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Meta-analysis: Gene Expression Profile and Prognosis

Wirapati et al Breast Can Res 2008

no systemic therapy systemic therapy

Luminal A

Luminal B

Her2-like

Basal-like



Breast cancer: Locoregional recurrence after BCT by molecular subtype

Lowery et al. Breast Cancer Res Treat 2012

luminal  vs. Her2 

luminal  vs. triple neg.

triple neg. vs. Her2
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brusterhaltende OP + RT

radikale Mastektomie

0,3%
n.s

Metaanalyse der EBCTCG, n=3100, NEJM 1995

Brusterhaltende Operation vs. radikale Mastektomie beim Mamma-Ca.

Mastektomie

brusterhaltende OP + RT

Jahre

Fisher et al. NEJM 2002

Ü
be

rle
be

n 
%

n=1851

Litière et al. Lancet Oncol 2012



Radiotherapy after breast-conserving surgery
(7287 women, 10 years results)             EBCTCG Lancet 2011

pN0: breast cancer deathpN0: locoregional relapse

BCS

BCS+RT

+15.3 % +3.3 %1 to 4.7



Radiotherapy after breast-conserving surgery
(1050 women, 10 years results)             EBCTCG Lancet 2011

pN+: breast cancer deathpN+: locoregional relapse

BCS+RT

BCS

+30.6 % +8.5 %1 to 3.6



Radiotherapy after breast-conserving surgery, generally with axillary

clearance (BCS±RT) in all women (node-negative or node-positive)

(10801 women, 15 years median follow up)             EBCTCG Lancet 2011



Radiotherapy after breast-conserving surgery, generally with axillary

clearance (BCS±RT) in all women (node-negative or node-positive)

(10801 women, 15 years median follow up)             EBCTCG Lancet 2011

T1, ER+, no TAM T2, ER+, no TAM

T1, ER- T2, ER-

T1, ER+, TAM T2, ER+, TAM

any recurrence
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EORTC Boost trial (22881-10882): Dose respone: local control and fibrosis

>60 years

51-60 years

all ages

41-50 years

<40 years

moderate to

severe fibrosis

Collette et al. 2008, EBCTCG 2006, Bartelink et al. JCO 2007 



EORTC trial 22881-10882, (update) Antonini et al. 2007

Mutivariate Analyse: Lokale Rückfälle: Boost vs. kein Boost

0.55 ( 0.42  0.73)



S3 Leitlinie Mamma-Ca. 2012
Boost



Patients characteristics in hypofractionaton trials
Holloway et al. The Breast 2010



Hypofractionation: Summary of randomized trials

43% (10Gy/2Gy)

61% (10Gy/2Gy)

61% (10Gy/2Gy)

0% (0 Gy)

75% (14Gy/2Gy)

75% (14Gy/2Gy)

Standard 50 Gy / 2 Gy vs. Hypofractionation: local control

% Boost (dose)

B

A

A



Adjuvant RT in breast cancer: Hypofractionated RT vs. Standard fractionated RT

James et al. Cochrane Review 2010

Local tumor control



10 y. Update START A and START B

Locoregional Relapse Rate

Haviland et al. Lancet Oncology 2013

2.0 Gy per fraction in 5 weeks

3.2 Gy per fraction in 5 weeks

3.0 Gy per fraction in 5 weeks

2.0 Gy per fraction in 5 weeks

2.66 Gy per fraction in 3 weeks

START A START B



unadjusted estimate:

α/β = 4.1 Gy (95% CI 0.9 - 7.4)

adjusting etimated :

(for age, CHX, TAM, LN-RT, surgery, boost, and size):

α/β = 4. 6 Gy (95% CI 1.1 - 8.1)

Meta-analysis of the α/β values for local control and breast appearance

Local-regional relapse:    (RMH/GOC (n=1410) + START A (2236))

Change in breast appearance:  (RMH/GOC (n=1202) +  START A (n=1055))

unadjusted estimate:

α/β = 3.6 Gy (95% CI 2.4 – 4.9) 

adjusting etimated :

(for age, CHX, TAM, breast size, and surgical deficit)

α/β = 3.4 Gy (95% CI 2.3 – 4.5)

START Trialists Lancet Oncol 2008



Acute skin toxicity

Late skin toxicity

Adjuvant RT in breast cancer: Hypofractionated RT vs. Standard fractionated RT

James et al. Cochrane Review 2010



Haviland et al. Lancet Oncol 2013

10 y. Update START-trials: Late effects

START A START B



AGO 2014 DEGRO 2013

Sedlmayer et al. Strahlenther Onkol 2013



S3 Leitlinie Mamma-Ca. 2012

Hypofraktionierung



Benötigt die ältere Patienten eine 

adjuvante Strahlentherapien

nach brusterhaltender Operation?

