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AnuazYas radiation-induced liver disease (RILD)
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Classic RILD
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>$ovar 50 vasinwlisnnanegs desnfimsinwszegi I Tufihelsausdsiunaediilsnuzise
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Functional imaging fiussTewidmsuusadiulszansnmnsieuvessuiiielddmsu
NaUNIINwe3sE waraalemaidn RILD [P9MTA) sulfur colloid (SC) umsiigminantd

) ° Y = ) ' Y . . =
ATIVINNTTNNIUYBINY LUBIINANTIINAIPNIUAIY reticuloendothelial tag/%58 kupffer cell
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Felugtheifinsienudnd duagannsadu SC ldnndsfesay 80-85 urfthelsaduudaneris
Usgdnsnmnsinauresduanasazil reticuloendothelial cell anas dswalinisdu SC asag 39
Dufiunveanisth sC uldisaudu single-photon emission computed tomography (SPECT/CT)
Tunsnsrauszansnmnsvingnuaesiu®

9nnsAnelag University of Washington 414 SC SPECT/CT Tunsuszifiuussansnm
msvherssiieruund Wielddnsunanunsanesd wui dnduvasiufivhals total lver
function ratio, TLF) 91nn15m533038 SC SPECT/CT Funnau duiusiv Child-Pugh score fisnan
way TLF finnnnindesas 30 wlefin1susuangie Child-Push class uwd f8ns1n1ssendinsauiiviu
1 (HR 0.12, 95% CI = 0.02-0.58, p = 0.008)” #0311 Schaub uagans IFfinafiurusiudeya
HoundslugtnelseuziFadu S1uau 47 9o Aldsumsinuseidsuftavielusaeu wadld s
SPECT/CT dmidunausunmsinwnuii tadefiddnyiiaslumeinnesnsnssondinvasanisiia
RILD (RILD-specific survival) f® USumssiuivieny (Functional liver volumes, FLV) V20 Tagld
wuzthefunzauiioantoniaiin RILD duiellil Aadeves FLV <23 GyEQD2, liver-GTV V20
<36%, FLV V20 <36%, liver-GTV F20 <36%, FLV <32% (350 ¥@.), mean liver/spleen uptake
ratio >0.75, total liver function (TLF) >60%, tumor volume <40 ua. wag Child-Pugh A5-6
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nslik radioprotective agent Wisanlenawin RILD Ssfinisdnuntios wazdslallgiinnsly
Tunsnddn usognslsfiniuiinisnu randomized controlled trial Tugflhheszi3ednld 30 e
NMSUNINTEeNLSlUAUlASUN1SSNYIAE high-dose-rate interstitial brachytherapy
WIBUIBUIEINNISI enoxaparin, pentoxifylline tag urodeoxycholic acid funaslalven
Inefnwnisiin focal radiation-induced liver injury Fauszifludne MRI wuiil 6 dUavinga
Ms¥nwn AnadsvesUsInaddtumvildAn focal radiation-induced liver injury 1uﬂfjm'71'15ﬁu
ggeninguitlailédfuen (19.1 1056 WWeudu 14.6 1038, p = 0.011) waznguitldFuendl focal
radiation-induced liver injury #n31 (3ewas 45.5 Wisuiudasas 90.9, p = 0.027) usegalsinu
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fthewdios 30 918 dafunslfednarufledestuisdsiosnisnsinwifisdudelu®” uonand
gafin1sAnwineun1sAnwinieediln (preclinical study) Tunsld hedgehog (Hh) inhibitor Way
C-X-C chemokine receptor type 4 (CXCR4) blockage @ wsuliiu radiosensitizer wazdfudsmsiia
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fusniausaudae esinnsarivendnilsanounsaiesd sutiinuSinasedluduidosuund

LilmAudetidulsunasduazinualimmigawinidululed



w DEANEAOSSOUATY W&EDE

LONE5D19D9

1.

10.

11.

12.

13.

Lawrence TS, Robertson JM, Anscher MS, Jirtle RL, Ensminger WD, Fajardo LF. Hepatic
toxicity resulting from cancer treatment. Int J Radiat Oncol Biol Phys. 1995;31(5):1237-48.
Fajardo LF, Colby TV. Pathogenesis of veno-occlusive liver disease after radiation. Arch
Pathol Lab Med. 1980;104(11):584-8.

Dawson LA, Normolle D, Balter JM, McGinn CJ, Lawrence TS, Ten Haken RK. Analysis of
radiation-induced liver disease using the Lyman NTCP model. Int J Radiat Oncol Biol
Phys. 2002;53(4):810-21.

Pan CC, Kavanagh BD, Dawson LA, Li XA, Das SK, Miften M, et al. Radiation-associated
liver injury. Int J Radiat Oncol Biol Phys. 2010;76(3 Suppl):S94-100.
Munoz-Schuffenegger P, Ng S, Dawson LA. Radiation-Induced Liver Toxicity. Semin Radi-
at Oncol. 2017;27(4):350-7.

Guha C, Sharma A, Gupta S, Alfieri A, Gorla GR, Gagandeep S, et al. Amelioration of radi-
ation-induced liver damage in partially hepatectomized rats by hepatocyte transplan-
tation. Cancer Res. 1999;59(23):5871-4.

Llovet JM, Ricci S, Mazzaferro V, Hilgard P, Gane E, Blanc JF, et al. Sorafenib in advanced
hepatocellular carcinoma. N Engl J Med. 2008;359(4):378-90.

Institute NC. Common Terminology Criteria for Adverse Events (CTCAE) v5.0 2017 [Avail-
able from: https://ctep.cancer.gov/protocoldevelopment/electronic_applications/ctc.
htm#ctc_40.

