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Abstract t 

Purpose.Purpose. To present the results of the dummy run of the EORTC trial 
investigatingg the role of adjuvant internal mammary and medial 
supraclavicularr (IM-MS) irradiation in stage l-lll breast cancer. 

MethodsMethods and materials. All participating institutions were asked to 
producee a treatment plan without (arm 1) and with (arm 2) simultaneous IM-
MSS irradiation of one patient after mastectomy and of one patient after 
lumpectomy.. Thirty-two dummy runs have been evaluated for compliance to 
protocoll guidelines, with respect to treatment technique and dose 
prescription. . 

Results.Results. A number of more or less important deviations in treatment set-
upp and prescription have been found. The dose in the IM-MS region 
deviatedd significantly from the prescribed dose in 10% of the cases for arm 
1,, and in 2 1 % for arm 2. Assuming a true 5% 10-year survival benefit from 
optimall IM-MS irradiation, an increase of only 3.8% will be found due to this 
sub-optimall dose distribution. 

Conclusions.Conclusions. In the dummy run, a number of potential systematic 
protocoll deviations that might lead to false negative results were detected. 
Byy providing recommendations to the participating institutions, we expect to 
improvee the inter-institutional consistency and to promote a high quality 
irradiationn in all institutions participating in the trial. 
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Introduction n 

Inn operable breast cancer, the influence of regional lymph node 
involvementt on prognosis is well known. The incidence of lymph node 
invasionn of the internal mammary chain ranges from 4% in axillary node-
negativee patients with upper lateral tumour location to 72% in axillary node-
positivee patients with lower medial tumour location [1,2,3,4,5,6,7]. In spite of 
thiss significant risk of tumoural involvement and in spite of several decades 
off combination of surgery and radiotherapy in the local treatment of breast 
cancer,, there remains an important controversy concerning the effectiveness 
off irradiating the regional lymph node areas. Although in a large number of 
studiess a significant decrease in loco-regional recurrence was found 
[8,9,10,11,12,13,14,15,16],, a survival benefit could not be demonstrated for 
patientss irradiated to the regional lymph node areas. Some reports have 
evenn shown a negative effect on long-term survival [17,18,19,20]. One of 
thee latest meta-analyses, however, demonstrated a reduction of long-term 
breastt cancer death rate in the group of irradiated patients [18]. This was 
onlyy recently confirmed in three randomised trials, which demonstrated the 
positivee impact of adjuvant loco-regional irradiation on survival in high-risk 
patientss [21,22,23,24]. In these trials it was not clear what resulted in the 
advantage:: the prevention of local recurrences through irradiation of the 
chestt wall, or the adjuvant regional irradiation treating micro-metastases in 
lymphh nodes, or both. To date, only one randomised radiotherapy trial on the 
effectivenesss of adjuvant internal mammary irradiation alone is published 
[25].. The follow-up is too short and the number of patients too limited (270) 
too provide an answer on the usefulness of adjuvant internal mammary 
irradiation. . 

AA number of authors have pointed out statistical as well as technical 
flawss in a large number of these studies. They have questioned the validity 
off the conclusions, based on the treatment results of different treatment 
periodss and different techniques [4,26,27]. It has been suggested that the 
lackk of evidence of a survival benefit was largely due to insufficient numbers 
off patients treated in an accurate way [28], and that inadequate treatment 
techniques,, resulting in too high doses to the heart could explain the 
negativee effect found in some studies [17,18,29]. This was confirmed by a 
reportt from the Stockholm group, which clearly demonstrated that too high 
dosess to the myocardium would result in a higher death risk from ischemic 
heartt disease [30]. 

Inn May 1996, the Radiotherapy and the Breast Cancer Groups of the 
Europeann Organization for Research and Treatment of Cancer (EORTC) 
initiatedd a large phase III randomised multi-centre trial. Its objective was to 
investigatee the value of adjuvant irradiation of the internal mammary and 
mediall supraclavicular (IM-MS) lymph node chain in patients with localized 
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breastt cancer stage l-lll with medially or centrally located tumours and/or 
axillaryy lymph node invasion [31]. The principal goal of this trial, in which 
patientss are randomised between irradiation of the IM-MS lymph nodes or 
not,, is to solve the controversy about the possible benefit of IM-MS 
irradiationn on survival. Furthermore, the question of the importance of the 
possiblee side effects on the heart and the lungs will be examined in an era of 
modernn radiotherapy techniques. 

