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Problems with IMRT

Noncancer Problems
Secondary Tumors
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Second Malignhancies




Synopsis

1. For most patients, second cancer is not a relevant concern.
Young women with breast cancer, Hodgkin‘s disease and
pediatric patients, however, require attention and an individual
assessment if IMRT may carry more or less risk than 3D.

2. Most Modelling is based on Hiroshima Nagasaki data
—> valid for doses <2 Gy

3. Therapeutic Data have become available only relatively recently
and suggest a linear relationship between SCI and Volume and at
least a linear relationship between SCI and Dose

4. Thereis no evidence for overkill/plateau in relevant dose ranges
for fractionated and single-dose RT, Incidence/dose relationship may
be supralinear for fractionated RT

5. Beam modalities other than MV photons may have other
characteristic
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“The most important prerequisite for the
development of a second neoplasm is
cure of the primary malignancy”

Doerr, Hermann, SUON, 2008

-> Death as confounding factor has to be
compensated for in estimates
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Radiotherapy Treatment Planning

Simulator 2-D 3-D
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Treatment Delivery

Conventional Conformal IMRT
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IMRT-Capable Delivery System
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The HI*'ART TomoTherapy System

UW Tomotherapy Research Unit

www.tomotherapy.com
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There is nothing new under the sun......1

Abb. 2.6.1: Dosis-
verteilung fiir eine
biaxiale Betwe-

gungsbestrablung.

Elans Welker und Jirgen Richter

2012

Ihe Geschichte
der Strahlentherapie
an der Robert-Rossle-Klinik
in Berlin-Buch
1950 bis 1984

Abb. 2.6.2: Dosis-
verteilung fiir eine
4-axiale Bewe-

% gungsbestrablung.
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There is nothing new under the sun......2

K. Bratengeier

In: Kiricuta, Definition of Target
Volumes, 2001

Figure 8. Two-step IMAT in the case of a patient with Hypopharynx-Carcinoma.
Left: transversal plane. Right: sagittal plane; 30%, 50%, 70%, 80%, 90% and 95% isodoses are shown in the same
colors as labelled in figure 7.
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StrSchKomm — Stellungnahme zur IMRT

1 Gy (blue), 5 Gy (green), 45 Gy (yellow) and 70 Gy (red)
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Risk estimates for secondary cancer after exposure
to lonizing radiation

1. Low dose estimates (0-2 Gy single dose exposure,
based on the Atomic Bomb Survivor Study (Life
Span Study, LSS), that forms the basis for the
Biological Effects of lonizing Radiation (BEIR VII
model)

2. High dose estimates (>2 or >5 Gy, based on
clinical follow up data after radiotherapy for benign
or malignant disease
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Problems identifying true incidence numbers of secondary
cancer after exposure to ionizing radiation

1. Low dose Estimates (LSS):

- Low number of events

- Uncertain Dosimetry

- Unclear effects of other toxins

- Difficulties to maintain long follow up

- Very limited dose range (limited by acute lethalty of exposure and explosion
force to 0-2 Gy with emphasis on <1 Gy)

2. High dose Estimates (clinical)
- Low number of events
- Combination Therapies

- Information on precise localization and doses at the site of second
malignancies hard to obtain (10 year documentation.....)

- Long follow up necessary, hard to obtain without institutional data collection
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Modelling

(has severe
limitations)
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Low Dose Models
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Cause of death

ERR/Gy” (95%CI") Cases

All causes

All salid cancer

0.22(0.18, 0.26)
0.47 (0.38, 0.56)

Cancers of Specific sites ‘

Esophagus

Stomach

Caolon

Rectum

Liver

Gallbladder

Pancreas

Other digestive system
Lung

Breasl

Uterus

Ovary

Prostate

Bladder

Kidney parenchyma
Renal pelvis and ureter

Other solid cancer

051 (0.11, 1.06)

0.28 (0.14, 0.42)
0.54 (0.23,0.93)

0.17 (-0.17.0.64)
(.36 (0.18, 0.58)
0.45 (0.10, 0.90)
0.08 (-0.18, 0.44)
1.29 (0.14, 3.25)
0.63 (042, 0.88)
1.60 (0.99, 2.37)
0.22 {-0.09, 0.64)
0.79 (0.07, 1.86)
0.33 (NA", 1.25)
1.12 (0.33, 2.26)
0.52 (-0.15, 1.75)
2,62 (0.47,7.25)

