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Classification of Ipsilateral Breast Tumor Recurrences After Breast
Conservation Therapy Can Predict Patient Prognosis and

Facilitate Treatment Planning
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Objective: To classify ipsilateral breast tumor recurrences (IBTR) as either
new primary tumors (NP) or true local recurrence (TR). We utilized 2 different
methods and compared sensitivities and specificities between them. Our goal
was to determine whether distinguishing NP from TR had prognostic value.
Background: After breast-conservation therapy, IBTR may be classified into
2 distinct types (NP and TR). Studies have attempted to classify IBTR by
using tumor location, histologic subtype, DNA flow cytometry data, or gene-
expression profiling data.
Methods: A total of 447 (7.9%) of 5660 patients undergoing breast-
conservation therapy from 1970 to 2005 experienced IBTR. Clinical data
from 397 patients were available for review. We classified IBTRs as NP or
TR on the basis of either tumor location and histologic subtype (method 1)
or tumor location, histologic subtype, estrogen receptor status and human
epidermal growth factor receptor 2 status (method 2). Kaplan-Meier curves
and log-rank tests were used to evaluate overall and disease-specific survival
differences between the 2 groups. Classification methods were validated by
calculating sensitivity and specificity values using a Bayesian method.
Results: Of 397 patients, 196 (49.4%) were classified as NP by method 1 and
212 (53.4%) were classified as NP by method 2. The sensitivity and specificity
values were 0.812 and 0.867 for method 1 and 0.870 and 0.800 for method 2,
respectively. Regardless of method used, patients classified as NP developed
contralateral breast carcinoma more often but had better 10-year overall and
disease-specific survival rates than those classified as TR. Patients with TR
were more likely to develop metastatic disease after IBTR.
Conclusion: Ipsilateral breast tumor recurrences classified as TR and NP had
clinically different features, suggesting that classifying IBTR may provide
clinically significant data for the management of IBTR.
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I psilateral breast tumor recurrence (IBTR) occurs after breast con-
servation therapy (BCT) in approximately 8% to 20% of patients

over a 10-year period.1–4 Optimal management of patients with IBTR
after BCT is not well-defined. Numerous reports indicate that IBTR
is an independent predictor of distant metastatic disease and poor
survival.5–7 Others have suggested that there are subgroups of pa-
tients who have a relatively favorable prognosis after IBTR.8,9 One
hypothesis is that differences in prognosis among patients with IBTR
are because of 2 distinct types of disease: true local recurrences (TR)
and new ipsilateral primary tumors (NP).10 Another hypothesis is
that individuals with NP may have a genetic predisposition for breast
carcinoma and are therefore at risk for NP in the treated and contralat-
eral breast.11 If these hypotheses are true, clinical management and
chemoprevention strategies for patients with IBTR should be tailored
to reflect this distinction.

Several studies have attempted to classify 2 distinct types of
IBTR by using tumor location, histologic subtype, DNA flow cytom-
etry data, or gene-expression profiling data.11–14 In 2002, Huang et al
classified IBTR as either NP or TR on the basis of tumor location
and histologic subtype and demonstrated that patients with NP had
significantly better survival rates than those with TR.11 It has been
recognized that these classification methods are subject to error (ie,
misclassification).11,15 Because of the lack of a widely recognized
standard for classification, to date the validity of these classification
methods has not been evaluated and, thus, most clinicians treat both
groups of patients in a similar fashion. Therefore, there is a need
to measure the sensitivity and specificity values of the classification
methods, as this may be useful to clinicians in developing rational
treatment strategies.

In this study, we classified IBTR as either NP or TR using 2
different classification methods. We determined whether those dis-
tinctions had prognostic value for patients with IBTR after BCT and
also compared the sensitivity and specificity values of the 2 classifi-
cation methods.

METHODS

Patient Population
We reviewed the records of 5660 patients with ductal carci-

noma in situ (DCIS) and invasive breast cancer who underwent BCT
from 1970 to 2005 at The University of Texas M. D. Anderson Cancer
Center. This study was approved by the M. D. Anderson institutional
review board.