AA large number of patients (3780) and a long follow up (10 years) will be 
neededd to answer the questions of this trial. To allow many radiotherapy 
institutionss to participate in the trial and accrue a large and representative 
samplee of patients, a simple so-called standard treatment set-up technique 
forr the IM-MS irradiation is recommended and described in the protocol 
(Tablee 1). In this technique, the IM-MS lymph node area is treated with 
mixedd photon and electron beams matched to the tangential field borders of 
thee breast or thoracic wall (which can alternatively be treated with a direct 
electronn field). Exact localization of the internal mammary nodes is not 
mandatoryy for the standard technique but the use of a CT scan; ultrasound 
orr lymphoscintigraphy is recommended to localize the IM-MS lymph nodes 
inn the patient. This information can be used to select the electron beam 
energy,, the prescription depth for the photon beam and the relative beam 
weights.. Several institutions have developed specific irradiation techniques 
forr this indication. More complex treatment set-ups may be accepted in the 
trial,, provided that these are in accordance with the basic recommendations. 
Iff the use of an alternative technique is deemed necessary, then individual 
localizationn of the internal mammary nodes becomes mandatory. The 
optimall beam dimensions depend on the location of the nodes and the 
methodd of measurement. 

Thee Quality Assurance (QA) program of the EORTC Radiotherapy 
Groupp aims at testing the ability of the participating institutions to cope with 
protocoll guidelines. The variations in the dose delivered due to uncertainties 
inn treatment planning systems (TPS) and in the calibration of the treatment 
machiness are investigated by the general EORTC Radiotherapy Group QA 
proceduress for institutional infrastructure. In the early phase of clinical trials 
variouss QA procedures are performed to check protocol compliance and to 
detectt and correct possible ambiguities in the protocol, which might 
introducee systematic protocol deviations [28,32,33,34,35,36]. In EORTC trial 
22922/109255 the specific QA program consists of 1) control of data 
consistencyy at the EORTC Data Centre by a double data entry procedure in 
thee database, 2) a dummy run procedure, 3) an early eligibility and treatment 
compliancee check, and 4) mailed TLD electron dosimetry. 

156 6 



ImpactImpact of QA findings on IM-MS irradiation trial 

Thee current paper describes the outcome of the analysis of the dummy 
runn from 32 major participating institutions. The potential influence of 
inevitablee variations between institutions or individual patients in treatment 
set-upp and dose to the IM-MS nodes on the final outcome of the trial is 
estimated.. Possible implications are discussed. 

TableTable 1. Requirements for standard treatment technique and dose prescription. 

Patientt position supine 
Fieldd borders lateral: middle clavicula 

upper:: 3 cm above medial clavicular head 
medial:: 1 cm across midline 

lower:: lower border 4th rib (lower in inferior located 
tumours) ) 

Dosee prescription photons: at 3 cm depth (max 10 MV); 13 x 2 Gy 
accordingg to ICRU electrons: at depth of Dmax (12 to 14 MeV); 12 x 2 Gy 
Reportss 50 and 62 

Methodss and materials 

AA set of three CT based life-size transverse slices together with all 
informationn necessary for treatment planning of one anonymous and 
representativee patient after mastectomy on the left side (Figure 1) and for 
onee patient after a lumpectomy in the right breast (Figure 2) was sent to all 
radiotherapyy departments which had expressed their intention to participate 
inn the trial. The participants were asked to develop a treatment plan based 
onn their radiotherapy equipment and to calculate a complete set of isodose 
distributionss with their TPS, according to each arm of the protocol for a 
clinicall target volume (CTV) [37,38] which was limited to the thoracic 
wall/breastt only and for a CTV which included the thoracic wall/breast as 
welll as the IM-MS lymph node region. If an institution used different 
techniquess for treating such patients, the dummy run procedure was 
repeatedd for each of these techniques. If treatment technique was changed 
duringg participation in the trial, the dummy run had to be repeated for the 
neww technique. The dummy run was not intended for irradiation of the IM-
MSS alone for cases in which, according to the local treatment guidelines, 
irradiationn of the thoracic wall was not indicated. 
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TableTable 2. List of participants in the dummy run. 

