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Paradigms?
Where to start?

“Begin at the beginning and go on till you come to the end: 
then stop.”

― Lewis Carroll, Alice in Wonderland
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Rationale and Techniques

Indications and success criteria

Evidence for benefit & risk

New horizons
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TECHNIQUE
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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.

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

Rationale for Intra-arterial therapies for cancer

Solid tumours cannot grow more than a few milimeters, 
without access to a blood supply. 1

Tumor Survival, Progression & Spread -
depends firmly on vascular supply
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Singhal GD. Cancer in ancient Indian surgery. Anc Sci Life. 1983 
Jan;2(3):137-40. PMID: 22556969; PMCID: PMC3336753.

Sushruta

Samhita
Oldest medical text on surgery



7 ▪ www.regionmidtjylland.dk

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

Angiogenesis - Growth Factors

Neovascularization

Zuazo-Gaztelu I, Casanovas O. Unraveling the Role of Angiogenesis in 
Cancer Ecosystems. Front Oncol. 2018 Jul 2;8:248. doi: 
10.3389/fonc.2018.00248. PMID: 30013950; PMCID: PMC6036108. https://www.science.org/doi/10.1126/sciadv.abb0020

< 2mm
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Targeted through
blood vessels

• Surgery
• RFA /MWA/ Cryo
• EBRT

Normal Liver blood supply–
Portal ~ 75 to 80% 
Arterial ~ 20 to 25%

Hepatic Tumors - Almost exclusive supply by the 
hepatic artery

Rationale
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Conventional anticancer systemic therapies

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.

Low therapeutic Ratio - high side effects

Poor selectivity - Suboptimal effect

Why Intra-arterial?Rationale
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IV Systemic Therapy

Even IV systemic therapies reach tumors 
through IA route
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Strategies for better delivery of chemotherapy

High local extraction and 
concentration

Short plasma half-life to avoid systemic accumulation

High total body clearance.

Increase IV chemo dose

Intra-arterial delivery close to tumor

Increase permeability of drug

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

Use of carrier molecules/vehicle

Increase diffusion pressure
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Intra-arterial delivery- Major 
treatment goals

Minimally-toxic

Highly selective
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Technique

Anatomical variations & Aberrant Supply
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MIP assisted DSA

CBCT

ESSENTIAL PRE-REQUISITE for 
Successful intra-arterial therapy

Correct placement of catheter and

Optimal drug/particle delivery
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Does Intra-arterial Chemotherapy
achieve required concentration ?
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• Floxuridine (FUDR - 5-FU) short 
half-life

• Hepatic extraction rate ~ 95%,
• Tumor exposure ~ 400 times 

greater than the systemic 
infusion

Laface C, Laforgia M, Molinari P, Ugenti I, 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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16 ▪ www.regionmidtjylland.dkNeugut AI, 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.

Chemotherapy
IAC Retinoblastoma
HAI

Radiotherapy + Particles
SIRT/TARE – Liver

• Iodine 131
• Yttrium 90
• Rhenium 188
• Holmium 166
• Iodine 125

HCC

Lung

Renal

Retroperitoneum

Bony Mets

Gastric

Liver Mets

Chemotherapy + 
Particle Embolization

Majority of vascular cancer therapies are
ANTITUMOR AGENTS

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 I, 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.
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Rationale for TACE & TARE/SIRT

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

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

Large enough not to pass 
through capillaries

Small enough to lodge in 
the tumor vascular bed

DSMs 50 ± 7µm microspheres 
DEB-TACE 300–500 μm

Lipiodol small 10–40-µm and large 30–120-µm droplet W/O and 
O/W

Therasphere (20-30 μm) SIR-sphere (20-60 μm)
90Y Mixed with glass matrix Surface of resin sphere
Activity per sphere 2,500 Bq* 50 Gq
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Zuazo-Gaztelu I, Casanovas O. Unraveling the Role of Angiogenesis in Cancer Ecosystems. 
Front Oncol. 2018 Jul 2;8:248. doi: 10.3389/fonc.2018.00248. PMID: 30013950; PMCID: 
PMC6036108.

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

~2mm

Yildiz I, Deniz S, Ozer A, Caliskan K. Trans-Arterial Chemoembolization with 50 μm Degradable Starch 
Microspheres Versus 300–500 μm Drug Eluting Beads in Hepatocellular Carcinoma: A Comparative Analysis of 
Initial Treatment Outcomes. Journal of the Belgian Society of Radiology. 2022;106(1):10. DOI: 
http://doi.org/10.5334/jbsr.2594

https://evtoday.com/articles/2018-apr/ctace-the-rebirth-of-lipiodol
Jin Woo Choi, Hyo-Cheol Kim. Radioembolization for hepatocellular carcinoma: what clinicians need to know. J Liver Cancer 
2022;22(1):4-13 pISSN 2288-8128 • eISSN 2383-5001 https://doi.org/10.17998/jlc.2022.01.16

Local Antitumor activity

Regional Vascular
Occlusion & Ischemia

Rationale for DEB-TACE & 
TARE/SIRT
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How to Improve drug delivery ??

Increase diffusion pressure
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3D Roadmap

MR fusion with DSA
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Rivkin B, Becker C, Singh B, Aziz A, Akbar F, Egunov A, Karnaushenko DD, Naumann 
R, Schäfer R, Medina-Sánchez 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.
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Interventional Vascular Therapies for Cancer

Chemotherapy with embolization (TACE)

Internal Radiotherapy

Thermal therapy

Bruno Sangro, Mercedes Iñarrairaegui, Jose I. 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.

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.