Die ältere Mammakarzinompatientin



Reference    n local recurrence p OS
Tam Tam+RT

Fyles et al. NEJM 2004           611        12.2% @8y. 3.6%  @8y <0.001 n.s

Hughes et al. JCO 2013          636        17.0%  @10y.               7.0%  @10y.         <0.001 n.s

Pötter et al. IJROBP 2007       831          9.5%  @6y.                0.5%  @6y. <0.001 n.s

Blamey et al.  EJC 2013          204          7.0%  @10y.               0.0% @10y.          <0.05 n.s

Summary of results: No RT vs. RT in low risk patients (T1N0, ER+)



Radiotherapy after breast-conserving surgery, generally with axillary 
clearance (BCS±RT) in all women

(15 years median follow up)             EBCTCG Lancet 2011

pT1pN0, ER+, TAM
any recurrence

TAM+RT

TAM

Benefit from RT

ER+ TAM-:  n=1656
ER+ TAM+: n=3100
>70 years:  n~1900  



Verzicht auf Strahlentherapie nach brusterhaltender Operation
Welche Patienten kommen in Frage?

AGO-online März 2014

Sedlmayer et al. 
Strahlenther Onkol, Okt. 2013

DEGRO panel:



Techniken der partiellen Brustbestrahlung

MammoSite

Intrabeam

Brachytherapie

Elektronen

3D / IMRT



APBRT vs. RT der gesamten Brust (WBI)
Vergleich der potentiellen Wirksamkeit der Dosierungen

Gesamt- Einzel- Tumorwirkung Späteffekte
dosis dosis         α/β=10         Repop. korr.             α/β=3

Standard WBI
66 Gy       2 Gy           66 Gy          66 Gy                  66 Gy

HDR-AL / MammoSite / 3D / IMRT
38 Gy       3,8 Gy        44 Gy          52 Gy 52 Gy

LDR-AL
55 Gy       LDR            54 Gy          60 Gy 60 Gy

Intrabeam
5 Gy         5 Gy         6,3 Gy        15,1 Gy 8 Gy

IORT mit Elektronen
21 Gy        21 Gy        54 Gy          63 Gy 101 Gy



Partial breast irradiation (PBI) or whole breast radiotherapy (WBI) for 
early breast cancer: A meta-analysis of randomized controlled trials

Valachis et al. Breast 2010

PBI better                                      WBI better PBI better                                      WBI better

PBI better                                      WBI better
PBI better                                      WBI better



Partial breast irradiation (IORT) vs. whole breast radiotherapy
TARGIT randomized trial

San Antonio 2012



Partial breast irradiation (IORT) vs. whole breast radiotherapy: TARGIT randomized trial

all patients                                    subgroups subgroups

Vaidya et al. Lancet 2013No data on efficacy by age



Veronesi et al. Lancet Oncol 2013

Partial breast irradiation (IOERT 21 Gy) vs. whole breast radiotherapy (WBI 50 Gy / 2 Gy)

ELIOT randomized trial (n=1305)

In breast recurrence Overall survival



Veronesi et al. Lancet Oncol 2013

Partial breast irradiation (IOERT 21 Gy) vs. whole breast radiotherapy (WBI 50 Gy / 2 Gy)

ELIOT randomized trial (n=1305)

Multivariate: Risk for IBTR (suggesting WBI)

Factor HR             95% CL
>2 cm tumor 2.24          1.03 - 4.87
> 3 positive LN    2.61 0.91 - 7.50
G3 2.18 1.00 - 4.79
triple-negative      2.40 0.94 – 6.10



S3 Leitlinie Mamma-Ca. 2012

Teilbrustbestrahlung



DEGRO panel:

• age >70 years
• tumor size <2 cm
• invasive ductal carcinoma
• negative axillary nodes
• free surgical margins
• luminal A (ER+ and PR+, G1/2, Her2neu negative)

• absence of EIC

The patient has to be informed about a modest 

reduction of in-breast tumor control rates.

Meticulous follow-up and documentation of outcome in 

the framework of a certified breast cancer center are 

mandatory.

