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Stereotaktik Beden Radyoterapisi (SBRT) ablatif radyasyon dozlarinin 1-5

fr'da uygulanmasi

Karaciger lezyonlarinda SBRT akciger kanserinde SBRT ile 6zdes ancak daha

kompleks

Bu nedenle dncelikli olarak kliniklerde SBRT’ye akciger ile baslamak daha

uygun ve onerilmekte



e Radyasyona bagli KC hasari igin

— Tdm karaciger dozu >30 Gy

— Ancak cogu malignitede 30 Gy tedavi icin yeterli degil



* Primer KC tiumorleri
— Hepatoseliler karsinom (HCC)
— Kolanjiokarsinom
— Hepatoblastom
— Anjiosarkom

— Hemanjioepitelyoma



HCC



HCC
— En sik hepatobilier malignite
— KC parankimi kaynakli
— E/K=3
— 6. dekatta pik
— Viral:
* Asya ve Afrika’da Hepatit B, Avrupa, Japonya ve Amerika’da Hepatit C
— Non-viral:
» Alkolik siroz, metabolik hastaliklar (Wilson, aflatoksin maruziyeti)
— Sikhikla asemptomatik

* Non spesifik semptomlar sik (kilo kaybi, sarilik, halsizlik, tst karin agrisi,

hepatomegali, asit)



e HCC
— Goruntuleme ve laboratuvar testleri sonrasi
* Potansiyel rezektable ya da transplantasyon yapilabilir
* Unrezeke
 Medikal inoperable
* Metastatik hastalik
— Evreleme

* AJCC, Barselona Klinik KC Kanseri evrelemesi, Italyan KC Kanseri

Programi, Japon evrelemesi



CHILD-PUGH SCORE

Chemical and Biochemical Parameters

Scores (Points) for Increasing Abnormality

1 2 3
Encephalopathy lgrade]' MNone 1-2 3—
Ascites Abszent Slight Moderate
Albumin (gidL) >3.5 2.8-3.5 <2.8
Prothrombin time2
Seconds over control w4 4-6 =i
INR <1.T 1.7-2.3 >2.3
Bilirubin (mg/dL}) <2 2-3 >3
* For primary biliary cirrhosis <4 410 >10
Class A = 5-6 points: Class B = 7-9 points; Class C = 1015 points.
Class A: Good operative risk
Class B: Moderate operative risk
Class C: Poor operative risk
Stage 0

PST 0, Child-Pugh A

Very carly stage

Single < 2 cm

ec |

[ nee |

| Stage A-C

PST 0-2, Child-Pugh A-B

() Early stage (A)

carcinoma in sife

Single

Paortal pressure / b

Single or 3 nodules < 3 em, PS O

Intermediate stage (B)
Multinodular, PS 0

3 nodules = 3em, P50

ilirubin

———+ Increased — Associated diseases

Advaneed stage (C)
Portal invasion, N1,MI1, PS 1-2

Normal No Yes
Resection || Liver transplantation || PEI/RF || TACE Sorafenib

| Stage D

PST =2, Child-Pugh C

End stage (D)

Curative treatments (30%)
S-year survival: 50-70%

Randomized controlled trials (50%)
3-year survival: 10-40%

Symptomatic tp (20%)
survival < 3 months




HCC (Tedavi edilmez ise median sagkalim 3-8 ay)

— Tedavi

Mimbkunse cerrahi
Mimkuin degil ise Ablazyon ya da TACE ya da SBRT (Kategori 2B)

Performansi kotu, bliyuk damar komsulugu, vaskuler yolla
ulasiilmanin mimkin olmadigi durumlarda cerrahi/ablazyon/TACE

mumkin degil
Transplant icin UNQOS kriterleri
— <5 cm tek tm ya da 2-3 tm icin < 3 cm, vaskuler inv YOK, NOMO

Bilirubin >2 mg/dl ya da Child Pugh class C ise Y90’dan kacinin



Prospektif faz | calisma
— Princess Margeret Hospital
— 31 HCC, 10 intrahepatik kolanjioseliler karsinom
— Median 36 Gy / 6 fr (24-54 Gy)
— Hastalarin en az %60’1 daha dnce 1 tedavi aldi
— Medyan sagkalim 12 ay
Mendez Romero ve ark. 8 hasta, 11 lezyon, HCC
— 25-37,5 Gy, 3-5fr