Ipsilateral breast tumor recurrence was the first site of recur-
rence in 447 (7.9%) of patients. A histologically confirmed diagnosis
of breast cancer within the previously treated breast was defined as
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an IBTR. Clinical data from 397 (88.8%) patients were available for
review. Of those, 126 had been previously evaluated in the study re-
ported by Huang et al,11 and thus, we classified them as the “initial
dataset.” There were 271 additional patients who were not included
in the Huang study, and these patients were classified as the “new
dataset.”

Study Design
Using the first classification method (method 1), we classified

IBTR as either a NP or TR on the basis of tumor location and histo-
logic subtype. An IBTR was designated TR if it was located within
3 cm of the primary tumor bed (by breast imaging or clinical exami-
nation) and if the histologic subtype was consistent with the primary
tumor. If the IBTR was more than 3 cm from the primary tumor site
or had a change in histology, it was designated as NP. For example,
a change from infiltrating ductal carcinoma to infiltrating lobular,
tubular, or medullary carcinoma would be considered a new primary
tumor. We also considered a change from an infiltrating ductal carci-
noma to DCIS as characteristic of a NP. We considered a change from
DCIS to an infiltrating ductal carcinoma as characteristic of TR.

In the second method (method 2), we classified IBTR as NP
or TR on the basis of tumor location, histologic subtype, estrogen
receptor (ER) status, and human epidermal growth factor receptor
2 (HER-2) status. Using this method, IBTR was designated TR if it
was located within 3 cm of the primary tumor bed, if the histologic
subtype was consistent with the primary tumor, and if both ER and
HER-2 status were consistent with the primary tumor. If the IBTR
failed to meet any of these 4 criteria, it was designated as NP.

Statistical Analysis
For statistical analysis, patients in the initial dataset and new

dataset were analyzed together and again separately as subgroups,
and IBTR within each dataset were classified as TR or NP using the 2
classification methods. Univariate and multivariate logistic regression
analyses comparing various clinical and pathologic characteristics
between patients with NP and TR were performed for each dataset to
determine whether the “new dataset” could validate findings from the
“initial dataset”. The Kaplan-Meier method and log-rank test were
used to calculate and compare actuarial statistics for time to IBTR
after BCT and rates of overall and distant disease-free survival.

Calculation of Sensitivity and Specificity Values
A standard assumption in logistic regression analysis is that the

binary outcome is measured perfectly. If the outcome measurement is
imperfect and misclassification occurs, the odds ratio estimates will
be biased toward the null hypothesis.16 In addition, ignoring misclas-
sification errors may cause serious bias in the estimates and power
loss in the hypothesis test.17–21 It has been shown that corrected odds
ratios may be obtained by incorporating external estimates of test
sensitivity and specificity into the likelihood for logistic regression.22

Tu et al23 proposed a Bayesian model that incorporates the test sen-
sitivity and specificity into the likelihood function to quantify the
effects of covariates on event probability. Their approach has been
used in several publications and has the advantages that a relatively
broad family of link functions is easily accommodated, data resulting
from multiple screening tests and/or pooled samples can be modeled,
and the effect of covariates assessed.24,25 In this study, we used Tu’s
method to test the sensitivity and specificity of each method. Even
though there is neither a gold standard for the classification method
nor validation dataset, the estimates of sensitivity and specificity can
still be obtained from the information of 2 sources. First, the co-
variates, which we used for estimating sensitivity and specificity are
strongly associated with the IBTR status. Second, there are 2 methods

to classify the same IBTR status, and the additional information from
the second method also helps to identify the true IBTR status.

All P values were 2-tailed, and a value of 0.05 or less was
considered significant. R and WinBugs statistical software (R 2.8.1,
a GNU project; WinBugs14, The BUGS Project) were used for sta-
tistical analyses.

RESULTS
Analysis was performed with all 397 patients who developed

IBTR during the study period. Patient, tumor, and treatment charac-
teristics are summarized in Table 1.

