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Pregunta: ?¢

* 3 |esiones

e 7 lesiones



EL 10-26% DE PACIENTES QUE MUEREN A
CAUSA DE CANCER TENDRAN METASTASIS
CEREBRALES




Objetivos del aprendizaje

* Beneficio de la radiocirugia en metastasis cerebrales
* Definir el uso de radiocirugia en mas de 4 lesiones metastasicas

* Revisar el papel del volumen de la enfermedad en |la decision de
radiocirugia



Introduccion

* Enfermedad y tratamiento generan deterioro cognitivo

* El uso de la RMN permite encontrar mas pacientes con enfermedad
en SNC

 Tratamiento sistémico : también ofrece control sobre la enfermedad
cerebral



Definicion de Oligometastasis

* No hay claridad en el numero

* No hay claridad en |a
localizacion

* Consenso de ASTRO-ESTRO
para enfermedad extra-
craneana “1-5 metastasis
susceptibles de tratamiento”

Defining oligometastatic disease from a radiation oncology
perspective: An ESTRO-ASTRO consensus document

Ralph Weichselbaum

@rweichselbaum

)
&

En respuesta a @StephenVLiu, @HenningWillers y

@JTOonline
Nope not number just part if it need
integrated clinical molecular
classification. | originally said 5
because someone asked me and |
said uh5!
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Radiocirugia para metastasis cerebrales

ONCOLOGY LETTERS 23: 191, 2022 3

Figure 1. Dose distribution for a metastatic brain tumor calculated by the treatment planning system of (A) stereotactic radiotherapy and (B) whole brain
radiotherapy. The red-colored area is receiving 95% of the prescribed dose.

MAYOR PRECISION
MENOS DOSIS INTEGRAL AL CEREBRO



éQue queremos evitar?

* Deterioro cognitivo
* Deterioro en la calidad de vida
* Toxicidad cerebral temprana y tardia



e Uso de radiocirugia mas radioterapia holoencefalica deterioro en la
funcion de memoria y de aprendizaje del 52% comparado con una del
24%

Chang E.L. et al. Neurocognition in patients with brain metastases treated with radiosurgery or radiosurgery
plus whole-brain irradiation: A randomised controlled trial. Lancet Oncol. 2009;10:1037-1044.

e Deterioro cognitivo del 63.5% con el uso de Radiocirugia comparado
con deterioro del 91% con (Diferencia, -28.2%; 90% Cl, -41.9% to -
14.4%; P < .001).

JAMA. 2016 Jul 26;316(4):401-409. doi:
10.1001/jama.2016.9839.



¢ Existe un numero a partir del cual no es
posible realizar un tratamiento de
radiocirugia intra-craneana?



Consideraciones

 Estado funcional del paciente

* Momento de la enfermedad

* Edad

* Escalas pronosticas

* Enfermedad sistémica y su afectacion

Acceso a servicios de salud
Acceso a resonancia magnética nuclear



Contexto de la situacion actual de
radioterapia

* Evidencia clinica mas solida en términos de ensayos clinicos incluye
pacientes con 1-3 metastasis

* Los pacientes tienen cada vez supervivencias mas largas
* Perspectiva oncologica integral

e Evaluar multiples opciones de tratamiento

* Ensayos clinicos que estan en curso



Evidencia retrospectiva

Table 1. Retrospective series of patients with more than 4 metastases treated with SRS.

S T Vi Number of Number of 1 Year Rate of Distant Median Overall
Metastases Patients Brain Failure Survival (Months)
610 58 NR 10
Chang et al. [39] 2010 11-15 17 53.1% 13
>15 33 80.3% S
Mohammadi et al. [40] 2012 5-20 178 77.6% 4
Bhatnagar et al. [41] 2006 4-18 205 43% 8
5-9 84 NR 76

NR: not reported.

O'Beirn M et al. The Expanding Role of Radiosurgery for Brain Metastases. Medicines (Basel). 2018 Aug
14;5(3):90. doi: 10.3390/medicines5030090.



iNUmero de metastasis a tratar?

Metastasis Limitadas: hasta 4 metastasis
Metastasis extensas: 5 0 mas metastasis



iNUmero de metastasis a tratar?