— 1 yilhik GS %75



* Choive ark.
— 23 hasta, 32 lezyon
— 36Gy/3fr
— Medyan GS 11 ay

— SBRT sonrasi KC fonksiyonunda azalmaya neden olan faktorler

incelendiginde multivariye analizde tek faktor
e 18 Gy alan normal KC volimiinin >800 cc
e Kore ¢alismasi
— TACE sonrasi niks, 38 hasta, inoperabl HCC
— Medyan tm volimu 40,5 cc (11-464), 33-57 Gy / 3-4 fr
— Grad 2 toksisite <%3

— 2 yillik GS %61



* Cardenes ve ark.
— Cok merkezli faz | doz artirim ¢alismasi
— Child A ve B, medikal ve teknik inoperabl, 1-3 lezyon, <6 cm
— 17 hasta, 25 lezyon,
— 36dan 48 Gy’e /3 fr
— Child A hastalarda toksisite YOK
— Child B 2 hastada 42 Gy’de gr Il KC toksisitesi ve 40Gy / 5 fr'a

dusilmus
— Lokal basarisizlik YOK

— 6 hasta KC transplantasyonuna gitmis

— 2 yillik GS %60



* Indiana Uni.
— 34 Child A (3 x 14 Gy), 25 Child B (5 x 8 Gy) ve 1 Child C
— Medyan takip suresi 27 ay
— 2 yilhik lokal kontrol %90
— 2 yilhk GS %67

— SBRT sonrasi 23 hasta KC transplatasyonuna gitti (Bridge to

transplantation)

— Tedavi sonrasi ilk 3 ayda child evresinde progresyon hastalarin

%20’sinde goruldu



* En genis kapsamli calisma, Bibault ve ark.
— 75 hasta ve 96 lezyon, HCC
— Child A 67 hasta
— Child B 8 hasta
— 40-45 / 3 fr, %80 RI
— 1 ve 2 yillik lokal kontrol %89,8
— 1 ve 2 yillik GS %78,5 ve %50,4
— Grad 3 ve Uzeri toksisite YOK
— AFP yuksekligi ile lokal kontrol ters orantili olarak bulundu

— Child skoru 5 Uzeri ise GS daha kotu



* Suve ark.
— Rezeksiyon vs SBRT karsilastirmasi (propensity matching technique)
— 1, 3 ve 5 yillik GS acisindan fark YOK
— Toksisite benzer

— SBRT uygulananlarda bulanti daha fazla



HCC’de SBRT slreci
— Hastanin klinik degerlendirmesi
— Simiulasyon

* Immobilizasyon ve tedavi pozisyonunda kilavuz goriinti (Kontrastli

KC MR)
— RT’nin planlamasi
— RT’nin uygulanmasi

 Immobilizasyon, tedavi 6ncesi goriintiileme, fraksiyon esnasindaki

hareketin kontrolu
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CLINICAL PRESEMTATION

SURGICAL ASSESSMENTRUY

» Child-Pugh Class A, BY

TREATMENT

Resection, if feasible

SURVEILLANCE

HNo portal hypertension (preferred)”
- Suitable tumor location - | .
* Adequate liver reserve Locoregional therapy
. » B i See Principles of -
Potentially resectable or Suitable liver remnant Locoregional Therapy * Imaging®® every 36 mo for
transplantable, operable :HCC-E]I_ — | 2y, then every 612 mo
by performance status or * UNOS criteria"™ If ineligible for + Ablation™ » AFF, every 3-6 mo for 2y,
comaorbidity v Patient has a tumior transplant « Arterially directed then every 6—12 mo
2-5 cm in diameter therapies * See relevant pathway
or 2-3 tumors =3 cm « Radiation ﬂ’rempyhb m#ﬂ'ﬂ_}uﬂh
each HCC-E) if disease
. !iuvmmanrmafcular * Refer to liver ol Ilteet;uerrﬁto a hepatologist for
" ;qnu exu-ahenpaﬁn h"EPh;'t a discussion of antiviral
disease ::E-nte_r“' - — Transplan s | therapy for camiers of
* Consider bridge hepatitis
therapy as
sonabin bl

Secilmis vall<alarda SBRT’nin etkinligi ve gluvenilirligi tek kollu
calismalarda ve vaka serilerinde gosterilmis

‘Discussion of surgical treatment with patient and determination of whether Dauel 15 amename o SUrgery.