Intraarterial Chemotherapy Infusion

https://blog.cincinnatichildrens.org/radiology/finding-new-better-ways-treat-eye-cancer/

Future

Endovascular RFA

Nanovector targeted 
delivery

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

Endovascular
Brachytherapy
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Goals and Indications
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Neugut AI, 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.

Goal of Intra-arterial vascular therapies

 Life-extending/ Bridging

 Salvage
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Curative/

Life extending/palliation

C
he

m
oe

m
bo

liz
at

io
ns

HCC
Liver Mets

Lung

Renal

Retroperitoneum

Bony metastases

Gastric

INDICATIONS
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Reig M, Forner A, Rimola J, Ferrer-Fàbrega J, Burrel M, Garcia-Criado Á, 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.

HCC INDICATIONS
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Retinoblastoma – indications for IAC

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.IJO_721_20. PMID: 33120616; PMCID: PMC7774148.
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Success / effectiveness
Criteria
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Technical effectiveness – Obtaining adequate Objective response
by Imaging criteria (mRECIST)

Technical success - Percutaneous
placement of catheter in hepatic
artery/branches followed by injection

TACE
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Technical effectiveness – Obtaining adequate Objective
response by Imaging criteria (mRECIST)

TARE
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Clinical Success - Achieving the 
Clnical goal

IAC-
Retinoblastoma
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Giannini EG, Farinati F, Ciccarese F, Pecorelli A, Rapaccini GL, Di Marco M, Benvegnù 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.

Overall survival for 
untreated HCC

38 mo (>3 years) 10 mo (<1 year) 7 mo 6 mo25 mo (>2 years)

> 20 mo

Survival benefit after TACE
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Benefits of intra-arterial therapies for HCC
Response rates and survival are 

cTACE = DEB-TACE1

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

PRECISION ITALIA STUDY GROUP phase III trial 

No significant difference in tumor response, time to progression, and survival 
between cTACE and DEB-TACE2

1. Reig M, Forner A, Rimola J, Ferrer-Fàbrega J, Burrel M, Garcia-Criado Á, 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 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.

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.
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Giannini EG, Farinati F, Ciccarese F, Pecorelli A, Rapaccini GL, Di Marco M, Benvegnù 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.

Survival benefit for HCC

Five-year OS rates (a) and (b) median OS over 5-year intervals in patients with HCC
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cTACE or DEB-TACE??
Response rates and survival are 

cTACE = DEB-TACE1

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

PRECISION ITALIA STUDY GROUP phase III trial 

No significant difference in tumor response, time to progression, and survival 
between cTACE and DEB-TACE2

1. Reig M, Forner A, Rimola J, Ferrer-Fàbrega J, Burrel M, Garcia-Criado Á, 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 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.

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.

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.
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Risks and Complications

Major complication incidence 
2.1% (24/1120) per patient 
0.84% (24/2863) per TAE/TACE 
procedure. 

Major complications
8.1% per patient
4.9% per procedure

Minor: Postembolization 
syndrome 71 (20%) patients
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Outcome for Retinoblastoma – Risk/benefit

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 
– systemic chemotherapy followed by consolidation 
with intra-arterial melphalan

Salvage treatment for patients with recurrent or 
progressive disease - globe survival rates 50-75%

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

Complications related to intra-arterial 

chemotherapy 

• Retinal detachment (up to 19.3%).

• Vitreous hemorrhage (up to 18.1%)

• Ptosis (13.6%)

• Dysmotility (6.5%)

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

• Optic atrophy (3.4%)

• Phthisis (2.7%)
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• 3. increasing the rate of eye salvage. At MSKCC, this 
rate has increased from 5 to 95% (42).

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

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

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

• 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.

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

• 9. Allowing almost 25% of all eyes with retinal 
detachment and extinguished ERGs to regain more 
than 25 μV of activity (46).

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.

• 1. Eliminating the use of EBRT, 

• 2. Eliminating the use of systemic multiagent 
chemotherapy 

• a. Likely eliminating the development of 
secondary leukemia

• b. Reducing expense 

• c. Reduced impact on immune function, 

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

Key outcomes of the widespread adoption of IAC / OAC
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A life is always worth saving 
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Vascular Palliative therapies
in Oncology

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.

1. Tumor control / Symptom control –
Embo/Chemo-embo

2. Endovascular RFA & Brachytherapy –
PV tumor thrombus

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.

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 III 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.
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Vascular Palliative therapies
in Oncology

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.

3. Stenting for SVC syndrome, Iliac vein

4. Placement of intravenous (IV) access.

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.

https://medschool.co/tests/chest-xray/confirming-central-venous-access-position



43 ▪ www.regionmidtjylland.dk

New Horizons
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Future?

TACE with Ablation

TACE with Radiation Therapy

TACE with Systemic Chemotherapy

TACE with combination of immune therapy

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.

Lym JS, Nguyen QV, Ahn da W, Huynh CT, Jae HJ, Kim YI, Lee DS. Sulfamethazine-based pH-
sensitive hydrogels with potential application for transcatheter arterial chemoembolization therapy. 
Acta Biomater. 2016 Sep 1;41:253-63. doi: 10.1016/j.actbio.2016.05.018. Epub 2016 May 13. 
PMID: 27184404.

New Delivery Mechanisms
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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.
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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.

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.

Combination – Vascular therapy & Cancer Immunotherapy
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Newcomers in the horizon 2 - Agents

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.

Increase permeability of drug

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

Use of carrier molecules/vehicle
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The Battle is far from over
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ARE YOU …..

https://www.soundrose
studio.com/ready-for-
battle
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