047 (024, 0.78)

50,620

10,929

339
3125
621
427
1,519
419
513
84
1,558
324
547
157
130
183
80

a3
B6d

Lymphoid and hematopoietic malignancies <d

Malignant lymphoma
Multiple myeloma

Other neoplasms ¢

0.16 (-0.13,0.59)
0.54 (-0.04,1.58)
0.65 (0.26, 1.14)

MNen-neoplastic diseases and other causes

Blood diseases
Circulatory diseases
Respiratory diseases
Digestive diseases
Genitourinary diseases
Infectious diseases
Other diseases

External causes

1.70 (0.96, 2.70)
0.11 (0.05, 0.17)
0.21 (0.10, 0.33)
0.1 (-0.01, 0.24)
0.14 (-0.06, 0.38)
-0.02 (-0.15, 0.13)
0.01 (-0.1, 0.12)
-0.11 (-0.21, 0.02)

284
93
518

238
19,054
5118
3,394
1,309
1,962
4 847
2,432
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FIG. 2. Modification of the excess relative risk (ERR) for all solid
cancer by age at exposure and atlained age. FItz. 3. Modification of the excess absolute risk (EAR) for all solid
cancer by age at exposure and attained age.

LSS, Ozasa, Rad
Res, 2012
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Problems with Modelling

“The mean estimated ERR for breast, lung and thyroid were significantly
(p < 0.01) lower with INRT than with IFRT planning, regardless of the
radiation technique delivery used, assuming a linear dose-risk
relationship. An ERR increase was however observed with the non-linear
model. With the latter, mean ERR were significantly (p < 0.01) increased
with IMRT or RA when compared to 3DCRT planning for the breast, lung
and thyroid using an IFRT paradigm. After INRT planning, IMRT or RA
increased the risk of RIC for lung and thyroid only. “

Weber et al., IJROBP, 2011
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Does this sufficiently reflect reality?

1 expl—a;D;) .

N . cr;;'R
'R
—[1 —RPe —‘—D;) 1
I | exp[ — R } (1)

xp ( — a'D;
OFDuareom = I? > {a-.'; } (] — 2R + R exp[o;D;] — RD;
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. dr
s = D,.—. (3)
a; =a + BD, D

Paganetti et al., PMB, 2012
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High(er) Dose Exposure

-> Therapeutic data is necessary
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Clinical Data

(Are the definitive data source)
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Hodgkin Il (GHSG)

0.30

2% at 72 months
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Figure 1. Cumulative risk of solid umor by time since first treatment.

I'able 8. Solid umors within or adjacent to the initial irradiation field

Behringer et al., IJIROBP, 2004
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Figure 2. Overall survival from solid tumor.

Tumor entity

Location within the initial irradiation field

- Uncertainty about
SM-Location

Probable Mot probable Unknown
Breast 4 3 i
Lung 12 6 12
Medizinische Fakultdt Mannheim
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Ihyroid 4 1 0 ;
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Hodgkin [ll (Yale) Omer et al., BJH, 2012

o Vast
—— Radiation only Majorlty Of
. 020 4 —¥— CMT SM NS In
8 7 Effect of =
2% 0151 Chemotherapy? B
22 | Ovarian Ablation ?
- / X x CMT
E " .
received
T 5w = w s lowerdoses
Radiation only (n) 198 191 172 146 108 61 25 ; than RT-
CMT (m) 206 192 131 94 61 19 19 3 onIy
Year since HL diagnosis patients (20
(rr = number of patients at risk for SMNs )
vs. 40 Gy)
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Hodgkin IlI: Pediatric HD

96% of Secondary Cancers in-field

Wahrscheinlichkeit

L S 0,95 0,02
0,81
0.8 0,80
0,6
547 500 418 221 102 21 Patientinnen™
0,4 —
0,2 7 m énnlich: n=817,72 verstorben, 0,60, SE 0,03
e weiblich: n=580,56 verstorben™, 0,81, SE 0,03
U T T T T T T T
] 5] 10 15 20 25 a0 a5

Jahre nach Primértherapie

Gesamtiberlaben (,overall survival® [05] nach 30 Jahren) in den Morbus-Hodgkin-Therapie-

studien HD-78 bis HD-20 bei Jungen und Madchen (Stand: 1. Juli 2012).