YPatients with Child-Pugh Class A liver funclion, who fit UMOS criteria (eesrer unos. org) and are reseciable could be considered for resection or transplant. There is
controeersy ower which initial strategy is preferable to reat such patients. These patients should be evaluated by a multidisciplinary team.

¥See Pringples of Surgery (HCC-D).

Win highly selected Child-Pugh Class B patients with limited resection.

YSome patients beyond the Milan criteria can be considered for transplantaSon. Extended criteria’downstaging profocols are available at selected centers and through UNDS.

¥YMazzaferro VW, Regalia E, Dod R, et al. Liver transplantation for the treatment of small hepatocellular carcinomas in patients with cirrhosis. M Engl J Med 1826;334:693-700.

IMany transplant centers consider bridge therapy for transplant candidates. (See Discussion).

33| well-selected patients with small, property located tumors ablation should be considered as definitive treatment in the context of a multidisciplinary review. (Feng K, Yan
J, L X, et al. Arandomized controlled tial of radicfrequency ablation and surgical resection in the treatment of small hepatocellular carcimoma. J Hepatol 201257784
802 and Chen MS, Li J&, Zheng ¥, et al. A prospective randomized trial comparing percutaneous local ablative therapy and partial hepatectomy for small hepatocellular
carcinoma. Ann Surg 2006, 243:321-328).

b ase series and single-arm studies demonstrate safety and efficacy of radiation therapy in selected cases. See Principles of Locoregional Therapy (HCC-E)

“ultiphasic abdominalipehic MRI or multi-phase CT scans for liver assessment are recommended. Consider chest CT. See Principles of Imaging (HCC-A)
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CLIMICAL TREATMENT SURVEILLANCE
PRESENTATION

* Imaging®®
* Refer to liver every 36 mo for 2y,
transplant then every 612 mo
Transplant center T lant _|* AFF, every 3-& mo for
candidate * Consider bridge ranspia i :e]r, H"-llan Ev“tery:—hli Mvie
Evaluate whether therapy as * See relevant p ay
l-lll;l:.:::tuﬂe patient is a candidate indicated® I,I:LC_E_E through HCC-6)
hepatic . for transplant ad if disease recurs
reservel [See UNOS criteria Options:
« Tumor under Surgical * Lumregmnal therapy
location Assessment [HCC-4)]%Y preferred®®fl
Mot a ' Ahlai_mn - Progression
transplant - * f.hl'::_':::rj;dlre{:ted —= |om or after
candidate  Radiation therapy™® systemic therapy®9
* Clinical trial
* Best supportive care
» Systemic therapyd9

Secilmis vakalarda SBRT’nin etkinligi ve glvenilirligi tek kollu
calismalarda ve vaka serilerinde gosterilmis

'Wl and assessment of portal hypertension (eg, vances, splenomegaly, thrombocytopenia).

YMazzaferro W, Riegalia £, Dod R, et al. Liver tramsplantation for the treatment of small hepatocellular carcinomas in patients with cirrhosis. N Engl J Med 1908;334:693-700.

Ihlamy l.r.:-lnﬁplant centers consider bridge therapy for transplant candidates. [See Discussion).

B0 gse series and single-am studies demonsirate safety and efficacy of radiation therapy in selected cases. See Principles of Locoregional Therapy (HOC-E)

“pultiphasic abdominalpelvic MR or multi-phase CT scans for liver assessment are recommended. Consider chest CT. S=e Principles of Imaging (HOC-41,

¥Order does not indicate preference. The choice of treatment modality may depend on extentfiocation of disease, hepatic reserve, and institutional capabilities.

