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Figure 1 Pathology of RIHD.
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XRT

Trial E,* SMR, 95% Cl
Radical + XRT

16.02 ].56 . X . 0.97-3.1

3 -
gulnc;eﬁerp Cause-Specific Mortality in Long-Term Survivors of 1.10-3.8
$10

Breast Cancer Who Participated 0.29-2.4

Oslo I in Trials of Radiotherapy 0.93-13.4
Heidelberg 1.02-14.4

Stockholm® 10.04 0.80 9.31 0.32 0.59-14.5
Subtotal 75.68 1.31 92.98 0.72 1.32-2.5
Simple = XRT

Manchester Regional I'® 9.82 1.32 8.86 113 0.48-3.0
CRC* 35 47 .62 0.73 26 52,29 0.50 0.86-2.6
Edinburgh® 4 3.13 1.28 5 3.30 1.52 0.17-39
Subtotal 52 60.57 0.86 4] 64.45 0.64 0.88-2.1
Total 151 136.25 1.11 108 157.43 0.69 1.2521

NOTE. SMRs of <1 favor XRT.
*Expected numbers are based on age- and calendar-specific rates for women in England and Wales.
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Table 2. Compartson of percent tschemic heart disease mortalty (with 93% confidence ttervals) at 15 vears of follow-up between women with left-sided and
right-sided breast cancers, stratiied by stage of disease t ime i 1Agnosis

All patents Patients with n itwlocalized disease Patients with regional disease

Cobort by year
ofdanoss  Leftsided %  Rughtsied % P Lefisided % Ruohtsuded % P Leftsided®  Right-sided %
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Long-Term Risk of Cardiovascular Disease in 10-Year

Survivors of Breast Cancer

Table 4. Multivariable Cox regression analyses for myocardial infarction and congestive heart failure by radiotherapy (RT) field and

estimated mean radiation dose to the heart by treatment period*

Estimated
No. of
patients

Treatment period dose, Gy

mean heart Dose
range, Gy

Myocardial infarction

Congestive heart failure

HR (95% CI)t

Pt

HRt (95% Cl) Pt

RT fields
No RT/fields not including heart$
Chest wall/breast: right-sided
Chest wall/breast: left-sided
IMC only: right-sided
IMC only: left-sided
IMC + chest wall/breast: right-sided
nest wall/breast: left-sided

1980-1986
RT fields

No RT/fields not including heart8
Breast/chest wall: right-sided
Breast/chest wall: left-sided
IMC only: right-sided
IMC only: left-sided
IMC + breast/chest wall: right-sided
IMC + breast/chest wall: left-sided

0 (referent)
1. 76 (0.88 to 3.51)
2.72 (1.38 10 5.38)
2.59 (1.46 to 4.61)|
2.00 (1.12 to 3.58)
4.77 (2.43 10 9.35)|
2.59(1.29 to 5.18)]|

0 (referent)
0. 71 (0.29 t0 1.74)
0.79(0.36 to 1.72)#
0.95(0.46 to 1.93)
0.94 (0.46 to 1.91)
0.80 (0.36 to 1.78)
0.67 (0.30 to 1.52)

1.0 (referent)
0.96 (0.57 t0 1.63)
1.10 (0.64 t0 1.92)
1.44 (0.94 t0 2.20)
1.61(1.08 t0 2.47)
2.15(1.28 t0 3.60)
2.29 (1.44 10 3.65)

f
1
f
1

1.0 (referent)
O 80 (0.28 10 2.29)
.16 (0.48 t0 2.79)
43 (0.65 t0 3.16)
1.81(0.84 10 3.92)
2.82 (1.27 10 6.29)*
2.52 (1.13 t0 5.62)*
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START-A

START-B

50 Gy
(N=749)

41-6 Gy
(N=750])

39 Gy
(N=737)

Total
(n=2226)

50 Gy

{n=1105)

40 Gy

(n=1110)

Total
{(n=2215)

Symptomatic rib fracture™
Reported S (0-7%)
Confirmed| 0

Symptomatic lung fibrosis
Reported 6 (0-8%)
ConfirmedH 0

8(11%)
0

9 (1-2%)
2 (0-3%)

9 {1-2%)
1 {0-1%)

8 (1-1%)
1{0-1%)

22 (1-0%)
1{=0-1%)

23 (1-0%)
2 (0-1%)

17 (1-5%)
3 (0-3%)

19 (1-7%)
2{0-2%)

24 (22%)
3 {0-3%)

19 (1-7%)
8 (0-7%)

41(1-9%)
G (0-2%)

38 {1-7%)
10 (0-5%)

IsChasmic heart diseased
Reported
Confirmmed
Total 7 (0-9%)
Left sided 4 (0-5%)

14 (1-9%)

11{1-5%)

S (0-7%)
1 {0-1%)

8(11%)

6 (0-8%)
4 (0-5%)

33 (1-5%)

18 (0-8%)
9 (0-4%)

23(2-1%)

16 {1-4%)
5 (D-5%)

17 (1-5%)

8 (0-79%)
4 (0-4%)

A0 (1-8%)

24 (1-1%)
9 (0-4%)

Brachial plexopathy 0

1(0-1%)

0

1{=0-1%)

b

i

b

Data are n {(%). *Reported cases inclede seven after brauma (frve in START-A, tweo in START-B), and ten after metastases
(free in START- A and five in START-B]. tAfter imaging and further investigations. 326 patients in START-A and 22 in
START-B had pre |-'|-:|'!.‘|‘||'||5| heart disease at enrolment and were esscloded

