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Rationale for Intra-arterial therapies for cancer] midt

Solid tumours cannot grow more than a few milimeters,
without access to a blood supply. *

Neovascularization, is relatively uncommon in most normal
tissues but is an essential feature of solid tumors (Folkman 2002)

Tumor Survival, Progression & Spread -
depends firmly on vascular supply
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Abstract

The growth of solid tumours relies on an ever-increasing supply of oxygen and nutrients that

ire delivered via vascular networks. Tumour vasculature includes endothelial cell lined

1. Folkman J. What is the evidence that tumors are angiogenesis dependent? J Natl Cancer Inst. 1990 Jan 3;82(1):4-6. doi: 10.1093/jnci/82.1.4. PMID: 1688381.
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CANCER IN ANCIENT INDIAN SURGERY -
Department of Surgery, I:I:.‘Ln‘u[(?.u,lf)r\li};ﬁﬁ;l'lﬁ"l;r s Banaras Hindu Universi S a ita
Varanasi-221 005, India, I I l I l

BN  Oldest medical text on surgery

ABSTRACT: This paper contains some valid interpretations of the
‘ explanations of the disease- Cancer in terms of such relative disease
‘ Ayurveda, This is a result of a critical observation of the Susruta Sambhita, followe

by the translation of this authentic text of ancient Indian Surgery done by the
author and his colleagues,

2500 years ago in the town of Varanasi, 2. Blood-tumour (Raktirbuda)

Su#_ru}a_. the I-‘nlhqr of Surgery wrote his (S. S. 1L 11. 15/2-171)
Samhila, the classical Ayurvedic surgical 2 ;
reatise in Sanskrit, The vitiated dosas compressing and

contracting theSonita and vessels withou
T'o make its contents known to the undergoing suppuration and along with the
nodern scientists of the world its authentic, discharge make the mascular lumps promi
wientific, research-oriented syntax, English nent.  This is studded with fleshy buds and
interpretation is being brought out as a increases rapidly.  This continucusly dis-
monumental, encyclopaedic 12 volumes charges vitiated blood is incurable and is
(over S000 pages) Ancient Indian surgery known asirgigtdrbuda, because of the com-
serics from the Institute of Medical plication haemorrhage the patient with
Sciences, Banaras Hindu University. this tuggbur becomes anaemic.

fuscle ~ Tumour (Mars<arbuda)

Based on the above work some relevant (S.S. I1. 11. 17/2-19)

excerpts on cancer and related matters in

ancient Indian surgery are being given Due to fist blows, etc. the muscles of
below. injured parts get vitiated and swollen. This
< O T is painless and smooth, is of the same
E : m | colour (as skin), is non-suppurating, is like
Q1 s o a stone and is fixed. This vitiated muscle
S s

increases much more in the non-vegetarian
This is mimsirbuda and is said to be
incurable. Even out of those which are
curable, those which discharge, those situa-
ted over the vital parts over the srotasas
and those which become fixed, should be
discarded from treatment.

The dosas having got vitiated in any
part of the body and afflicting the mimsa
produce a swelling in the latter. This
(lesion) is circular, fixed, slightly painful,
big insize, broad based, slowly growing and
does not suppurate; the same is called
arbuda by the experts of this science. This 4. Multiple Tumours (S. S. I1. 11, 21)
is produced by (vitiated) vata, pitta and

kapha and by rakta and mamsa and also by When another tumour grows over the

medas, Its clinical features are always like pre-existing one, that is known adhyarbuda

that of granthi. by the oncologist. When two tumours grow
137

Singhal GD. Cancer in ancient Indian surgery. Anc Sci Life. 1983
Jan;2(3):137-40. PMID: 22556969; PMCID: PMC3336753.




Harmless fumor

Metastatic
spread

&+ vessel
@ ®* growth
" factors

Angiogenesis - Growth Factors

https://phiab.com/commentary/no-blood-no-tumor/

Neovascularization

Cancer Ecosystems. Front Oncol. 2018 Jul 2;8:248. doi:

Zuazo-Gaztelu |, Casanovas O. Unraveling the Role of Angiogenesis in AH
10.3389/fonc.2018.00248. PMID: 30013950; PMCID: PMC6036108. https://www.science.org/doi/10.1126/sciadv.abb0020



Rationale midt

Targeted through
blood vessels

Normal Liver blood supply %

Arterial ~ 20 to 25% + REA /IMWA/ Cryo

Hepatic Tumors - Almost exclusive supply by the T EBRT
hepatic artery

https://medicalxpress.com/news/2018-06-blood-vessel-forming-cells-involved-aggressive.html



BIRDSHOT PELLETS SPREAD PATTERN
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Why Intra-arterial ?J NHAmdt
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Shooter with 28-gauge
shatgun using No. 8 birdshot
alming at the target

Conventional anticancer systemic therapies

rge .
erdargement of the
pellets holes below.

Poor selectivity - Suboptimal effect

Low therapeutic Ratio - high side effects

Siemann DW, Horsman MR. Vascular targeted therapies in oncology. Cell Tissue Res. 2009 Jan;335(1):241-8. doi: 10.1007/s00441-008-0646-0. Epub 2008 Aug 28. PMID: 18752004; PMCID: PMC2788502.