Liang SX, Zhu XD, Xu ZY, Zhu J, Zhao JD, Lu HJ, et al. Radiation-induced liver disease in
three-dimensional conformal radiation therapy for primary liver carcinoma: The risk
factors and hepatic radiation tolerance. Int J Radiat Oncol Biol Phys. 2006;65(2):426-34.
Velec M, Haddad CR, Craig T, Wang L, Lindsay P, Brierley J, et al. Predictors of Liver Tox-
icity Following Stereotactic Body Radiation Therapy for Hepatocellular Carcinoma. Int J
Radiat Oncol Biol Phys. 2017;97(5):939-46.

Kavanagh BD, Miften M, Rabinovitch RA. Advances in treatment techniques: Stereotactic
body radiation therapy and the spread of hypofractionation. Cancer J. 2011;17(3):177-81.
Schefter TE, Kavanagh BD, Timmerman RD, Cardenes HR, Baron A, Gaspar LE. A phase |
trial of stereotactic body radiation therapy (SBRT) for liver metastases. Int J Radiat Oncol
Biol Phys. 2005;62(5):1371-8.

Barry A, McPartlin A, Lindsay P, Wang L, Brierley J, Kim J, et al. Dosimetric analysis of

liver toxicity after liver metastasis stereotactic body radiation therapy. Pract Radiat Oncol.



14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

24,

The Stories of Success a

2017;7(5):e331-e7.

Andolino DL, Johnson CS, Maluccio M, Kwo P, Tector AJ, Zook J, et al. Stereotactic body
radiotherapy for primary hepatocellular carcinoma. Int J Radiat Oncol Biol Phys.
2011;81(4).e447-53.

Bujold A, Massey CA, Kim JJ, Brierley J, Cho C, Wong RK, et al. Sequential phase | and Il
trials of stereotactic body radiotherapy for locally advanced hepatocellular carcinoma.
J Clin Oncol. 2013;31(13):1631-9.

Son SH, Choi BO, Ryu MR, Kang YN, Jang JS, Bae SH, et al. Stereotactic body radiothera-
py for patients with unresectable primary hepatocellular carcinoma: Dose-volumetric
parameters predicting the hepatic complication. Int J Radiat Oncol Biol Phys.
2010;78(4):1073-80.

Radiation Dose-Volume Effects for Liver SBRT.

Kim JH, Park JW, Kim TH, Koh DW, Lee WJ, Kim CM. Hepatitis B virus reactivation after
three-dimensional conformal radiotherapy in patients with hepatitis B virus-related he-
patocellular carcinoma. Int J Radiat Oncol Biol Phys. 2007;69(3):813-9.

Huang W, Zhang W, Fan M, Lu Y, Zhang J, Li H, et al. Risk factors for hepatitis B virus
reactivation after conformal radiotherapy in patients with hepatocellular carcinoma.
Cancer Sci. 2014;105(6):697-703.

Prayongrat A, Kobashi K, Ito YM, Katoh N, Tamura M, Dekura VY, et al. The normal tissue
complication probability model-based approach considering uncertainties for the selec-
tive use of radiation modality in primary liver cancer patients. Radiother Oncol.
2019;135:100-6.

Levesque E, Martin E, Dudau D, Lim C, Dhonneur G, Azoulay D. Current use and perspec-
tive of indocyanine green clearance in liver diseases. Anaesth Crit Care Pain Med.
2016;35(1):49-57.

Kawashima M, Furuse J, Nishio T, Konishi M, Ishii H, Kinoshita T, et al. Phase Il study of
radiotherapy employing proton beam for hepatocellular carcinoma. J Clin Oncol.
2005;23(9):1839-46.

Feng M, Suresh K, Schipper MJ, Bazzi L, Ben-Josef E, Matuszak MM, et al. Individualized
Adaptive Stereotactic Body Radiotherapy for Liver Tumors in Patients at High Risk for
Liver Damage: A Phase 2 Clinical Trial. JAMA Oncol. 2018;4(1):40-7.

Rimola A, Soto R, Bory F, Arroyo V, Piera C, Rodes J. Reticuloendothelial system

phagocytic activity in cirrhosis and its relation to bacterial infections and prognosis.



ﬂ DEANEAOSSOUATY W&EDE

25.

26.

27.

28.

29.

Hepatology. 1984;4(1):53-8.

Bowen SR, Chapman TR, Borgman J, Miyaoka RS, Kinahan PE, Liou IW, et al. Measuring
total liver function on sulfur colloid SPECT/CT for improved risk stratification and out-
come prediction of hepatocellular carcinoma patients. EJNMMI Res. 2016;6(1):57.
Schaub SK; Apisarnthanarax S, Price RG, Nyflot MJ, Chapman TR, Matesan M, et al. Func-
tional Liver Imaging and Dosimetry to Predict Hepatotoxicity Risk in Cirrhotic Patients
With Primary Liver Cancer. Int J Radiat Oncol Biol Phys. 2018;102(4):1339-48.
Seidensticker M, Seidensticker R, Damm R, Mohnike K, Pech M, Sangro B, et al. Prospec-
tive randomized trial of enoxaparin, pentoxifylline and ursodeoxycholic acid for preven-
tion of radiation-induced liver toxicity. PLoS One. 2014;9(11):e112731.

Kabarriti R, Guha C. Hedgehog signaling and radiation induced liver injury: A delicate
balance. Hepatol Int. 2014;8(3):316-20.

Ohri N, Dawson LA, Krishnan S, Seong J, Cheng JC, Sarin SK, et al. Radiotherapy for He-
patocellular Carcinoma: New Indications and Directions for Future Study. J Natl Cancer

Inst. 2016;108(9).



