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50+ years of technology development and clinical
application established SRS as a successful therapy

And motivated technology and clinical
application to extracranial sites

And motivated technology and clinical
application to extracranial sites
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From Martel et al. 1999:
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Dose @ 2Gy/Fr: 60 70 80 90 100 110 120 130 Gy

“If higher doses can be delivered to limited v, es using
advanced conformal techniques such as | ated for
breathing, together with on-line verificati and adaptation,
large increases of local control would be expected.”

Mehta et al, 1JROBP 49:23-33, 2001
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Indiana Phase |

47 patients with medically inoperable NSCLC
Dose escalated from 3 x 8 Gy to 3 x 24 Gy

MTD (< 5 cm) was not reached
MTD (>5cm) ~ 66 Gy

Timmerman et al, J Thoracic Onc, 2007
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Indiana Phase Il

70 patients with medically inoperable NSCLC
>5cm:3x20Gy <5cm:3x22Gy

< 20% Grade 2+ toxicity
Risk of Grade 3+ toxicity 11 times greater for centrally

located tumors Local Tumor Control
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Timmerman et al, J Thoracic Onc, 2007

RADIATION THERAPY ONCOLOGY GROUP
RTOG 0236

A Phase Il Trial of Stereotactic Body Radiation Therapy (SBRT) in the Treatment of
Patients with Medically Inoperable Stage I/ll Non-Small Cell Lung Cancer

Trachea and Ipsilateral Any peint

R
E SCHEMA
G
1 Stereotactic Body Radiation Therapy (SBRT),
s 20 Gy per fraction for 3 fractions over 1%-2
T weeks, for a total of 80 Gy
E
R
Organ Volume Dose (cGy)
Spinal Cord Any point 18 Gy (B Gy per
action)
Esophagus Any peint 27 Gy (9 Gy per
fraction)
Ipsilateral Brachial Any peint 24 Gy (8 Gy per
Plexus fraction)
Heart Any point

30 Gy (10 Gy per
fraction)

30 Gy (10 Gy per

Bronchus fraction)
Whale Lung (Right & (See table in Section (See table in Section
Left) 642} £8.4.2)

than 10%, (or less than 15% for minor deviation)

Lung volume receiving 20 Gy or more (V,p)must be less
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RTOG Stereotactic Body Radiation Therapy
0236 | for Inoperable Early Stage Lung Cancer

Rabent Timmenman, MI Context Patients with carly stage but medically incperable lung cances have a poar

rate of primary tumor con % -40%) and a high rate of moetality (3-year sur-
wival, 20%-35% ) with cu
Objective Toevalu
in a Pugh-ritk pepulation
cancer.

Design, Setting, and Patients Phase 2 N,
Benits & B years or ol

i by herapy
wdically incperable king

Armeiican maticenter study of pa-
T1-TINOMD noe-small

s, percly o
3 fractions (%4 Gy total)

vy e poinit was 2-p
dsease-free winvival
eourrence), freatmen

Tiak Cliay, W1

tients can suirger
morbidities such s emphysema and
hart discase. These patients.are der
medically inaperable and are gener
ally offered co

therapy (mest commonly given disr

. Ol 1 patient

3.year primary tumeor con
9.

ing 20-30 outpaticnt Lreatments) or

. rue events were repart
Conclusion Patients with inopera
reatactic body radiation therapy had
local tumor control, and moderate tre.

of 55.8% at 3 yean., high rates of
verit-related morbidity.

Timmerman et al, JAMA, 2010
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RTOG 0236 tr]
g STEREOTACTIC BODY RADIOTHERAPY (SBRT) FOR OPERABLI
NON-S {LL LUNG CANCER: CAN SBRT BE COMPARABLE
754
Himosin Owsie, M.D..* Hirok Storato, MLD.,' Y asusin Nacata, M.D." Masanro Heaoka, M.D.,
Masanasy Fumo, M.D.'* Korago Gown, M.D.," Karsuvest Kanasawa, MDY
——————— i Kazusiis Havakaw D.." Yuzunu Nmwe. M.D." Yosmigo Takal, M.D.,
-8 - Tomokn Kivuia, b ' Arsuva Takena, MD" Arsusin Ouem, M.D.,
3 . "negs ' ¥ Masato Hanevasa, M.D., o Keevka, M.D.™
=y 59 1A/ IB patients accrued e 1! Takurn Asmoro, M.D.*** Ryusure Hara, M. ' Jux rasn, M.D_M anp Tsuronw Awaxt, M.D.S
2 £ . -
g 55 eligible for follow up ' N
w ; B o TR 5 1] A (n-
3 year actuarial control 97.6% S M-t tatamed)
. 0.8 L 4
(1 local failure) Yepe bbbk %8
254 3
Sl 3 year DFS 48.3%; 3 year OS 55.8% 0.8 it B(no23) 0.6 &
Uvive . Podude chiep oot
Overall Median OS 48.1 months &l 04
______ oo IB (n=23)
Disease-free | grade 3 events / 2 grade 4 events 5 year local control 86.7% ] 5 year Survival 69.5% :
) EEED L = . = i = e i = " b i - - x ! = . 0.2 =0.01 0.2
0 6 12 18 24 20 36 92.0 % (IA) / 73.0% (IB) 72.0% (1A) / 63.2% (IB) P=0.14
Duration After Starting Stereotactic Body Radiation Therapy, mo o - - - ! r o7 T T T T T T T
[ ] 4 ] 8 10 0 2 4 [ B 10 12
Timmerman et al, JAMA, 2010 Duration after SBRT{years) Duration after SBRT(years)
JOURNAL OF CLINICAL ONCOLOGY INAL REPORT 38 patients with 63 lesions SBRT for Lung Mets