285ee Principles of Locoregional Therapy (HCC-EJ.

TUse of chemoembolization has also been supported by randomized controlled trials in selected populations over best supportive care. (Lo CM, Mgan H, Tso W, =t
al. Randomized controlled trial of transarenial lipiodol chemoembolization for unresectable hepatocellular carcinoma. Hepatology 2002;35:1164-1171) and (Llowst
JM. Real M, Montaria X, et al. Arterial embolisation or chemoembolisation versus symptomatic freatment in patients with unreseciable hepatocellular carcinoma: a
randomized controlled trial. Lancet 2002;359:1734-1739).

5es Principles of Systemic Therapy (HCC-F.




PRINCIPLES OF LOCOREGIONAL THERAPY

Il. Treatment Information (Continued)

C. Radiation Therapy:

+ Treatment Modalities:
* EBRT is a treatment option for patients with unresectable disease, or for those who are medically inoperable due to comorbidity.

v All tumors irrespective of the location may be amenable to radiation therapy (30 conformal radiation therapy, intensity-modulated radiation
therapy [IMRT], or stereatactic body radiation therapy [SERT]). Image-guided radiotherapy is strongly recommended when using EERT, IMRT,

and SBRT to improve treatment accuracy and reduce treatment-related toxicity.
» Hypofractionation with photons'8 or protons'320 js an acceptable option for intrahepatic tumors, though treatment at centers with experience

is recommended.
¥ SBRT is an advanced technigue of hypofractionated EBRT with photons that delivers large ablative doses of radiation.

¥ There is gru}wmg ewdence for the usefulness of SBRT in the management of panents wlth HCC 21.22 SBRT can be considered as an alternative

» SBRT (1- 5 fractions) is often used mr patients wnh 1to3 tumors SBRT r.u:-uld he mnsmered for Iarger lesions or more extensive disease,
if there is sufficient uninvolved liver and liver radiation tolerance can be respected. There should be no extrahepatic disease or it should be
minimal and addressed in a comprehensive management plan. The majority of data on radiation for HCC liver tumors arises from patients
with Child-Pugh A liver disease; safety data are limited for patients with Child-Pugh B or poorer liver functon. Those with Child-Pugh B
cirrhosis can be safely treated, but they may require dose modifications and strict dose constraint adherence.2? The safety of liver radiation
for HCC in patients with Child-Pugh C cirrhosis has not been established, as there are not likely to be clinical trials available for Child-Pugh C

atients 2425
v Bmmn Deam therapy (PB 1) may De appropriate in Speciic siuations.2e-2!

v Palliative EBRT is appropriate for symptom control and/or prevention of complications fr tastatic HCC lesions, such as bone or brain.

+ Dosing:
v Dosing for SBRT is generally 30-50 Gy in 3-5 fractions, depending on the ability to meet normal org

function. Other hypofractionated schedules >5 fractions may also be used if clinically indicated.

onstraints and underlying liver

Siklikla 1-3 lezyon, yeterli KC kapasitesi varsa daha fazla ve daha biylk olabilir

Ekstrahepatik hastalik olmamali

Tercihen Child A olmali, Child B hastalarda doz modifikasyonu gerekli, Child C sadece ¢alisma bazli




e Solunumsal hareketin kontrolu icin
— Hareketi degerlendirmek icin 4D bilgisayarh tomografi
— Nefes tutma teknigi (Breath hold)
— Abdominal kompresyon
— Fiducial marker ile hedef takibi

— Solunum takibi



4D bilgisayarlh tomografi

Inhale

Figure 3. Example of 4D CT, with exhale (A) and inhale phase 3D reconstructions (B).
The exhale liver (yellow) and liver tumor (red) contours are overlaid on the exhale and inhale
reconstructions to demonstrate the change in position with breathing and evaluation of motion to

define margins.






Nefes tutma teknigi (Breath hold)

Inspiration; 1.5 sec.,

N\ /’

/’ | N\

Expiration: 1.3 sec.

Breathing Period: 2.8 sec.

