow-up: 
• Patient activated on transplant list and after 6 months of surveillance was transplanted 

without complication in 5/2018.



• 93 patients with HCC bridged to transplant
• Objective response to DEB-TACE highlights tumors with 

favorable biology (p<0.001).
• Nonresponders to treatment highlight an increased risk 

of posttransplantation HCC recurrence (35% vs 1% 
p<0.001).

Our Transpant Cohort 2012-2017

PI-1295008-AA

Sandow et al. Radiology 2018.



What we began to notice…

• New proposals for allocation of liver transplant.
• Changing from district models to acuity circles.

• Transplant listing times were starting to get longer.
• 1-3 month waitlist times were now becoming 6+ months.
• Patients were needing more interventions.

• It’s time for us to pivot…

PI-1295008-AA



Intra-arterial Therapy (Y90 vs TACE)

• Prospective, RCT: TACE or Y90
• Y90 provided longer TTP and lower 

toxicity
• No significant difference in mOS

Gastroenterology 2016; 151:1155-1163.

PI-1295008-AA



The year is 2025… Time to follow advancements in 
science.

PI-1016107-AA



Ok… I still don’t believe you.  
Y90 vs TACE

PI-1016107-AA



Results
• Secondary Endpoint: Median OS – ITT population

• TARE: 30.2 months

• DEB-TACE: 15.6 months

• ITT: HR 0.48, p = 0.006



• Y-90 glass TARE resulted in significantly slower tumor progression compared to DEB-TACE for 

early/intermediate HCC not amenable to curative treatment

• TARE and DEB-TACE had equally high ORR

• Local tumor control was more durable with TARE

• OS was longer in TARE arm

• More patients underwent transplant in the TARE arm

Conclusion



• 55 year old female with ESLD secondary to EtOH use

• CP B (8), MELD of 13, ECOG – 1

• Patient had single 2.5 cm lesion in segment 8 diagnosed by imaging 

• AFP: 6, T Bili: 2.0, Albumin: 2.9, LFTs: normal

• Patient with history of prior Doxorubicin TACE with partial response to treatment

Why We Changed Case Example

PI-1295008-AA



Post-TACE Imaging

PI-1295008-AA



Mapping Angiogram Images

PI-1295008-AA



Procedure
• We proceeded to dose for selective radiation segmentectomy with a single 7 Gbq dose. 

• First week administration on a Tuesday with an estimated 672 Gy administered to the 
segment. 

• Treatment performed without complication and with same day discharge. 

PI-1295008-AA



Post-Procedure MRI at 3 months

PI-1295008-AA



• Patient underwent liver transplant 3.5 months post-Y90 administration with pathology 
showing 100% tumor necrosis. 

• Takeaways:
• Segmentectomy is a good option for lesions that may be in a difficult location for ablation or when patient 

prefers to have arterial therapy.
 
• Complete tumor necrosis can be achieved with segmentectomy. 

Patient Follow-up and Take Home Point

PI-1295008-AA



• Curative (Expected survival > 5 yrs)

• Palliative (Expected survival > 2.5 yrs for 
intermediate, > 2 yrs for advanced)

• Supportive

Triaging Options

PI-1295008-AA



What about Neuroendocrine tumors?

• Current NCCN guidelines recommend TACE (or bland embolization) and 
radioembolization for patients with unresectable, liver-dominant, well-differentiated 
NETs

• Progressive disease or symptomatic despite systemic therapy

• Meta-analyses and multi-institutional studies show TACE may be associated with 
improved OS compared to TARE

• PFS and complication rates similar amongst modalities

• RETNET: prospective, RCT utilizing TACE, TAE, and TARE
• Interim analysis does not favor a specific modality
• Drug-eluting bead chemoembolization arm closed early 2/2 safety concerns

PI-1295008-AA

Ann Surg Oncol. 2021 Apr; 28(4):1950-1958.
J Am Coll Surg. 2020 Apr;230(4):363-370.
Eur Radiol. 2017 Dec;27(12):4995-5005.



Moving on…



What else is new?!?!