48 - 60 Gy in 3 fractions

QOutcome in a

0.1 Fyear estimated LCSS rate = 88.4%

T . T T . ; Multi-Institutional Phase I/11 Trial of Stereotactic Body
0 6 12 18 2 30 36 Radiation Therapy for Lung Metastases
Follow-Up (months) “ i

Inoperable Stage 1 Nor -Cell Lung Cancer Patients
Treated With Stereotactic Body Radiotherapy A e PO ——
i : i ={ 100% Local Control @ 1 year
B 96% Local Control @ 2 years
57 NSCLC patients 45 Gy in 3 fractions & ™1 19 month median survival
= 1.0+ R . .
= Q_L & 3 patients w/ grade 3 toxicity
s 7 =1 No patients w/ grade 4-5 toxicity
2 0.8 3 year Local Control 92%
= 074 88% Cancer Specific Survival @ 3 years o T 3 3w = -
S o6 16 patients w/ grade 3 toxicity Time (months)
c . L )
@ g5 1 patient w/ grade 4 toxicity s e m s w1 1 s
g 04+ n  Median (months)
c'r? 039 Alive 26 391 VOLUME 37 - NUMBER 10 - APAIL 1 3009
3 024 Dead B 10.7
g 7| Censored 25 220 JOURNAL OF CLINICAL ONCOLOGY ORIGINAL REPORT
o
E
3

Mirk A. Chidel,
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Phase l/ll SBRT trial for liver mets
60 4
Dose escalation to 60 Gy in 3 fractions
40+ 47 patients

Local control 95% & 92% at 1 & 2 years

Local Contral

20 e
1 Grade 3 toxicity
0 & 12 13 24 20 25 42 48
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6 mo \ D Time (months)

Post-SBRT Rustoven et al, JCO, 2009

Dose Response to Spine SRS

91 lesions in 79 patients =
- dmin > 15.1 Gy

Prescribed 18-24 Gy o | Ll_"ﬁﬁ ’
Cord constrained to14 Gy ki s <= 15.1 Gy
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ELSEVIER

CORRELATION OF LOCAL FAILURE WITH MEASURES OF DOSE INSUFFICIENCY
THE HIGH-DOSE SINGLE-FRACTION TREATMENT OF BONY METASTASES

D. Micnag. Loverock, Pu.D.¥ Zmcane Zuasa, PrD.' Axprew Jacksos, Pr.D.,
Jennarem Keass, MDY Justn Bexesar, MLD." Mgk Busky, M.D." Eric Lis, MDY
avp Yosiiva Yamaoa, MD.}

But with any aggressive approach, there may be complications

Three treatment-related deaths following
SBRT for primary liver cancer

3 x 15 Gy for 57 cc tumor
3 x 10 Gy for 293 cc tumor Blomgren et al, Acta
1x 30 Gy for a“large” tumor  oncol. 34:861-70, 1995

r!'}[-]tN“L 98 (:LIN]{IAI‘ ONE-{IL'}“Y

Excessive Toxicity When Treating Central Tumors in a
Phase 11 Study of Stereotactic Body Radiation Therapy for
Medically Inoperable Early-Stage Lung Cancer

ELSEVIER

CLINICAL INVESTIGATION

SPINAL CORD TOLERANCE FOR STEREOTACTIC BODY RADIOTHERAPY

At Samcar, MD* Louw Ma, Pl Ies Gises, MU' Prnm C. Gaesenes, MDD,
San Bye, MLD Soorr Sourys, ML 3% Shun Wose, MLD.,
Eric Ciianci, MDY Jack Fowvie, .6 w A Lawsos, M.D., P,

Vivian Wemneso,
TR |

We report 5 cases of radistion-induced myelopathy (RM) that occurred following spine SBRT B el
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And there is a significant burden on practitioners to minimize errors

In 1997, between 44,000 and 98,000 patients died as a result of medical errors
- To Err is Human: Building a Safer Health System, Institute of Medicine

Los Angeles Times | »

 Backto Original articls

Wrong patient got kidney at

University Hospital shut down its kidney transplant program last month after realizing the error. The hospital said transplants
may resume as early as Friday.

February 18, 201 | By Alan Zarembo and Lisa Girion, Los Angeles Times

University Hospital halted kidney transplants last month after a kidney was into the wrong patient, according to a spokesman
for the program that coordinates argan transplants in Los Angeles.

The patient who received the wrong kidney escaped harm, apparently because the kidney happened to be an acceptable match, said Bryan Stewart, spokesman
for the program, OneLegacy, which was notified of the error by the hospital.

The hospital, which performs about two transplants a week, confirmed in a statement that it had voluatarily balted transplants Jan. 29 after a "process emar”
was discorered. The hospital did not detail the nature of the ervor and declined to answer questions. It said 1o patients were harmed.




