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ABSTRACT

Aims After treatment, early breast cancer patients rgatollow-up according to standard regimens.
After the first year, the main goal is particulattydetect locoregional recurrences (LRR). Our aim
was to developed a simple prognostic index to pted®R to tailor the follow-up programme.

M ethods We used data from four large international clihremdomised trials and constructed the
prognostic index using Cox proportional hazardsagsgjon. The bootstrap (a resampling method) was
used for internal validation.

Results A total of 6 516 patients treated according ta@otr guidelines with complete covariable
information were used for analysis. Covariablesdrtgmt for LRR in patients treated with breast
conserving therapy were age, pathological tumaitust boost and surgical margins. The same
variables were important for patients treated &ithastectomy, however, instead of the boost, the
pathological nodal status was important. The iridecomposed to consist of three groups based on
LRR risk after 10 years.

Conclusions We constructed a simple prognostic index thatbeansed to estimate risks of LRR in
patients with early breast cancer. The prognostiex enables patients to be stratified into three

subgroups with different outcomes with regard tdLR
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INTRODUCTION

Background

Early breast cancer patients are enrolled intdlavieup programme after treatment. The key
elements of this programme are periodic visitshietory taking, physical examination and annual
surveillance mammogramsThis follow-up schedule is intensive and stres&fupatients and the
cost-effectiveness is lofi? Besides, it has led to considerable workload forsicians, especially
surgeons: worldwide more than 7.5 million patiearts seen at outpatient clinics yearly. These
problems will increase as a result of a numberasfds. First, the majority of patients currentlyda
early-stage disease and therefore more than 80%xpeeted to survive five years or lon&econd,
better survival results are obtained due to newesyis therapies and accordingly more patients will
live longer. Third, only a minority of patients atischarged of follow-up; it was shown that only?d.5

of patients are discharged at five years and 43%0 gears.

Aims of follow-up

Follow-up of breast cancer patients has severad.alime first year is particularly important for ¢jtya

of life of patients and monitoring of treatment aidie-effects. After this first year, the main go#l
follow-up is early detection of second primary lstsamours and locoregional recurrences (LRR) at
an early stage in order to begin immediate potéytarative therapy:’ Early detection of distant
metastases is not an aim because these cannatdake ikwvas shown that a more intensive follow-up
strategy including additional investigations toas¢tdistant metastasis did not result in a survival
benefit®® Early detection of distant metastasis will onlgut in a poorer quality of life for patients
because of the knowledge of having an incurableadis and the side effects of earlier treatment that

will not result in longer lifespan.

Tailoring
In contrast to local and systemic treatment reganésilow-up is not based on patient or tumour

characteristics. All patients follow the same reginin spite of different risk profiles. Risk of LRR
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differs between patients; patients treated wittasireonserving surgery (BCS) are at higher risk for
LRR than patients treated with a radical mastectfmybetter definition of what constitutes a patient
at high or low risk of LRR would be valuable to irape follow-up. Different indices were developed
that integrate combination of factors to identifghhrisk patients, like Adjuvantonline! and the
Nottingham Prognostic Indéx However, these indices emphasise at overall saipviot at LRR

One of the gene-expression profiles identified sobgs of patients at increased risk of local
recurrence after BC%.However, to construct and validate this profileryyoung breast cancer
patients (80% <40 years old) were used and this doereflect common breast cancer patients.
Therefore, a prognostic index for LRR is lacking. dddress this issue, we developed and validated a
prognostic model for LRR. For extensive clinicaéwd such an index, our aim was not to derive a
precise risk indicator but a simple model which bardetermined without difficult calculations and
which can be applied for all early breast cancéepts treated according to general guidelines. To
establish this, we used clinicopathological datanffour different international trials with almost

10000 patients with an adequate follow-up.

METHODS

Patients
Data of four large international trials with a lofajjow-up were used, the European Organisation of

Research and Treatment of Cancer (EORTC) trial®1,080854, 10902 and 22881.

The EORTC trial 10801 included patients (n=902)rfrb980 to 1986 in order to assess the safety of
breast conserving treatment (BCYEligible patients had clinical stage | or Il eablgeast cancer and
were randomised between radical mastectomy andfBi@®ved by radiotherapy. Radiotherapy
consisted of irradiation to the breast (50 Gy)hveih additional booster dose (25 Gy) direttette

lumpectomy site. For all patients €65 years with pathological nodal positive diseasecgycles of
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chemotherapwith cyclophosphamide, methotrexate, and 5-flucsioli(CMF) were indicated. No

information was available on endocrine therapy.