City y 

Bruxelles s 
Leuven n 

Wilrijk k 
Santiago o 

Besancon n 
Bordeaux x 

Dijon n 
Grenoble e 

Nice e 
Rennes s 

Villejuif f 
Berlin n 

Göttingen n 
Köln n 

Tubingen n 
Haifa a 
Tel--

Hashomer r 
Como o 

Genova a 

Gdansk k 
Barcelona a 
Geneve e 

Lausanne e 
Zurich h 

Amsterdam m 
Deventer r 
Enschede e 
Groningen n 

Tilburg g 

Utrecht t 
Istanbul l 

Nottingham m 

Country y 

Belgium m 
Belgium m 

Belgium m 
Chile e 

France e 
France e 
France e 
France e 
France e 
France e 

France e 
Germany y 
Germany y 
Germany y 
Germany y 

Israel l 
Israel l 

Italy y 
Italy y 

Poland d 
Spain n 

Switzerland d 
Switzerland d 
Switzerland d 

Thee Netherlands 
Thee Netherlands 
Thee Netherlands 
Thee Netherlands 
Thee Netherlands 

Thee Netherlands 
Turkey y 

Unitedd Kingdom 

Institution n 

Universityy Hospital Saint-Luc 
Universityy Hospital 

AZZ Sint-Augustinus 
Institutoo de Radiomedicina 

Universityy Hospital 
Institutt Bergonié 

Centree G.-F.Leclerc 
Universityy Hospital 

Centree Antoine-Lacassagne 
Centree Regional Eugene 

Marquis s 
Institutt Gustave Roussy 

Universityy Hospital Charité 
Universityy Hospital 
Universityy Hospital 
Universityy Hospital 

Rambamm Medical Center 
Chaimm Sheba Medical Center 

Ospedalee Sant'Anna 
1st.. naz. per la riserca sul 

cancro o 
Universityy Hospital 

Institutoo Catala d'Oncologia 
Universityy Hospital 
Universityy Hospital 
Universityy Hospital 

Nederlandss Kanker Instituut 
RTII Stedendriehoek e.o. 

