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A B S T R A C T

Purpose
IBTR! version 1.0 is a web-based tool that uses literature-derived relative risk ratios for seven
clinicopathologic variables to predict ipsilateral breast tumor recurrence (IBTR) after breast-
conserving therapy (BCT). Preliminary testing demonstrated over-estimation in high-risk sub-
groups. This study uses two independent population-based datasets to create and validate a
modified nomogram, IBTR! version 2.0.

Methods
Cox regression modeling was performed on 7,811 patients treated with BCT at the British
Columbia Cancer Agency (median follow-up, 9.4 years). Population-based hazard ratios were
generated for the seven variables in the original nomogram. A modified nomogram was then
tested against 664 patients from Massachusetts General Hospital (median follow-up, 9.3 years).
The mean predicted and observed 10-year estimates were compared for the entire cohort and for
four groups predefined by nomogram-predicted risks: group 1: less than 3%; group 2: 3% to 5%;
group 3: 5% to 10%; and group 4: more than 10%.

Results
IBTR! version 2.0 predicted an overall 10-year IBTR estimate of 4.0% (95% CI, 3.8 to 4.2), while
the observed estimate was 2.8% (95% CI, 1.6 to 4.7; P � .10). The predicted and observed IBTR
estimates were: group 1 (n � 283): 2.2% versus 1.3%, P � .40; group 2 (n � 237): 3.8% versus
3.5%, P � .80; group 3 (n � 111): 6.7% versus 3.2%, P � .05; and group 4 (n � 33): 12.5% versus
8.7%, P � .50.

Conclusion
IBTR! version 2.0 is accurate in the majority of patients with a low to moderate risk of in-breast
recurrence. The nomogram still overestimates risk in a minority of patients with higher risk
features. Validation in a larger prospective data set is warranted.

J Clin Oncol 28:718-722. © 2010 by American Society of Clinical Oncology

INTRODUCTION

Breast-conserving therapy (BCT), with breast-
conserving surgery (BCS) and adjuvant breast radi-
ation therapy (RT), is standard local management
for the majority of patients with early-stage breast
cancer. Multiple randomized trials have shown
that adjuvant RT significantly decreases the risk of
local recurrence,1-7 but the absolute risk reduc-
tion from RT varies depending on individual pa-
tient, tumor, and treatment characteristics. A
web-based predictive nomogram, IBTR!, was de-
veloped to estimate individualized risk of ipsilat-
eral breast tumor recurrence (IBTR) after BCT.8

The methods of creating IBTR! version 1.0 have
been previously described.8 At the time of initial
model development, the investigators at Tufts Uni-
versity did not have access to population-based data
on which to build the model. It was therefore devel-
oped based on analyses of the published randomized
trials of BCS with and without RT and institutional
studies that evaluated prognostic factors that were
not well assessed in the randomized trials. The IBTR!
model contained seven prognostic factors: age, tu-
mor size, tumor grade, margin status, lymphovascu-
lar invasion, use of chemotherapy, and use of
hormone therapy. In IBTR! version 1.0, literature-
derived relative risk ratios for each of the seven vari-
ables were used to generate a 10-year IBTR predicted
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estimate for individual subjects, both with and without RT after partial
mastectomy. Subsequent to the version 1.0 development, collabora-
tive research with the Massachusetts General Hospital (MGH) and the
British Columbia Cancer Agency (BCCA) was undertaken to validate
the nomogram.

In the MGH preliminary validation testing, the nomogram was
tested among 1,138 patients treated with BCT (median follow-up, 7
years). IBTR! version 1.0 performed well in the overall data set (pre-
dicted recurrence rate 4.3% v observed 3.4%) and in favorable risk
patients. There was a trend toward overestimation of in-breast recur-
rence for intermediate-risk patients. Performance in the highest risk
group of patients (predicted risk�20%) was difficult to assess because
of small patient numbers.9

In the BCCA preliminary validation testing, conducted sepa-
rately from the MGH analysis, IBTR! version 1.0 was evaluated against
a randomly selected subset of 2,071 women treated with BCT at the
BCCA with at least 10 years of follow-up. The entire BCCA data set
was not used during this early phase to permit the possibility of
population-based model refinement and retesting. In the preliminary
analysis, the difference between 10-year predicted (10.5%; SE, 0.3) and
observed (6.2%; SE, 0.5) was significant (P � .001). IBTR! version 1.0
performed well in patients with favorable risk factors but the model
overestimated risk in patients with higher risk characteristics.10

The demonstration of overestimation in high-risk subgroups
during preliminary testing9,10 led to this study designed to modify and
retest the model, capitalizing on the availability of two independent
datasets to develop IBTR! version 2.0.