* JLGKO901
* 1194 pacientes

* Pacientes con 5-10
metastasis tienen
supervivencias similares a
2-4 metastasis (Mediana
de supervivencia de 10.8
meses)

Stereotactic radiosurgery for patients with multiple brain
metastases (JLGK0901): a multi-institutional prospective
observational study

T 2, Takosh Shuto, A Akabane, Yoshunor Higudv, Jun Kawagishy, Karuvhwo Yomanaka Yasunari Sato
¥ sNagano, Heopki Kena, Akibito Morkt Satoshi Suzukd Yoshihisa Kada, Yoshipasw Ml Motohico Hapash
rumi Gando, Mitsuya Sato, Tomahs de Aldm tsu, K ubo, Yasuhiro Kkudy, Taru Shibasals, Tomoals Goto, Masami Takanashy

oo Takak ura Nookatsu Saeki, Etsoo Kunieda Hidefu miAoyoma, Suketaka Momoshima Kazuhirs Tsuchya

Summary

Background We aimed to examine whether stereotactic radiosurgery without whole-brain radiotherapy (WBRT) as the
initial treatment for patients with five to ten brain metastases is non-inferior to that for patients with two to four brain
metastases in terms of overall survival,

Methods This pros pective observational study enrolled patients with one to ten newly diagnosed brain metastases (largest
tumour <10 ml in volume and <3 cm in longest diameter; total cumulative volume 15 ml) and a Karnofsky performance
status score of 70 or higher from 23 fcilities in Japan. Standard stereotactic radiosurgery procedures were used in all
patients; tumour volumes smaller than 4 mL were irradiated with 22 Gy at the lesion periphery and those that were
410 mL with 20 Gy. The primary end point was overall survival, for which the non-inferiority margin for the com parison
of outcomes in patients with two to four brain metastases with those of patients with five 1o ten brain metastases was set
as the value of the upper 95% CI for a hazard ratio (HR) of 1.30, and all data were analysed by intention to treat. The
study was finalised on Dec 31, 2012, for analysis of the primary endpoint; however, itoring of ste reotactic radiosurgery-
induced com plications and neurocognitive function assessment will continue for the censored subset until the end of
2014, This study is registered with the University M edical Information Network Clinical Trial Registry, number 000001812

Findings We enrolled 1194 eligible patients between March 1, 2009, and Feb 15, 2012. Median overall survival after
stereotactic radiosurgery was 13-9 months [95% C1 12:0-15.6] in the 455 patients with one tumour, 10-8 months
[9-4-12 .4} in the 531 patients with two to four tumours, and 10- 8 months [9.1-12.7] in the 208 patients with five to ten
tumours. Overall survival did not differ between the patients with twoto four tumours and those with five to ten (HR0.97,
95% CI 0-81-1.18 [less than non-inferiority margin) p=0-78; p_____ <0.0001). Stereotactic radiosurgery-induced
adverse events occurred in 101 (8%) patients; nine (2%) patients with one tumour had one or more grade 34 event
compared with 13 (2%) patients with two to four tumours and six (3%) patients with five to ten tumours. The proportion
of patients who had one or more treatment-related adverse event of any grade did not differ significantly between the two
groups of patients with multiple tumours (50 (9% patients with two to four tumours vs 18 [9%] with five to ten; p=0- 89),
Four patients died, mainly of complications relating to stereotactic radiosurgery (two with one tumour and one each in
the other two groups)

Interpretation Our results suggest that stereotactic radiosurgery without WBRT in patients with five to ten brain
metastases is non-inferior to that in patients with two to four brain metastases. Considering the minimal invasiveness of
stereotactic radiosurgery and the fewer side-effects than with WBRT, stereotactic radiosurgery might be a suitable
alternative for patients with up to ten brain metastases.



iNUmero de metastasis a tratar?