Medischh Spectrum Twente 
Universityy Hospital 

Dr.. Bernard Verbeeten Instituut 

Universityy Medical Center 
Universityy Hospital 

Nottinghamm City Hospital 

Locall responsible radiation 
oncologistt and physicist 

C.Kirkhove e 
W.vann den Bogaert, 

D.Huyskens s 
Ph.Huget,, K.Haest 

R.Arriagada, , 
L.Shwartzman n 

V.Magnin,, J.F.Bosset 
J.-M.Dilhuydy,, S.Landrian 

I.Barillot,, S.Naudy 
M.Boila,, A.Dusserre 

J.Lagrange,, M.Pelsez 
C.Chenal l 

J.Ph.Pignol,, H.Bouhnik 
V.Budach,, J.Groll, U.Jahn 

vann Drünen 
R.Bongartz z 
N.Weidner r 

Eliahuu Gez, R. Bar-Deroma 
M.Raphaell Pfeffer, 

J.Goffman n 
M.Valli,, A.Monti, A.Ostinelli 

F.Foppiano,, M.Guenzi 

J.Jassem m 
S.Villa,, F.Moreno 
J.Kurtz,, Ph.Nouet 

W.Jeanneret,, H.Do 
Ch.Glanzmann,, J. B.Davis 
B.Pieters,, C.W.Hurkmans 

A.. Mak, A.van 't Riet 
J.J.Jobsen n 

W.Dolsma,, P.van der Hulst 
Ph.Poortmans,, J.Venselaar 

H.Struikmans,, J.Lagendijk 
M.Dineer r 

D.Morgan,, J.Berridge 

Dataa from the participating institutions were mailed to Tilburg where they 
weree checked within weeks of receipt by the coordinating radiation 
oncologistt and physicist. This allowed a quick detection of possible protocol 
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deviationss and enabled a prompt response to the participating institutions in 
thee form of a letter. The following points were discussed in this letter: 
treatmentt technique, extent of irradiation of normal tissues, dose 
homogeneityy in the CTV, dose prescription and a general conclusion. In 
mostt cases, participants were asked to clarify or to complete the information 
supplied.. Further evaluation of the data consisted of a quantitative 
assessmentt of the compatibility of the treatment techniques with the 
protocol.. At regular time intervals, a QA committee meeting was organized 
too discuss the findings and to complete the provisional answer already sent 
too the participating institutions. These findings were discussed again with the 
institutionss on an individual basis. 

Craniall slice (z = -50 mm) Caudal slice (z=50 mm) 

Frontall view Central slice (z=0 mm) 

FigureFigure 1. Figures on patient 1 after mastectomy at the left side. 
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Becausee irradiation of the medial supraclavicular part of the IM-MS 
lymphh node region is very straightforward, the dummy run focussed on the 
irradiationn of the internal mammary part of the IM-MS lymph node region. To 
avoidd possible misunderstandings, this will be referred to as IM-MS from 
heree on. 

Frontall view Central slice (z= 0 mm) 

Craniall slice (z= -43 mm) Caudal slice (z= 53 mm) 

FigureFigure 2. Figures on patient 2 after lumpectomy at the right breast. 

Thee location of the IM-MS lymph nodes varies considerably, both in the 
laterall and in the ventro-dorsal direction. Approximately 85% of the lymph 
nodess lie within 4 cm of the midline laterally and at a depth of < 4 cm in the 
firstt three intercostal spaces [39,40]. Because of the closeness of the IM-MS 
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lymphh nodes to the skin of the patient, a supplementary margin of only 0.5 
cmm has to be added to this CTV to obtain the planning target volume (PTV) 
[37,38].. To cover this with at least the 95% isodose line for photons and 85% 
forr electrons, the prescription point for photons is defined at 3 cm depth and 
thee electron energy has to be between 12 and 14 MeV, unless individual 
localizationn of the IM-MS is performed. For the evaluation of the calculated 
dosee at the IM-MS, two reference points were defined for each slice: the 
pointt P(IM) represents an estimation of the anatomical location of the IM 
lymphh nodes; the point P(3,3) is the point located 3 cm below the skin and 3 
cmm homolateral of the midline of the patient (Figure 3). These points were 
nott previously outlined on the CT based slices sent to the participants. The 

FigureFigure 3. Illustration of the definition of points P(IM) and P(3,3). 

calculatedd dose at both points was measured on the central slice and on the 
craniall slice for the dummy run treatment plans according to both arms of 
thee protocol, i.e., without and with IM-MS irradiation. Since tumoural 
involvementt of the IM-MS lymph node region occurs mostly in the first three 
intercostall spaces, the calculated IM-MS dose at the caudal slice was 
deemedd not relevant. 

Thee statistical considerations of the trial are based on an expected 
survivall rate in the control group without IM-MS irradiation of 50% at 10 
yearss and a minimal potential benefit of clinical significance of 5% to 55% 
survivall at 10 years in the patient group with IM-MS irradiation [31]. To 
estimatee the theoretical influence of inter-institutional dose variation to the 
IM-MSS lymph node chain on the outcome of the trial, we assumed, based on 
thee typical sigmoidal cell survival curves, that a dose of 0-49% to the IM-MS 
regionn has no effect, a dose of 50-84% has 10% of the effect and a dose of 
higherr than 85% has the full effect on survival. 
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Results s 

Byy July 1996, the first patients were entered in the study. By February 
2000,, thirty-nine institutions in twelve different countries had expressed the 
wishh to participate in the study. At that time, five of them had not included 
anyy patient in the protocol. The dummy run procedure was completed by 
thirty-twoo institutions (Table 2). 