*! Todesursachen bei den Patientinnen: Hodgkin-Lymphom {n = 18),
Post-Splenektomie-Sepsis (n = 7), Sekundarmalignom (n = 15, davon 3 Brustkrebs),
Herzerkrankungen (n = 6), sanstige (n = 10, inklusive Unfall, Suizid)

*2 mit dokumentierten Verlaufsinformationen

SE, ,standard emor® SChE”Ong, Dt. A_Bla‘tt, 2014
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Kum. Inz.

0,35 — | === Follow-up: n = 590; 26 BK; 0,16 (95-%-K: 0,10-0,26) bis 20 J. FU
m—— Alter: n =590; 26 BK; 0,10 (95-%-K]: 0,07-0,18) bis Alter 40 ..

0,20 —
0,25 —
0,20 —
0,15
0,10

0,05 =

0

Follow-up (FU: n=416 213 96 18
Alter: n=564 532 455 331 183 &5 3

Kumulative Inzidenz (Kum. Inz.) fur Brustkrebs (BK) in der Gesamtgruppe der Patientinnen
aus den pédiatrischen Therapiestudien HD-78 bis HD-90 in Abhéngigkeit von der Zeit seit
Primértherapie (blaue Linie), bzw. vom erreichten Lebensalter (rote unterbrochene Limie) mit
95-%- Konfidenzintervall (95-%-KI). Stand: 1. Juli 2012

Kum. Inz.

0,40 7 | wmmm Alter bei HD: <9 J.;: n=74; 0 BK; 0
m Alter bei HD: = 9 J.; n=480; 25 BK;

G35 0,19 (95-%-KI: 0,12-0,29) bis 30 Jahre

0,30

0,30 -

0,25
0,20 —
0,15
0,10

0,05 —

Zeit nach Primértherapie (Jahre)

Kumulative Inzidenz (Kum. Inz.) fir Brustkrebs (BK) mit 95-%-Konfidenzintervall (95-%-KI) in
der Gruppe der Patientinnen aus den padiatrischen Therapiestudien HD-78 bis HD-20, die im
Brustbereich bestrahit worden sind. (Stand: 1. Juli 2012)
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Cancar Surdvor Study) participants. (*) Insufficient follow-up in this group to B
provide reliabla estimatas of cumulative risk of breast cancer by age 50 years. _E 0.4
S
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Fig 1. Cumulative risk of breast cancer among women treated for childhood cancer with chestimadiation (&) overall and by childhood cancer therapy: (Bl chest radiation

dose; (C) chest irradiation field; (D) ovaries in concurrent irradiation field; (E) alkylating agents.



Breast | — Italian Data (Allegro Project)

,Oour Initial patient number is very high, but the
Incidence of a second cancer is relatively low (0.02%
of all patients and 0.019% of the patients treated with
adjuvant irradiation)”

Minimum F/U: 5 years
Median F/U: not given, but probably around 10 Years
Breast Cancers in High Dose Areas (in-field) excluded

Orecchia et al., Tumori, 2012
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Breast || - DBCG Data (Allegro-Project)

Radiotherapy-associated sites:

HR 1.34 (95% CI1 1.11-1.61)

10-14 years after RT: HR 1.55 (95% Cl 1.08-2.24)
>15 years after: HR 1.79 (95% CI 1.14-2.81).

Non-radiotherapy-associated sites:
HR 1.04 (95% CI1 0.94-1.1).

The estimated attributable risk related to radiotherapy for the radiotherapy-
associated sites translates into one radiation-induced second cancer in
every 200 women treated with radiotherapy.