Akzeleriert Partielle Brustbestrahlung (IORT, Brachytherapie)
Mögliche Indikationen außerhalb von klinischen Studien

AGO-online März 2014 Sedlmayer et al. 
Strahlenther Onkol, Okt. 2013



Adjuvant radiotherapy after mastectomy – EBCTCG update 2014

Early Breast Cancer Trialists’ Collaborative Group, Lancet 2014



Adjuvant radiotherapy after mastectomy – EBCTCG update 2014

Early Breast Cancer Trialists’ Collaborative Group, Lancet 2014

Adjuvant RT also in case of 1 positive nodes also beneficial



S3 Leitlinie Mamma-Ca. 2012
Bestrahlung nach Mastektomie

• pT4
• pT3 pN+

• pT3pN0 wenn G3,L1,<50 J. 

• R1/R2

• >3 befallene LK

Cave: 1-3 befallen LK fehlt 



von Minckwitz et al. Breast Cancer Res Treat (2011)

Pooled analysis of the German neo-adjuvant chemotherapy trials

pCR rates in different breast cancer phenotypes

3332 women included in 7 German neoadjuvant trials



Neoadj. CHX → mastectomy +/- radiotherapy (not random.)

Huang  et al. JCO 2004

all patients patients with pCR after CHX

locoregional control locoregional control

LRR multivariate



92% anthracycline-based chemotherapy, 38% also taxane. ;72 with postmastectomy RT, 34 no RT

Inflammatory breast cancer with pCR after neoadj. CHX and mastectomy (n=106)

Locoregional recurrence Distant metastasis Overall survival

McGuire et al. IJROBP 2007



S3 Leitlinie Mamma-Ca. 2012
RT bei primär nicht operablen Brustkrebs

RT nach neoadjuvanter Systemtherapie



Supraklavikulärer Lymphknotenbefall in 

Abhängigkeit vom axillären Lymphknotenbefall

Axilla Supraklavikulär

N0 0/149 0%
N+ 23/125      18%

1-3 N+ 1-4%
>3  N+ 17/102 17%

nach Recht et al. JCO 2001



Yates et al. IJROBP 2011

Risk of supraclavicular recurrence in patients with 1-3 pos. axillary LN 
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no supraclavicular radiotherapy

n=131
n=580
n=252



Risk of supraclavicular recurrence in patients with 1-3 pos. axillary LN 

no supraclavicular radiotherapy

Yates et al. IJROBP 2011

Hazard according to risk group

Low = G1 plus 1-3 positive LN

Intermediate = G2 plus1-2 positive LN; or G3 plus 1 positive LN

High = G3 plus 2-3 positive LN; or G2 plus 3 positive LN



Romestaing et al. ASTRO 2009

n=1334

Median follow up 8.6 years



MA.20 trial: breast RT vs. breast RT + axillary/supraclavI IMC RT

Whelan et al. ASCO 2011



Whelan et al. ASCO 2011

-2.3% @5y. -5.4% @5y.

Whelan et al. ASCO 2011



ECCO, Amsterdam 2013



ECCO, Amsterdam 2013



Comparison I: (MS+IM)+(WBI/CWI) vs. (WBI/CWI)

MA.20 [16]: n=1832; HR 0.76 (95% CL 0.56 - 1.03)

EORTC [17]: n=4004; HR 0.87 (95% CL 0.76 - 1.00)

Subtotal*: n=5836; HR 0.85 (95% CL 0.75 - 0.96)                                               p=0.011

Comparison II: IM+(WBI/CWI+MS) vs. (WBI/CWI+MS) 

French [15]: n=1334; HR 0.94 (95% CL 0.79  - 1.11)

Subtotal: n=1334; HR 0.94 (95% CL 0.79 - 1.11)                                                 p=0.80

Comparison I+II

Total**: n=7170; HR 0.88 (95% CL 0.80 - 0.97)                                                   p=0.012

0.3          0.4      0.5    0.6         0.8      1.0                              2.0

Hazard Ratio

LN RT better                                   no LN RT better

Overall Survival

*= fixed effect model

** = random effect model

W. Budach et al. Radiat Oncol 2013

Meta-analysis: whole breast (WBI)/chest wall (CW) RT vs. WBI/CWI + regional lymph nodes

MS = medial supraclavicular LN

IM = internal mammary LN

N+ or medial/central tumor location



Comparison: (MS-IM)+(WBI/CWI) vs. (WBI/CWI)

MA.20 [16]: n=1832; HR 0.64 (95% CL 0.47 - 0.85)

EORTC [17]: n=4004; HR 0.86 (95% CL 0.76 - 0.98)

Total: n=5836; HR 0.82 (95% CL 0.73 – 0.92)                                                         p=0.001