The Pain of Wrong Site Surgery
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1. Radiation Overdose and

Our profession has certainly
H Other Dose Errors durin,
seen its share of errors ST Thaam P

2. Alarm Hozards

3. Cross-Contamination
frem Flexible Endescopes

@ 4. The High Radiation
Dose of CT Scans
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Incompatibilifies, and
Other Health IT
Complications

} TOP 10 HEALTH
TECHNOLOGY HAZARDS

FOR 2011

Reprinted from Violume 39 lssue 11
Mewe

&. Luer Misconnections

7. Qvarsedation during
Use of PCA Infusion
Pumps

8. Needlesticks and
Cther Sharps Injuries

EC R I..]..'.l._*‘l itute 9. Surgiical Fires

Tha Dintiphins o

10. Defibrillator
Failures in Emergency
Rasuscitation Attempts

ot rase | Tookws paren | viseo | wost roruias | maers roecs

Ehe New York Eimes Health

For many of us, the awareness began with this series of articles
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Radiation Offers New Cures, and Ways to Do Harm
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But accidents and the publicity surrounding them are nothing new
E. B “A Special Reprint } iy, |

PLAIN DEALER

oraseies LETHAL DOSES RADIATION THAT KILLS :

ngerous medicine, deadly mistakes

"N At age 9, Dwight's skin peeled, his tongue
: " | bloated and fluid leaked from his ear.
I made sure to hug and kiss him," says 1
his mother. “He really looked grotesque \

and he knewit, but | wanted him to know
& we loved him."

Like little Dwight, scores of Americafis |
have met horrible deaths due lo mediml
blunders and overdoses of radiation. This
Plain Dealer? ries tells their stories and |

unveils shocking facts about hospital

cover-ups and government

Courtesy Yakov Pipman




At least 40 people killed and the NRC doesn’t kno

PART 1 Published Dec. 13, 1992 — Sloppy radiation therapy proced
America's hospitals have killed at least 40 people and maimed dozens of
others. The U.5. Nuclear Regulatory Commission, the agency primarily
responsible for protecting the public from radiation mistakes E:nmedicine
name a single fatality. Pages 3, 4.

' The spill that shook the Cleveland Clinic

Published Dec. 14, 1992 — A series of blunders at the Cleve
ed to a record third NRC fine and prompted a top clinic
on's safely program an embarrassment, Pages 5, 6.

Courtesy Yakov Pipman

and the reaction should be predictable ......

Human tragedies, official coverups, government
PART 4, Pugigjgfid Dtei'c. 16, 1992 — Jean Matalik doesn /
ords as a on therapy casualty because ]
or burned a hole in her chest. Neither does hin

overdose killed her. are among
in our nation’s hospitals each year. Pages

2l Defg];; 7, 1992 c:rglRC ‘iinvesﬁg_amrs h
lying, records and covering u
1a n convicted of <:ri:'nma]s8 ar?:l
at the same hospitals. Pages 11

Courtesy Yakov Pipman

RADIATION IN
MEDICINE

ANEED FOR RECULATORY REFORM

Several responses to
congressional hearings

Comminee for Review and Evaduation of the Medscal Use Progess

of the Nuclear Regulasory Commissioa Contents
Kane- Lowine D1 Gotfried and Gary Penn, Editons SUMMARY
Division of Health Care Services 1 INTRODUCTION
INSTITUTE OF MEMCING Ertors amd Suceesses. Benefits and Problems of Radiation
Medicine

NATIONAL ACADEMY FPRESS
Washinglon, D.C. 1996

The Current Regulatory System
The Instinate of Medicine Study
Chepter Summary

NG RADIATION
iring Radiation
Radiation

Chapter Summary

REGULATION AND RADIATION MEDICINE
Regulatory Goals
The Current Regulsory Framework
The Casts of NRC Regulation
Qualitative Assessments of NRC Regulations
Chapter Summary

RISKS OF IONIZING RADIATION IN MEDICINE

Risk Assessment

-

Errors in SRS/ SBRT

© 2011 All Rights Reserved




o 1 Badiatn Chcology Biol. Piys., Vel 7
[

Errors in SRS/ SBRT

ELSEVIER
RAPID COMMUNICATION

bz DO DA/ el 200505036

ACUTE SKIN TOXICITY FOLLOWING STEREOTACTIC BODY RADIATION THERAPY
FOR STAGE I NON-SMALL-CELL LUNG CANCER: WHO'S AT RISK?
Braprorn S, Hoee, MLD.,™ Besoamiy Laser, MUD.,* ALex V. Kowaiskl, B.AL,!

Compactness Constraints
Who caught it, and what could have been done to prevent it?

5) Intermediate Dose Spillage
The falloff gradient beyond the PTV extending into normal tissue structures must be rapid
in all directions and meet the following criteria:
a) Location
The maximum total dose over all 3 fractions in Gray (Gy) to any peint 2 em or
greater away from the PTV in any direction must be no greater than Dy where
Diem 5 given Dy the lable below.

Patients “caught” it

b Velwme
The ratio of the volume of the 30 Gy isodose volume to the volume of the PTV
must be no greater than Ry g, where Ry g, is given by the table below. This
table is used for all prescription requirement in Section 6.4.2 imespective of

Better training on SRS principles —
Many beams from many directions!

and total dosa.
Carefully evaluate plans Masimum Ratio of Ratio of 30 Gy Maximum Dose Percentof Lung | PTV
PTV Prescription Isodose Valume 2 em from PTV receiving 20 Gy | Velume
. Dimension | Isodose Volume 1o the PTV, Rao oy in any Direction, tatal or more, Vi {ec)
Develop dose constraints — understand em} | tothePTV D (GY) -
. Deviation S et Deviation
normal tissue tolerance [ Thone | minor | _none | minor | none minor | _none | minor
2.0 | <12 1.2-1.4 <3.9 3941 <28.1 28.1-30.1 =10 10-15 18
25 <12 | 1214 <38 3941 <281 | 281301 | =10 10-15 38
Follow nationally accepted guidelines 3.0 <1.2 | 1214 <3.9 3941 <28.1 28.1-301 | <10 10-15 T4
o 35 <12 | 1.214 <33 3941 <281 | 28.1-30.1 | <10 1015 132
e.g., RTOG compactness criteria 40 | <. 1.4 <as 84, <304 | 304324 | < - 21.
4. <1, 4 <37 73 <327 | 327-347 | < - 33
(PTV +2cm) 5 EF a 36 =3 <351 | 354374 < X 49,
5. <1. 214 <35 53 <374 | 374417 | < - 69.
[ <1, 214 <3.3 33, <38.7 307417 | < - 951 |
65 <12 | 1214 <31 3133 <420 | 420440 =10 1015 | 1258
7.0 <12 | 1214 2.9 2.8:3.1 <443 | 44.3-46.3 | <10 1015 | 1626

© 2011 All Rights Reserved



How many beams?