The observed temporal-pattern for the RT-associated
sites Is consistent with the suggestion that radiation induced
solid tumors have a minimum latency of 5-9 years

Granzau et al., R&O, 2013
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Breast

23,627 Irradiated

22,549 Non-Irradiated

Il — DBCG Data (Alleg

women women

Second primary cancer site? Obs Obs HR (95% CI)?
RT-associated sites’
Oesophagus 15 20 — 1.17 (0.56 - 2.44)
Lung, bronchus and trachea 1B6 292 —— 1.27 (1.04 - 1.55)
Heart/mediastinum 3 1 -
Pleura 4 3
Bones, joints ad articular cartilage 2 1
Connective tissue 16 11 2.96 (1.17 - 6.18)
Subtotal RT-associated sites 226 328 1.34 (1.11 - 1.61)
All non-RT-associated sites
Salivary glands 2 2 -
Thyroid gland ] 11 —_— 1.03 (0.39 - 2.74)
Buccal cavity and pharynx 21 a1 —— 0.87 (0.49 - 1.53)
Larynx i 5 S
Stomach 20 42 —_— 0.74 (0.04 - 1.32)
Small intestine 1 11 =
Colon incl. rectosigmoideum 118 193 T 1.21(0.94 - 1.55)
Liver, gallbladder and biliary tract 10 32 — 0.68 (0.32 - 1.45)
Pancreas 43 70 —T— 1.19(0.79 -1.79)
Peritoneumn and retroperitoneum 4 5 B
Rectum and anus 56 109 —— 0.85 (0,61 -1.22)
Melanoma of skin 50 78 —— 0.86 (0.58 - 1.27)
Urinary tract 65 113 —— 0.98 (0.70 - 1.36)
Corpus uteri g8 155 —— 0.93 {0.71-1.23)
Ovary, fallopian tube and broad ligament a1 113 T 1.11(0.82 - 1.51)
Other female genital 31 50 —4— 0.96 (0.75 - 1.22)
Brain and nervous system 75 67 —— 1.73 (1.20 - 2.48)
Other sites 1 5 -
Subtotal non-RT-associated sites 702 1,102 o 1.04 (0.84 - 1.16)
All sites 928 1,430 43 1.10 (1.01-1.21)

— T T T

0 5 1 2 3 4

Decreased risk of second cancer

Increased risk of second cancer

23,627 Irradiated
women

ro-Project)

22,549 Non-Irradiated
‘women

Second primary cancer site* Obs

PY? Obs

HR (95% CI)*

RT-associated sites*

Latency 1-4 years 69
Latency 5-9 years 66
Latency 10-14 years 52
Latency >15 years 39
All 226
Lung

Latency 1-4 years 52
Latency 5-9 years 57
Latency 10-14 years 41
Latency >15 years 36
All 186

RT-associated sites excl. lung

Latency 1-4 years 17
Latency 5-9 years 9
Latency 10-14 years 11
Latency >15 years 3
All a0

Non RT-associated sites

68,678 100
33,034 94
15,780 78
7273 56
130,765 328

0.81 (0,58 - 1.14}
1.20 (0.86 - 1.69)
55 (1.08 - 2.24)
1.9 (1.14 - 2.81)
{1.11- 1.61)

49 - 1.06)
.81 - 167}
.94 - 2,08)
21-3.13)
.04 - 1.55)

(0.60 - 3.20)
1/54 (0.58 - 4.08)
74105 - 7.15)
0.86 (0.20 - 3.70)
1.80 (1.10 - 2.95)

Latency 1-4 years 318 361 1.05(0.89 - 1.25)
Latency 5-9 years 237 353 i 1.11(0.93 - 1.32)
Latency 10-14 years 102 228 —+— 1.02 (0.81- 131}
Latency >15 years 45 160 — 0.76 (0.53 - 1.09}
All 702 1,102 + 1.04 (0.94 - 1.16)
All sites

Latency 1-4 years 387 461 hal 1.00 (0.86 - 1.16)
Latency 5-9 years 303 447 A 1.13 (0.97 - 1.32)
Latency 10-14 years 154 306 e 1.16 (0.95 - 1.42)
Latency >15 years 84 216 —_— 1.04 (0.79- 1.37)
Al 928 1,430 3 1.10 (1.01 - 1.21)

0 5 1 2 3 4

Soft Tissue Sarcoma of thorax and upper arm......
-> High Dose areas......
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Granzau et al., R&O, 2013
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Decreased risk of second cancer

Increased risk of second cancer
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Breast lll — Prime Il Trial

Mo radiotherapy Radiotherapy

(n=668) (n=658)