Irradiationn of the breast alone was always performed by two tangential 
fields,, while the irradiation of the thoracic wall after mastectomy was done in 
eighteenn institutions by two tangential photon fields, in nine institutions by a 
directt electron field, in three institutions no data were given on irradiation of 
thee thoracic wall after mastectomy and in two institutions the technique was 
individualized.. For the combined irradiation of the IM-MS lymph node chain 
andd the breast/thoracic wall, twenty-five institutions used the standard 
techniquee as described in the protocol and seven institutions presented an 
alternativee technique. Several participating institutions presented more than 
onee treatment technique for combined irradiation of the IM-MS and the 
breast/thoracicc wall target volumes. One institution stated that they would 
onlyy include patients after lumpectomy, as only very few patients are 
referredd to them after mastectomy. Another institution only participates with 
post-mastectomyy patients who do not have an indication for irradiation of 
otherr target volumes in order to avoid the problems of beam matching at the 
junctionn of the IM-MS field with the breast/thoracic wall fields. 
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TableTable 3. Remarks on the dummy run. 

Generall remarks 
tooo few isodose lines 20 
dosee prescription not according to ICRU recommendations 9 
normalisationn not on whole plan 8 
missingg beam data / monitor units calculations 7 
noo plans provided for arm 1 (without IM-MS) 7 
dosee prescription not 25 x 2 Gy 5 
noo lung density correction 4 
electronn fields not planned 4 
noo drawing of internal structures 2 
magnificationn factor plan different from plan to plan 2 
onlyy inclusion of specific patient subgroups 2 
separatee electron and photon plans 1 

Specificc remarks on irradiation of the IM-MS lymph node chain 
lengthh IM-MS, too long or too short 14 
overlapp IM-MS and breast/thoracic wall field, cave hot spot 14 
exactt match at junction, cave underdose 11 
IM-MSS electron energy 11 
dosee prescription IM-MS photons 8 
positionn IM-MS field, cave underdose 6 
proportionn photons/electrons not 26Gy/24Gy 6 

Remarkss on irradiation of the breast/thoracic wall 
tooo low minimal dose to breast/thoracic wall CTV 18 
dosee to IM-MS (unintended) > 25% 12 
tangentiall fields at 180  3 
widee fields around target volume 3 
tooo large or too low wedge fraction 2_ 

AA large number of minor and major deviations from the protocol or from 
generall guidelines were encountered through the dummy run procedure, 
mostt of them possibly leading to potential systematic protocol deviations 
(Tablee 3). The comments to the deviations can be divided into general 
remarks,, specific remarks on the irradiation of the IM-MS, and remarks 
relatedd to the irradiation of the other target volumes. No institution was 
excludedd from the trial because of unacceptable protocol deviations, 
althoughh in two institutions modifications were made to the technique. This 
resultedd in a repeat of the dummy run for those institutions. 
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Generall remarks 

Inn seven cases relevant treatment related data were incomplete. Also 
sevenn institutions did not provide a treatment plan for irradiation of the 
breast/thoracicc wall alone (arm 1). Another frequently occurring protocol 
deviationn was that the dose prescription and normalization were not according 
too the protocol or to the ICRU guidelines [37,38]. Some of the most common 
generall deviations in fact only hampered the evaluation of the dummy run itself: 
inn the majority of the treatment plans too few isodose lines (e.g., 70, 90, 110, 
130%)) were plotted, and in two dummy runs the internal structures were not 
drawnn on the treatment plans, or the magnification factor of the plan was not 
givenn or even different from slice to slice. 

Remarkss on the irradiation of the IM-MS clinical target volume 

Thee length of the IM-MS field often varied, without an explanation for the 
relationn of the length of this field to the relative position of the primary 
tumour.. If the IM-MS field was too short, in some occasions the lower medial 
partt of the breast/thoracic wall was not covered by any of the treatment 
fields.. Areas of overdose or underdose were present at the junction zone 
betweenn the IM-MS lymph node region and the breast/thoracic wall. This 
over-- or underdose depended on the presence or absence of an overlap 
withh the breast/thoracic wall fields as well as on the position of the IM-MS 
fieldd itself. In eleven cases, the IM-MS electron beam energy was not 
accordingg to the protocol prescription (12-14 MeV). In eight cases the dose 
prescriptionn of the IM-MS photons was not at the required 3 cm depth and in 
sixx cases the prescribed photon and electron dose was not 26 Gy and 24 
Gy,, respectively, without specifying that individual localization of the IM-MS 
lymphh nodes had been done. 