The EORTC trial 10854 (the so-called “Peri-opemathemotherapy, POP-trial”) included patients
with early breast cancer followed by surgery witinative intent from 1986 to 1991 to study whether
one course of peri-operative chemotherapy yielt&btherapeutic results than surgery albtiEhe
patients from the surgery alone arm were includedHe current analysis (n=1 395/2 793). Surgery
consisted of either modified radical mastectomB@IS, both followed by axillary clearance. Axillary
lymph node positive premenopausal patients werematended to receive five courses of CMF.
Radiotherapy was given after BCS to the whole bi@&isGy) followed by a boost on the initial
tumour site (16 Gy). Besides, radiotherapy wasrgineall cases in which surgery was considered not

to be radical. Prolonged adjuvant systemic treatmes up to the discretion of local physicians.

The EORTC trial 10902 (the so-called “Preoperativemotherapy in operable breast cancer,
POCOB-trial”) included early breast cancer patiémtsc, T2, T3, T4b, NO-1 and MO) from 1991 to
1999 to evaluate the value of preoperative chematiye* The patients from the postoperative
chemotherapy arm were included (n= 348/698) far dimalysis. Chemotherapy consisted of four

cycles of fluorouracil, epirubicin, and cyclophoaptide (FEC).

The EORTC trial 22881, the so-called “boost versuboost trial”, included patients (n=5569) from
1989 to 1996° The aim of this trial was to evaluate the valua dWost dose after primary BCS. All
patients were treated with BCS and axillary digee¢followed by irradiation of the whole breas0(5
Gy). Patients with microscopically complete exasiavere randomised to a boost (16 Gy) to the
tumour bed and no boost. Patients with microsctlgicacomplete excisions were randomised to

receive a boost (10 or 26 Gy) to the tumour bedugno boost.

Statistical analysis

Van Nes et al. Page 6 of 17 Version EJSO10
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To use only early breast cancer patients, all ptetieith T3 and T4 tumours and/or with more than 10
positive nodes were excluded. Patients with prexijwer chemotherapy were also excluded because of
the influence on the pathological tumour and natitus. Finally, patients treated with periopegrativ
chemotherapy and patients treated with BCS withadibtherapy were excluded because this is not
the standard anymore. In our analysis, systematrirent (endocrine and chemotherapy) was not
included as explanatory variables because thetsféésuch treatment are mainly on distance

recurrence and these drugs and schedules haveigiest to change over the last decades.

Time from randomisation to the first occurrencéoofl recurrence was considered. Patients were
censored at time of last follow-up, distant recoceeor death. Univariable and multivariable models
were fitted using Cox proportional hazards regmssstratified by the different EORTC studies. The
bootstrap was used for internal validation to asseability of prognostic variables selecté@he
cross-validation procedure described by Veneil was used’ After deriving the prognostic index,
cumulative incidence of LRR, accounting for disteedurrences and death as competing risk was
calculated?® Harrell's c index was used to quantify the pradevalue of the indeX Harrell’s ¢

index ranges from 0.5 to 1.0 with 0.5 indicatingpmedictive value and 1.0 perfect discrimination.
However, if the index is not continuous but dividetb groups, the maximum possible value of the

Harrell's ¢ index is <1.6°

RESULTS

Patients, tumour and treatment characteristicstamen in Table 1. A total of 9 964 patients were
included in the four EORTC trials. Exclusion of ipats not treated according to current guidelines
(n=2 285) and with incomplete covariable informatan the covariables (n=1 163) considered left 6
516 patients for our analysis. No significant diéieces in LRR rates were found between the 6 516

patients considered and the 1 163 patients withnipdete covariables (p=0.86).
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Constructing of the index