120 — 14
110 4 Mesn Volue 45 cc
Standard Deviation 28 oo
100 4 (] 12
i
1 g
i il i @ 10
= @ @ @EE © @ g
g -
|l EE @ 82
5 60 4 s
[ ™
2
=z

AR TIALL

1 7T 8 9 10 11 12 13 14 15 16 17 18 19 20

Dosimetric Evaluation of Heterogeneity Corrections for RTOG
0236: Stereotactic Body Radiation Therapy of Inoperable Stage I/

Il Non-Small Cell Lung Cancer

¥ing Xlao, Ph.D1’, Lech Paplez, Ph.D.Z, Rebecca Paulus, B.5.%, Robert Timmerman, M.D.2,
William L. Straube, M.5.%, Walter R. Bosch, D.Sc.%, Jeff Michalskl, M.D.%, and James M.
Galvin, D.5c.

Systematic Use of Dose Constraints

Serial Tissue Volume (mL) Volume Max (Gy) Max Point Dose (Gy) Endpoint (=Grade 3)
SINGLE-FRACTION TREATMENT
Optic pathway <0.2 8 10 Mauritis
Cochlea 12 Hearing loss
Brainstam <1 10 15 Cranial neuropathy
Spinal cord <0.25 10 14 Myelitis
<1.2 7
Cauda equina <5 14 18 Neuritis
Sacral plaxus <3 14.4 16 Neuropathy
Esophagus® <5 14.5 19 Stenosis/fistula
Ipsilateral brachial plexus <3 144 16 Neurcpathy
Heart/pericardium <15 16 22 Paricarditis
Great vessals <10 31 37 Ansurysm
Trachaa and ipsilateral bronchus® <4 88 22 Stanosis/fistula
Skin <10 14.4 16 Ulearation
Stomach <10 13 16 Ulearation /fistula
Duodanum* <5 8.8 16 Ulearation
Jejunum/ileum* <5 a8 19 Enteritis/obstruction
Celon* <20 1 22 Colitis/fistula
Rectum* <20 1 22 Proctitis/fistula
Bladder wall <15 87 22 Cystitis/fistula
Penila bulb <3 14 34 Impotence
Famoral heads (right and laft) <10 14 Mecrosis
Renal hilum/vascular trunk <2/3voluma 106 Malignant hypertension
Parallel Tissus Critical Volume (mL) Critical Volume Dose Max (Gy) Endpoint (=Grade 3)
Lung (right and left) 1,500 7 Basic lung function
Lung (right and left) 1.000 7.4 Pneumonitis
Liver 700 9.1 Basic liver functian
Renal cortex (right and laft) 200 B4 Basic ranal function

Timmerman et al, Sem Rad Onc, 2008

Systematic Use of Dose Constraints
Serial Tissua Voluma (mL) Volume Max (Gy) Max Point Dose (Gy) Endpoint (=Grade 3)
THREE-FRACTION TREATMENT
Optic pathway <0.2 15 (5 Gy/f0 19.5 (6.5 Gy/fx) Neuritis
Cochlea 20 (6.67 Gy/f0 Hearing loss
Brainstem <1 18 (6 Gy/f 23 (7.67 Gy/fd Cranial neuropathy
Spinal cord <0.25 18 (6 Gy/f0 22 (7.33 Gy/f0 Myalitis
<12 11.1 3.7 Gy/fo
Cauda equina <5 21.9(7.3 Gy 24 8 Gy/fn) Neuritis.
Sacral plexus <3 22.5(7.5 Gy/fad 24 (8 Gy/h Meuropathy
Esophagus® <5 21(7 Gy/f 27 @ Gy/t Stenosis/fistula
Ipsilateral brachial plexus <3 22.5(7.5 Gy/f 24 8 Gy/hd Meuropathy
Heart/paricardium <15 24 (8 Gy/fv 30 (10 Gy/f0 Paricarditis
Creat vessels <10 39 (13 Cy/fo 45 (15 Gy/fd Aneurysm
Trachea and ipsilateral bronchus* <4 15 (5 Gy/fa 30 (10 Gy/f0 Stenosis/fistula
Skin <10 22.5(7.5 Gy/f0 24 B Gy/fx) Ulceration
Stomach <10 21(7 Gy/f0 24 B Gy/fx) Uleeration/fistula
Duodenum* <5 15 (5 Gy/fo 24 @ Gy/fx) Ulceration
Jajunum/ileum* <5 16.2 (5.4 Gy/f0 27 @ Gy/fd Entaritis/obstruction
Colon® <20 20.4 (6.8 Gy/f0 30 (10 Gy/f0 Colitis/fistula
Rectum* <20 20.4 (6.8 Gy/f0 30 (10 Gy/f0 Proctitis/fistula
Bladder wall <15 15 (5 Gy/fo 30 (10 Gy/fo Cystitis/fistula
Penile bulb <3 21.9(7.3 Gy/fd 42 (14 Gy/f0 Impotance
Famoral heads (right and left) <10 21.9(7.3 Gy/f0 Necrosis
Renal hilum/vascular trunk <2/3volume  1B.6(6.2 Gy Malignant hypartension
Parallel Tissue Critical Volume (mL) Critical Volume Dose Max (Gy) Endpoint (=Grade 3)
Lung (right and left) 1,500 10.5 (3.5 Gy/fd Basic lung function
Lung (right and left) 1.000 11.4 (3.8 Gy/bd Preumonitis
Liver 700 17.1 (5.7 Gy/fd Basic liver function
Renal cortex (right and left) 200 14.4 (4.8 Gy/fd Basic renal function
Timmerman et al, Sem Rad Onc, 2008