1004 —— Mo radictherapy
< —— Radiotherapy Regional recurrence 15% (0-5-2.4)(8)  0-5%(0-1.0) (3)
p=0.0002 (log-rank) Distant recurrence 1:0% (0-1-17) (4)  0-5% (0-1.0) (5)
F
s 50 Contralateral breast cancer  0.7% (0-01-1.2) (4)  1.0% (0-4-2.5) (7)
é New (non-breast) cancer 43% (2-6-57) (29)  3.7% (2-1-5.0) (26)
;E . Data are Kaplan-Mzaier estimates of survival {95% Cl) (number of events).
=
%i Table 4: Other recurrences (as first event) or new cancers after Gyears
i "]
k
E 20
Ipsilateral Reccurence at 5 ys:
3 - —

0 I I | T 1

T o % 1.3%vs. 4.1%

Time (years)
Number at risk
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Everts 1 9 & 5 2 (3
Radictherapy Entering 658 631 597 551 472 324 0 0
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Everts O 0 1 2 2 (o) [l O VS . 0

Figure 2: Time to actvarial ipsilateral breast tumour recurrence

Kunkler et al., Lancet Oncol, 2015
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Randomized Data: PORTEC etc.
Wiltink et al., JCO, 2015
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This justin.......

Overall, there was little evidence that
the dose'response curve was Lung cancer aﬂe_r Hodgkin's lymphoma (n=227)
nonlinear in the direction of a s

downturn in risk, even at organ w0
doses of >60 Gy. Thyroid cancer
was the only exception, with o
evidence of a downturn after 20 Gy.
Generally the excess relative risk " . .
per Gray, taking accountofage /| | Il
and sex, was 5 to 10 times lower ™
than the risk from acute o )
0.0 o 10 20 30 a0 50 60

exposures of <2 Gy among the
Japanese atomic bomb survivors.

Mid-point of dose category (Gy)

Berrington et al., IJROBP, 2013
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0H = A {1, Hm B
0.7 = M zingio Large Dosg 0,7 & single Dose
{10 - 70 Gy) CAHfKam
Syl Doy

0.6 = = Factionated Doses 0.8 < CE,]FIEUEJ
- {2 Gy/Day, 5 daysiwees )
E Fraclionated Dosas
= 05 1. G- CAHIKam
£
E = Fractionated Doses
T 04+ 0,44 5/ Bl
k|
E 0.3 0,3
£

0. - 0.2

.
01 = 0.1
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L-2H Al-44 AU-44 4l-5 fall- /1 1026 30-34 dl-44 G0-54 G i
40 =0 €0 o a0 L] i | 0 0 [i%i]
Total Dose |'I.-'|:||'| Tolal Dose {Gy)

Figure 2. Incidence of hindlimb tumors by radiation dose. (A) Incidences of hindlimb tumors

are significantly increased in mice exposed to a single large dose of radiation in comparison to
mice exposed to fractionated radiation (p < 0.001). (B) Incidences of hindlimb tumors by radiation
dose and mouse strain. C3Hf/Kam mice have a significantly higher incidence of hindlimb

tumors following single dose exposures than C57BL/6J mice (p < 0.001). No significant difference
in tumor incidence is observed between C3Hf/Kam and C57BL/6J mice following fractionated
exposures. Single doses are grouped as 10-29, 30-39, 40-49, and 50-59 Gy. Fractionated

doses were given as 2 Gy/day, 5 days/week for 4 to 8 weeks and are listed as total doses of 40,

50, 60, 70, and 80 Gy
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Using Logic

(IS never wrong)
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“The most important prerequisite for the
development of a second neoplasm is
cure of the primary malignancy”

Doerr, Hermann, SUON, 2008

-> Death as confounding factor has to be
compensated for in estimates
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Secondary Carcinoma
IS not a relevant problem for old patients
Prostata ICD-10 C61

Schiatzung der altersspezifischen Inzidenz in Deutschland 2000
Erkrankungen pro 100.000 in Altersgruppen