IV Systemic Therapy UL

Osmotic protein increased Transient increase in tumor High concentration of chemotherapy
recirculated and ‘washed out’

Plasma binding by tumor lysis \O chemotherapy
) O

O

Wrong target o .
(side effects)
Chaotic tumor o O o (@)
vasculature O O
High interstitial
fluid pressure  Convection Extravascular space/ o o
pathways tumor o
obstructed

Cell wall permeability

iv.
injection

l Lysosome attack h Arterial wall e

r— © ® ° S
Chemo-

—- @ Intravascular space o
therapy » )
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Nuclear wall

T Wall extrusion
pumps T]'H:' Ttlﬁt'i\ft H({Vﬂﬂtﬂg{? (RT) []FHAI over thu‘.’. t)"pi{.:ﬂl intra\fcm_\us route iS gi\"(‘.l‘l }!Y E"l'lﬂ f'-u"[]wing {"[JT'I'I'!U]EI:
Dense extracellular
Dense cellular matrix TBC
Vascular  packing RT =1+ (Equation 1)
immune ndothelium O(l-¢) i
attack ermeability
Dilution
(AP) and the oncotic pressure gradient across the capillary (A]])” 17,8,631. Starling’s equation is as follows:
Figure 8. Standard intravenous chemothelapy delivery to neoplasms relies on simple diffusion gradients from the intravascular to the
J, =K, (R~ P)-o(ll,~T1)) (Baacion2)

interstitial space. Summarizes numerous barfiers which prevent efficient iv. chemotherapy delivery to the target tumor cell.

Future

Systematic Review

For reprint orders, please contact: reprints@futuremedicine.com

Even IV systemic therapies reach tumors cheilengesindiemery e

comparison of standard chemotherapy
delivery to locoregional vascular mass fluid

through IA route Eliligny

Rodney J Lane*'?, Nyan Y Khin®*, Nick Pavlakis®, Thomas J Hugh®, Stephen J Clarke®,
John Magnussen?, Chris Rogan® & Roger L Flekser*



Strategies for better delivery of chemotherapy /A\J-madt
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llncrease IV chemo dose ‘

Intra-arterial delivery close to tumor

Increase permeability of drug

High local extraction and

concentration Overcome blood-brain-barrier/ Blood-tumor-barrier

Use of carrier molecules/vehicle

Increase diffusion pressure

Short plasma half-life to avoid systemic accumulation
High total body clearance.
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Highly selective

Intra-arterial delivery- Major
treatment goals

Minimally-toxic

Siemann DW, Horsman MR. Vascular targeted therapies in oncology. Cell Tissue Res. 2009 Jan;335(1):241-8. doi: 10.1007/s00441-008-0646-0. Epub 2008 Aug 28. PMID: 18752004; PMCID: PMC2788502.



: Diagnostic and Interventional Imaging
£ ANk Volume 95, Issue 1, January 2014, Pages 27-36

Review

Hepatocellular carcinoma vascularization:
From the most common to the lesser known
arteries

. Cazejust 2 @, B. Bessoud, N. Colignon, C. Garcia-Alba, O. Planché, Y. Menu

Siemann DW, Horsman MR. Vascular targeted therapies in oncology. Cell Tissue Res. 2009 Jan;335(1):241-8. doi: 10.1007/s00441-008-0646-0. Epub 2008 Aug 28. PMID: 18752004; PMCID: PMC2788502.
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ESSENTIAL PRE-REQUISITE for
Successful intra-arterial therapy

d

Review > JpnJ Radiol. 2011 Jul;29(6):371-7. doi: 10.1007/s11604-011-0568-8. Epub 2011 Jul 24.
Correct placement of catheter and
Efficacy of cone-beam computed tomography during

transcatheter arterial chemoembolization for
hepatocellular carcinoma

Shiro Miyayama ', Masashi Yamashiro, Yuki Hattori, Nobuaki Orito, Ken Matsui, Kazunobu Tsuji
Miki Yoshida, Osamu Matsui

Optimal drug/particle delivery
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Retina: IAC-treated Eye vs. IVC-treated Eye

Does Intra-arterial Chemotherapy

>

achieve required concentration 2}

Crmax B AUC
__ 10,000 p=0.01 = 0000 i) p=0.005
25 1,000 e S 1000 X
5 d | I I
T Floxuridine (FUDR - 5-FU) short 5 5 | I
half-life e e
HAI T Hepatic extraction rate ~ 95%,
i Tumor exposure —_ 400 ’[imeS . Vlt;:eous: IAC—treaDted Eye vs. IVC-tre:tsg Eye
greater than the systemic 10000 _ o0
. . = p<0.001 2 .00 |
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Treatment

Laface C, Laforgia M, Molinari P, Ugenti |, Gadaleta CD, Porta C, Ranieri G. Hepatic Arterial Infusion of Chemotherapy for Advanced Hepatobiliary

Cancers: State of the Art. Cancers (Basel). 2021 Jun 21;13(12):3091. doi: 10.3390/cancers13123091. PMID: 34205656; PMCID: PMC8234226.