Method 1: Classification of IBTR as NP or TR on the
Basis of Tumor Location and Histologic Subtype

Utilizing method 1 to classify IBTR in the whole dataset, we
classified 196 (49.4%) IBTR as NP and 201 (50.6%) as TR. We
compared clinical and pathological characteristics between patients
with IBTR classified as NP and those classified as TR by method 1
(Table 2). Patients classified as TR were younger when they had IBTR
compared with patients classified as NP (TR 52.9 years old vs. NP
55.9 years old; P = 0.03). Patients classified as TR were more likely to
have chemotherapy for IBTR compared with patients classified as NP
(TR 51.2% vs. NP 38.3%; P = 0.009). Patients classified as NP were
more likely to have surgery for IBTR tumor compared with patients
classified as TR (NP 96.9% vs. TR 89.5%; P = 0.006). Patients
classified as TR had a much higher rate of systemic recurrence after
IBTR (TR 42.3% vs. NP 10.7%; P < .0001). Patients classified as NP
had a significantly higher rate of contralateral breast carcinoma (TR
9.5% vs. NP 16.3%; P = 0.04). The time between BCT and IBTR
was shorter for patients classified as TR than for those classified as
NP (mean, TR 5.4 years vs. NP 7.6 years; P < 0.0001, log-rank test).
No other significant differences in patient characteristics were noted.

Actuarial survival rates showed that patients with IBTR clas-
sified as NP had more favorable outcomes (Fig. 1). Figure 1 shows
that overall (Fig. 1a) and disease-free survival rates (Fig. 1c) from
the date of recurrence for patients classified as NP were significantly
better than those for patients classified as TR.

In the univariate and multivariate analyses, clinical T-stage of
the primary, age at time of recurrence, skin or lymph node involve-
ment at IBTR, and recurrence type classified by method 1 significantly
affected disease-free survival (Table 3). Patients with higher clinical
T-stage, IBTR classified as TR, younger age at recurrence, or skin or
lymph node involvement at IBTR had worse disease-free survival. We
also analyzed whether local and systemic treatments for IBTR had
an impact on the disease-free survival of the IBTR groups (Fig. 2).
Figure 2a shows that disease-free survival rate for patients classified
as TR treated with chemotherapy for IBTR were significantly worse
than others (TR without chemotherapy, NP treated with chemother-
apy, NP without chemotherapy). Figure 2b shows that disease-free
survival rates for patients classified as TR not treated with surgery for
IBTR were significantly worse than others (TR treated with surgery,
NP). Whether patients had segmental mastectomy or total mastec-
tomy for their IBTR did not seem to have an impact on survival rates.
Whether patients had hormonal therapy for treatment of the IBTR
also did not seem to have an impact on survival rates.

We also performed subgroup analyses using the initial dataset
describing the classification of NP and TR and the new dataset with
patients from a more contemporary treatment period. We found sim-
ilar results in both datasets compared with the analysis of the whole
dataset.
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TABLE 1. Clinical and Pathologic Characteristics of 397
Patients With Ipsilateral Breast Tumor Recurrence After
Breast-Conserving Therapy

Characteristic Percent (%)

Age, y

At primary diagnosis, mean (range) 47.5 (23–85)

At IBTR, mean (range) 54.2 (29–90)

Time to IBTR in years, mean (range) 6.5 (0.1–24.5)

Follow-up time in years, mean (range) 12.2 (1.3–34.3)

Location of primary tumor

Upper inner quadrant 13.0

Upper outer quadrant 43.5

Lower inner quadrant 10.4

Lower outer quadrant 8.5

Central 24.6

Contralateral breast cancer

Yes 12.9

No 87.1

Radiation for primary tumor

Yes 84.1

No 15.9

Adjuvant chemotherapy for primary tumor

Yes 30.2

No 69.8

Adjuvant hormonal therapy for primary tumor

Yes 22.2

No 77.8

Clinical T stage of primary tumor

Tis/T1 72.0

T2/T3 28.0

Histology of primary tumor

Invasive ductal carcinoma 64.0

Invasive lobular carcinoma 4.0

Mixed ductal and lobular carcinoma 3.0

Ductal carcinoma in situ 20.9

Other 8.1

Lymph node involvement

Primary tumor 18.6

IBTR 15.6

Nuclear grade of primary tumor

I 7.9

II 44.9

III 47.2

Margin of primary tumor

Positive 8.6

Negative 86.6

Unknown 4.8

Systemic recurrence

No 73.3

Yes 26.7

Skin involvement at IBTR

No 83.1

Yes 13.1

Unknown 3.8

ER status of primary tumor

(Continued)

TABLE 1. (Continued)

Characteristic Percent (%)

Positive 60.3

Negative 39.7

PR status of primary tumor

Positive 54.7

Negative 45.3

HER-2 status of primary tumor

Positive 24.8

Negative 75.2

PR indicates progesterone receptor.