Gatingwindow level

4:45

Thermoplastic Mask

450

4:55

Scale -
5 om v
Auto Scale

Gated Motion
7.6 mm

Heam Enabled

Beam Hold




Abdominal kompresyon
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Fiducial marker ile hedef takibi




Solunum takibi




* 4D Kontrasth Planlama BT’si sonrasi
— GTV =gorunur tm
— ITV = solunumun tim fazlarinda gérinir tm
— PTV=ITV + 5-10 mm

* SBRT dozu

— Fr basina 8 Gy’den PTV icin 40 Gy, ITV icin 50 Gy



=}

4 LroseSERT

we fored

B UVERUNENOLVE

W o1

R K
(® Sdeen
|® S2zerach

W oe Ueee Doge

¥ | Retersren Prants
<@ Doss
Fiids
Frakh T ' o1 Ah g 1y v e X 00 g L 2 el
Lot Ry % ' a 1 3 250
S i Tochages Ll Sum ol w3y o I . L) L) e ol | 2w ~ ™
v TraeEeamnS25 16 ' 0 0 18 Nose 100 250 <50 101 %01 I Bt
v 1 | TracBoomati 58 \TAET 1 BIICHWO0 10.0 1E Moo gL, 12 85 30 534 271 634 90
v reeEeanSi I ' a0 0o BE| Naaw 1 +4 0 101 i34 2 L1
v | raeERan IS8 \TALT [ 00 CC 0 150 ( LE Noae 8 s 94 a0 534 B
v TraetewiTI M )Y [ 0o 0 tel Noae S50, 450 01 10 M 51
v 535 t 100 0.0 8] Mo +50 30 s34 LY
v Trsetiean i M) ' 00 0.0 e MNove 50 #50 307 3 34 8]
v TrasBeandni 1518 ' 200 0.0 R +50 100 90




Plan




* Doz sinirlamasi
— Duodenum igin
* max <32 Gy
* <5cc<18 Gy
— Ince Barsak icin
 Max <35 Gy
* <5c¢cc<19,5Gy
— Saglam KCicin
e KC-V21>700 cc

* Mean <15 Gy



* Kolanjiokarsinom



* Kolanjiokarsinom
— KC timorlerinin %10’u ve siklikla >60 yas
— Safra kanali epiteli kokenli
— Intrahepatik / ekstrahepatik
— >%90 Adenokarsinom

— Nonspesifik semptomlar baskin (Ates, kilo kaybi, karin agrisi)



— Primer tedavi cerrahi (RO rezeksiyon)
* 5vyilhik GS %8-47

— R1 rezeksiyon sonrasi

Rerezeksiyon

Kemoradyoterapi

Kemoterapi

Ablatif tedaviler



* Unrezeke timoérlerde
— Kemoterapi
— TACE
— RF Ablazyon

— Radyoterapi (Konvansiyonel, SBRT, brakiterapi, proton)

* Prospektif Randomize ¢alisma YOK

— Radyoembolizasyon



* Chen ve ark. 2010
— 84 hasta (35 hastaya eksternal RT)
— Medyan 50 Gy
— Tam yanit %9, Parsiyel yanit %28,5
— Medyan sagkalim 9,5 ay

* Shinohara ve ark. SEER verileri

— Postoperatif ya da definitif RT ile GS daha yuksek



1 yilhk GS %36,1 - 73
Tumor kontroli %36-100
Grad IllI-1V toksisite nadir

Unrezeke hastalarda agri ve tikanikligin giderilmesinde basarili



PRINCIPLES OF RADIATION THERAPY
l. General Principles

* Image-guided radiotherapy is strongly recommended when using EBRT, IMRT, and SBRT to improve treatment accuracy and reduce
treatment-related toxicity.

A. Adjuvant EBRT'
» Postoperative EBRT using conventional 3D conformal RT or IMRT is an option for resected extrahepatic cholangiocarcinoma and

gallbladder cancer.®* Target volumes should cover the draining regional lymph nodes to 45 Gy at 1.8 Gyffraction and 50-60 Gy in 1.8-2 Gy/f
fraction to the tumor bed depending on margin positivity.

B. Unresectable

¢ All tumors irrespective of the location may be amenable to radiation therapy (3D conformal radiation therapy, IMRT, or SBRT).

