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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. There is 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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Simulator 2-D 3-D

Radiotherapy Treatment Planning
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Conventional Conformal IMRT

Treatment Delivery
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IMRT-Capable Delivery System
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UW Tomotherapy Research Unit

www.tomotherapy.com

The HI•ART TomoTherapy System
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There is nothing new under the sun……1

2012
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K. Bratengeier
In: Kiricuta, Definition of Target 
Volumes, 2001

There is nothing new under the sun……2
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1 Gy (blue), 5 Gy (green), 45 Gy (yellow) and 70 Gy (red)

StrSchKomm – Stellungnahme zur IMRT
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Risk estimates for secondary cancer after exposure
to ionizing 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 Ionizing 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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LSS,
Ozasa,
Rad Res,
2012
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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?

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 II (GHSG) Behringer et al., IJROBP, 2004

2% at 72 months

Uncertainty about
SM-Location
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Hodgkin III (Yale) Omer et al., BJH, 2012

Effect of 
Chemotherapy? 
Ovarian Ablation ?

Vast
Majority of 
SMNs in 
field

CMT 
Patients
received
lower doses
than RT-
only
patients (20 
vs. 40 Gy)
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Hodgkin III: Pediatric HD

Schellong, Dt. Ä-Blatt, 2014

96% of Secondary Cancers in-field
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Hodgkin III: Pediatric HD
Moskowitz, JCO, 2014

Suggestive of Dose and Volume linearity at >10 Gy
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Breast i – Italian Data (Allegro Project)

„Our 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



Name I Folie 1 I Datum

Breast II – DBCG Data (Allegro-Project)

Granzau et al., R&O, 2013

Radiotherapy-associated sites: 
HR 1.34 (95% CI 1.11–1.61)
10–14 years after RT:  HR 1.55 (95% CI 1.08–2.24)
>15 years after: HR 1.79 (95% CI 1.14–2.81).

Non-radiotherapy-associated sites:
HR 1.04 (95% CI 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
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Breast III – DBCG Data (Allegro-Project)

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



Name I Folie 1 I Datum

Breast III – Prime II Trial

Kunkler et al., Lancet Oncol,  2015

Ipsilateral Reccurence at 5 ys:
1.3% vs. 4.1%
OS at 5 ys identical :
93.9% vs. 95%)
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Randomized Data: PORTEC etc.
Wiltink et al., JCO, 2015
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This just in…….
Overall, there was little evidence that 
the dose-response curve was 
nonlinear in the direction of a 
downturn in risk, even at organ 
doses of >60 Gy. Thyroid cancer 
was the only exception, with 
evidence of a downturn after 20 Gy. 
Generally the excess relative risk 
per Gray, taking account of age 
and sex, was 5 to 10 times lower 
than the risk from acute 
exposures of <2 Gy among the 
Japanese atomic bomb survivors.

Berrington et al., IJROBP, 2013
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Edmondson et al., IJROBP, 2015

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
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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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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!!)

Secondary Tumors: H&N
Risk is not different from 3D if the whole diameter is irradiated
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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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But: 
Threshold energy for
neutron generation is 6-8 
MV,
thus relevant only at  >10MV



Hall, IJROBP, 2006
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Hall, IJROBP, 2006

Secondary Tumors
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Pediatric Oncology is a problem…but not a disastrous one
The St. Jude Data….Conventional RT Techniques

Hijiya, JAMA, 2007
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Hodgkin III: Pediatric HD

Schellong, Dt. Ä-Blatt, 2014

96% of Secondary Cancers in-field
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Mediastinal Tumors: Hodgkin‘s Disease
Elevated median but reduced mean breast dose as a result of improved heart
protection -> Consequences???
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Lohr et al., 
SUON, 2014
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Scatter Reduction with tangential IMRT

Pignol et al., 2011
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Breast:
Increase of mean and median 
contralateral breast dose very
moderate (from 1.5 to 2.5 Gy) 
while improved heart protection
can be achieved
(Example: 
23 Segments - 7 Beams - 362 
MUs)
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10J post full neck IMRT
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Oropharnynx (Tongue)
T3N0 Bilateral Parotid
Sparing



Name I Folie 1 I Datum

Modelling
(depends on 

parameters one may
not be aware of that

they exist, which
contributes to 

modellings‘ limitations)
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Edmondson et al., IJROBP, 2015

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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Aziz et al., Radiation Oncol, 2011
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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. There is 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……

Cancer, 2012