Systematic Use of Dose Constraints

Serial Tissue Veolume (mL) Volume Max (Gy) Max Point Dose (Gy) Endpoint (=Grade 3)
FIVE-FRACTION TREATMENT
Optic pathway <0.2 20 (4 Gy/fa 25 (5 Gy/fx) Neuritis
Cochlea 27.5 5.5 Gy/f) Hearing loss.
Brainstam <1 26 (5.2 Gy/fd 31 6.2 Gy/f0 Cranial neuropathy
Spinal cord <0.25 22.5 (4.5 Gy/f) 30 6 Gy/fx) Myelitis
<12 13.5 (2.7 Gy/hd
Cauda equina <5 30 (6 Gy/fd 34 (5.4 Gy/fx) Neuritis
Sacral plexus <3 30 (6 Gy/hd 32 6.4 Gy/f0 Neuropathy
Esophagus® <5 27.5 (5.5 Gy/fd 35 7 Gy/fx Stenosis/fistula
Ipsilateral brachial plexus <3 30 (6 Gy/hd 32 (6.4 Gy/f0 Neuropathy
Heart/pericardium <15 32 (6.4 Gy/fd 38 (7.6 Gy/f0 Pericarditis
Great vessals <10 47 (9.4 Gy/F0 53 (10.6 Gy/ho Aneurysm
Trachea and ipsilateral bronchus* <4 18 (3.6 Gy/f0 38 (7.6 Gy/f0 Stenosis/fistula
Skin <10 30 (6 Gy/fd 32 (6.4 Gy/fx) Ulcaration
Stomach <10 28 (5.6 Gy/fx 32 6.4 Gy/fx) Ulceration/fistula
Duodenum* <5 18 (3.6 Gy/Fd 32 6.4 Gy/fx) Ulceration
Jejunum/ileum* <5 19.5 (3.9 Gy/f 35 (7 Gy/fx) enteritis/obstruction
Colon* <20 25 (5 Gy/f0 38 (7.6 Gy/f0 colitis/fistula
Rectum* <20 25 (5 Gy/hd 38 (7.6 Gy/f0 proctitis/fistula
Bladder wall <15 18.3 (3.65 Gy/f 38 (7.6 Gy/f0 cystitis/fistula
Panile bulb <3 30 (6 Gy/hd 50 (10 Gy/hd Impotence
Femoral heads (right and left) <10 30 (6 Gy/f0 Necrosis
Renal hilum/vascular trunk <2/3volume 23 (4.6 Gy/fd Malignant hypertension
Parallel Tissus Critical Volums (mL) Critical Volume Dose Max (Gy) Endpoint (=Grade 3)
Lung (right and left) 1.500 12.5 (2.5 Gy/hd Basic lung function
Lung (right and left) 1000 13.5 (2.7 Gy/f Pnaumonitis
Liver 700 21 (4.2 Gy/f Basic liver function
Renal cortex (right and left) 200 17.5 (3.5 Gy/Pd Basic ranal function

“Avoid circumferential iradiation

Timmerman et al, Sem Rad Onc, 2008
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m‘lliﬂmuu i P d to high radiation levels . m‘lMu i P d to high radiation levels 5

NS e programming o cavse e probiem st Tamp's Errors in SRS/ SBRT VNS . ooovarming o covse e probiom ot Tampa's What Happened?
Tampa Bay L WeGancer Gentar & Resesrch natiuts for 18 manths. Tampa Bay e Mo cancer Cenar Resear st for 10 marins

UT SOUTHWESTERN MEDICAL CENTER AT DALLAS || * B UT SOUTHWESTERN MEDICAL CENTER AT DALLAS |[ * S

MONCRIEF RADIATION ONCOLOGY CENTER s MONCRIEF RADIATION ONCOLOGY CENTER Caumbu el v 1030 4
(Ttle 1 20 fegare &1 (Tt 1 o ggare &

A TE-51 Photon Calibeation Tt 1 o begare &
Bt [ [T

A TE-51 Photon Calibeation Tt 1 20 g 4

Bt [ [T

& TemperstarsPremrs Camaction: & TemperstarsPremars Camactian:
7a o Chamber, 7a tan Chamber,

i i b i i p
1 9 Camecied ian chambe: ieading.
T i ==« "Basically, they were supposed to have a second physicist
) independently verify the calibrations of the first physicist,"
ot of ] said Bill Passetti, the bureau's chief. "It looks like the second

10 4 il e [ TGy | . . ' . . . . .
verification wasn't performed, which is a violation

of the facility's protocol and procedures."