» Conventionally fractionated radiotherapy with concurrent 5-fluorouracil-based chemotherapy to standard or high dose is acceptable for
intrahepatic and extrahepatic tumors.

+ Hypofractionation with photons® or protons® is an acceptable option for intrahepatic tumors, though treatment at centers with experience is
recommended.

+ Dosing for SBRT for biliary tract tumors:
& Is generally 30-50 Gy in 3-5 fractions, depending on the ability to meet normal organ constraints and underlying liver function.
& Other hypofractionated schedules =5 fractions may also be used if clinically indicated.
¢ For intrahepatic tumors, SBRT in 1-5 fractions is an acceptable option.?
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Background: Unresectable intrahepatic and hilar cholangiocarcinomas carry a dismal prognosis.
Systemic chemotherapy and conventional external beam radiation and brachytherapy have been
used with limited success. We explored the use of stereotactic body radiotherapy (SBRT) for
these patients.

Methods: Patients with unresectable intrahepatic or hilar cholangiocarcinoma or those with
positive margins were included in this study. Systemic therapy was used at the discretion of the
medical oncologist. The Cyberknife™ stereotactic body radiotherapy system used to treat these
patients. Patients were trested=withrthree daily fractions. Clinical and radiological follow-up were
performed every three months.

Results: 34 patients (16 male and 18 female) with 42 lesions were included in this study. There
were 32 umreEsertapfetumors and two patients with resected tumors with positive margins. The
median SBRT dose was 30Gy in three fractions. The median follow-up was 38 months (range 8-71
months). The actuarial loCaT control rate was /7 27. | HE medlan overall survival was 1/ months and
the median progression free survival was ten months. There were four Grade Il toxicities (12%),
including duodenal ulceration, cholangitis and liver abscess.

\Zonclusions: SBRT is an effective and reasonably safe local therapy option fo in-
trahepatic or hilar cholangiocarcinoma.

Unrezektabl, CyberKnife, 34 hasta, 30 Gy / 3 fr
Medyan takip 38 ay (8-71), lokal kontrol oran1 %79, medyan OS 17 ay, medyan PFS 10 ay
Grad 3 toksisire %12

Unrezeke hastalar icin SBRT etkili ve giivenle uygulanabilir lokal tedavi secenegi
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Objectives: We report single-institution clinical efficacy and safety outcomes for patients with
unresectable locally advanced cholangiocarcinoma who were treated with stereotactic body

radiation therapy (SBRT) and a subset of patients who received neoadjuvant SBRT and
chemotherapy as part of an orthotopic liver transplantation (OLT) protocol.
Methods and materials: From October 2008 to June 2015, 31 consecutive patients with unre-
sectable extrahepatic (n = 25) or intrahepatic (n = 6) cholangiocarcinoma were treated with
SBRT and retrospectively analyzed. Four patients underwent liver transplantation, and 1 underwent
resection. SBRT was delivered in 5 fractions with a median dose of 40 Gy. Toxicity was scored
using the Common Terminology Criteria for Adverse Events Version 4.0. Overall survival (OS),
time to progression, and local control were estimated using the Kaplan-Meier method.
Results: The median follow-up time was 11.5 months. The 1- and 2-year OS rates were 59% and
33%_ respectivelv. with a median survival of 157 months. The 1- and 2-vear freedom from
progression was 67% and 34%, respectively. Median time to progression was 16.8 months. Nine
“patients had local failure. The actuarial |- and 2-vear local control rates were 78% and 47 %.
respectively. Among patients who also had OLT, the median OS was 31.3 months. Twenty-four
patients (77% ) experienced some torm of acute erade 1-2 toxicity, most commonly fatieue or pain.
Five patients (16%) experienced grade >3 toxicity.

Conclusions: SBRT is a promising option for patients with unresectable or recurrent chol-
angiocarcinoma either as a component of neoadjuvant therapy prior to OLT or as part of definitive
therapy for patients who are unresectable and not eligible for transplantation.