Since mastectomy and BCS followed by radiother&tyT) constitute different (surgical) techniques
with different prognostic effects, multivariable XCaegressions were first performed for mastectomy
and BCT separately. The results in Table 2 showttteaeffect of most prognostic factors is similar
for mastectomy and BCT, with two exceptions. Thstfis the boost, which is only defined for BCT.
The second is nodal status. For BCT, the effeabofl status was not significant, but for mastegtom
it was highly significant (p<0.0001). The interacts between age, tumour stage and surgical margins
on the one hand and type of surgery (mastectongusd8BCT) on the other were not significant
(p=0.74, 0.79, and 0.41, respectively). The int@osadetween nodal status and type of surgery was
highly significant (p=0.003), suggesting differefitects of nodal status for BCT and mastectomy.
Therefore, an overall model was considered withtidal effects of age, tumour stage and surgical
margins across types of surgery, and with sepaftdets of nodal status and radiotherapy/boost. The
effect of nodal status for BCT was again obseredokt virtually zero, so the final model was obtdine
by deleting the nodal status effect for BCT. Thénested regression coefficients and hazard ratios o
this final model are shown in Table 2. The intetmabtstrap validation showed that selection of
variables was quite stable; each of the varialiéiseofinal model was selected in more than 80% of
the 500 bootstrap models, with the exception ofisat margins, which was selected in 79% of the
bootstrap models. A continuous index can be cocstiduby adding the regression coefficients,
depending on the covariable values of the patiehistogram of the values of this index in our
population is given in Figure 1. The univariabledra ratio of this continuous prognostic index was
estimated as 2.72 per unit increase of the indéx ab5% confidence interval from 2.31 to 3.20
(P<0.0001). The corresponding regression coeffidgieh by definition. A cross-validated prognostic
index was calculated for each individual followithge procedure of Verweij and van Houwelindén.
The estimated regression coefficient of such asevadidated prognostic index is typically <1 and ca
be regarded as a shrinkage factor, with valueslvedtiw 1, say <0.8, indicating overfitting. Applgin
this procedure resulted in an estimated regressiefficient of 0.94 (standard error 0.08), indingti
that the predictive value of the proposed indednisost equally good on new data as on the present

data.
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Different risk groups

The LRR index is to be used for tailored follow-Mpe are aiming for a low-risk group, with a 10-
years LRR probability of at most 7.5%, a mediunk-gsoup, with a 10-years LRR probability
between 7.5% and 12.5%, and a high-risk group avitB-years LRR probability of at least 12.5%.
The low-risk group will get less follow-up, the higisk group more. The corresponding cut-off values
of the prognostic index were found to be 1.4 add fdr a 10-years LRR probability of 7.5% and
12.5%, respectively. With a low-risk group defireelhaving a prognostic indeg.4, a high-risk

group defined as having a prognostic index >2.d,tha medium-risk group with a prognostic index
between 1.4 and 2.1, in our study population 1 @2389, and 1 100, patients were low risk, medium
risk, and high risk, respectively. Figure 2 sholes ¢stimated cumulative incidence functions foheac
of these three risk or follow-up intensity grouphe hazard ratios (95% confidence interval) of
medium risk and high risk with respect to low ng&re estimated as 2.00 (1.53 — 2.62) and 3.91 (2.94
—5.21), respectively. The 10-years estimated fnidbes of LRR (95% confidence interval) were

0.05 (0.04 - 0.07), 0.11 (0.10 — 0.12), and 0.1966 0.22), for low risk, medium risk and highkris
groups respectively. When the index was executedather breast cancer population (a ten year
cohort of our own centre), the same distinction sgen, however, there were more patients included

in the low risk group compared to the high riskugrgdata not shown).

Harrel's c-index was estimated as 0.61 for theinaous prognostic index and 0.59 for the three
prognostic groups, indicating a moderate loss efligtive accuracy as a result of categorising the
prognostic index. These values indicate only mopesdictive accuracy, however, such values are
quite common in the context of survival analysist the continuous index, Harrel's c-index was
estimated as 0.65 for patients treated with a roastey and 0.61 for patients treated with BCT. For
the three prognostic groups, Harrel's c-index wsigr@ted as 0.60 for patients treated with a

mastectomy and 0.58 for patients treated with BCT.

Prognostic index

Van Nes et al. Page 9 of 17 Version EJSO10
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For an individual patient, the value of the contins prognostic index can be calculated by addiag th
regression coefficients of Table 2, depending engiitient’s covariable values. The patient can then
be assigned to a risk group, depending on wheltleevdlue of this prognostic index is below or above
1.4 and 2.1. To facilitate implementation into wal practise, a decision tree was constructedfane
patients treated with mastectomy and one for patieeated with BCT (figure 3). The tree is stopped
whenever taking further covariables into accoutitmat change the resulting risk group. The number

within brackets indicates the value of the contimiprognostic index so far.

DISCUSSION

Prognostic factors

The goal of this analysis was to develop and vedidasimple prognostic index for LRR for all
patients with early breast cancer who are treatedrding to acceptable standards. Well-defined
variables were used that can be combined to proalpeegnostic index. This index is simple and the
decision tree can be used immediately after sufigest therapy and gives very good discrimination,

as shown by the Kaplan Meier curve.