Daniels AB, Froehler MT, Kaczmarek JV, Bogan CM, Santapuram PR, Pierce JM, Chen SC, Schremp EA, Boyd KL, Tao YK, Calcutt MW, Koyama T, Richmond A, Friedman DL. Efficacy, Toxicity, and Pharmacokinetics of Intra-
Arterial Chemotherapy Versus Intravenous Chemotherapy for Retinoblastoma in Animal Models and Patients. Transl Vis Sci Technol. 2021 Sep 1;10(11):10. doi: 10.1167/tvst.10.11.10. PMID: 34495330; PMCID: PMC8431978.
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Majority of vascular cancer therapies are
ANTITUMOR AGENTS

'Chemotherapy Chemotherapy T /Radiotherapy + Particles
IAC Retinoblastoma Particle Embolization , SIRT/TARE +Liver

HCC lodine 131

: Yttrium 90
Liver Mets Rhenium 188
Holmium 166
lodine 125

Renal

Retroperitoneum

Bony Mets

\ Gastric

Chevallier O, Mvouama S, Pellegrinelli J, Guillen K, Manfredi S, Ghiringhelli F, Falvo N, Midulla M, Loffroy R. Percutaneous Implantation of a Microcatheter-Port System for Hepatic Arterial Infusion Chemotherapy of

Unresectable Liver Tumors: Technical Feasibility, Functionality, and Complications. Diagnostics (Basel). 2021 Feb 26;11(3):399. doi: 10.3390/diagnostics11030399. PMID: 33652814; PMCID: PMC7996956.
Laface C, Laforgia M, Molinari P, Ugenti |, Gadaleta CD, Porta C, Ranieri G. Hepatic Arterial Infusion of Chemotherapy for Advanced Hepatobiliary Cancers: State of the Art. Cancers (Basel). 2021 M

Jun 21;13(12):3091. doi: 10.3390/cancers13123091. PMID: 34205656; PMCID: PMC8234226.
Neugut Al, Prigerson HG. Curative, Life-Extending, and Palliative Chemotherapy: New Outcomes Need New Names. Oncologist. 2017 Aug;22(8):883-885. doi: 10.1634/theoncologist.2017-0041. Epub 2017 May 26. PMID:

28550031; PMCID: PMC5553954.



Rationale for TACE & TARE/SIRT midt

ﬂﬁu’r LOOK. I'M

JUST-THE RIGHT SIZE.

LIVER
Terminal arterioles ~10-50
Met arterioles 10-20
Capillary 8-30
Collecting venules 10-50

DSMs 50 £ 7um microspheres
DEB-TACE 300 500 P

I(_)i;)\;\(/)dol small 10 #40-pm and large 30 120-um droplet W/O and Q Sma” enough to IOdge |n
the tumor vascular bed

Large enough not to pass
through capillaries

Therasphere (20-30 m) SIR-sphere (20-60 m)
90Y Mixed with glass matrix Surface of resin sphere
Activity per sphere 2,500 Bg* 50 Gq

/\H https://www.science.org/doi/10.1126/sciadv.abb0020




Harmless fumor

Rationale for DEB-TACE &
TARE/SIRT

e - Aggressive tumor

spread

Local Antitumor activity

Regional Vascular
Occlusion & Ischemia

Yildiz I, Deniz S, Ozer A, Caliskan K. Trans-Arterial Chemoembolization with 50 m Degradable Starch
Zuazo-Gaztelu I, Casanovas O. Unraveling the Role of Angiogenesis in Cancer Ecosystems. Microspheres Versus 300 $500 m Drug Eluting Beads in Hepatocellular Carcinoma: A Comparative Analysis of
Front Oncol. 2018 Jul 2;8:248. doi: 10.3389/fonc.2018.00248. PMID: 30013950; PMCID: Initial Treatment Outcomes. Journal of the Belgian Society of Radiology. 2022;106(1):10. DOI:
PMC6036108. http://doi.org/10.5334/jbsr.2594 AH
hitps:/iww.science.org/doi/10.1126/sciadv.abb0020 Jin Woo Choi, Hyo-Cheol Kim. Radioembolization for hepatocellular carcinoma: what clinicians need to know. J Liver Cancer
https://evtoday.com/articles/2018-apr/ctace-the-rebirth-of-lipiodol 2022;22(1):4-13 pISSN 2288-

1elSSN 2383-5001 https://doi.org/10.17998/jlc.2022.01.16



Trans-Arterial Chemotherapy for Treatment of
Locally Advanced Pancreatic Cancer:
Treatment Factors Impacting Survival

H. Charles Li - RenovoRx
Alex 5. Tsobanoudis, Jiali Li, Alexander Rosemurgy, J. Augusto Bastidas,

Emmanuel Zervos, Steven Goldin, Peter Muscarella II, Charles Nutting, Barish
Edil, Reza Malek, Ramtin Agah

| ]
Balloon Occlusion Microcatheter

Pressure-Directed
Treatment Solution
for Arterial
Embolization

World 1 Hepatol. Jul 27, 2018; 10(7): 485-495
Published online Jul 27, 2018. doi: 10.4254/wijh.v10.i7.485