m!!u«muu Patients exposed to high radiation levels
l“‘es A machine’s programming sror caused the problem at Tampa's 1
TampaBay e Mo Concer omar  Aussarch sttt for 1 mate . . . . . .
e [Dosimetric stereotactic radiosurgical accident: Study of 33
Who caught it, and what could have been done to prevent it? world nuclear news P2ten's treated for brain metastases.]
Neurochirurgie. 56(5):368-73, 2010
Borus PY, Debono B, Latorzel |, Lotterie JA, Plas JY, Cassol E, Bousquet P, Loubes F, Duthi P, Durand A Caire F,
RPC caught it, but not until after 77 patients had been treated Front Page o - DY Sabaler d, Lazarthes Y.
ENERG'“WRONMEN 33 patients with 57 brain mets
A Mean volume: 3.2 cc [0.04 — 14.07]

FGULATION & SAPETY Mean pre.scribed dose: 20 Gy [10 - 23]
NUCLEAR POLICIES Mean delivered dose: 31.5 Gy [13 — 52]
CORPORATE Mean overdose: 61.2% [5.6 — 226.8]

Perform independent checks EXPLORATION & Local control: 80.7%

Don’t rely on Excel — perform hand calc

AT No morbidity observed
WASTE & RECYCLING

Use mailed dosimetry service as part of commissioning, before
patients are treated

BATHOPROTECTION - VoL 43 - N° 5 (2008

The French
tiomn by
', Gour
Latailladk?

ence: emerging concepts in radia-
iopathology
LA Lotteries® amd 1.-1

About WHI
Contact

32 unilateral ACN patients
31% 12 month actuarial rate of trigeminal neuropathy
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LESSONS FROM RECENT ACCIDENTS IN RADIATION THERAPY
IN FRANCE

ux®, C Etand, C. Huet, E Trompier. | Clairund, 1-E Bottollier-Depois, B. Aubert and

Scatter factor
=
o

Square field size (mm)

Figure 6. Scatter factors measured in 6 MV photon beams

with a 0.65-cm”® ‘Farmer’ chamber (triangles) and a 0.03-

cm” ‘Pinpoint” chamber (circles) (A. Lishona, personal
communication).

winn

world nuclear news

Front Page  Dose devistio

adiosurgery treatments

Who caught it, and what could have been done to prevent it?

Vendor caught it, but not until after 145 patients had been treated

Better training on small field dosimetric methods
Compare beam data with colleagues

Perform comprehensive commissioning including dosimetric
verification of TP calculations

Ehe New York Times ees

Thes Copy 15 r YOUT ersonds, fond "
Copres Tor A iARON 1o yoar Coledgams. Chends o Cuskmers. here o use Te Tepint Kol

A Pinp.t)ir.ll Beam Strays Invisibly, Harming Instead of
Healing .
R . SRS treatment for a benign tumor

"'F.

Overdoses ranging from 25 to 100%

Patient developed facial spasms,
balance and memory problems
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&he New JJork Times

Radiation Errors Reported in Missouri

Who caught it, and what could have been done to prevent it?

New physicist caught it, after attending vendor training, but not
until after 152 patients had been treated

Better training on small field dosimetric methods

Compare beam data with colleagues

Perform comprehensive commissioning including dosimetric
verification of TP calculations




Accurate measurement of small field output
factors has challenged many physicists

Unnamed U.S. Institution, July, 2010

Cone size Original Output Re-measured
(mm) Factor Output Factor
4.0 0.312 0.699
7.5 0.610 0.797
10.0 0.741 0.835
12.5 0.823 0.871
15.0 0.862 0.890
17.5 0.888 0.904
20.0 0.903 0.913
25.0 0.920 0.930
30.0 0.928 0.940

There was ample opportunity to avoid these errors

Sterectactic QOutput Factor Curve

*. C Emard, C. Huet, E Trompier. |, Clairund, 1-F Botollier-Depois, B, Aubert and
Direction de la Radioprotection de 'Homme, IRSN,
. -Ra amn
Radiation Protection Dosimetry (2008), Vol. 131, No. 1, pp. 130-135

Single fraction SRS for AVM, November, 2004

Prescription dose not reported;
plan/treatment used multiple isocenters,
with collimators from 10 - 30 mm

Jaws set to 40 x 40 cm? instead of 40 x 40
mm2. Physicist told therapist “40 x 40"

collinator {right)

. Some areas of normal brain received in more

Errors in SRS/ SBRT than dose to intended target

Severe complications: “fibrosis and oseo-
tracheal fistula that required surgical
operation.” Patient died several days later
as aresult of a “brutal haemorrhage.”

o.ss_..|......-,.‘,., _
095 [ | |ty 3
sae | ; /’f‘ _
0.92 l— ]
t ]
0.90 - :
0.88 :— § S — _:
086 [ .
0.84 o S T— E
0.82 . b - P i PR
0 2 4 6 ] 10 12 14
Area {em®)
AAPM REPORT NO. 54 an
STEREOTACTIC RADIOSURGERY
June 1985
]
Errors in SRS/ SBRT

A Pinpoint Beam Strays Invisibly, Harming Instead of
H(!a}]mﬁ Misstops That Have
ey ” Caused Injuries.

Then, in what seemed like a blink of an eye,
she disintegrated. “Four weeks later, she was
like a vegetable,” Mr. Kagan said. “It was
mind-boggling to see one person who was
not elderly deteriorate that quickly.” Now, she
can only blink her eyes and lightly squeeze
her husband’s hand. “It is very hard on the
kids,” Mr. Faber said. “It has been hard on
me but really nothing compared to what Marci
is going through.” Doctors who deal with her
type of radiation injury say the prognosis for
any meaningful recovery is poor.
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A Pinpoint Beam Strays Invisibly, Harming Instead of
Healing

Who caught it, and what could have been done to prevent it?