The first distinction was local therapy: mastectoraysus BCT. The overall survival of patients
treated with BCT is comparable to the one of p&igreated with mastectomy. However, their chance
on LRR is 4 times higher after twenty years ofdaliup®* Radiotherapy after mastectomy and a
boost in patients treated with BCT have previos$igwn to decrease the chance of a LRR in patients
and were included in our indéX** Age is the second factor in this prognostic indgignificance of

age was already recognised in other studies; yageds independently associated with unfavourable
outcome in patients with early breast carféétin the EORTC 22881 trial, disease recurrenceen th
ipsilateral breast or in the axilla as first evesais more seen in younger patielitd. boost reduced the
rate of LRR, however, this effect was mainly seegdunger patients<(40 years) and was less

prominent in older patients 61 years). Tumour stage was also an importantifadinfortunately,
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not all pathological tumours stage were known, Was especially the case in the EORTC 10854 trial,
therefore, unfortunately, the majority of patieotshis trial were excluded for this analysis. The
pathological nodal status was only important foRLIR patients treated with mastectomy. The last
factor of influence in the index are the surgicalrgins: positive margins are correlated with a aigh

chance on LRR.

Limitations

Information about histological grade was not a\@éathis factor was not used in our analyses.
Several studies investigating predictors of LRR destrated that grade was an important factor, other
studies did not demonstrated¥t° We do not have information concerning relativeiywprognostic

and predictive factors like ER, PgR and HER2. Ifwant to include these factors in the index we
need information of newer studies with a shortdofo-up than the current used studies. We prefer to
have a long follow-up. In the future, new factoas de included, like hormone receptor status, HER2,

grade and gene expression arrays.

Several factors limit accuracy of the index to jcethe exact percentage of LRR. Firstly, the ¢rial
included patients over different time periods. Quaie, local therapies and administration of system
therapies have been improved. Consequently, patetfitlive longer and are therefore longer
exposed to risk of LRR. Secondly, treatment optidiffered between trials; they included different
kinds of patients. Mastectomy was compared to BChé EORTC trial 10801 while all patients in
the EORTC trial 22881 were treated with BCT. Howewbecause this index was developed using
different trials, heterogeneity in prognostic riskearly breast cancer patients was realistically
reflected. And thirdly, factors considered impottanour prognostic index were not routinely
collected in all trials. In the EORTC trial 108%He pathological T stage was not recorded for all
patients. In spite of all differences mentionedvah@n index was constructed and validated. Also, t
fact that data from four different trial populat®owere used enabled us to study the internal Walidli
a natural way. This indicates that this index camuseful in different clinical settings, for exampb

improve the value of follow-up.
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Follow-up

Doubts about the value of routine follow-up haverbexpressed for many years and the rationale of
follow-up is still subject of discussidi?® It was shown that routine follow-up confers litdervival
benefit and increases distress in patiéfitdloreover, it was suggested that clinical examoratido

not improve clinical outcom&.Consequently, research was performed to examitethe burden

and health gains of different follow-up programnidewever, in all these studies, different risks of
LRR were not taken into account. LRR are potemntielirable and therefore should be detected early.

When follow-up is risk based for LRR using our irgi¢ could be more efficient.

In the Netherlands, an implementation study wilpeeformed to evaluate a new follow-up schedule
based on our index. We do not aim to modify thet fiear visits for any patient, as optimising cyali
of life after local therapy is equally relevantaib patients following treatment for breast canddis
physical and psychosocial rehabilitation of pasemtiil in general take one year. Therefore, we will
tailor the follow-up after the first year. Patiemtgh an intermediate risk on LRR according to the
prognostic index will follow the routine follow-uprogramme (the second year twice and thereafter
yearly, www.oncoline.nl). Patients at low risk damseen less frequently (visit once every two years
and patients at high risk should be seen more @fteit twice every year). Mammographies will be
taken yearly in every group and questionnaire pélfilled in by patients and physicians to evaluate

the new schedule and quality of life of patients.

In conclusion, we constructed and validated a oootils prognostic index that divided patients in
three groups according to risk of LRR. We will injgorated this index in our follow-up schedule to

make it (more) evidence based.
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Tablesand figures

Table 1: Patient and tumour treatment characteristics tépts in the different EORTC trials. Data

are shown in amount (grey row) and percentageséwbiv).

Table 2: Estimated regression coefficients and associaedrt ratios for the penalized multivariable

Cox regression. Last column: deriving the simplerec

Figure 1: Histogram of LRR prognostic index. On the x-akis value of the added regression

coefficients. On the y-axis, the number of patients

Figure 2: Estimated cumulative incidences of locoregionauireence for each of the three proposed
follow-up schemes: low (Locoregional recurrence R)Risk after ten years of <7.5%), medium (LRR

risk between 7.5 and 12.5) and high (LRR risk >5%).

Figure 3. The decision tree for patients treated with dreasserving and with mastectomy. The tree
is stopped whenever taking further covariables &mtwount will not change the resulting risk group.

