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A B S T R A C T

Purpose
To determine the clinical utility of intrinsic molecular phenotype after breast-conserving therapy

(BCT) with lumpectomy and whole-breast irradiation with or without a cavity boost.

Patients and Methods

Four hundred ninety-eight patients with invasive breast cancer were enrolled into a randomized
trial of BCT with or without a tumor bed radiation boost. Tumors were classified by intrinsic
molecular phenotype as luminal A or B, HER-2, basal-like, or unclassified using a five-biomarker
panel: estrogen receptor, progesterone receptor, HER-2, CK5/6, and epidermal growth factor
receptor. Kaplan-Meier and Cox proportional hazards methodology were used to ascertain
relationships to ipsilateral breast tumor recurrence (IBTR), locoregional recurrence (LRR), distant
disease-free survival (DDFS), and death from breast cancer.

Results
Median follow-up was 84 months. Three hundred ninety-four patients were classified as luminal

A, 23 were luminal B, 52 were basal, 13 were HER-2, and 16 were unclassified. There were 24
IBTR (4.8%), 35 LRR (7%), 47 distant metastases (9.4%), and 37 breast cancer deaths (7.4%). The
overall b-year disease-free rates for the whole cohort were: IBTR 97.4%, LRR 95.6%, DDFS
92.9%, and breast cancer—specific death 96.3%. A significant difference was observed for survival
between subtypes for LRR (P = .012), DDFS (P = .0035), and breast cancer—specific death
(P = .0482), but not for IBTR (P = .346).

Conclusion
The b5-year and 10-year survival rates varied according to molecular subtype. Although this

approach provides additional information to predict time to IBTR, LRR, DDFS, and death from
breast cancer, its predictive power is less than that of traditional pathologic indices. This
information may be useful in discussing outcomes and planning management with patients
after BCT.

J Clin Oncol 27:4701-4708. © 2009 by American Society of Clinical Oncology

the whole breast with 40 to 50 Gy with or without a
cavity boost of 16 Gy. The importance of optimal

Breast conserving therapy (BCT) is the preferred
option in the management of early breast cancer
(EBC). Surgical excision to clear margins combined
with local radiotherapy can successfully lower the
rate of local recurrence to approximately 5% at 5
years.! However, prediction of outcome for indi-
vidual patients is uncertain and the development
of new biomarkers to guide clinical decision mak-
ing is needed. Specifically, no established biomark-
ers that predict ipsilateral breast tumor recurrence
(IBTR) after BCT have been validated. Current ra-
diotherapy regimens typically include treatment of

local control is highlighted by meta-analysis which
shows that overall mortality is reduced with im-
proved local control, which equates to one fewer
death for every four local recurrences prevented
after 5 years.” IBTR has a significant impact on
overall survival with 5-year survival rate of ap-
proximately 60%."

Gene expression profiling has identified breast
cancer subtypes with five main gene expression pro-
files,>* which divides patients into groups with dis-
tinct tumor phenotypes and outcomes.” Recent
immunohistochemical validation of these intrinsic
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molecular phenotypes have suggested that a five-marker panel of
estrogen receptor (ER), progesterone receptor (PR), HER-2, CK5/6,
and epidermal growth factor receptor (EGFR) can predict distant
failure and death.>” A recent study of conservatively treated breast
cancer confirmed the value of this approach in predicting IBTR, using
a simplified panel of ER, PR, and HER-2.® Further refining this classi-
fication and translating these features into a useful panel for routine
pathology is a priority. However, it is now believed that the triple-
negative phenotype (TNP; ie, ER—, PR—, and HER2—) is a heteroge-
neous group comprising basal-like, normal-like breast cancer, and
other unclassified breast cancers and does not equate with a basal-like
phenotype’ as originally suggested. Positive expression of basal mark-
ers are needed to better define this group of tumors, as evidenced by a
recent study showing that the poor prognosis of TNP tumors was
conferred by those tumors expressing basal markers CK5/6 and/or
EGFR with a specificity of 100% and a sensitivity of 76%.”

Among women with EBC, management decisions regarding lo-
cal therapy are generally made without regard to breast cancer subtype
and more refined data regarding risk of local and distant failure would
allow for better patient-specific tailoring of therapy. However, identi-
fying risk factors for failure in BCT is problematic as current local
recurrence rates in early-stage breast cancer are low and therefore large
numbers of patients are required for sufficient statistical power to
detect a significant difference.