Total 1tumour  2-4tumours S5-10tumours p value
(n=1194) (A)(n=455) (B)(n=531) (C)(n=208) (BwsC)
Died 850 (71%) 310 (68%) 392 (74%) 148 (71%) 046
Neurologial death* 71(8%) 32(10%) 25 (6%) 14 (9%) 027
Deterioration of neurological function 146 (12%) 56 (12%) 62 (12%) 28 (13%) 083
Local recutrencet 138(13%)  65(16%) 54 (11%) 19(10%) 078
New lesionst 625(58%) 199 (48%) 297(63%)  129(69%) 012
Leptomeningeal dissemination! 144 (13%) 48(12%) 61 (13%) 35(19%) 0067
Levkoencephalopathyt 9(1%) 3(1%) 4(1%) 2 (1%) 068
Salvage SRS procedures 459 38%) 148 (33%) 221 (42%) 90 (43%) 074
1 256 21%) 76 (17%)  129(24%) 51(25%) 09
2 113 (9%) 45 (1%) 47 (9%) 21 (10%)
23 90 (8%) 27 (6%) 45 (8%) 18 (9%)
Salvage WERT 107 (9%) 36 (B%) 54 (10%) 17 (8%) 048
Salvage surgery 23(2%) 12 (3%) 8 (2%) 3(1%) 100
Systemic anticancer agents 861 (72%) 308 (68%) 387(73%) 166 (70m) 0059
Moleculardy targeted agents 356 (30%) 123(27%) 157(30%) 76 (37%) 0078
Data are number (%), unless othenwise specified. SRS=sterectactic radiosurgery, WERT=whole-brain radiotherapy,
“Percentages based on the number of patients who died . Based on 1074 (90%) patients (414 [91%] in group A,
474(8Y9%) i group B, and 186 [89%] ingroup C. differences between proportions of patients with data, p=064).
because MRI results were not available for 120 (10%) patients who had an early death or had remarkable detenoration
of dimcal state soon after sterectactic radiosurgery.
Table 4: Treatment outcomes after stereotactic radiosurgery

Group Median overall HR (95%Cl) p value
survival, months
(95% C1)
—— 1tumour 13.9 (12:0-15.6) 076 (0.66-0.88) 00004
— 2-4 wmours 10.8(9-4-12.4) Reference
—— 5-10tumours  10-8(9:1-12.7) 0.97 (0-81-118) 078
100+
804
2
= 60+
2
g
a
T 404
v
3
204
0 T L} T T L] L] L
0 6 12 18 24 30 36 42
Time after stereotactic radiosurgery (months)
Number at risk
1tumour 455 234 97 22
2-4tumours 531 215 61 16
5-10tumours 208 84 31 1

Figure: Kaplan-Meier curves of overall survival

HR=hazard ratio.




CENTRAR NUESTRA ATENCION EN OTRAS
VARIABLES

VOLUMEN DE
LESIONES

NUMERO
DE LESIONES



Perspectiva

volumen

del numero de |

76-year-old man with
colorectal carcinoma with
2 metastatic brain tumors

R parnietal: 9.23 cm?
R cerebellar. 0.71 cm?
Total tumor volume: 9.94 cm?

SRS margin dose [ |12 Gy volume: 24.29 em?

R parietal tumor: 17 Gy
R cerebellar tumor: 18 Gy

A 61-year-old female with breast

esionesy

Tumor margin dose: 16 Gy

cancer with multiple brain

metastases was found to have 28

very small lesions [ Total GTV: 2707 em?

12 Gy volume: 16.0 cm?

Fig. 1. Radiosurgery dose plan for a patient with only two metastatic tumors. The cumulative tumor volume was about

10 cm?.

Niranjan A, Lunsford LD, Kano H (eds): Leksell Radiosurgery.

Fig. 2. Radiosurgery dose plan of a patient with 28 metastatic tumors. The cumulative tumor volume was about 2.7

Prog Neurol Surg. Basel, Karger, 2019, vol 34, pp 100-109 (DOI: 10.1159/000493055)



Volumen es mas importante que el numero

61 pacientes con 10
lesiones o mas

Mediana de volumen
por lesién: 0.37 cm3

Mediana del volumen
tumoral total : 4.86
cm3

Media 8.05

95% de control local
81.6% de pacientes
no progresion
intracraneal

Sec the comesponding editonal in this issue, pp 234-236 ]

J Neurosurg 117:237-245_ 2012

Stereotactic radiosurgery using the Leksell Gamma Knife
Perfexion unit in the management of patients with 10 or
more brain metastases