Table 3: Inddence of other late adverse effects according to fractionation schedule
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TABLE 13.1 HISTORICAL OVERVIEW OF SUMMARIES OF DOSE/VOLUME/QUTCOME INFORMATION
Repart Key Contributions Key Shortcomings

Rubin, 1975° Introduced the concept of TDys and TDsy;s Minimal dose-volume data
Emamy, 199! Concise summary addressing most clinically meaningful ~ Dose-volume relationship based on limited data
endpoints in a unitorm manner and, thus, much expert opinion
Based on available data and expert opinion

QUANTEC 2010°  Dnwen largely by the available 3D dose/volume/outcome  Because dose/volume/outcome data on all mean-
data. Ingtul clinical outcomes are not available, the

Systematic review addressing many challengessuchas ~ summary is not able to guide all clinical practice
organ delineation and confounding factars such as
chemotherapy
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Increase per gray, 7.496 (959 ClI, 2.9—-14.5)
P<0.001
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Mean Dose of Radiation to Heart (Gy)




----- %---- Radiotherapy with mean -=---#-.-- Radiotherapy with mean
heart dose of 10 Gy heart dose of 10 Gy

— = — Radiotherapy with mean — - — Radiotherapy with mean
heart dose of 3 Gy heart dose of 3 Gy

—e—— No radiotherapy —e—— No radiotherapy

At least one
risk factor

—
o
|
—
T

No cardiac
risk factor

Heart Disease (%)

w
1
v
1

x ]
£ Atleast one
risk factor

Cumulative Risk of Death from Ischemic
Cumulative Risk of at Least One Acute
Coronary Event (%)

No cardiac
risk factor

Age (yr)

Figure 2. Cumulative Risks of Death from Ischemic Heart Disease and of at Least One Acute Coronary Event.
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Table 3. Percentage Increase in the Rate of Major Coronary Events per Gray,
According to Time since Radiotherapy.

Increase in Rate
Time since No. of No. of of Major Coronary
Radiotherapy* Case Patients Controls Events (95% Cl)7

% increase/Gy
Oto4yr 16.3 (3.0 to 64.3
5to9yr 15.5 (2.5t063.3

=20 yr
0to=20yr

0.4 to 26.6
2.9to 14.5

( )
( )
10 to 19 yr 2 (-2.2t08.5)
2 ( )
4 ( )
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a) Left tangential irradiation

Left anterior
descending
coronary artery

Right coronary artery

b) Right tangential irradiation  Left anterior
descending

Right coronary artery Circumflex coronary artery
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Calendar period : Circumflex coronary artery

Mean dose (Gy)
1970s (Sweden) (4) . . . 6.9
1990s (Sweden) (4) . 1. : 2.8
2006 (United Kingdom) . . . 1.8

Mean dose (% tumor dose)
1970s (Sweden) (4) . : 13.8
1990s (Sweden) (4) ; . , 5.6
2006 (United Kingdom) : . : 4.5

LAD coronary artery  Right coronary artery ~ Circumflex coronary artery

Average mean dose (SD)* (Gy)
Left-sided irradiation
Right-sided rradiation

Average maximum dose (SD)* (Gy)
Left-sided irradiation
Right-sided irradiation

(377




Table 2. Compartson of percent tschemic heart disease mortalty (with 93% confidence ttervals) at 15 vears of follow-up between women with left-sided and
right-sided breast cancers, stratiied by stage of disease t ime i 1Agnosis

All patents Patients with n itwlocalized disease Patients with regional disease

Cobort by year
ofdanoss  Leftsided %  Rughtsied % P Lefisided % Ruohtsuded % P Leftsided®  Right-sided %
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Comparison of norma tissie dose volume metrics as a function of plan modalty.

Metric 3DCRT For, IMRT [nv. IMRT Tomotherapy Topotherapy

26109 23109 19108 39113 19107
08133 1130 4017 3977 41159
1613 0013 30131 2651184 47107
42113 3814 23110 48144 331l
201156 L2411 1214 05104 16114
0310, 01102 00100 00100 00101




For-IMRT Dose (Gy)

il

Results: Target max doses were reduced with for-IMRT compared to 3DCRT, which were further reduced
with HT, topotherapy, and inv-IMRT. HT resulted in lowest heart and ipsilateral lung max doses, but had

higher mean doses. Inv-IMRT and topotherapy reduced ipsilateral lung mean and max doses compared to
3DCRT and for-IMRT.




Segmental Segmental Blocked




Meanestimate ~ Meanestimate ~ Mean estimate for heart Mean estimate for
for 9-freld for segmental blocked segmental fangential beamlet
Structure technique (SD) ~ technique (SD) technique (SD) technique (D)

Heart
Mean dose (Gy) 118
V2 (%) 99 04
V(%) 0.1
1.49
031
0.01

41
47

) 0(146) IL(0. 260

() b
6.63) [247

) 1

6) 4

) 4

4.70)
18)

{ (1.33)
{ 47018
6 (1 151
4 550 246 33
8 07
0 (0.

1)
30)
71 )
48 9)
1)

33

V10 (%)
V20 (%)
V30 (%)
LAD artery
Mean dose (Gy) [1.23(153) 20.59 (8.46) 001, 344(2.38)
Max dose to 1% volume (Gy) 1932(4.29 46.60 (14.50) 22, 081 (3.17)

040
0.03

18(1.2
0.2
(1
(13
0.3
(0.0
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