• Histotripsy, IRE, PEF, PHP…

PI-1295008-AA



HEPZATO KIT

• Closed circuit of catheters and filters 

• Delivers chemotherapeutic agent (melphalan) 
directly with simultaneous filtration of hepatic 
venous blood during drug infusion and washout

• Results in relatively high melphalan dose locally 
to intrahepatic tumors but also reduced 
systemic exposure. 



Selection of Balloon Spacing

Confidential – For Delcath Internal Use 
Only 

79

The HEPZATO KIT comes available with two different lengths of balloon 
spacing:  50mm and 62mm:

Important: IR needs to decide which KIT (50mm or 62mm spacing) will be used for the 
PHP procedure before the actual PHP procedure

62mm spacing 
Variation in the 

length of the retro-
hepatic segment of 

the inferior vena 
cava

Relative positions of 
hepatic and renal 

veins

Variables that affect the choice of balloon spacing length:

79

Interventional 
Radiologist 



IR Procedural Flow - Catheter Location 

80

Based on evaluation of hepatic artery, two different infusion strategies can be utilized: 
lobar infusion or whole liver infusion.

Embolotherapeutic Strategies for 
Hepatocellular Carcinoma: 2020 
Update, Kishore et al, Cancers 

Variant anatomy of the hepatic artery 
in adult Kenyans , European J ournal of 
Anatomy, 2007,  Kitungu et al.  

If performing a whole liver infusion approach:
Performing a whole liver infusion approach is dependent on arterial blood flow 
Whole liver infusion may require minimal embolization.

If performing a lobar infusion approach:
• The catheter is positioned to isolate a lobe 
• The treatment is administered sequentially 
• It requires HEPZATO dose splitting
• Dosing to each lobe is based on relative liver volume and is traditionally a 60% (right lobe) to 40% (left 

lobe) split. 
• The catheter must be repositioned during HEPZATO infusion
• It is suggested to begin with the most difficult catheterization point in order to minimize catheter 

repositioning time 

Interventional 
Radiologist 

Distal catheter placement to non-hepatic arterial branches can reduce requirements for embolization.
adequate catheter positioning minimizes risk of infusion failure and reflux.



Start ECF Bypass 
Circuit

IR Procedural Flow - Establishing Hemofiltration & Isolation 

Confidential – For Delcath Internal Use 
Only 

81
During Hemofiltration and Isolation, the Perfusionist continuously monitors the pump pressures

Bypass:
Venous blood aspirated from central lumen 

Blood flows through fenestrations in DBC 

Blood flows through the  pump 

Blood flows through the bypass line 

Blood returns to the patient through the venous 
return sheath

When HEPZATO has been delivered to the procedural room and the connection of the hemofiltration 
circuit to catheters has been made, the perfusionist turns on the pump and then bypass can be started.

81

Interventional 
Radiologist 



Evidence for PHP

• Prospective phase II study in 35 patients with uveal melanoma liver metastases
• ORR: 72%
• Median OS: 19.1 months

• Significantly longer in patients who responded to treatment (27.5 months vs 11.9 months, p<0.001)

• 1-year OS of 77% and 2-year OS of 43%
• PFS: 7.6 months
• hPFS: 11.2 months

PI-1295008-AA

Ann Surg Oncol. 2021 Feb;28(2):1130-1141.



What about mixing treatments together?



Why Add Y90 to immunotherapy in HCC?

Locoregional therapies

Immune 
Checkpoint 
Inhibitors

Tumor Microenvironment

Brandi N et al, Int J Mol Sci 2023,24,8598



Combination Case Example
• 70 yo M with HCV cirrhosis found to have a 9cm mass in seg V

• MELD-Na 6

• Total Bilirubin 0,4, Albumin 3.8

• AFP 16



Imaging

PI-1016107-AA



Mapping

PI-1016107-AA



• Perfused volume: 289mL (207mL + 82mL)
• LSF: 6.9%
• Target Dose: 550Gy (483Gy + 732Gy)

• We selected a 5GBq vial (W1 Wed) to be 
delivered to a subsegmental branch of 
segment VI and 3GBq vial (W1 Wed) to be 
delivered to a subsegmental branch of 
segment V

Delivery

PI-1016107-AA



Delivery

PI-1016107-AA



• 6 month MRI: CR with obvious necrosis 
throughout the tumor location.  No residual 
or recurrence.