Clinical article

Rasest Granonl, MLD.,' DovGras Konoziotka, MLD. * Davio Panczykowskr, M.D.,!
Epwarp A. Moxaco HI,M.D., Pu.D. Hipeyus: Kaso, MLD., Pu.D..*

Ajay NiranaN, MLCu., MLBA ™ Joux C. FuckinGer, MLD. >

AND L. Dape Lunsrorp, MDA

Departments of ‘Neurological Surgery and - Radiation Oncology: ‘Center for bnage-Guided
Newrosurgery ; and * University of Pittsburgh Cancer Institute . University of Pittsburgh Medical Center,
Pintshurgh, Pennsylvania

Object. To better establish the role of stereatactic mdiosurgery (SRS) in treating patients with 10 or more intra-
crunial matastases. the authors assessed clinical owcames and 1dentified prognostic factors associated with survival
and tumor control i patients who enderwent radiosurgery using the Leksell Gamma Knife Perfexion (LGK PFX)
unit

Methods. The authors retospectively reviewed data in all patients who had undergone LGK PFX surgery to treat
10 or more brain metastases in a single session at the University of Pittsburgh. Posttreatment imuging studics were
used 1o assess tumor response, and patient recards were reviewed for clinical follow-up data. All data were collected
by a neurosurgeon who had not participated in patient care

Results . Sixty-one patients with 10 or more brain metastases underwent SRS for the treatment of $06 tumors
(mean 132 lesions). Seven paticnts (11.5%) had no previous therapy. Stereotactic radiosurgery was the sole pnor
treatment modality in ¥ patients (13.1%). 22 (36.1 %) underwent whole-bmin radiation thesapy (WBRT) only. and 16
{26 2%) had prier SRS and WBRT. The taotal treated tumor volume ranged from 0.14 10 4021 cm’. and the median
radiation dose 1o the tumor margin was 16 Gy. The median survival following SRS for 10 ar more brain metastases
was 4 months, with improved survival in patients with fewer than 14 brain metastases. a nonmelanomatous primary
tumor, controlled systemic discase. s better Kamofsky Performance Scale score, and a lower recursive partitioning
analysis (RPA) class. Prior cerchral treatment did not influence survival. The median survival for a patient with fewer
than 14 bmin metastases . a nonmelanomatons primary tumor. and controlled systemic discase wis 21.0 months. Sus-
tained local tumar control was achieved in 81% of patients. Prior WBRT predicted the devel opment of new adverse
radiation effects

Conclusions. Stereotactic radiosurgery safely and effectively treats intracmam al discase with a high rate of local
control in patients with 10 or more brain metastases. In patients with fewer metastases. a nonmelanomatous primary
lesion, controlled systemic discase, and ¥ low RPA class, SRS may be maost valuable. In sclected patients. it can be
considered as first-line treatment
{htp:lithejns orgidoiiabs/ 10317 112012 4 INS11870)

Key Womns + stercotactic radiosurgery  +  Gamma Knife surgery .
brain metastasis  +  morbidity



iEs 10
metastasis el
limite?



e Estudio multi-institucional

* No diferencias
significativas para
supervivencia global en
pacientes 2-4 metastasis
versus 5-15 metastasis

* 9.5 meses versus 7.5
meses

bkl faurrin
RadiationOncology

v © phy

Clinical Investigation

Initial SRS for Patients With 5 to 15 Brain )
Metastases: Results of a Multi-Institutional Gos s
Experience

Ryan T. Hughes, MD,* Adrianna H. Masters, MD, PhD,*
Emory R. McTyre, MD, MS,* Michael K. Farris, MD,*

Caroline Chung, MD, MSc,' Brandi R. Page, MD,

Lawrence R. Kleinberg, MD, Jaroslaw Hepel, MD,

Joseph N. Contessa, MD, PhD, Veronica Chiang, MD,"
Jimmy Ruiz, MD,” Kounosuke Watabe, PhD,** Jing Su, PhD,
John B. Fiveash, MD, ' Steve Braunstein, MD, PhD,

Samuel Chao, MD, ' Albert Attia, MD,""