METHODS

Construction of IBTR! Version 2.0 Using BCCA Data

The BCCA Breast Cancer Outcomes Unit database was used to identify
7,811 women diagnosed between 1989 and 1999 with newly diagnosed inva-
sive breast cancer, pT1-3, all N stages, M0, treated with BCS, and adjuvant RT
with either 50 Gy in 25 fractions or 42.5 Gy in 16 fractions with or without a
boost.11 Cox regression modeling,12-14 adjusting for the effects of demo-
graphic, pathologic, and treatment factors, was performed on these 7,811
subjects to generate population-based hazard ratios (HR) and 95% CIs for
each of the seven variables in the IBTR! nomogram. These revised HRs formed
the basis for a modified IBTR! version 2.0.

Validation Testing of IBTR! Version 2.0 Using MGH Data

The MGH cohort used for model validation was comprised of 664
patients with nonmetastatic invasive breast cancer diagnosed between 1990
and 1999, all treated with BCS and adjuvant RT. This time interval was selected
to allow sufficient follow-up time to observe 10-year events. All patients re-
ceived RT to the whole breast, median dose 50 Gy in 25 fractions with a boost
when indicated. Patients treated with BCS but without RT were excluded from
both datasets.

Follow-up data regarding disease status was obtained from the most
updated information available in the hospital electronic record or radiation
oncology chart.

The end point used in this analysis was IBTR as the first event, defined
in both data sets as any first recurrence involving the ipsilateral breast
without simultaneous regional or distant recurrence occurring within 4
months after the IBTR diagnosis. This definition was adopted to ensure
consistency between the two data sets and with published National Surgical
Adjuvant Breast Projects (NSABP) and Eastern Cooperative Oncology Group
(ECOG) studies.15,16

The validation testing methodology in this study was guided by the
published experience of British Columbia investigators validating Adjuvant!

Online, a web-based risk prediction model to estimate survival outcomes with
and without adjuvant systemic therapy,17 and consultative team discussions
with the biostatistician coinvestigators at MGH (A.N.) and BCCA (M.L.).
Anonymized patient data from MGH were entered by investigators blinded to
patient outcomes into the modified IBTR! version 2.0 to generate 10-year
predicted IBTR estimates for each patient. Mean IBTR!-predicted and MGH
observed IBTR estimates were compared using t-tests for the entire cohort and
for four groups predefined by nomogram-predicted risks: group 1: less than
3%; group 2: 3% to 5%; group 3: 5% to 10%; and group 4: higher than 10%.
These groups represented clinically meaningful risk cohorts. Competing
events were treated as censored observations in the analysis of both BCCA and
MGH data. The discriminatory ability of the model to distinguish low-risk
from high-risk groups was evaluated using Harrell’s concordance statis-
tics.18,19 The c index, or Harrell’s concordance index, was derived from the
Wilcoxon-Mann-Whitney two-sample rank test.19

Statistical analysis was performed using SPSS software (version 17.0;
SPSS Inc, Chicago, IL) and R 2.8.1 I(http://www.r-project.org/) with Hmisc

Table 1. Clinical Characteristics of the BCCA Cohort Used in Cox
Regression Modeling to Create the Modified IBTR! Version 2.0 Nomogram

and the MGH Cohort Used for Validation Testing

Characteristic

BCCA MGH

No. % No. %

No. of patients 7811 664
Median follow-up time, years 9.4 9.3

Range 0.1-17 0.3-17.2
Median age, years 58 58

Range 17-88 28-89
� 40 670 8.6 50 7.5
41-45 804 10.3 44 6.6
46-50 1,050 13.4 96 14.5
51-55 985 12.6 94 14.2
56-60 919 11.8 90 13.6
61-65 933 11.9 65 9.8
66-70 1,012 13.0 94 14.2
� 70 1,438 18.4 131 19.7

Margin
Positive 788 10.1 52 7.8
Close (� 2 mm) 15 0.2 71 10.7
Negative (� 2 mm) 6,730 86.2 541 81.5
Unknown 278 3.6 0 0

Lymphovascular invasion
Present 2,025 25.9 118 17.8
Absent 5,516 70.6 546 82.2
Unknown 270 3.5 0 0

Tumor size, cm
� 1 2,096 25.9 263 39.6
1.1-2 3,675 47.0 280 42.1
� 2 2,040 26.1 121 18.2

Grade
I 1,359 17.4 152 22.9
II 3,593 46.0 331 49.8
III 2,544 32.6 181 27.3
Unknown 315 4.0 0 0

Hormone therapy
Yes 3,080 39.4 404 60.8
No 4,731 60.6 260 39.2

Chemotherapy
Yes 2,275 29.1 219 33.0
No 5,536 70.9 445 67.0

Abbreviations: BCCA, British Columbia Cancer Agency; MGH, Massachu-
setts General Hospital.
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and Design packages. All statistical tests were two-tailed with significance
established at P � .05.