Follow-up Imaging and Discussion

PI-1016107-AA

18 months later!



Ochsner’s Combination Therapy Data
• 40 patients with median f/u of 12 months

• Predominantly Child-Pugh A (96%)
• Predominantly HCV cirrhosis (76%)
• BCLC-C tumor burden (51%)
• Median tumor size 7.7cm

• Target lesion: 82% ORR, 51% CR
• Overall response: 59% ORR, 41% CR
• 2-yr OS: 55%

• No difference in AEs, delays, or discontinuation based on regimen
• Sequencing had no effect on response or TTP
• Achieving CR strongly associated with TTP (p<0.001) and PFS (p<0.001)



• Treatment-related AEs (Grade 3-4): 35% (14/40)
• Steroid use: 28%
• Treatment delays: 31%
• Discontinuation: 10%

Results
All AEs Any Grade Grade 3 or 4
Fatigue, n (%) 23 (58) 0 (0)
Hyponatremia, n (%) 19 (48) 2 (5)
AST increase, n (%) 19 (48) 3 (8)
ALT increase, n (%) 15 (38) 2 (5)
Platelet count decrease, n (%) 19 (48) 0 (0)
Decrease appetite, n (%) 18 (45) 0 (0)
Bilirubin increase, n (%) 15 (38) 3 (8)
Rash, n (%) 14 (35) 0 (0)
Hypertension, n (%) 12 (30) 0 (0)
Nausea, n (%) 12 (30) 0 (0)
Hypothyroidism, n (%) 8 (20) 0 (0)
Asthenia, n (%) 8 (20) 0 (0)
Vomiting, n (%) 8 (20) 0 (0)
Constipation, n (%) 8 (20) 1 (3)
Abdominal pain, n (%) 7 (18) 0 (0)
Edema, n (%) 7 (18) 0 (0)
Pruritus, n (%) 7 (18) 0 (0)
Weight decrease, n (%) 7 (18) 0 (0)
Pyrexia, n (%) 5 (13) 0 (0)
Diarrhea, n (%) 5 (13) 1 (3)
Cough, n (%) 4 (10) 0 (0)
Proteinuria, n (%) 4 (10) 0 (0)
Mucositis, n (%) 2 (5) 0 (0)
Epistaxis, n (%) 2 (5) 0 (0)
Alopecia, n (%) 1 (3) 0 (0)
Insomnia, n (%) 1 (3) 0 (0)
Dizziness, n (%) 1 (3) 0 (0)
Pneumonitis, n (%) 1 (3) 1 (3)
Bowel perforation, n (%) 2 (5) 2 (5)
AEs that Led to Treatment Change
Total AEs, n (%) 39 (98) 14 (35)
AEs that led to discontinuation, n (%) 3 (8)
AEs that led to delay in treatment, n (%) 10 (25)
AEs that led to death, n (%) 1 (3)
Immune-mediated AE requiring steroid use, n (%) 11 (28)

Supplemental Table 1. All Adverse Events

Abbreviations: Adverse events (AEs), Aspartate aminotransferase (AST), Alanine 
aminotransferase (ALT). 

Cohort (n = 40)



• Median TTP: 13 months
• Median PFS: 12 months
• Median OS: 19 months

Survival Outcomes



• Target CR -> improved TTP (p=0.001), PFS (p=0.002), and OS (p=0.003)
• Overall CR -> stronger TTP (p<0.001), PFS (p<0.001), and OS (p<0.001)
• Median OS: not met for CR

Survival Outcomes by Response



• Median TTP: 10 months
• Median PFS: 10 months
• Median OS: 15 months

Survival Outcomes for Advanced HCC



• TTP by response: 15 months CR vs 5.5 months non-CR (p=0.015)
• PFS by response: 15 months CR vs 5.5 months non-CR (p=0.015)
• OS by response: median not reach for CR vs 12 months non-CR (p=0.004)

Survival Outcomes for Advanced HCC by Response



When Combination Works… it works well!

PI-1720411-AA



Thank you for your time and attention!





Thank you!
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