Diandra N. Ayala-Peacock, MD,"" and Michael D. Chan, MD*

*Department of Radiation Oncology, Wake Forest School of Medicine, Winston-Salem, North
Carolina; 'Department of Radiation Oncology, The University of Texas MD Anderson Cancer Center,
Houston, Texas; 'Department of Radiation Oncology and Molecular Radiation Sciences, Johns
Hopkins University, Baltimore, Maryland; 'Department of Radiation Oncology, Rhode Island
Hospital, The Alpert Medical School of Brown University, Providence, Rhode Island; 'Department of
Therapeutic Radiology, Yale School of Medicine, New Haven, Connecticut; *Department of
Neurosurgery, Yale School of Medicine, New Haven, Connecticut; *Department of Internal
Medicine—Section on Hematology and Oncology, Wake Forest School of Medicine, Winston-Salem,
North Carolina; * *Department of Cancer Biology, Wake Farest School of Medicine, Winston-Salem,
North Carolina; ''Department of Biostatistical Sciences, Wake Forest School of Medicine, Winston-
Salem, North Carolina; 'Department of Radiation Oncology, University of Alabama at Birmingham,
Birmingham, Alabama; ~'Department of Radiation Oncology, University of California San Frandisco,
San Frandsco, California; ' Department of Radiation Oncology, Cleveland (linic, Cleveland, Ohio;
and **Department of Radiation Oncology, Vanderbilt University Medical Center, Nashville, Tennessee

Received Dec 17, 2018, Accepted for publication Mar 25, 2019
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Fig. 1. Kaplan-Meier plot of overall survival by number
of brain metastases treated with initial stereotactic
radiosurgery.



Caso clinico



Paciente con Adenocarcinoma de pulmon ALK positivo. Cefalea leve. Tac de
craneo 3 lesiones. RMN cerebro 12 Lesiones en cerebro
Plan: HSRS 27 Gy en 3 fx

PLANEACION: UN SOLO ISOCENTRO




Seguimiento
Tolerancia al tratamiento sin
efectos secundarios

significativos

Continua jugando golf

Al 1.5 afios progresion osea y
pulmonar

Estabilidad de lesiones en SNC
No progresion SNC

Fallece



Tips para tratamiento

* Disminuir el margen del GTV
* Menos radionecrosis

* Mas radionecrosis y NO diferencia en control local con margen de 3
mm versus 1 mm (Kirkpatrick IJROBP 2014) ni en 2 mm versus 0 mm
(Nataf [JROBP 2008)



Dosis de 6rganos a riesgo

Table 2 Summuary of NTCP' estimates after SRS/SBRT from the HyTEC repons”

Dose (Gy) o
Vo lume Number of dose-volume
Oy ans se e isted [ractions Ensdpo int parumneters Rate (%) Noks
Brain; for Total beain I Symptomatic Vigy < Scm’ 10%  From Table 3 and Figs. 4
metustasis inc luding necrosis and 5 in paper.
target 1 Symptomatic Vi < 10 cm’ 15% Consistent with
BECTOSIS QUANTEC.
I Symptomatic Visoy < 15 em’ 20% Prior whole brain RT
necrosis appears to not markedly
3 Edema of Vg < 20 em’ < 10% increase risks in most
neCTonis reports (with the
1 Edema of Vi < 30 ¢ < 20% exception of brain
neCTonis stem). However, repeat
5 Edema of Vi < 20 em’ < 10% SRYISRS to the same
BeCr osin arca has been
5 Edema or Vi < 30 em' < 0% assochated with
BeCrosis markedly increamed
risks.
Brain; SRS for Total bruin 1 Symptomatic Visgy < 10 em’ < 10%  From Fgure 2 in puper
artenove nous inc luding PECTosis
malformation target
Optic pathw ay Optic nerves and I Neuropathy D < 10-12 Gy < 1% From Table 1 in paper.
chiasm 3 Newropathy De < 20 Gy < 1% Consistent with
5 Neuropathy Do < 25 Gy < 1% QUANTEC.