This study was approved by the research ethics boards of the University
of British Columbia and MGH.

RESULTS

The clinical characteristics of the BCCA cohort (n � 7,811) used in
Cox modeling to modify the IBTR! nomogram and the MGH cohort
(n � 664) used for validation testing are summarized in Table 1. The
median age in both groups was 58 years. The median follow-up time
was 9.4 years in the BCCA cohort and 9.3 years in the MGH cohort.

In the BCCA data set, the overall rate of IBTR was 348 (4.5%) of
7,811. The KM IBTR estimate at 10 years was 4.9% (95% CI 4.3% to
5.4%). The BCCA-derived Cox regression hazard ratios and associ-
ated 95% CIs for each of the seven variables in the modified IBTR!
nomogram are summarized in Table 2.

Overall, there were only 22 cases of IBTR as a first event in the
MGH validation data set. IBTR! version 2.0 predicted an overall 10-
year IBTR estimate of 4.0% (95% CI, 3.8 to 4.2), while the observed

estimate was 2.8% (95% CI, 1.6 to 4.7; P � .10). Figure 1 depicts
Kaplan-Meier IBTR in the four risk groups defined by predicted
estimates. Within each group, the predicted and observed IBTR esti-
mates were: group 1 (n � 283): 2.2% versus 1.3%, P � .40; group 2
(n � 237): 3.8% versus 3.5%, P � .80; group 3 (n � 111): 6.7% versus
3.2%, P � .05; and group 4 (n � 33): 12.5% versus 8.7%, P � .50
(Table 3).

In the calculation of the Harrell’s concordance statistics, a Cox
model was fitted with nomogram-calculated probabilities as a sole
predictor, yielding a P value of .008 and a Harrell’s concordance
of 0.66.

DISCUSSION

Many studies have examined independent risk factors for IBTR, but
due to the complex interactions of different prognostic factors, indi-
vidualized estimates of recurrence risk and absolute benefits with RT
use can be complex and difficult to predict. As local recurrence is
associated with an increased risk of distant metastasis and mortali-
ty,1,20 accurate prediction of IBTR risks based on patient-specific risk
factors and accurate estimates of the absolute benefit of RT are of
clinical value to assist patients and their care providers in making
informed decisions regarding adjuvant local therapy.

Distinct from Adjuvant!Online, which was based on Surveil-
lance Epidemiology and End Results data that lacks local recur-
rence outcomes information, IBTR! was initially constructed based
on a comprehensive review of available randomized trials, meta-
analyses, and institutional reports. The seven variables selected for
inclusion in IBTR! were those that were deemed to be associated
with the most consistent and most significant impact on IBTR as
reported by multiple studies.8 Factors that were judged to be less
consistently supported by the literature, and thus were not in-
cluded in the model, were tumor histology and an extensive in situ
component.8 To avoid confounding and redundancy, hormone
receptor status was also excluded as an independent risk factor
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Fig 1. Kaplan-Meier observed in-breast tumor recurrence in four risk groups
based on predicted estimates less than 3%, 3% to 5%, 5% to 10%, and higher
than 10%.

Table 2. BCCA Population-Derived Cox Regression Hazard Ratios for the
Revised IBTR! Version 2.0 Nomogram

Characteristic Hazard Ratio 95% CIs

Age, years
� 40 2.03 1.36 to 3.01
41-45 1.47 0.99 to 2.18
46-50 0.86 0.56 to 1.31
51-55 1.00
56-60 0.71 0.45 to 1.13
61-65 0.74 0.47 to 1.15
66-70 0.74 0.47 to 1.14
� 70 0.53 0.33 to 0.83

LVI
Positive 1.12 0.86 to 1.46
Negative 1.00
Unknown 0.92 0.47 to 1.77

Margin, mm
Positive 2.19 1.65 to 2.91
Close (� 2 mm) 0.97 0.13 to 6.94
Negative (� 2 mm) 1.00
Unknown 1.83 1.19 to 2.81