Method 2: Classification of IBTR as NP or TR on the
Basis of Tumor Location, Histologic Subtype, and ER
and HER-2 Status

Utilizing method 2 to classify IBTR with the whole dataset,
we classified 212 (53.4%) IBTR as NP and 185 (46.6%) as TR. After
comparing clinical and pathological characteristics between patients
with IBTR classified as NP and those classified as TR by method 2
(Table 2), we found some similarities with method 1: a higher rate of
contralateral breast carcinoma in patients classified as NP; a higher
rate of systemic recurrence after IBTR in patients classified as TR;
patients classified as TR were more likely to have chemotherapy for
IBTR; patients classified as TR were less likely to have surgery for
IBTR. We also noted that the time between BCT and IBTR was shorter
for patients classified as TR as compared with those classified as NP
(mean, TR 5.4 years vs. NP 7.4 years; P = 0.0003, log-rank test). In
contrast to method 1, there was no significant difference in patient
age at IBTR between the 2 groups using the method 2 classification.

Actuarial survival rates show that patients with IBTR classi-
fied as NP had more favorable outcomes. Figure 1 shows that overall
(Fig. 1b) and disease-free survival (Fig. 1d) rates for all patients clas-
sified as NP were significantly better than those of patients classified
as TR by method 2.

In the univariate and multivariate analyses, clinical T-stage of
the primary, age at the time of IBTR, skin or lymph node involvement
at IBTR, and IBTR type classified by method 2 significantly affected
disease-free survival (Table 3). Patients with higher clinical T-stage,
IBTR classified as TR, younger age at recurrence, or skin or lymph
node involvement at IBTR had worse disease-free survival.

Subgroup analyses were done using the initial and the new
datasets and we found similar results in both datasets compared with
the whole dataset.

Sensitivity and Specificity
Multivariate analysis, sensitivity and specificity are shown in

Table 4. In multivariate analysis, we found that patients classified
as TR had a much higher rate of systemic recurrence after IBTR;
patients classified as NP still had a significantly higher rate of con-
tralateral breast carcinoma; and patients classified as TR had shorter
recurrence time in both method 1 and method 2. The sensitivity and
specificity values for method 1 were 0.812 and 0.867, respectively.
The sensitivity and specificity values for method 2 were 0.870 and
0.800, respectively.

DISCUSSION
In this study, we used 2 different methods to classify IBTR

as NP or TR and demonstrated that both easily applicable methods
had significant prognostic value. Using both classification methods,
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TABLE 2. Comparison of Clinical, Pathological, and Treatment Characteristics Between Patients With NP and TR

Method 1 Method 2

Characteristics TR n = 201 (%) NP n = 196 (%) P TR n = 185 (%) NP n = 212(%) P

Age, y (mean)

At primary 47.4 47.6 0.79 47.5 47.5 0.95

At IBTR 52.9 55.9 0.03 53.1 55.1 0.08

Time to IBTR in years 5.4 7.6 <0.0001∗ 5.5 7.4 0.0001∗

Follow-up time in years 10.8 13.4 0.0006 11.0 13.1 0.007

Contralateral breast cancer 0.04 0.02

Yes 19 (9.4) 32 (16.3) 16 (8.7) 35 (16.5)

No 182 (90.6) 164 (86.7) 169 (91.3) 177 (83.5)

Radiation for primary tumor 0.81 0.36

Yes 170 (84.6) 164 (83.7) 159 (86.0) 175 (82.6)

No 31 (15.4) 32 (16.3) 26 (14.0) 37 (17.4)

Adjuvant chemotherapy for primary tumor 0.41 0.39

Yes 57 (28.4) 63 (32.1) 52 (28.1) 68 (32.1)

No 144 (71.6) 133 (67.9) 133 (71.9) 144 (67.9)