Prior RT exposure of the
optic pathway (either
whole brain RT or SRV
ISRS) appears o
murkedly rocrease
risks

HyTEC Introduction

High Dose per Fraction, Hypofractionated
Treatment Effects in the Clinic (HyTEC): An
Overview

Jimm Grimm, PhD,**' Lawrence B. Marks, MD, Andrew Jackson, PhD,
Brian D. Kavanagh, MD, Jinyu Xue, PhD,” and Ellen Yorke, PhD

*Department of Radiation Oncology, Geisinger Cancer Institute, Danville, Pennsyivania;
'Department of Medical Imaging and Radiation Sciences, Thomas Jefferson University, Philadelphia,
Pennsylvania; 'Department of Radiation Oncology and Lineberger Cancer Center, University of North
Carolina School of Medicine, Chapel Hill, North Carolina; 'Department of Medical Physics, Memorial
Sloan—Kettering Cancer Center, New York, New York; 'Department of Radiation Oncology, University
of Colorado School of Medicine, Aurora, Colorado; and * Department of Radiation Oncology, NYU
Langone Medical Center, New York, New York

Received Oct 2, 2020. Accepted for publication Oct 8, 2020
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Treatment for Brain Metastases:
ASCO-SNO-ASTRO Guideline

Michael A. Vogelbaum, MD, PhD’; Paul D. Brown, MD*; Hans Messersmith, MPH’; Priscilla K. Brastianos, MD*; Stuart Burri, MD*;
Dan Cahill, MD, PhD*; lan F. Dunn, MD*; Laurie E. Gaspar, MD, MBA’*; Na Tosha N. Gatson, MD, PhD**°; Vinai Gondi, MD**;
Justin T. Jordan, MD*; Andrew B. Lassman, MD**; Julia Maues, MA™*; Nimish Mohile, MD**; Navid Redjal, MD**;

Glen Stevens, DO, PhD'%; Erik Sulman, MD, PhD*’; Martin van den Bent, MD**; H. James Wallace, MD**; Jeffrey S. Weinberg, MD*®;
Gelareh Zadeh, MD, PhD?*; and David Schiff, MD**

PURPOSE To provide guidance to clinicians regarding therapy for patients with brain metastases from solid
fumors.

METHODS ASCO convened an Expert Panel and conducied a systematic review of the literature.

RESULTS Thirty-two randomized trials published in 2008 or later met eligibility criteria and form the primary
evidentiary base,

RECOMMENDATIONS Surgery is a reasonable option for patients with brain metastases. Patients with large tumors
with mass effect are more likely to benefit than those with multiple brain metastases and/or uncontrolled
systemic disease. Patients with symptomatic brain metastases should receive local therapy regardless of the
systemic therapy used. For patients with asymptomatic brain metastases, local therapy should not be deferred
unless deferral is specifically recommended in this guideline. The decision to defer local therapy should be
based on a multidisciplinary discussion of the potential benefits and harms that the patient may experience.
Several regimens were recommended for non-small-cell lung cancer, breast cancer, and melanoma. For
patients with asymptomatic brain metastases and no systemic therapy options, stereotactic radiosurgery (SRS)
alone should be offered to patients with one to four unresected brain metastases, excluding small-cell lung
carcinoma. SRS alone to the surgical cavity should be offered to patients with one to two resected brain
metastases. SRS, whole brain radiation therapy, or their combination are reasonable options for other patients.
Memantine and hippocampal avoidance should be offered to patients who receive whole brain radiation therapy
and have no hippocampal lesions and 4 months or more expected survival. Patients with asymptomatic brain
metastases with either Karnofsky Performance Status = 50 or Karnofsky Performance Status < 70 with no
systemic therapy options do not derive benefit from radiation therapy.

Additional information is available at www.asco.org/neurooncology-guidelines.
JClin Oncol 40492516, © 2021 by American Society of Clinical Oncology

Recommendation 3.4

SRS, WBRT, and the combination of SRS plus WBRT are all
reasonable options for patients with more than four unre-
sected or more than two resected brain metastases and
better performance status (eg, KPS = 70). SRS may be
preferred for patients with better prognosis or where sys-
temic therapy that is known to be active in the CNS is
available (Type: informal consensus; Evidence quality: low;
Strength of recommendation: weak).



Conclusiones

* La radiocirugia permite disminuir el deterioro cognitivo de los
pacientes

* El uso o no de la radiocirugia no depende solo del numero de lesiones

* Se debe examinar al PACIENTE y considerar la enfermedad oncoldgica,
terapias sistémicas disponibles el curso de la enfermedad, la
enfermedad a distancia y el volumen de la enfermedad
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