Unrezektabl, 31 hasta, 40 Gy/5 fr,

1 ve 2 yilik OS %59, %33, Medyan 15,7 ay / OLT yapilanlarda 31,3 ay
1 ve 2 yillik PFS %67, %34, Medyan 16,8 ay

1 ve 2 yillik lokal kontrol orani %78, %47

9 lokal basarisizlik, gr 3 ve Uzeri toksisite %16 (5 hasta)
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Background: To evaluate the role of ablative radiotherapy doses in the treatment of hilar or intrahepatic
cholangiocarcinoma (CCC) using stereotactic body radiotherapy (SBRT).

Methods: Consecutive patients treated from 2007 to 2016 with CCC were evaluated. Local control and
toxicities were assessed every 3 months according to the Response Evaluation Criteria In Solid Tumors

(RECIST) and the Common Terminology Criteria for Adverse Events v4.0, respectively. Overall survival (OS),
local control (LC) and progression free survival were calculated from SBRT.

Results: Thirty seven patients with 43 lesions were retrospectively evaluated. The median dose delivered was 45 Gy

(range 25-66 Gy) in 3-12 fractions, corresponding to a median equivalent dose in 2 Gy fractions (EQD2,) of 56 (range
25-85) Gy. The median follow up was 24 months. The OS at 1 vear was 56% W|th a medmn 0S of 14 (95% Cl: 7.8-20.2)

ontns from star SBRT and (9500 (|- -26 5] months from diagnosis, Haht lesions - 3 al=
control rate (LC) at 1 year was 78%. The median progression free survival was 9 months (9 5% CI 2.8- 152] 21 patients

Drogressed in the Tiver but out of field and 15 progressed distantly. oBRT Was well tolerated. ﬂwree Datients (3%6) developed
a Grade lll bleeding. Seven patients developed a cholangitis, one due to progression and the other because
of a stent dysfunction 2-21(median 8) months from SBRT.

Conclusion: In patients with locally advanced cholangiocarcinoma, SBRT is a local treatment option with an
acceptable toxicity profile which warrants further investigation in prospective trials.

37 hasta/43 lezyon, 45 Gy (25-66) / 3-12 fr (EQD2 56 Gy (25-85 Gy)
Medyan takip 24 ay

1 yillik OS %56, SBRT sorasi medyan 14 ay, tani sonrasi 22 ay

1 yillik lokal kontrol %78, medyan PFS 9 ay

SBRT tolerasyonu iyi




e Sonug olarak
— Kolanjiokarsinom icin SBRT
* iyi tolere edilen

* erken verilere bakildiginda lokal kontrol sonuclari olumlu bir tedavi



« Metastatik hastalik



Karacigerde gorilen en sik malign lezyon metastaz (Metastatik / Primer =

20/1)

Gastrointestinal sistem timorlerinin %20’sinde tani aninda KC met +,

sonrasinda %20 hastada metastaz gelismekte

Kansere bagl olimlerde otopsi sonuclarina gore KC'de metastaz varligi

%50



SBRT: retrospective studies

PATIENTS

LESIONS

RT DOSE

OUTCOME

Blomgren et al,

o 14 17 | 7.7/45Gyin1/4fr |  50%RR
e
Katz et al, 2007 69 174 | 30/55Gyin3-15fr | 2-year: 57%
Van dﬁ’; gfg” et al {Dnliiﬂ 0 31 30/37.5Gyin3fr | 2-year: 74%
o 8w |




SBRT: prospective studies

STUDY PATIENTS LESIONS RT DOSE OUTCOME
Herfarth et al, 2004 35 51 14/26 Gy 18 months:
Phase /1l in1fr 67%
Mendez et al, 2006 30/37.5 Gy
Phase I/1] 17 34 in3fr 2-year: 86%
Hoyer et al, 2006 a4 45 Gy
! MNA . 2- : 79%
Phase Il (only CRC) in 3 fr year
Lee et al, 2009 28/60 Gy
Phase I/1] o3 140 in 6 fr 1-year: 71%