Adjuvant hormonal therapy for primary tumor 0.18 0.33

Yes 39 (19.4) 49 (25.0) 37 (20.0) 51 (24.1)

No 162 (80.6) 147 (75.0) 148 (80.0) 161 (75.9)

ER status of primary 0.19† 0.81†
Positive 86 (56.6) 99 (63.9) 83 (61.0) 102 (59.7)

Negative 66 (43.4) 56 (36.1) 53 (39.0) 69 (40.3)

PR status of primary 0.29† 0.96†
Positive 71 (51.4) 86 (57.7) 68 (54.8) 89 (54.6)

Negative 67 (48.6) 63 (42.3) 56 (45.2) 74 (45.4)

HER-2 status of primary 0.88† 0.97†
Positive 17 (25.4) 17 (24.3) 14 (25.0) 20 (24.7)

Negative 50 (74.6) 53 (75.7) 42 (75.0) 61 (75.3)

Chemotherapy for IBTR 0.009 0.04

Yes 103 (51.2) 75 (38.3) 93 (20.3) 85 (40.1)

No 98 (48.8) 121 (61.7) 92 (49.7) 127 (59.9)

Hormonal therapy for IBTR 0.58 0.65

Yes 72 (35.8) 65 (33.2) 66 (35.7) 71 (33.5)

No 129 (64.2) 131 (66.8) 119 (64.3) 141 (66.5)

ER status of IBTR 0.93† 0.65†
Positive 102 (64.2) 106 (64.6) 94 (65.7) 114 (63.3)

Negative 57 (35.8) 58 (35.4) 49 (32.3) 66 (36.7)

PR status of IBTR 0.31† 0.26†
Positive 81 (56.3) 73 (50.3) 74 (56.9) 80 (50.3)

Negative 63 (43.7) 72 (50.0) 56 (43.1) 79 (49.7)

HER-2 status of IBTR 0.48† 0.13†
Positive 17 (19.1) 24 (23.3) 12 (15.8) 29 (25.0)

Negative 72 (80.9) 79 (76.7) 64 (84.2) 87 (75.0)

Surgery for IBTR 0.006 0.01

No surgery 21 (10.5) 6 (3.1) 20 (10.8) 7 (3.3)

SM 30 (14.9) 23 (11.7) 24 (13.0) 29 (13.7)

TM 150 (74.6) 167 (85.2) 141 (76.2) 176 (83.0)

Systemic recurrence <0.0001 <0.0001

Yes 85 (42.3) 21 (10.7) 78 (42.2) 28 (13.2)

No 116 (57.7) 175 (89.3) 107 (57.8) 184 (86.8)

∗Ranksum test.†excluded the unknown category.PR indicates progesterone receptor; SM, segmental mastectomy; TM, total mastectomy; XRT,. . .
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FIGURE 1. Actuarial survival curves using data from all 397 patients with IBTR showing improved survival times from the time of
first cancer treatment for patients classified as having a new primary tumor (NP) compared with patients with true local disease
recurrence (TR). Curves calculated with data from either the a, overall survival by method 1; b, overall survival by method 2; c,
disease-free survival by method 1; or d, disease-free survival by method 2.

TABLE 3. Univariate and Multivariate Analyses for Systemic Disease-Free Survival by Method for the Combined Dataset
(n = 397)

Method 1 Method 2

Univariate Multivariate Multivariate Multivariate Multivariate
Characteristics (HR 95% CI) P HR (95% CI) P HR (95% CI) P

Age at recurrence 0.9 (0.95–0.98) <0.0001 0.98 (0.96–0.99) 0.018 0.98 (0.96–0.99) 0.016

Clinical T-stage of primary tumor

T0 or T1 Referent

T2 or T3 2.3 (1.6–3.3) <0.0001 2.1 (1.4–3.1) <.0001 2.2 (1.5–3.2) <0.0001

Recurrence type

True recurrence Referent Referent Referent

New primary tumor 0.4 (0.3–0.6) <0.0001 0.3 (0.2–0.4) <.0001 0.3 (0.2–0.5) <0.0001

Skin involvement at IBTR 4.5 (3.0–6.8) <0.0001 1.8 (1.4–2.5) <.0001 1.8 (1.4–2.4) <0.0001