500

MR M (m
800 H|-4=~F'-'1.:-{-:'-mu||;.'
Y
700
KREBS IN DEUTSCHLAND
600 HAUFIGKEITEN UND TRENDS
500
ArbeEgeTneir: |III|L- ko ungshezgener
Krebaregizwr in Deutzchs d
400
H.':I3'ER+-'.HL'.;.L':H.IHISTITUT
300 =
555
200 |.'\-.|-.\..:-- _.I.: ..::. At
100 I
—
r. 15-34 35-39 40-44 45-49 50-54 55-59 60-64 65-69 70-74 75-79 8(0-84 5+
nheim |
B Minner '

VIV IR uinversiawammnun viamiheim



100+
(=]
] ]
= Bl
= 4
@ 60 . _
© i ", Chemoradictherapy
& 404 Sy,
= B “-l-.nl..h‘m
8 204 dJ‘LLu"'“uJL....L.
e Surgery only e
4] -
(o'
04—+ 7T 77T T 7T
1] 24 48 72 96 120

Months after Registration

Figure 1. Overall Survival among All Eligible Patients, Accord-
ing to Treatment-Group Assignment.

The median duration of survival was 27 months in the surgery-
only group and 36 months in the chemoradiotherapy group.
The difference in overall survival was significant (P=0.005 vy a
two-sided log-rank test). A total of 169 of the 281 patients in the
chemoradiotherapy aroup and 197 of the 275 patients in the
surgery-only group died during the follow-up period.

100+

without Relapse

Percentage Surviving

Months after Registration

Figure 2. Relapse-free Survival among All Eligible Patients, Ac-
cording to Treatment-Group Assionments.

The median duration of relapse-free survival was 19 months in
the surgery-only group and 30 months in the chemoradiother-
apy group. This difference in relapse-free survival was signifi-
cant (P=0.001 by a two-sided log-rank test). A total of 174 of the
281 patients in the chemoradiotherapy group and 206 of the
276 patients in the surgery-only group died or had a relapse
during the follow-up period.

CHEMORADIGTHERAPY AFTER SUBRGERY COMPARED WITH SURGERY ALGNE

EFH ADEMOCARCINOMA OF THE STOMACH OF GASTHOESDPHAGEAL
TLS TN

. N Engl J Med, Vol. 345, No. 10« Seprember 6, 2001
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Fig. 1. Owerall survival and histology: Upper curve represents 48 paticnis
with lymphoepithelial cancer, lower curve represents 33 patients with

other histology (p = 0007,
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Fig. 2. Actuarial local control of paranasal sinus cancer according to his-
topathology: adenoid cystic carcinoma, n = 28; squamous cell carcinoma,

n = 109. Data from Waldron et al. [4].
Parnnnsal Sinns Coneer: Covents nnd Cantroversies

Firha Walilron, ML MSe.! Ban Witterick, MU

vhp Blarpasd Hhrgmial, K10 L averd ¢ A
i mam espin, Unpern of Torvmks, 80 LUnrerat

Fobdbd s by 38, X003

o, Casaka M55 TN

Secondary
Carcinoma

IS not a relevant
problem when
patients with a bad
prognosis (such as it
IS the case with
advanced gastric
cancer) are treated.
Achieving cure is the
problem for these
patients.
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Secondary Tumors: H&N
Risk is not different from 3D if the whole diameter is irradiated

Head and Neck:

Irradiation of (more or less) the
whole neck circumference with
therapeutic doses (volume very
similar to conventional 3D
[paradigms changing slowly])
->similar risk for secondary
tumors for IMRT and 3D in the
Neck area, probably slightly
elevated risk outside neck due
to elevated MU, increased
scatter. High risk for secondary,
non RT-induced cancer, though
(Lung!!)
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Specific Problems with IMRT
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Reasons for a potentially increased incidence of secondary
tumors by IMRT

1. Increased biological effectiveness of an elevated total body
neutron dose

2. When compared to 3D-Conformal RT, IMRT irradiates a
more tissue at lower doses

3. Increased scatter dose when dose-escalation is performed

4. Increased leakage radiation because of low MU-efficiency
of IMRT
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Table 3. Estimated risk of fatal radiation-induced malignancies ¢ = 40 - i L .

after RT for prostate cancer (%/Sv) Distance from field edge (cm)

Hall and Wuu (4)

Conventional 6 MV 1.5
IMET & MV 3.0
Kry et al. (5)
Conventional 18-MV Varian 1.7
IMET 6-MV Varan 29
Slemens 37
IMET 10-MV Varian 2.1
IMET 15-MV Varian 34
Slemens 4.0
IMET 18-MV Varian 5.1

Abbreviations: IMRT = intensity-modulated radiation therapy; - _——

MV = megavoltage; BT = radiation therapy.