Remarkss on the irradiation of the other target volumes 
(breast/thoracicc wall) 

Inn eighteen cases the calculated dose to the breast/thoracic wall CTV 
wass too low, generally due to too narrow margins around the CTV. In 11/24 
dummyy run treatment plans without IM-MS irradiation, the dose to the IM-MS 
lymphh node region was considered too high (> 25%). Other less frequent 
deviationss were mainly concerned with treatment plans using a less than 
optimall beam set-up. 
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TableTable 4. Number of treatment plans with the dose in % of the prescribed dose at the 
internalinternal mammary lymph node chain for arm 1 (no IM-MS treatment). See 
MethodsMethods and materials section and Figure 3 for definition of points P(IM) 
andand P(3,3); CAX = central slice; CRAN = cranial slice; e = electron field 
addedadded to the medial part of the mastectomy scar. 

%% Of prescribed 
dose: : 

Tangentiall fields to breast/thoracic wall 
<25%% 25-49% 50-74% 75-84% 85-94% >95% 

P(IM)) CAX 
P(IM)) CRAN 

P(3,3)) CAX 
P(3,3)) CRAN 

Summaryy in % 

P(IM)) CAX 
P(IM)) CRAN 

P(3,3)) CAX 
P(3,3)) CRAN 

Summaryy in % 

31 1 
33 3 

27 7 
29 9 

2 2 

2 2 

5 5 
3 3 

8 8 
6 6 

94% % 

1 1 

11 1(e) 
1 1 

3% % 

Electronn field to thoracic wall 

2 2 

2 2 
2 2 

36% % 

6 6 
1 1 

22 2 
11 1 

46% % 

1(e) ) 

1 1 

1 1 

3% % 

18% % 

1 1 

1 1 
1 1 

2 2 

1 1 

Dosee to the IM-MS region in both randomisation arms 

Thee calculated doses at the points P(IM) and P(3,3) as determined on 
thee central slice and the cranial slice are displayed in Table 4 for the 
treatmentt plans 'without IM-MS irradiation' (arm 1) and in Table 5 for the 
treatmentt plans 'with IM-MS irradiation' (arm 2). The determined dose 
valuess were categorized as: <25%, 25-49%, 50-74%, 75-84%, 85-94% and 
>95%% of the prescribed dose (50 Gy). The relative distribution of the number 
off treatment plans in the dose categories is further summarized in the 
categoriess <25%, 25-84% and >85%. In Table 4 results are shown for the 
planss with tangential beam techniques and the plans with electron field 
techniquess (used in 1/3 of the mastectomy patients) separately. In the latter 
categoryy a higher percentage of plans showed an unintended high dose to 
thee points P(IM) and P(3,3). Table 5 illustrates that the calculated dose to 
thesee points is more variable among the institutions that used a standard 
techniquee (used in 78%) as compared to those that used alternative 
techniquess (used in 22%) with less underdose to the P(IM) and P(3,3) points 
forr the alternative techniques. 
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TableTable 5. Number of treatment plans with the dose in % of the prescribed dose at 
thethe internal mammary lymph node chain for arm 2 (IM-MS treatment). 
SeeSee Methods and materials section and Figure 3 for definition of points 
P(IM)P(IM) and P(3,3); CAX - central slice; CRAN = cranial slice. 