Balloon-occluded transcatheter arterial chemoembolization for
hepatocellular carcinoma

Takeshi Hatanaka, Hirotaka Arai, Satoru Kakizaki



Microcatheter

shaping

Region of interest
selection

simulation

Central axis
extraction

FULL TEXTARTICLE m] dt

Artificial Intelligence-Assisted Microcatheter Shaping for regionmidtjylland
Intracranial Aneurysm Coiling: A Preliminary Study S\ 3

Changya Liu, Yin Shen, Xinxin Wu, Kang Qian, Xuebin Hu and Haifeng Yang
Annals of Vascular Surgery, 2022-09-01, Volume 85, Pages 228-236, Copyright @ 2022 Elsevier Inc

ORIGINAL RESEARCH

Multimodal angiographic assessment of cerebral
arteriovenous malformations: a pilot study
Raphaél Blanc,' Aude Seiler,” Thomas Robert,” Humain Baharvahdat,

Maxime Lafarge, * Julien Savatovsky,* Jéréme Hodel,® Gabriele Ciccio,’
Dorian Chauvet,® Silvia Pistocchi,' Bruno Bartolini,' Hocine Redjem,  Michel Piotin'



Biomed Microdevices Author manuscript: available in PMC 2015 Feb 1. PMCID- PMC3845604

Fublished in final edited form as: NIHMSID: NIHMS532482
Biomed Microdevices. 2014 Feb; 16(1). 97-106 PMID: 24132857
doi: 10.1007/510544-013-9809-1

regionmidtjylland

System architecture for a magnetically guided endovascular microcatheter

Ryan S. Sincic, R.8.5, Curtis J. Caton, C.J.C.,2 Prasheel Lillaney, P.L.," Scott Goodfriend, $.G.,2 Jason Niemi, J.N_,2
Alastair J. Martin, A.J.M_," Aaron D_Losey, AD.L.," Neel Shah, NS ' ErinJ Yee E.JY,'lee Evans LE.!

Vincent Malba, V.M., Anthony F_Bernhardt, A F.B.,! Fabio Settecase, F 5., Daniel L Cooke, D.L.C.,' Maythem Saeed,
M.S., " Mark W Wilson, MWW, " and Steven W Hetts, SW.H.!

B Functionalities of integrated self-assembled catheters

elenipuisticnl  Electronic
functionalities - functionalities

(1) Fluid delivery : (3) Navigation

(d)

C Micrograph

Electronic leads
Magnetic sensors
Manipulator

Blood cloth

Blood vessel

Host catheter

Integrated Rivkin B, Becker C, Singh B, Aziz A, Akbar F, Egunov A, Karnaushenko DD, Naumann
Iicrochetar - R, Schéfer R, Medina-Sanchez M, Karnaushenko D, Schmidt OG. Electronically
integrated microcatheters based on self-assembling polymer films. Sci Adv. 2021 Dec
17;7(51):eabl5408. doi: 10.1126/sciadv.abl5408. Epub 2021 Dec 17. PMID: 34919439;
PMCID: PMC8682992.




Interventional Vascular Therapies for Cancer

Intraarterial Chemotherapy Infusion Internal Radiotherapy
| LA ’ DN

Angular branch of NN/ 7N\ =) / ﬁ\
Facial a. anastomoses —),% CSg /:-v 3, QA | °
with Ophthalmic a. A \L\ ﬁ - \ d
y \l=/ Whole liver Bilobar

<
Sphenopalatine =
branch of IMA |
anastomoses
with Ethmoidal a. {

Catheter

\

Chemotherapy with embolization (TACE)

Lobar or segmental

1) Gain vascular access 2) Select tumor feeding artery ~ 3) Administer drug and embolic
Liver

Catheter Catheter

\

NJH mdt

Endovascular
Brachytherapy

Future

@ Y

Thermal therapy

Endovascular therapy-
based light illumination
technology (ET-BLIT)

Nanovector targeted
delivery

Andrew L. Lewis, Matthew R. Dreher. Locoregional drug delivery using image-guided intra-arterial drug eluting bead therapy. Journal of Controlled Release. Volume 161, Issue 2, 2012, Pages 338-350, ISSN 0168-3659.

https://doi.org/10.1016/j.jconrel.2012.01.018.
https://blog.cincinnatichildrens.org/radiology/finding-new-better-ways-treat-eye-cancer/

Bruno Sangro, Mercedes Ifiarrairaegui, Jose |. Bilbao. Radioembolization for hepatocellular carcinoma. Journal of Hepatology 2012 (56-2); 464-473. ISSN 0168-8278, https://doi.org/10.1016/j.jhep.2011.07.012.






Goal of Intra-arterial vascular therapies

INDICATIONS J

Curative/ Liver Mets

Life extending/palliation

Lung

Renal

Retroperitoneum

Bony metastases

0
-
O
o
©
N
[e)
O
&
()]
@)
&
(D)
L
O

Gastric

Neugut Al, Prigerson HG. Curative, Life-Extending, and Palliative Chemotherapy: New Outcomes Need New Names. Oncologist. 2017 Aug;22(8):883-885. doi: /\H
10.1634/theoncologist.2017-0041. Epub 2017 May 26. PMID: 28550031; PMCID: PMC5553954.