Hormone therapy
Yes 0.73 0.56 to 0.95
No 1.00

Chemotherapy
Yes 0.79 0.59 to 1.07
No 1.00

Tumor grade
I 0.70 0.48 to 1.01
II 1.00
III 1.55 1.22 to 1.97
Unknown 1.20 0.69 to 2.08

Tumor size, cm
�1 1.40 1.08 to 1.82
1.1-2 1.00
� 2 1.07 0.81 to 1.41

Abbreviations: BCCA, British Columbia Cancer Agency; IBTR, ipsilateral
breast tumor recurrence; LVI, lymphovascular invasion.
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because of its close association with the use of hormone suppres-
sion therapy.8 There is emerging data suggesting that the biologic
subtypes of breast cancer, which are closely associated with estro-
gen receptor/progesterone receptor and HER-2 receptor status,
may impact local recurrence.21 Due to the short follow-up time
and lack of consistency in the available data,22 biologic subtype is
not part of IBTR! version 2.0. However, similar to Adjuvant! On-
line, the IBTR! model will continue to be modified as new data with
mature follow-up emerges.

Despite the effort to synthesize the literature, the initial nomo-
gram solely based on interpretation of the published literature was
found on preliminary testing to be limited by significant overestima-
tions in patients with unfavorable risk characteristics.9,10 The reasons
for the overestimation are multifactorial, but may include different
definitions of IBTR and varying methods of capturing these events
across different studies. In addition, competing risks of distant metas-
tasis and death in patients with high-risk characteristics such as very
young age, grade 3 histology, and the presence of lymphovascular
invasion impairs the ability of a predictive model to accurately esti-
mate IBTR risks over a long time interval.

To address these caveats, this study adopted the definition of
IBTR as a first event and ensured consistency in the coding of this
end point in the two reference data sets. The larger BCCA data set
was used to generate population-based HRs for the modified nomo-
gram, and this was tested against the MGH data set. The overall 1.2%
difference between predicted and observed estimates of IBTR and
nonsignificant P value on t-testing suggests that the nomogram was
fairly consistent within the validation data set. In this analysis, the
predicted 10-year estimates of IBTR were accurate to within less than
1% in groups 1 and 2, patients with a predicted 10-year IBTR rate of
lower than 6%. These patients comprised a large majority (78%) of the
entire validation population.

The differences between predicted and observed IBTR esti-
mates in groups 3 and 4 are difficult to interpret. The absolute
differences were 3.5% and 3.8%, respectively, and the group com-
parisons were not statistically different using t-testing (P � .05).
However, the IBTR event rates in these groups were relatively low,
and this study could be under-powered to detect significant differ-
ences. Consequently, it may be prudent to pursue confirmatory
testing of the nomogram on larger data sets before its introduction
to widespread clinical use.

Since RT after BCS results in a very consistent 0.7 relative risk
reduction across multiple randomized trials,1 IBTR! might best be

used to derive the absolute risk of local recurrence after adjuvant RT
among women with a low risk of breast recurrence who may be
considering not undergoing RT after BCS. Although the risk of recur-
rence without RT could not be addressed in this prospective validation
study because of low numbers of patients in the reference data sets
who had not received RT, this risk could be estimated by dividing the
IBTR!-derived estimate by 0.3. This study suggests that this is a rea-
sonable use of IBTR! version 2.0 if the predicted 10-year breast
recurrence risk following BCS plus RT is 5% or lower.

The development of new tools to assist clinicians and patients
in individualizing adjuvant treatment decision-making in breast
cancer continues to be a high research and clinical priority.
Progress in molecular analysis and genetic profiling techniques
have advanced in recent years, not only in the setting of systemic
recurrence and mortality risk prediction, but also in locoregional
risk assessment.23-25 Until these novel techniques can be imple-
mented in the clinical setting, oncologists will continue to primarily
rely on clinicopathologic characteristics to make decisions regarding
adjuvant local management.

Continued efforts to refine and establish validity of clinical pre-
diction tools across the entire spectrum of low- and high-risk patients
are thus needed to realize the goal of assisting women and their care
providers in appraising risks and making individualized treat-
ment choices.

In conclusion, the IBTR! version 2.0 nomogram is acceptably
accurate in the majority of patients with a low to moderate risk of
in-breast recurrence. The model still overestimates risk in the minority
of patients with higher risk features. Although this overestimation was
not statistically significant in this study, validation testing of this
promising tool in a larger prospective data set is warranted.
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