Secondary Tumors

Same Leakage for Adult RT vs. Pediatric RT — But in Pediatric RT
Scatter from the Treatment Volume Is More Significant

Attributable Lifetime Risk

Population averages Female
Male

Attributable Life-Time Risk

Age at Time of Exposure

Fig. 6. The attributable lifetime risk from a single small dose of
radiation at various ages at the time of exposure. Nota the dramatic
decrease in radiosensitivity with age. The higher risk for the
younger age groups is not expressed until late in life. These
estimates are based on a multiplicative model and on a dose and
dose-rate effectiveness factor (DDREF) of 2. The figure was
adapted from Intemational Commission on Radiological Protec-
tion (ICEPF) Publication 60 (14).

Fig. 7. When a primary tumor is treated with radiotherapy (RT) in a small child, nearby potentially radiogenic organs
mnevitably receive larger doses of radiation than when a comparable treatment is delivered to an adult, simply because

of the closer proximity of organs in a child.
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Pediatric Oncology is a problem...but not a disastrous one
The St. Jude Data....Conventional RT Techniques

Table 2. Incidence of Secondary Neoplasm in Patients in First Complete Remission Who
‘Were Treated for Acute Lymphoblastic Leukemia in 1262-1998 vs US General Population

Mo, of Events
— — — - - — T 1 Standardized Incidence Ratio
Median is the line within each bow;, boes indicates intemuartile rangas and error bars indicate rangss. Cancer T}'DE\.-"SHE- Ohzarved EKDECtGd [95 v Confidanca Intar'-.-'aj]"‘
] All turmorst
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Hodgkin IlI: Pediatric HD

96% of Secondary Cancers in-field

Wahrscheinlichkeit

L S 0,95 0,02
0,81
0.8 0,80
0,6
547 500 418 221 102 21 Patientinnen™
0,4 —
0,2 7 m énnlich: n=817,72 verstorben, 0,60, SE 0,03
e weiblich: n=580,56 verstorben™, 0,81, SE 0,03
U T T T T T T T
] 5] 10 15 20 25 a0 a5

Jahre nach Primértherapie

Gesamtiberlaben (,overall survival® [05] nach 30 Jahren) in den Morbus-Hodgkin-Therapie-

studien HD-78 bis HD-20 bei Jungen und Madchen (Stand: 1. Juli 2012).

*! Todesursachen bei den Patientinnen: Hodgkin-Lymphom {n = 18),
Post-Splenektomie-Sepsis (n = 7), Sekundarmalignom (n = 15, davon 3 Brustkrebs),
Herzerkrankungen (n = 6), sanstige (n = 10, inklusive Unfall, Suizid)

*2 mit dokumentierten Verlaufsinformationen

SE, ,standard emor® SChE”Ong, Dt. A_Bla‘tt, 2014
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Kum. Inz.

0,35 — | === Follow-up: n = 590; 26 BK; 0,16 (95-%-K: 0,10-0,26) bis 20 J. FU
m—— Alter: n =590; 26 BK; 0,10 (95-%-K]: 0,07-0,18) bis Alter 40 ..

0,20 —
0,25 —
0,20 —
0,15
0,10

0,05 =

0

Follow-up (FU: n=416 213 96 18
Alter: n=564 532 455 331 183 &5 3

Kumulative Inzidenz (Kum. Inz.) fur Brustkrebs (BK) in der Gesamtgruppe der Patientinnen
aus den pédiatrischen Therapiestudien HD-78 bis HD-90 in Abhéngigkeit von der Zeit seit
Primértherapie (blaue Linie), bzw. vom erreichten Lebensalter (rote unterbrochene Limie) mit
95-%- Konfidenzintervall (95-%-KI). Stand: 1. Juli 2012

Kum. Inz.