HCC INDICATIONS

HCC

[

)

Ve

N
Based on tumor burden, liver
function and
physical status

Refined by AFP, ALBI score,
Child-Pugh, MELD

Patient characterization ) ( Prognosis)

.

To decide individualized
treatment approach

J

) (

1st Treatment option ]

Expected survival

Very early stage (0)

» Single <2 cm
* Preserved liver function*, PS 0

Early stage (A)

« Single, or 3 nodules each <3 cm
» Preserved liver function*, PS 0

Intermediate stage (B)

* Multinodular
* Preserved liver function*, PS 0

Advanced stage (C)

» Portal invasion and/or extrahepatic spread
* Preserved liver function, PS 1-2

Terminal stage (D)

+ Any tumor burden
« End stage liver function, PS 3-4

(

)

Diffuse, infiltrative,

bilobar liver
involvement

extensive

Potential candidate Single <3 nodules, Extended Well defined
for liver each <3 cm| | liver transplant | | nodules, preserved
transplantation criteria portal flow,
(size, AFP) selective access
Portal pressure,
bilirubin
No Yes\/‘
Contraindications
Normal Increased" tolT
Yes' No

b

[ Ablation

Resection ][Ablation]( Transplant ]( TACE

J

Systemic treatment

: . f

o Not feasible or failure Success _UI
£ downstaging
% || Treatment stage migration
E primes lower priority
o options due to non-liver Not
g related clinical profile TACE feasible
(] Radioembolization (only for single lesion <8 cm) or
i S ; failure
© (Age, comorbidities, patient
g values and availability)
© *Except for those with tumor burden acceptable for transplant

AResection may be considered for single peripheral HCC with

'3 ) adequate remnant liver volume

TS‘ Line
Atezolizumab-Bevacizumab/Durvalumab-Tremelimumab
If not feasible Sorafenib or Lenvatinib or Durvalumab

N e Fooooommrn,

2"Line

Regorafenib
(sorafenib-tolerant)
- Post sorafenib { Cabozantinib
Ramucirumab
(AFP 2400 ng/ml)

- Post atezolizumab-bevacizumab
- Post durvalumab-tremelimumab
- Post lenvatinib or Durvalumab

Cabozantinib

Not
feasible

[

Cllfucal = §

trials = y
=} 3
z Alternative

sequences may
be considered
but they have not
been proved

midt

regionmidtjylland

NI

Reig M, Forner A, Rimola J, Ferrer-Fabrega J, Burrel M, Garcia-Criado A, Kelley RK, Galle PR, Mazzaferro V, Salem R, Sangro B, Singal AG, Vogel A, Fuster J, Ayuso C,
Bruix J. BCLC strategy for prognosis prediction and treatment recommendation: The 2022 update. J Hepatol. 2022 Mar;76(3):681-693. doi: 10.1016/j.jhep.2021.11.018.
Epub 2021 Nov 19. PMID: 34801630; PMCID: PMC8866082.
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Retinoblastoma zindications for IAC

Treatment Algorithm for Retinoblastoma based on laterality and ICRB stage

Retinoblastoma

Bilateral E

or germline mutation

I |
A B
| ]
Cryo

or

X Examination Under Anesthesia

"""""""""""""" 3 Initial Brain and Orbits MRI :

I : Full physical exam by Pediatric Oncologist ;
.................. fececccmssccacancs

* High suspicion or documented
presence of high-risk features

)
.5 ‘ Standard-dose (EOE, choroidal or optic nerve
2 C IVC invasion)
Tt or 6
= (6 cycles) l
EUA reassessment every 4 weeks during active course of treatment
wewwwoo...t Brainand Orbits MRI i Enucleation
» every 6 months until age 5 yo. /
......................... . +/-
- I High-dose
Improvement or Stability Failure >
IVC
& l l (6-9 cycles)
= . ;
é Observation/continue therapy Escalate to globe salvage tx:
> or . z :
% Consolidation therapy with cryo/TTT 3 ::“"""m v“’l-“f e aiopssnsierss "":]:dq-‘n"'
m or IAC
= Recalcitrant seeds or solid tumor— IAC or plaque
- Multiple vitreous sceds — IvitC
- Localized group of vitreous sceds — p-IvitC
- Intracameral sceds — lcamC
Cryo, cryotherapy: EOE, extra ocular ion; EUA, ination under hesia; IAC, intraarterial ch herapy: ; IcamC, il 1 chy herapy: IVC, i
hemotherapy; MRI, i imaging; p-IvitC, precision intravitreal ch herapy: TTT, pupillary th herapy: tx, yo, years-old.