0.3          0.4      0.5    0.6         0.8      1.0                              2.0

Hazard Ratio

LN RT better                                no LN RT better

Distant metastasis free survival

fixed effect model

W. Budach et al. Radiat Oncol 2013

Meta-analysis: whole breast (WBI)/chest wall (CW) RT vs. WBI/CWI + regional lymph nodes

MS = medial supraclavicular LN
IM = internal mammary LN

N+ or medial/central tumor location



W. Budach et al. Radiat Oncol 2013

Meta-analysis: whole breast (WBI)/chest wall (CW) RT vs. WBI/CWI + regional lymph nodes

v

v

v



Concepts of radiotherapy in randomized trials on post-mastectomy RT

trial chest wall     supracl./ax.    Parasternal     boost systemic. treat.

EBCTCG 2005



Breast conserving surgery Mastectomy

Wenz et al. Strahlenther Onkol 2014Sautter-Bihl et al. Strahlenther Onkol 2014
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[TITLE]

Presented By Emiel J. Rutgers, MD, PhD at 2013 ASCO Annual MeetingAMAROS



[TITLE]

Presented By Emiel J. Rutgers, MD, PhD at 2013 ASCO Annual MeetingAMAROS



[TITLE]

Presented By Emiel J. Rutgers, MD, PhD at 2013 ASCO Annual Meeting
Presented By Emiel J. Rutgers, MD, PhD at 2013 ASCO Annual MeetingAMAROS



[TITLE]

Presented By Emiel J. Rutgers, MD, PhD at 2013 ASCO Annual Meeting
AMAROS



Management of the axilla: pos SNB:  lymph node dissection vs. no LN-dissection

Giuliano et al. JAMA 2011     Z0011 trial

All patients received tangential radiotherapy to the breast



Management of the axilla: pos SNB:  lymph node dissection vs. no LN-dissection

Giuliano et al. JAMA 2011     Z0011 trial

All patients received tangential radiotherapy to the breast



positive nodes direct RT to nodes

SLN-arm    ALND-arm 

0  33%     (1/3) no data

1 10.6%  (9/85) 7.3%     (4/55)

2 24.0%  (6/25) 15.8%   (3/19)

3 100%    (3/3) 33.0%   (2/6)

≥4 100%    (2/2) 78.6%   (11/14)

SLN arm received more nodal RT (p<0.001)

Management of the axilla: pos SNB:  lymph node dissection vs. no LN-dissection

Jagsi et al. ASCO Poster 2013

Use of RT in the Z001 trial (Data available in a subgroup) 



(3/2014)



S3 Leitlinie Mamma-Ca. 2012
Bestrahlung des Lymphabflusses



ESTRO delineation consensus guideline 2014 (submitted)

Breast cancer





Random. trial „3D“ vs. IMRT treatment planning

Acute toxicity

Pignol et al. JCO 2008

IMRT 3D

358 patients randomized



Random. trial 2D vs. IMRT treatment planning

Donovana et al. Radiother Oncol 2007

End point: clinician-assessed breast induration
(a little, quite a bit or very much)

306 patients randomized



RT with active breathing control in left sided breast cancer

Free breathing Free breathing Free breathing

Inspirat. breath hold Inspirat. breath hold Inspirat. breath hold

Wang et al. IJROBP 2012 Wang et al. IJROBP 2012Swanson et al. Am J Clin Oncol 2013



Non Breast Cancer Mortality: EBCTCG update 2006 (unpublished)



1973-1979

1985-1989

1980-1984

links

rechts
links

rechts

rechts
links

Technischen Weiterentwicklung der RT verbessert die Ergebnisse 

Koronare Herzerkrankung nach RT in Abhängigkeit der bestrahlten Seite

Giordano et al. Lancet 2005



Darby et al. NEJM 2013

Mean heart dose and risk of cardiac events

Relative Risk Absolute Risk

+1.7% with risk factors

+1.0% without risk factors



Schlussfolgerung

• Überstreblichkeit durch RT nach 10 Jahren 0,7% und nach 

20 Jahren 2,2%, wenn alle Patienten berücksichtigt werden  

(auch mit parasternaler RT und der vor 1975 bestrahlten)

• Mit 3-D Technik und ohne parasternale RT wird das Risiko 

von RT-induzierten Tumoren halbiert und die kardiale 

Übersterblichkeit weitgehend vermieden

• Die Übersterblichkeit wird dadurch um ca. 2/3 reduziert, d.h. 