In this study, we compared the clinical utility of intrinsic molec-
ular phenotype as assessed by the five-biomarker panel, ER, PR,
HER-2, CK 5/6, and EGFR with traditional pathologic indices, in
predicting local or distant failure and death in conservatively
treated EBC.

Patient Selection

All patients were enrolled into a randomized clinical trial that compared
the benefit of the addition of a local cavity boost of radiotherapy to BCT. The
complete study cohort included 688 women with breast cancer, 629 of whom
had invasive carcinoma, with an additional 59 patients with ductal carcinoma
in situ (Clinical Trials Registry NCT00138814). Formalin-fixed paraffin-
embedded tissue blocks were available for 498 patients with invasive carci-
noma. The clinicopathologic characteristics of this cohort are summarized in
Table 1. HER-2 status was unknown at the time of treatment. Seventy-three
percent of patients were postmenopausal, 20% were premenopausal, and 7%
were perimenopausal. This study was approved by the Human Research Ethics
Committee of St George Hospital, Sydney, Australia (ref No: 96/84).

Treatment

All patients with invasive carcinoma received local excision and axil-
lary sentinel node biopsy or axillary clearance. Adjuvant chemotherapy
(adriamycin and cyclophosphamide, or cyclophosphamide, methotrexate,
and 5-fluorouracil) was given to 23.7% of patients and 44.9% received adju-
vant tamoxifen. No patients received adjuvant trastuzumab. Patients were
randomly assigned to whole-breast radiotherapy of 50 Gy in 25 fractions or
whole-breast radiotherapy of 45 Gy in 25 fractions plus a tumor bed boost of
16 Gy in 8 fractions. Supraclavicular fields were not added unless there were
four or more nodes positive. Seventeen patients had positive margins (clear-
ance = 0 mm), 65 had clearance of smaller than 1 mm, and an additional 86
had smaller than 2 mm clearance, the remainder being well clear.

Follow-Up

Patients were assessed 6 weeks after radiation therapy, every 6 months
for 2 years, then annually thereafter with annual breast imaging. Follow-up
time was calculated from the date of the first surgical procedure to the date
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Table 1. Patient Baseline Characteristics, Treatments, and Outcomes
Patients
Characteristic No. % Median Range
Length of follow-up, months 498 84 1-134
Age, years 61 24-84
Tumor size, mm 16 1-60
T1a (1-b) 4 0.8
T1b (6-10) 77 16.3
T1c (11-20) 270 54.2
T2 (21-50) 136 27.3
T3 (> 50) 1 0.2
Tumor grade
1 167 33.5
2 185 37.1
3 145 29.1
Lymph node metastases 146 29.3
NO 339 69.9
N1 (1-3) 128 25.7
N2 (4-10) 17 3.5
N3 (> 10) 2 0.4
LN unsampled 12 2.4
ER+ 393 78.9
PR+ 334 68.3
HER-2 amplified (FISH) 36 7.2
Subtype
Luminal A 394 79.1
Luminal B 23 4.6
Basal-like 52 10.4
HER-2 13 2.6
Unclassified 16 3.2
Triple negative 68 13.6
Treatment and outcome
Margin+ 17 3.4
Cavity boost positive 247 49.5
Cavity boost negative 251 50.5
Endocrine therapy 223 44.7
Chemotherapy 17 23.4
Endocrine and chemotherapy 48 9.6
Patients with IBTR 24 4.8
Patients with LRR 35 7
Patients with distant metastases 47 9.4
Breast cancer—-specific deaths 37 7.4
B-year survival
IBTR free 97.4
LRR free 95.6
DDFS 92.9
Breast cancer—specific 96.3
Abbreviations: ER, estrogen receptor; PR, progesterone receptor; FISH,
fluorescent in situ hybridization; IBTR, ipsilateral breast tumor recurrence;
LRR, locoregional recurrence; DDFS, distant disease free survival.

of the first event (see End Points) or to the last known confirmed date of
breast cancer disease-free status. Median follow-up was 84 months (range,
1 to 134 months).