Kenya National Retinoblastoma Strategy Best Practice

ANNEX 1
MANAGEMENT FOR RETINOBLASTOMA
All E eyes Enucleate
Unilateral RB Group B-D Enucleate
Bilateral RB Group A-D Salvage
Group A Focal Laser or Cryoptherapy
@D Chemo@- focal treatment
Pathology pT2a No Chemotherapy
Pathology pT2b-PT3a 4 courses of chemotherapy
Pathology pT3b and worse 6 courses of Chemotherapy + Radiotherapy
Proptosis without metastasis Chemotherapy before enucleation
Metastasis Palliative chemotherapy/radiotherapy

Ancona-Lezama D, Dalvin LA, Shields CL. Modern treatment of retinoblastoma: A 2020 review. Indian J Ophthalmol. 2020 Nov;68(11):2356-2365. doi:

10.4103/ijo.130_721_20. PMID: 33120616; PMCID: PMC7774148.

NI



PROCEDURE TYPES OR SUBSETS
Ql Definitions

Technical success is defined as successful advancement of a catheter
into a tumor vascular supply and transarterial therapy (selected
chemotherapeutic and embolic agents) administration according to an
investigator-designated plan (32).

Clinical success 1s defined as technique effectiveness resulting in the
desired clinical outcome (eg, effective palliation, bridging to trans-
plantation, or tumor downstaging).

Technique effectiveness is defined by response to treatment assessed at
imaging follow-up at a prospectively defined time point (eg, 1-3
months after a treatment cycle) using standardized, validated radiologic
response criteria (86-89).

Effective palliation is defined by control or elimination of cancer-related
symptoms (as in patients with symptomatic, hormone-secreting NETS)
or by clinical outcome improvement quantified using standard onco-
logic measures such as OS, PFES, or TTP (as in tumors such as HCC and
CLM).

Adverse events are defined as any unfavorable and unintended sign
(including an abnormal laboratory finding), symptom, or disease
temporally associated with the use of a medical treatment or procedure
that may or may not be considered related to the medical treatment or
procedure (32).

Success / effectiveness

Criteria

STANDARDS OF PRACTICE

Quality Improvement Guidelines for
Transarterial Chemoembolization and
Embolization of Hepatic Malignancy

Ron C. Gaba, MD, R. Peter Lokken, MD, MPH, Ryan M. Hickey, MD,
Andrew J. Lipnik, MD, Robert J. Lewandowski, MD, Riad Salem, MD, MBA,
Daniel B. Brown, MD, T. Gregory Walker, MD, James E. Silberzweig, MD,
Mark Otto Baerlocher, MD, Ana Maria Echenique, MD, Mehran Midia, MD,
Jason W. Mitchell, MD, MPH, MBA, Siddharth A. Padia, MD,

Suvranu Ganguli, MD, Thomas J. Ward, MD, Jeffrey L. Weinstein, MD,
Boris Nikolic, MD, MBA, and Sean R. Dariushnia, MD, for the

Society of Interventional Radiology Standards of Practice Committee

\!)n rossMark
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Technical success - Percutaneous

placement of catheter in hepatic
artery/branches followed by injection

Technical effectiveness +Obtaining adequate Objective response /\J_|

by Imaging criteria (MRECIST)
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Survival benefit after TACE

Overall survival for
untreated HCC 38 mo (>3 years) 25 mo (>2 years) 10 mo (<1 year)

Giannini EG, Farinati F, Ciccarese F, Pecorelli A, Rapaccini GL, Di Marco M, Benvegnu L, Caturelli E, Zoli M, Borzio F, Chiaramonte M, Trevisani F; Italian Liver Cancer
(ITA.LL.CA) group. Prognosis of untreated hepatocellular carcinoma. Hepatology. 2015 Jan;61(1):184-90. doi: 10.1002/hep.27443. Epub 2014 Nov 26. PMID: 25234419.



Benefits of intra-arterial therapies for HCC =~ ™dt

Response rates and survival are
cTACE = DEB-TACE!

PRECISION V - multicenter RCT phase Il study, DEB-TACE & cTACE =
Similar tumor response (p = 0.11).

PRECISION ITALIA STUDY GROUP phase llI trial

No significant difference in tumor response, time to progression, and survival

between cTACE and DEB-TACE? Median overall survival was 30.2 months after
TARE and 15.6 months after DEB-TACE (ITT
group HR, 0.48; 95% CI: 0.28, 0.82; P = .006).

Facciorusso A, Di Maso M, Muscatiello N. Drug-eluting beads versus conventional chemoembolization for the
treatment of unresectable hepatocellular carcinoma: A meta-analysis. Dig Liver Dis. 2016 Jun;48(6):571-7. doi:
10.1016/j.dld.2016.02.005. Epub 2016 Feb 21. PMID: 26965785.

Reig M, Forner A, Rimola J, Ferrer-Fabrega J, Burrel M, Garcia-Criado A, Kelley RK, Galle PR, Mazzaferro V, Salem R, Sangro B, Singal AG, Vogel A, Fuster J, Ayuso C, Bruix J. BCLC strategy for prognosis prediction and
treatment recommendation: The 2022 update. J Hepatol. 2022 Mar;76(3):681-693. doi: 10.1016/j.jhep.2021.11.018. Epub 2021 Nov 19. PMID: 34801630; PMCID: PMC8866082.
Chang Y, Jeong SW, Young Jang J, Jae Kim Y. Recent Updates of Transarterial Chemoembolilzation in Hepatocellular Carcinoma. Int J Mol Sci. 2020 Oct 31;21(21):8165. doi: 10.3390/ijms21218165. PMID: 33142892; PMCID:

PMC7662786.
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Five-year OS rates (a) and (b) median OS over 5-year intervals in patients with HCC

Giannini EG, Farinati F, Ciccarese F, Pecorelli A, Rapaccini GL, Di Marco M, Benvegnu L, Caturelli E, Zoli M, Borzio F, Chiaramonte M, Trevisani F; Italian Liver Cancer (ITA.LI.CA) group. Prognosis of untreated hepatocellular
carcinoma. Hepatology. 2015 Jan;61(1):184-90. doi: 10.1002/hep.27443. Epub 2014 Nov 26. PMID: 25234419.
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Response rates and survival are
cTACE = DEB-TACE!