Lymph node involvement at IBTR 3.6 (2.4–5.4) <0.0001 2.3 (1.5–3.4) <.0001 2.4 (1.6–3.6) <0.0001

CI indicates confidence interval; HR, hazard ratio
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FIGURE 2. Actuarial survival curves using data from all 397 patients with IBTR showing improved survival times from the time of
first cancer treatment for patients classified as having a new primary tumor (NP) compared with patients with true local disease
recurrence (TR) under different treatments for the recurrent tumor. a, Whether patients had chemotherapy for recurrent tumor
in NP and TR groups; b, whether patients had surgery for recurrent tumor in NP and TR groups.

patients classified as NP had more favorable overall and disease-free
survival rates than those classified as TR.

Our findings support the results of other studies that have at-
tempted to define indicators of prognosis after IBTR. Specifically, the
features of NPs have been correlated with better outcomes; includ-
ing longer time from BCT to IBTR and recurrence at a location of
more than 3 cm from the primary tumor site. Our data also support
the hypothesis that a NP is a disease entity independent from the
primary breast carcinoma. The subgroup of patients classified as NP
had much better outcomes than those classified as TR. This obser-
vation makes intuitive sense because patients with a NP should have
a prognosis similar to patients with new early-stage primary breast
carcinomas.

Given the fact that NP- and TR-IBTRs have different nat-
ural histories and different prognoses, the clinical implications for
their therapeutic management may also differ. Patients with TR have
poorer prognoses both in terms of survival rates and the development
of distant tumor recurrence, and may benefit from more aggressive
treatments.26 Our study demonstrates that even with more aggressive
treatments, patients classified as TR still had worse survival rates
compared with patients classified as NP. Despite the increased uti-
lization of systemic treatment, patients with TR were more likely
to develop distant metastasis and death due to breast cancer. Many
of these patients did not undergo surgery for their IBTR, likely be-
cause of detection of distant metastasis. This suggests that patients
classified as TR are more likely to harbor distant metastatic dis-
ease at the time of IBTR and may be candidates for novel systemic

treatment strategies. We have shown that patients with NPs generally
have favorable long-term prognoses. Decisions concerning systemic
therapy for these patients should be similar to those for patients with
equivalent-stage first primary breast carcinomas.

The decision rules for classification of IBTR differ among
previous studies. The location of tumor recurrence is a significant part
of the determination of classification in most studies. Many reports
have based the judgment regarding TR versus NP on the difference
in location between the initial tumor and the subsequent tumor in
the treated breast.2,7,27 In addition to location, some studies have
considered histological subtype to distinguish TR from NP.11,12,28

Pathological findings that have been proposed are the presence of
previously unidentified carcinoma in situ and better differentiation
of the tumor (infiltrating to noninfiltrating changes and high-grade
to low-grade changes).29,30 DNA flow cytometry findings have also
been included as criteria.14,30 Recently, allelic imbalances or loss of
heterozygosity detected by DNA fingerprinting showed that these
new evaluation methods could predict the patient’s outcome more
precisely than conventional methods.15 Some reports suggest that the
tumor marker status is unchanged from the primary when an IBTR is a
TR.31,32 Others have reported loss of hormone receptors in recurrent
tumors correlating with a poor response to endocrine therapy.33–35

Recent studies have shown differences between primary and residual
breast cancer after chemotherapy,36 and primary and recurrent or
metastatic disease.37,38 To provide a clinically useful method that is
readily available to most clinicians, we used 2 different methods to
classify IBTR as TR or NP. Both methods showed that IBTR can be
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TABLE 4. Comparison of the Odds Ratios and the Confidence Intervals of Clinicopathologic Factors and Occurrence of
NP Compared to TR Classified by Method 1 and Method 2 Using Different Statistical Approaches

Logistic Regression Tu’s Method

Covariates Method 1 Method 2 Method 1 Method 2

Number of new primary 165 (53.2%) 213 (53.7%)

Contralateral breast cancer 0.69∗ (0.02–1.36)† 0.80∗ (0.12–1.49)† 1.28∗ (0.21–3.22)† 1.50∗ (0.43–3.52)