Patients / staff “caught” it

Better communication
Use of checklists
Machine Interlocks

Perform comprehensive, end-to-end commissioning of overall
process, including R/V system

UCLA Radiation Oncology - Radiosurgery Check List

Patient Name: Patient ID #: Date:
Stej Isocenter Operations Isocenter 1 Isocenter 2 Isocenter 3 Isocenter 4 Isocenter 5 Isocenter 6
1 Arrange sheet and pad on couch.
2 Set the couch to 0 & coll to 90.
3 Take nhotos.of patient(3).
4a Set backup jaws to 4.0 x 4.0cm. (2 / ! ! ! ! !
initials & size).
4b Install the cone. (2 initials & size). ! ! ! ! ! /
5
box. 2 init.
6 Enable linac switches 1, 2, and 4.
Unlock microadjusters/table locks.
Fit ring onto patient head frame.
Attach large bolts (2) onto ring.
Assist patient onto couch.
10 || Secure frame to couch mount.
Tighten large bolts.
11 Attach small bolts (2) onto ring.
12 Secure patient to couch w/ strap.
13 Attach positioning box to the
frame.
14 | Positon positioning box to the
isocenter.
15 Tighten Lat & Long table locks
and disable linac switches 1,2,4.
16 | Use microadjusters, reposition box
to isocenter, lock mi j
17 Review of fields by physician.

Vendor Response

¥ BrainLAB — VARFAN
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One vendor’s solution

Figure 2: R ded rear decal | ion for Varian conical collimator

Bill Of Matarials
08 | .07 | 06 | 05 | 04 | 03 | .02 | 1 Part Number Description
I 01 Label Warning (English)
N ) 100050085-02 | Label Warning (Chinesa)
N 100050083-03 | Label Warning (French)
| 2 100050083-04 | Label Warning (ltalian)
|z 100050083-05 | Label Warning (Swedsh)
HE 100050083-06 Label Warning (Spanish)
- |z 100050083-07 | Label Warning (Japanese)
2z 100050083-08 | Label Warning (German)




Do all of your commissioning in clinical mode,
and through your Verify/Record system

4 Planning

A verify/record system can
help to minimize errors....

....aslong asitis
configured properly

End-to-end, image guided dosimetric assessment

End-to-end, image guided dosimetric assessment

)

8 Elm El DB e

B E

End-to-end, image guided dosimetric assessment

MU VERIFICATION | POINT DOSE MEASUREMENT
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SRS/SBRT programs should be
subject to independent review

.|
&

OIS 5 18 1l bk 0 1B el n

Lung SBRT
Credentialing

o
)
taf
2
e
=)
@)

B I

Lung SBRT
Credentialing

Wrong site errors in SRS/SBRT

SNEWSIUs

e
Wiy nale

Event Description

Treatment Implication

Patient orientation entered incorrectly at
MR Scanner

Wrong location treated

Fiducial box not seated properly during
CT imaging

Wrong location treated

Malfunction of automatic ~positioning
mechanism following re-initialization

Wrong location treated

Right trigeminal nerve targeted instead
of left

Wrong location treated

Facial nerve targeted instead of
trigeminal nerve

Wrong location treated

Mistake in setting isocenter coordinates

Wrong location treated

Head not secured to stereotactic device
(2 events)

Wrong location treated

Selected collimators did not match
planned

Wrong  dosefdistribution
delivered

Physician mistakenly typed 28 Gy
instead of 18 Gy into planning system

Wrong dose delivered

Physicist calculated prescription to 50%
isodose instead of 40%

Wrong dose delivered

Microphone  dislodged,  causing
stereotactic device to break

Treatment halted after 2 of
5 fractions

Couch moved during treatment

None; personnel interrupted
treatment

© 2011 All Rights Reserved




A written checklist system can help minimize errors

Trigeminal Neuralgia Treatment Time Out
This form is to be signed at the treatment console
Physician, Physicist, ExacTrac Therapist and Treating Therapist all present
Treatment cannot be initiated until all parties agree on treatment and sign this form

Affix Date;

Patient

Label Time:

Here

Circle One
Treatment side verbally confirmed with patient Treat Therapist L R
Treatment side visually confirmed by physicist (lasers) Physicist L R
Treatment side conformed with patient records Physician L R

Patient on treatment matches 4DTC (ARIA) patient

[Crreat therapist [Clehysician

Patient on Exactrac matches 4DTC (ARIA] patient
Dl’nlt Therapist E-T Therapist Dl’lml:ln DPh\ni:hn

Jaw Size 4cm x 4cm (Linac Control Console)
[Crreat Therapist ET Tharapist [lenysicise [enysician

Other Sources of Information

T —— 3 www s gow
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P4 Hom 5 M "
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Date Repart Recarved by FOA fmmas

Erisrors - DE T

MAUDE is voluntary

PO u.s. Focd and Drug Administratio . Soarch
Other Errors btodmdiol] . ’
MAUDE Adverse Event Report
VARIAN MEDICAL SYSTEMS, INC. VARIAN / ZMED STEREOTACTIC RADIDOSURGERY Back to Seanch ResuLs

Event Typa Fijury
Event Descriptian

AN stereotactic radiesurgery patent at

;QLIO & beamn before the en gnize: and the treatment

radiosUrgery treatmer 1Dy varuan. The device was originally

irian Now owns. The d = A safety interlock which would prevent treatment
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Circular collimator left off

Other Sources POV .o aad b Akt vicn =
of Information o
MAUDE Adverse Event Report
[ ELEKTA INSTRUMENT AB LEKSELL GAMMA KNIFE RADIATION THERAPY Back o Search Resuts

Catalog Number ARC 204121

Event Date (20372010

Event Type vjury Patient QUTCOME REQUETED INErvErToN,
Manutacturer Narrative

or-seal 1o IncrEase accuracy of the System.