PRECISION V - multicenter RCT phase Il study, DEB-TACE & cTACE =
Similar tumor response (p = 0.11).

PRECISION ITALIA STUDY GROUP phase Il trial

No significant difference in tumor response, time to progression, and survival
between cTACE and DEB-TACE?

Facciorusso A, Di Maso M, Muscatiello N. Drug-eluting
beads versus conventional chemoembolization for the
treatment of unresectable hepatocellular carcinoma: A
meta-analysis. Dig Liver Dis. 2016 Jun;48(6):571-7. doi:
10.1016/j.dId.2016.02.005. Epub 2016 Feb 21. PMID:
26965785.

Nouri YM, Kim JH, Yoon HK, Ko HK, Shin JH, Gwon DI.
Update on Transarterial Chemoembolization with Drug-
Eluting Microspheres for Hepatocellular Carcinoma. Korean J
Radiol. 2019 Jan;20(1):34-49. doi: 10.3348/kjr.2018.0088.
Epub 2018 Dec 27. PMID: 30627020; PMCID: PMC6315076.

1. Reig M, Forner A, Rimola J, Ferrer-Fabrega J, Burrel M, Garcia-Criado A, Kelley RK, Galle PR, Mazzaferro V, Salem R, Sangro B, Singal AG, Vogel A, Fuster J, Ayuso C, Bruix J. BCLC strategy for prognosis prediction and
treatment recommendation: The 2022 update. J Hepatol. 2022 Mar;76(3):681-693. doi: 10.1016/j.jhep.2021.11.018. Epub 2021 Nov 19. PMID: 34801630; PMCID: PMC8866082.

2. Chang, Jeong SW, Young Jang J, Jae Kim Y. Recent Updates of Transarterial Chemoembolilzation in Hepatocellular Carcinoma. Int J Mol Sci. 2020 Oct 31;21(21):8165. doi: 10.3390/ijms21218165. PMID: 33142892; PMCID:
PMC7662786.
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Major complication incidence Major complications

2.1% (24/1120) per patient 8.1% per patient
0.84% (24/2863) per TAE/TACE 4.9% per procedure

procedure.
Minor: Postembolization

syndrome 71 (20%) patients



2-year radiation-free ocular survival rate is 86 £90%

Early intraocular disease (Group B and C eyes) -
ocular salvage rates exceeding 85%.

Group D eyes - ocular salvage rates >80% have
been reported in specialized centers.

For patients with very advanced intraocular disease
tsystemic chemotherapy followed by consolidation
with intra-arterial melphalan

Salvage treatment for patients with recurrent or
progressive disease - globe survival rates 50-75%
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Complications related to intra-arterial
chemotherapy

T Retinal detachment (up to 19.3%).
T Vitreous hemorrhage (up to 18.1%)
T Ptosis (13.6%)

T Dysmotility (6.5%)

T Vascular and ischemic effects, including
ophthalmic artery occlusion (up to 9%)

T Optic atrophy (3.4%)

t Phthisis (2.7%)

https://www.cancer.gov/types/retinoblastoma/hp/retinoblastoma-treatment-pdqg 29/62



1 1. Eliminating the use of EBRT,

1 2. Eliminating the use of systemic multiagent
chemotherapy

Ta. Likely eliminating the development of
secondary leukemia

1 b. Reducing expense
T c. Reduced impact on immune function,

Td. Avoiding associated hindrance of patient
growth (height and weight)

Schaiquevich P, Francis JH, Cancela MB, Carcaboso AM, Chantada GL, Abramson DH.
Treatment of Retinoblastoma: What Is the Latest and What Is the Future. Front Oncol.
2022 Apr 1;12:822330. doi: 10.3389/fonc.2022.822330. PMID: 35433448; PMCID:

PMC9010858.
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T 3. increasing the rate of eye salvage. At MSKCC, this
rate has increased from 5 to 95% (42).

T 4. Enabling salvage of eyes that have failed
multiagent systemic chemotherapy

T 5. Reducing the time from initiating to completing
therapy (2).

T 6. Successful treatment of choroidal invasion, orbital
retinoblastoma and optic nerve invasion in select
cases (43, 44).

T 7. Enabling cure of eyes with vitreous and or
subretinal seeding which was nearly impossible with
systemic chemotherapy and usually failed with
external beam radiation.

T 8. Avoidance of increased risk of orbital disease or
second cancers (45).