%% of prescribed 
dose: : 

P(IM)) CAX 
P(IM)) CRAN 

P(3,3)) CAX P(3,3) 
CRAN N 

Summaryy in % 

P(IM)) CAX 
P(IM)) CRAN 

P{3,3)) CAX P(3,3) 
CRAN N 

Summaryy in % 

<25% % 

1 1 

1 1 
1 1 

Standardd techr 
25-49% % 

1 1 

3 3 
4 4 

7% % 

lique e 
50-74% % 

1 1 
1 1 

6 6 
5 5 

15% % 

Alternativee techniques 

0% % 

1 1 

2 2 
3 3 

20% % 

75-84% % 

1 1 
1 1 

4 4 
5 5 

2 2 
2 2 

85-94% % 

3 3 
4 4 

6 6 
10 0 

4 4 
2 2 

5 5 
5 5 

78% % 

80% % 

>95% % 

33 3 
35 5 

19 9 
17 7 

8 8 
10 0 

3 3 
3 3 

Potentiall influence on trial outcome 

Too calculate the possible impact of these potential dose variations on 
thee final outcome of the trial, we estimated the potential dose variation in the 
triall based on the present accrual until now of 76% of the patients with 
breastt conserving surgery and 24% with mastectomy. Projecting the above 
mentionedd calculated dose variation to the IM-MS nodes over these figures, 
thee potential dose variation to the IM-MS nodes may be estimated (Table 6). 
Combiningg the dummy run dose variation with the relative frequency of the 
usee of the different treatment techniques, an estimation could be made of 
thee potential dose variation to the IM-MS nodes in the total trial population 
forr each randomisation arm. 

Thee principal end-point of the trial will be overall survival. The expected 
survivall rate in the control group, without IM-MS irradiation, is estimated to 
bee 50% at 10 years. The minimal potential benefit considered to be of 
clinicall significance is a 5% gain in 10 years survival to 55% in the arm with 
IM-MSS irradiation [31]. To illustrate the potential impact of the dose variation 
onn survival we assume, based on the typical sigmoidal cell survival curves, 
thatt a dose < 50% to the IM-MS region has no effect, a dose of 50 - 84% 
hass a 10% effect and a dose > 85% has a full effect. Taking these 
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assumptionss into account, it can be calculated that the effect of the dose 
variationn will be as follows: in case of a true 10 year survival benefit of 5% 
withh IM-MS irradiation, a benefit of only 3.8% would be measured due to a 
potentiall 'overdose' in the control arm and a potential 'underdose' in the 
treatmentt arm (Table 7). 

TableTable 6. Summary of the dose at the internal mammary lymph node chain for 
bothboth treatment arms. Ratio mastectomy/breast conserving therapy = 
24%/76%;24%/76%; ratio photon/electron treatment thoracic wall = 67%/33%. 
RatioRatio IM-MS technique standard/alternative = 78%/22%. 

%% of prescribed dose: <50% 50-84% >85% 
Armm 1 90 6 4 
Armm 2 5 16 79 

TableTable 7. Theoretical influence of the actual dose at the IM-MS region as 
measuredmeasured with the dummy run procedure on survival, assuming that a 
dosedose <50% to the IM-MS region has no effect, a dose of 50-84% has 
aa 10% effect and a dose > 85% has a full effect, based on a 10-year 
survivalsurvival of 50% in the control group and a 5% absolute improvement 
fromfrom 50 to 55%. The real difference in 10-year survival of 5%, at the 
levellevel of significance, will be observed as a difference in 10-year survival 
ofof 3.8%. 

DOSEE TO INTERNAL MAMMARY CHAIN REGION 
Armm 1 :_Breast/thoracic wall only 

%% of prescribed dose: 0-49% 50-84% > 85% 

== 50.2% 

Dosee to IM nodes 
100 year survival 

Total l 

90% % 
50% % 
45% % 

6% % 
50.5% % 
3.0% % 

4% % 
55% % 
2.2% % 

DOSEE TO INTERNAL MAMMARY CHAIN REGION 
Armm 2:_Breast/thoracic wall only + IMC 

%% of prescribed dose: 0-49% 50-84% > 85% 
Dosee to IM nodes 
100 year survival 

Total l 

5% % 
50% % 
2.5% % 

16% % 
50.5% % 
8.1% % 

79% % 
55% % 

43.4% % == 54.0% 
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Discussion n 

Thee EORTC 22922-10925 study investigates whether or not the elective 
irradiationn of the internal mammary and medial supraclavicular lymph node 
chainn has a positive impact on survival. In order to guarantee the accrual of 
aa large number of patients, within an acceptable period of time, the 
participationn of a large number of radiotherapy departments is necessary. 
Becausee of this, the treatment set-up guidelines in the protocol were not 
veryy strictly defined, suggesting a simple treatment technique but allowing 
moree complex treatment set-up techniques as well. However, to limit the 
inter-institutionall variability and to detect potential systematic protocol 
deviationss due to ambiguities in the protocol prescriptions in an early phase 
off the trial, the Quality Assurance Committee initiated a dummy run 
procedure. . 