Rusthoven et al, 2009
Phase /1l

Goodman et al, 2010
Phase |

Rule etal, 2011
Phase |

30 Gy in 3fx
50 Gy in 5fx
60 Gy in 3fx

2-year: 56%
2-year: 89%
2-year: 100%




* Local control: favorable
- 1l-year: 70% - 100% 2-years: 60% - 90%
- Results mainly dependent on tumor volume and RT dose

A ] ) i ¥ 3 +
Hoyer M et al, IJROBEF, 2012



 Toksisite
— Grad 3 ve Uzeri toksisite nadir

— Tdmor dist normal KC hacmi 700 cc < 15 Gy



SBRT: Italian phase I/Il study

* Prospective, phase I/Il study of SBRT not amenable to surgery.
- KPS>70; adequate liver function

- £ 3 hepatic lesions; maximum diameter 6 cm

» Treatment procedures:
- 4DCT/gating procedures allowed

- Dose prescription: 75 Gy in 3 fractions with PTV covered by the
67% isodose

* Dose constraints:
- > 700 cc of healthy liver should receive £ 15 Gy
- Spinal chord Dmax: < 18 Gy
- Kidneys V15: £ 35%
- Stomach and duodenum Dmax: < 21 Gy
- Rib cage V30: < 30cc

Scorsetti M et al, Radiat Oncol, 2012



Stereotactic body radiation therapy for liver
tumours using flattening filter free beam:
dosimetric and technical considerations

Pietro Mancosu'", Simona Castiglioni’, Giacomo Reggiori’, Maddalena Catalano’, Filippo Alongi’, Chiara Pellegrini
, Stefano Arcangeli’, Angelo Tozzi', Francesca Lobefalo', Antonella Fogliata®, Piera Navarria', Luca Cozzi® and
Marta Scorsetti’

1

Abstract

Purpose: To report the initial institute experience in terms of dosimetric and technical aspects in stereotactic body
radiation therapy (5BRT) delivered using flattening filter free (FFF) beam in patients with liver lesions.

Methods and Materials: From October 2010 to September 2011, 55 consecutive patients with 73 primary or
metastatic hepatic lesions were treated with SBRT on TrueBeam using FFF beam and RapidArc technigue. Clinical
target volume (CTV) was defined on multi-phase CT scans, PET/CT, MRI, and 4D-CT. Dose prescription was 75 Gy in
3 fractions to planning target volume (FTV). Constraints for organs at risk were: 700 cc of liver free from the 15 Gy
isodose, D, < 21 Gy for stomach and duodenum, Dy, < 30 Gy for heart, Dy, . < 18 Gy for spinal cord, V5 g, <
35% for kidneys. The dose was downscaled in cases of not full achievement of dose constraints, Daily cone beam
CT (CBCT) was performed.

Results: Forty-three patients with a single lesion, nine with two lesions and three with three lesions were treated
with this protocol. Target and organs at risk objectives were met for all patients. Mean delivery time was 28 + 1.0
min. Pre-treatment plan verification resulted in a Gamma Agreement Index of 986 + 08%. Mean on-line co-
registration shift of the daily CBCT to the simulation CT were: <008, 005 and -002 cm with standard deviations of
0.33, 039 and 0.55 cm in, vertical, longitudinal and lateral directions respectively.

Conclusions: SBRT for liver targets delivered by means of FFF resulted to be feasible with short beam on time.




* Sonuc olarak hem primer hem de metastatik karaciger timaorlerinde SBRT
secilmis hastalarda guvenle uygulanabilir ve bu uygulamada teknolojik

olarak gelismis LINAK cihazlari oldukca yeterlidir.



Varian TrueBeam

e 3 boyutlu konformal RT (3BKRT)

* Yogunluk ayarli RT (YART / IMRT)

e GoOruntd kilavuzlugunda RT (GKRT / IGRT)

* RapidArc

» Stereotaktik beden radyoterapisi (SBRT) / Stereotaktik radyocerrahi (SRC)
* 6 boyutlu masa

* Yiksek cozinarlaklt (HD) MLC

e Solunum takibi / Fiducial takibi / Abdominal kompres

6 MV FFF (Duzlestirici filtresiz) foton i1sini ve yiksek doz rate (hizi)



* Dinlediginiz icin tesekkdirler...