T 9. Allowing almost 25% of all eyes with retinal
detachment and extinguished ERGs to regain more
than 25 9 of activity (46).
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1. Tumor control / Symptom control *
Embo/Chemo-embo

2. Endovascular RFA & Brachytherapy *
PV tumor thrombus

Desai KR, Chen RI. Endovascular therapy for palliative care of cancer patients. Semin Intervent Radiol.

2007 Dec;24(4):382-90. doi: 10.1055/s-2007-992326. PMID: 21326590; PMCID: PMC3037249.

Li L, Cheng N, Huang X, Weng X, Jiao Y, Liu J, Guo W. Efficacy and safety of endovascular
brachytherapy combined with transarterial chemoembolization for the treatment of hepatocellular
carcinoma patients with type Il or IV portal vein tumor thrombosis. World J Surg Oncol. 2022 Feb
2;20(1):30. doi: 10.1186/s12957-022-02495-4. PMID: 35109883; PMCID: PMC8808970.

Chen ZW, Lin ZY, Chen YP, Chen J,
Chen J. Clinical efficacy of
endovascular radiofrequency
ablation in the treatment of portal
vein tumor thrombus of primary
hepatocellular carcinoma. J Cancer
Res Ther. 2018 Jan;14(1):145-149.
doi: 10.4103/jcrt.JCRT_784_17.
PMID: 29516977.
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Rachapalli V, Boucher LM. Superior vena cava syndrome: role of the interventionalist. Can Assoc Radiol J. 2014 May;65(2):168-76.
doi: 10.1016/j.carj.2012.09.003. Epub 2013 Feb 14. PMID: 23415716.

3. Stenting for SVC syndrome, lliac vein

4. Placement of intravenous (IV) access.

Desai KR, Chen RI. Endovascular therapy for palliative care of cancer patients. Semin Intervent Radiol. 2007
Dec;24(4):382-90. doi: 10.1055/s-2007-992326. PMID: 21326590; PMCID: PMC3037249.

https://medschool.co/tests/chest-xray/confirming-central-venous-access-position
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New Delivery Mechanisms midt
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Lane RJ, Khin NY, Pavlakis N, Hugh TJ, Clarke SJ, Magnussen J, Rogan C, Flekser
RL. Challenges in chemotherapy delivery: comparison of standard chemotherapy
delivery to locoregional vascular mass fluid transfer. Future Oncol. 2018 Mar;14(7):647-
663. doi: 10.2217/fon-2017-0546. Epub 2018 Mar 7. PMID: 29513086.

TACE with Ablation
TACE with Radiation Therapy

TACE with Systemic Chemotherapy

. . . . Lym JS, Nguyen QV, Ahn da W, Huynh CT, Jae HJ, Kim YI, Lee DS. Sulfamethazine-based pH-
h r sensitive hydrogels with potential application for transcatheter arterial chemoembolization therapy.
TACE Wlth com bl natlon Of Immune t € apy Acta Biomater. 2016 Sep 1;41:253-63. doi: 10.1016/j.actbio.2016.05.018. Epub 2016 May 13.
PMID: 27184404.
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New horizon +Brain Tumors
Image fusion guided Intra-
arterial therapies

Chen SR, Chen MM, Ene C, Lang FF, Kan P. Perfusion-guided endovascular
super-selective intra-arterial infusion for treatment of malignant brain tumors. J
Neurointerv Surg. 2022 Jun;14(6):533-538. doi: 10.1136/neurintsurg-2021-
018190. Epub 2021 Nov 25. PMID: 34824133.
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Tsukamoto T, Fujita Y, Shimogami M, Kaneda K, Seto T, Mizukami K, Takei M, Isobe Y, Yasui H, Sato K. Inside-the-body light delivery system using
endovascular therapy-based light illumination technology. EBioMedicine. 2022 Nov;85:104289. doi: 10.1016/j.ebiom.2022.104289. Epub 2022 Oct 5. PMID:
36208989; PMCID: PMC9669774.



Combination xVascular therapy & Cancer Immunotherapy mdt

Chen DS, Mellman I. Oncology meets immunology: the cancer-immunity cycle.
Immunity. 2013 Jul 25;39(1):1-10. doi: 10.1016/j.immuni.2013.07.012. PMID: 23890059.

Li X, Wang Y, Ye X, Liang P. Locoregional Combined With Systemic
Therapies for Advanced Hepatocellular Carcinoma: An Inevitable Trend of
Rapid Development. Front Mol Biosci. 2021 Apr 13;8:635243. doi:
10.3389/fmolb.2021.635243. PMID: 33928118; PMCID: PMC8076864.
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Briolay T, Petithomme T, Fouet M, Nguyen-Pham N, Blanquart C, Boisgerault N. Delivery of cancer therapies by synthetic and bio-inspired nanovectors. Mol Cancer. 2021
Mar 24;20(1):55. doi: 10.1186/s12943-021-01346-2. PMID: 33761944; PMCID: PMC7987750.
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https://gogetfu nding . Com/joana_|una_ortiz_stage_4_|ive r-cancer/ https://gco. iarc.fr/today/data/factsheets/cancers/ll-Liver-fact-sheet. pdf
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