Thee dummy run procedure showed a significant number of, in most 
cases,, small deviations from the protocol guidelines. Most of these 
deviationss are due to ambiguities in the protocol, to disregarding the dose 
prescriptionn guidelines of the ICRU [37,38], and for some institutions, to a 
lackk of familiarity with irradiating the complex set of target volumes 
constitutedd by the IM-MS region and the breast/thoracic wall. A rather typical 
problemm when using the standard technique for IM-MS irradiation together 
withh breast/chest wall irradiation is the matching of the field junctions. 
Fourteenn of the twenty-five institutions using the standard technique use a 
smalll overlap between the IM-MS and the breast/chest-wall fields, resulting 
inn a superficial zone of overdose. Eleven institutions on the other hand 
chosee an exact match between the fields, resulting in a zone of underdose 
att depth. Most of the institutions claimed to individualize their choice of an 
exactt match or an overlap based on patient and tumour related 
characteristics.. Seven institutions used a modification of the standard 
techniquee to improve the dose distribution at the junction zone. The 
treatmentt plans provided by the seven institutions using an alternative 
techniquee all showed an improved dose distribution at the field junctions. 

Ass deviations in the irradiation of the IM-MS lymph node region itself will 
bee of great importance for the final results of the trial, these were given more 
emphasis.. Other deviations, which were judged to have only a limited impact 
onn the endpoints of the trial, were reported as well, but were only considered 
ass minor protocol deviations. 

Thee calculated doses at the points P(IM) and P(3,3) showed a significant 
variationn from the ideal situation where a dose of < 10% in arm 1 and > 95% 
inn arm 2 should be expected. Since the sample size of the trial is based on 
significancee at a 5% measured difference, this true 5% difference might thus 
leadd to a (falsely) non-significant outcome of the trial. In other words, with 
thee estimated dose variation, to measure a significant 5% difference in 10-
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yearr survival, a true 6.6% benefit from (optimal) IM-MS irradiation would be 
needed.. Similarly, the influence of the estimated inter-institutional dose 
variationn on a hypothetical negative effect of IM-MS irradiation on long term 
survivall due to side effects may be calculated. This will even aggravate the 
calculatedd differences. Of course, these hypothetical calculations, which can 
bee done for every clinical trial, have to be considered with caution. The 
dummyy run treatment plans only represent a theoretical patient and might 
givee an erroneous impression of the actual treatment. We are well aware of 
thee fact that we have to evaluate real patient data, which will lead to the final 
clinicallyy relevant result of the trial. 

Ass the dummy run was performed in the early phase of the trial, 
recommendationss were given to the participants before a significant number 
off patients were accrued. These recommendations were given repetitively 
andd on an individual basis after the review of the dummy run and during the 
plenaryy sessions of the meetings of the EORTC Radiotherapy Group. A 
letterr with recommendations was sent around in November 1997 to all 
participants.. Based primarily on the findings of the dummy run, a revised 
versionn of the trial protocol was prepared and distributed in May 1999. 
Furtherr evaluation is ongoing in the third part of the QA program, which 
consistss of an early eligibility and treatment compliance check in which 
adherencee to the protocol can be checked in real (participating) patients. 
Thee potential dose variation at the IM-MS lymph node region will be 
calculatedd too. This will allow us to check whether or not the participating 
institutionss implement the recommendations based on the dummy run. 

Inn the dummy run, a number of potential systematic protocol deviations 
thatt might lead to a false negative result of the end-point of the trial have 
beenn detected. It is expected that our suggestions and recommendations to 
improvee the dose distribution will lead to a lower inter-institutional dose 
variationn than encountered in the dummy run. This will improve the reliability 
off the final trial results. 
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