Thi cust

r wil upgrade 16 ¢

Evant Description
arrect
wrong in x and 0,5-0,7 mmin v,

1 }
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Efforts to Improve Safety

A Reference Guide for
Learning from Incidents in
Radiation Treatment

Royal College of World Health Alberta Heritage
Radiologists, 2008 Organization, 2008 Foundation, 2006

Many European countries have legislatively-mandated
reporting of radiation incidents

Efforts to Improve Safety

Must provide dose form every CT scan by 2012 (and must be
accurate within 20%, verified annually by a medical physicist)

Must credential all CT facilities by 2013

New reporting requirements for radiotherapy misadministrations

Radiation Oncology Safety Information System

Funded by ESTRO, began in 2001

Voluntary, anonymous, web-based reporting system

~20 countries participating, ~700 incidents reported

Courtesy Peter Dunscombe www.rosis.info

© 2011 All Rights Reserved

AS RO Recent U.S. Efforts

e s American Society for Radiation Oncology

TasLe 1I. ASTRO six point action plan,

ASTRO six point action plan
Creation of an anonymous national database for event reporting
Enhance and accelerate the ASTRO/ACR Practice Accreditation Program
Expand education and training programs to include intensive focus
on quality and safety
Develop wols for cancer patients to use in discussions with
radiation oncologists
Accelerate development of the IHE-RO (Integrate
Enterprise—Radiation Oncology) pr

Advocate for pas

age of the CARE (Consistency, Accountability,
Responsibility, Excellence in Medical Imaging and Radiation Therapy) act

Hendee WR, Herman MG. Improving patient safety
in radiation oncology. Med Phys 38(1): 78-82, 2011




Efforts to Improve Safety

Online self-assessment module on QA (90 minutes)

erfa

Need for and Value of
External Monitoring Bodies

Error Reporting

2007 QUALITY ASSURANCE Peter Dunscombe, Ph.D.
OF RADIATION THERAPY

Quality Assurance: Current and
Emerging Approaches
Jeffrey F. Williamson, Ph.D.

1007 QUALITY ASSURANCE
OF RADIATION THERAPY

AS RO Recent U.S. Efforts

e s American Society for Radiation Oncology

Series of 5 safety white papers

IMRT

IGRT

SRS/SBRT )

HDR Written by 8 “experts”

Peer Review Reviewed by 8 independent “experts”

Endorsed by AAPM, ACR, AAMD, ASRT
Reviewed by AANS, MITA, public

AS RO Recent U.S. Efforts

b American Society for Radiation Oncology

SRS/SBRT White Paper

SRS/SBRT as a well thought out program, not an addition/afterthought
Team approach, plan ahead

SRS/SBRT specific training

SRS/SBRT expertise/competence, including personnel certification
Follow nationally accepted standards, clinical and physics

SRS/SBRT accreditation / credentialing

Adequate resources:
Time, equipment, personnel
Quality management system, including reporting and ongoing
quality improvement, and peer review
Physician and physicist supervision for each procedure

© 2011 All Rights Reserved

Practice Accreditation Programs — should be MANDATORY

And, specific accreditation programs for specialized programs

such as SBRT should be developed, and required

L -(-Ii : ngj
Board certification is a minimum requirement for physicists

“Finally, it may be time to acknowledge that some radiotherapy procedures,
including perhaps SRS and SBRT, share more in common with other
specialized medical procedures (e.g., heart or liver transplants), and should
perhaps be performed only by highly experienced personnel at recognized
centers of excellence.”




Vendor Responsibility

There must be dialogue and communication between
equipment manufacturers and end-users on the approaches,

system design, QA methodology, and clinical implementation of

SRS and SBRT. The vendors need to understand the needs and

requirements of the clinicians, medical physicists, radiotherapists
relative to the systems and processes of SRS and SBRT. With

such understanding they must exert all the necessary efforts to
incorporate features and safeguards to assure efficacious and
safe operation of their products. By the same token, the end-

users need to work with the manufacturers in developing
commissioning, safety and quality assurance tools, programs
and procedures for SRS and SBRT systems.

Vendor Responsibility

Finally, while a turn-key approach to the use of complex
clinical systems is appealing in terms of procedural simplicity,
inadequate understanding of the internal workings of such
complex systems by the end-users is of concern. Rather,
vendors should take an "all-inclusive" approach of safe
eguipment design, understanding the need for QA equipment
and procedures, and emphasizing commissioning, safety and
quality assurance requirements and procedures.
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Vendor Responsibility

Vendors must provide additional opportunities for specialized
training, emphasizing implementation, clinical and quality
assurance in addition to technical aspects, and the home

institution must make available resources and time for such

training. It is not adequate to train users on the basic aspects of
system operation if the systems are sold and used for
specialized purposes such as SRS and SBRT.

Vendors must do more to emphasize all QA aspects, not only

equipment QA, but process QA. SRS / SBRT systems consist of
multiple components, and vendors must ensure and
demonstrate full mechanical, electronic and information
connectivity of these components. In situations where
components or subsystems come from more than one
manufacturer, it is the responsibilities of the manufacturers to

collaboratively demonstrate compatibility of the various

subsystems, and their safe operation when used in combination.

SAbR will completely change the practice of radiation
oncology and management of cancer

Doing so requires a systematic approach to clinical
practice and technology

complete diligence on the part of both physicians and
physicists

and adherence of a culture
of safety on the part of all
stakeholders

Thank you