auf ca. 0,7% nach 20 Jahren

Die Risken der RT sind im Verhältnis zum Nutzen klein



Adjuvante Therapien beim Brustkrebs

Radiotherapie

• Whole breast irradiation
• Boost irradiation
• Partial breast

Zytostatika
• Adriamycin / Epirubicin
• Cyclophosphamid
• Methotrexat
• 5-FU
• Paclitaxel / Docetaxel

Hormontherapie
• Tamoxifen
• Aromatase-Inhibitoren
• LHRH-Analoge

EGFR-Antagonisten

• Trastuzumab



Tamoxifen adjuvant beim Mamma-Ca.
Rezeptor Status + oder unbekannt
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TAM +

TAM -

N-: 5,6%
2p<0,00001

N+: 10,9%
2p<0,00001

Tamoxifen für 5 Jahre

Metaanalyse: n=7427, Lancet 1998 
Metaanalyse: n=15017, Lancet 2005



Metaanalyse: 5 Jahre Tamoxifen vs. 5 Jahre Aromatasehemmer
Hormonrezeptorpositiver postmenopausaler Brustkrebs

Dowsett et al. JCO 2010

Rückfälle Tod durch Brustkrebs

Tod ohne Rückfall Tod jeglicher Ursache

n= 19157



Metaanalyse: 5 Jahre TAM vs. 2-3 TAM gefolgt von 2-3 Jahren Aromatasehemmern
Hormonrezeptorpositiver postmenopausaler Brustkrebs

Dowsett et al. JCO 2010

Rückfälle Tod durch Brustkrebs

Tod ohne Rückfall Tod jeglicher Ursache

n= 22096



Effect of Exemestan on bone density (MAP.3 prevention trial)

Cheung et al. Lancet Oncology 2012

distal radius

Lumbar spine
Hip
Femoral neck



Hackshaw et al. JNCI 2009

Breast-Ca. adjuvant: Nil vs. TAM vs. Goserelin vs. Both 

2 years adjuvant treatment in premenopausal women

DFS Overall survival



S3 Leitlinie Mamma-Ca. 2012
Sequenz RT und endokriner Therapie



EBCTCG
Lancet 2012

EBCTCB Meta-analysis 
Adjuvant CMF/anthracycline vs. no adjuvant CHX



EBCTCB Meta-analysis 

Cumulative dosage

>240 mg/m² doxorubicin

or

360 mg/m² epirubicin

(eg. CAF or CEF)

Standard 4xAC 

Cumulative dosage

= 240 mg/m² doxorubicin

EBCTCG Lancet 2012

Adjuvant CMF vs. anthracycline

Regimens with

<60 mg/m² doxorubicin or

<90 mg/m² epirubicin

per cycle excluded



EBCTCB Meta-analysis 
Adjuvant anthracycline vs. anthracycline + taxane

EBCTCG Lancet 2012

Anthracycline + Taxane

versus

Anthracycline

Anthracycline +Taxane

versus 

more Anthracycline



Prospective Randomized Multicenter  Trials
Chemotherapy in N0 ?

Van de Vijver et al. NEJM 2002

70 relevante genes

MammaPrint®         uPA /PAI-Test Oncotype DX ®



Huang et al. JCO 2003

Meta-analysis: Early vs. late onset of RT

Local recurrences:     >8 weeks better < 8 weeks better

OR   1.62



RT Beginn ca. Tag 60
RT Beginn ca. Tag 126

RT Beginn ca. Tag 60 nur AC CHX)  

RT Beginn ca. Tag 126 AC + PAC

CALGB B 9344: 3xAC vs. 3x AC + 4x Paclitaxel

Lokoregionäre Kontrolle bei BET

C.Henderson et al. JCO 2003



S3 Leitlinie Mamma-Ca. 2012
Sequenz RT und systemischer Chemotherapie



Meta-analysis: Adjuvant trastuzumab

Viani et al. BMC Cancer 2007

Gesamtüberleben



Chen et al. Cancer Treatment Reviews 2011

Meta-analysis: Adjuvant Trastuzumab in breast cancer
Cardial toxicity

Relative Risk of asymptomatic LVEF decrease Relative Risk of congestive heart failure



6 months vs. 12 months adjuvant Trastuzumab in breast cancer

Disease free survival

Disease free survival

Overall survival

Pivot et al. Lancet Oncol 2013



S3 Leitlinie Mamma-Ca. 2012
Sequenz RT und Antikörpertherapie



Adjuvant bisphosphonates in breast Cancer 

Survival

Wong et al. Cochrane Review 2012