Time to IBTR 0.06∗ (0.02–0.10)† 0.05∗ (0.01–0.09)† 0.118∗ (0.04–0.31)† 0.08∗ (0.02–0.18)†
No systemic recurrence –1.74∗ (–2.28 to –1.19)† −1.51∗ (−2.01 to −1.00)† −3.99∗ (−9.55 to −1.84)† −4.04∗ (−9.67 to −1.63)†
Sensitivity 1.0∗ (Assumed) 1.0∗ (Assumed) 0.820∗ (0.663–0.986)† 0.870∗ (0.716–0.993)†
Specificity 1.0∗ (Assumed) 1.0∗ (Assumed) 0.867∗ (0.763–0.989)† 0.800∗ (0.690–0.977)†

∗Estimated Coefficient; † 95% confidence interval

classified as TR or NP and that these classifications have different
natural histories and different prognoses.

Because of the lack of a widely recognized gold standard for
classification of IBTRs, there was no direct method for determining
which of the 2 methods was better at classifying IBTR as NP or
TR. We used Tu’s method23 to obtain estimated sensitivity and speci-
ficity values for each method. Method 2 had higher sensitivity but
lower specificity than method 1. If we assume that NP represents dis-
ease and TR represents nondisease in the conventional definitions of
sensitivity and specificity, the increased sensitivity is likely because
method 2 uses 2 more criteria than method 1. Our study provides ac-
curate estimates of sensitivity and specificity for each classification
method to help clinicians decide which method to use based on the
sensitivity-specificity trade-off. Clinicians may choose method 2 if
higher sensitivity is preferred and method 1 if higher specificity is
preferred. The difference between the methods is the ability to add
tumor markers (ER, HER-2) in the contemporary dataset, which may
further discriminate NP from TR. As the number of patients with
complete tumor markers from both the initial diagnosis and IBTR
was limited, we did not see a significant difference between the 2
classification methods. In the future when the tumor markers are
more routinely performed and available on both the primary tumor
and IBTR, method 2 may be more relevant.

Recently, molecular classifications of invasive carcinoma have
been assessed in predicting IBTR. The 21-gene recurrence score
(RS) assay, which was developed to predict distant failure in pa-
tients with ER-positive cancers treated with tamoxifen,39,40 has also
been shown to predict risk of local recurrence.41 Mamounas et al41

found that RS assay was a significant predictor of local-regional
recurrence in tamoxifen-treated patients. Millar et al42 applied a
5-biomarker panel to predict local, distant recurrence and death after
BCT, and found median time to event for all measures of outcome
with greatly shortened recurrence times for the more aggressive sub-
types: basal, HER-2, and unclassified.42 Using the 21-gene RS assay
or a 5-biomarker panel has not yet been tested in terms of classifying
IBTR to TR or NP; however, they do provide additional informa-
tion to clinicians regarding expected outcomes after BCT, and the
more aggressive subtypes identified with these methods may in fact
represent TR.

The main limitations of this study are that IBTRs were classi-
fied using only clinical and pathological criteria, without molecular
confirmation and that an assumption was made that molecular markers
are fixed between the primary tumor and TR. This assumption may
not always be true because markers may change because of clonal
evolution. Although Tu’s method23 provides the corrected coefficient
estimates and allows for uncertainty in test sensitivity and speci-
ficity values, the estimates can be further improved by incorporating

additional survival information that is correlated with the classifi-
cation status. In the future, working with statisticians to develop
a methodological framework that provides more accurate estimates
of sensitivity and specificity values for each classification method
will help clinicians decide which method to use on the basis of the
sensitivity-specificity trade-off. More precise molecular studies will
likely be able to identify the clonal relatedness of the IBTR and the
primary tumor. Our methodology, based on readily available informa-
tion, has greater clinical applicability than molecular techniques that
require sophisticated laboratory analyses. Our results demonstrate
that these criteria can identify subgroups of patients with significantly
different outcomes after IBTR.

In conclusion, TR and NP show quite different features. This
suggests that classifying IBTR as TR or NP using the methods de-
scribed here can provide clinically significant data for the manage-
ment of IBTR both systemically and locally.
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