The number within brackets indicates the valuédefdontinuous prognostic index so far.
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Table 1. Patient and tumour treatment characteristics of patientsin the different EORTC trials. Data

are shown in amount (grey row) and percentages (white row).

EORTC EORTC EORTC EORTC Total
10801 10854, 10902, post 22881
standard operative
arm chemo arm

N % N % N % N % N %

Patientsin trials 902 100 1395/ 100 348/ 100 5569 100 9964 100
2795 698

Patientsused inanalyss 752 100 190 100 205 100 5369 100 6516 100
Age at randomisation
<40 64 9 48 25 3913 19 453 8 604 9
40-60 479 64 141 74 144 70 3179 59 3943 61
>60 209 28 1 1 22 11 1737 32 1969 30
Tumour stage
pTl 363 48 91 48 82 40 4293 80 4829 74
pT2 389 52 99 52 123 60 1076 20 1687 26
Nodal stage
pN- 455 61 190 100 79 39 4237 79 4961 76
PN+ 297 39 0 0 126 61 1132 21 1555 24
L ocal treatment
Mastectomy - RT 209 28 0 0 78 39 0 0 287 4
Mastectomy + RT 154 20 21 11 63 31 0 0O 238 4
BCT - boost 0 0 0 0 20 10 2571 48 2591 40
BCT + boost 389 52 169 89 44 21 2798 52 3400 52
Surgical margin
Negative 563 75 184 97 189 92 5134 96 6070 93
Positive 189 25 6 3 16 8 235 4 446 7
LRR
No 87 80 90 89 88
Yes 96 13 38 20 20 10 611 11 765 12

Abbreviations: BCT: breast conserving therapy; LRR: locoregional recurrence; RT: radiotherapy



Table 2: Estimated regression coefficients and associaedrtd ratios for the penalized multivariable
Cox regression. Last column: deriving the simplerec

All patients M astectomy Breast conserving therapy
Ageat Coefficient Hazard ratio Coefficient Hazard ratio Coefficient Hazard ratio
randomisation (SE) (95%ClI) (SE) (95%ClI) (SE) (95%ClI)
>60 1.00 1.00 1.00
40-60 0.368 (0.092) | 1.44 (1.21-1.73) 0.656 (0.447) | 1.93 (0.80 —4.63) 0.357 (0.094) | 1.43(1.19-1.72)
<40 1.062 (0.119) | 2.89 (2.29 — 3.64) 1.089 (0.563) | 2.97 (0.99 — 8.96) 1.062 (0.122) | 2.89 (2.28 — 3.67)
Tumour stage
pT1 1.00 1.00 1.00
pT2 0.317 (0.083) | 1.37 (1.17 —1.61) 0.412 (0.302) | 1.51 (0.84 —2.73) 0.315 (0.087) | 1.37 (1.16 — 1.62)
Nodal stage
pN- 1.00 1.00 1.00

pN+ (only Mast)

0.880 (0.310)

2.41 (1.31 - 4.43)

0.889 (0.328)

2.43 (1.28 — 4.63)

-0.080 (0.096)

0.92 (0.77 - 1.11)

Local treatment

Mastectomy + RT
Mastectomy - RT

0.960 (0.328)

1.00
2.61 (1.37 - 4.97)

1.019 (0.355)

1.00
2.77 (1.38 — 5.55)

BCT + boost 1.217 (0.361) | 3.38 (1.66 — 6.85) 1.00

BCT - boost 1.574 (0.366) | 4.83 (2.36 — 9.90) 0.353 (0.083) | 1.42(1.21-1.67)
Surgical margins

Negative 1.00 1.00

Positive 0.426 (0.145) | 1.53 (1.15 — 2.03) NA* 0.438 (0.146) | 1.55 (1.16 — 2.06)

* Could not be estimated

Abbreviations: BCT: breast conserving therapy; Rittiotherapy




Figure 1: Histogram of LRR prognostic index. On the x-axis the value of the added regression

coefficients. On the y-axis, the number of patients.
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Figure 2: Estimated cumulative incidences of locoregional recurrence for each of the three proposed follow-up
schemes: low (Locoregional recurrence (LRR) risk after ten years of <7.5%), medium (LRR risk between 7.5
and 12.5) and high (LRR risk > 12.5%).
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Figure 3. The decision tree for patients treated with breast conserving and with mastectomy. The tree
is stopped whenever taking further covariates into account will not change the resulting risk group.
The number within brackets indicates the value of the continuous prognostic index so far.
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Abbreviations: BCT: breast conserving therapy; RT: radiotherapy; SM: surgical margins; T:
pathological tumour stage
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