0,40 7 | wmmm Alter bei HD: <9 J.;: n=74; 0 BK; 0
m Alter bei HD: = 9 J.; n=480; 25 BK;

G35 0,19 (95-%-KI: 0,12-0,29) bis 30 Jahre

0,30

0,30 -

0,25
0,20 —
0,15
0,10

0,05 —

Zeit nach Primértherapie (Jahre)

Kumulative Inzidenz (Kum. Inz.) fir Brustkrebs (BK) mit 95-%-Konfidenzintervall (95-%-KI) in
der Gruppe der Patientinnen aus den padiatrischen Therapiestudien HD-78 bis HD-20, die im
Brustbereich bestrahit worden sind. (Stand: 1. Juli 2012)



Mediastinal Tumors: Hodgkin's Disease

Elevated median but reduced mean breast dose as a result of improved heart
protection -> Consequences???
L]
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Lohr et al.,
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Fig. 1 & Typical dose distributions for a 20-RT plan in the various IMET techniques: TomoDirect™,
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Scatter Reduction with tangential IMRT

Table 2: Dose to various organs for various breast radiotherapy techniques.

Technique PBSI HDE Wedge IMET AD-CRT
{catheters)

Treated Breast 90 Gy 3 Gy 50 Gy 50 Gy 38.5 Gy

Contralateral Breast 2.2 mSv 230 mSv 1695 mSv 206 mSv 140 mSv

Spleen 44 m3v 1171 m5v 2300 mSv 510 mSv 130 mSv

Ipsilateral lung 790 mSv 2471 mSv 582 mSv 121 mSv B0 mSv

Heart (LAD) 0.7 Gy 3.6 Gy 2.7 Gy 1.1 Gy 0.7 Gy
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bbb N Breast

elb bbb ME f 0 Increase of mean and median
bbb n s 0 contralateral breast dose very

moderate (from 1.5 to 2.5 Gy)

while improved heart protection
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10J post full neck IMRT
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Modelling

(depends on
parameters one may
not be aware of that

they exist, which
contributes to

modellings' limitations)
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Figure 2. Incidence of hindlimb tumors by radiation dose. (A) Incidences of hindlimb tumors

are significantly increased in mice exposed to a single large dose of radiation in comparison to
mice exposed to fractionated radiation (p < 0.001). (B) Incidences of hindlimb tumors by radiation
dose and mouse strain. C3Hf/Kam mice have a significantly higher incidence of hindlimb

tumors following single dose exposures than C57BL/6J mice (p < 0.001). No significant difference
in tumor incidence is observed between C3Hf/Kam and C57BL/6J mice following fractionated
exposures. Single doses are grouped as 10-29, 30-39, 40-49, and 50-59 Gy. Fractionated

doses were given as 2 Gy/day, 5 days/week for 4 to 8 weeks and are listed as total doses of 40,

50, 60, 70, and 80 Gy
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Figure 1 Planning CT of an anthropomorphic phantom with an
Intrabeam applicator in the upper cuter quadrant of the right
breast showing calculated isodoses (1%-100%).
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Figure 2 Cumulative DVH for ipsilateral breast for IORT, APBI
and EBRT.
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Synopsis

1. For most patients, second cancer is not a relevant concern.
Young women with breast cancer, Hodgkin‘s disease and
pediatric patients, however, require attention and an individual
assessment if IMRT may carry more or less risk than 3D.

2. Most Modelling is based on Hiroshima Nagasaki data
—> valid for doses <2 Gy

3. Therapeutic Data have become available only relatively recently
and suggest a linear relationship between SCI and Volume and at
least a linear relationship between SCI and Dose

4. Thereis no evidence for overkill/plateau in relevant dose ranges
for fractionated and single-dose RT, Incidence/dose relationship may
be supralinear for fractionated RT

5. Beam modalities other than MV photons may have other
characteristic
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Where the real
danger lurks......

Dental X-Rays and Risk of Meningioma

Elizabath & Claus, MD, PhD'Y, Lisa Cahlvocoressi, PhDY Melizsa L. Bondy, PhD®, Jogllen M. Schildkrmaut, PhD®
Joseph L Wiemels, PhDF, and Margaret Wrensch, FhD®

Cancer, 2012
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Table 3. Reported Histary of Therapeutic Radiation to Head, Nedk, Face, or Chest Amang
Meningioma Cases and Contrals
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