End Points

The primary end point was time to ipsilateral breast tumor recurrence
(IBTR). This included any ipsilateral in-breast recurrence (invasive or nonin-
vasive). The secondary end points were locoregional recurrence (LRR, which
included patients with IBTR and regional recurrences in the axilla, chest wall,
internal mammary, or supraclavicular fossa lymph nodes) and time to distant
metastases and death.
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Table 2. Patient Tumor Characteristics and Event Rates Classified by Intrinsic Molecular Phenotype
Whole Cohort Luminal A Luminal B Basal HER-2 Unclassified
Patient Tumor
Characteristics No. % No. % No. % No. % No. % No. %
No. of patients 498 394 791 23 4.6 52 10.4 13 2.6 16 3.2
Size <20 mm 357 70.3 289 73.4 17 73.9 31 59.6 7 53.8 7 43.7
LVI+ 79 15.8 62 15.7 4 17.4 9 17.3 2 15.3 2 125
LN+ 146 29.0 17 29.6 5 21.7 13 25 8 61.5 4 25
Grade 3 145 29.1 65 16.5 16 69.5 47 90.3 9 69.2 8 50
EIC+ 45 9.0 29 7.4 5 21.7 6 11.5 3 23.1 1 6.3
Median age, years 61 62 57 54 53 50
Events
Median follow-up 84 83.5 71 85 83 72.5
IBTR 24 4.8 15 3.8 2 8.7 5 9.6 1 7.6 1 6.3
LRR 35 7 20 5.1 2 8.7 9 17.3 2 15.4 2 12.5
DDFS 47 9.4 30 7.6 2 8.7 8 15.3 2 15.4 5 31
Breast cancer death 37 7.4 23 5.8 2 8.7 7 13.5 2 15.4 3 18.8
Abbreviations: LVI, lymphatic/vascular invasion; LN+, lymph node positive; EIC, extensive intraduct carcinoma; IBTR, ipsilateral breast tumor recurrence; LRR,
locoregional recurrence; DDFS, distant disease—free survival.

Tissue Microarray Construction Inmunohistochemistry and
Fluorescent In Situ Hybridization

Immunohistochemistry for ER, PR, CK 5/6, and EGFR was per-
formed on tissue microarrays (TMAs), assessed by one breast pathologist
(E.K.A.M.) blinded to clinical outcome. Tumors were considered HER-2
positive if amplified on fluorescent in situ hybridization (FISH) using a
HER-2: chromosome 17 ratio higher than 2.2.

Classification of Intrinsic Molecular Phenotype

Patients were categorized based on the status of their primary tumor as
previously described'®: luminal A (ER+ and/or PR+ and HER2-), luminal B
(ER+ and/or PR+ and HER-2+), HER-2 (ER— and PR— and HER-2+), and
basal (ER— and PR—, HER-2—, CK 5/6+, and/or EGFR+), unclassified
(negative for all five markers). The TNP was assigned on the basis of ER—,
PR—, HER-2—.

Statistical Analysis

Kaplan-Meier analyses for IBTR, LRR, distant disease-free survival
(DDEFS), and breast cancer—specific death were estimated for each subtype and
compared using the log-rank test. Crude rates of survival by subtype for each
end point were also calculated at 5 and 10 years. We used Cox proportional
hazards univariate analysis to analyze the association between prognostic
variables and molecular subtype with IBTR, LRR, metastases, and breast
cancer—specific death. Those variables significant in univariate analysis
were used in multivariate analysis to construct models identifying variables
which were independently prognostic and not the result of confounding fac-
tors. Subsequently step-wise removal of redundant variables was employed
until resolution. Further analyses characterized how IBTR influenced DDFS
and mortality using Kaplan-Meier analysis where survival times were reported
using the times from the IBTR event until distant disease or death. Patients
who developed distant metastases within 3 months of IBTR were excluded
from the analysis. Five-year results were reported for these end points. All
analyses were performed using Statview 5.0 (Abacus Systems, Berkeley, CA).
Competing risks proportional hazards models (Fine and Gray) were con-
structed using ACCoRD software (http://boffinsoftware.com).

IBTR

The clinicopathologic characteristics, number of events, crude
rates, and median follow-up within each subtype of invasive cancer are
summarized in Table 2, median times to event in Table 3, and crude

WWW.jco.0rg

rates at 5 and 10 years in Table 4. At a median follow-up of 84 months
IBTR was observed in 24 patients. The 5-year recurrence-free rate was
97.4% for the whole cohort, 98.8% for luminal A, 95.5% for luminal B,
90% for basal, 92.3% for HER-2, and 92.9% for unclassified. Consis-
tent with the overall randomized 6-year analysis,"" in this biomarker
study cohort, no reduction in IBTR was observed in patients treated
with a radiotherapy boost either in the whole cohort (P = .214 or
between subtypes). The luminal A phenotype was associated with a
lower rate of IBTR, compared to all other groups at 5 and 10 years
(Table 4; hazard ratio [HR], 0.433; 95% CI, 0.186 to 1.005; P = .051;
Table 5). Kaplan-Meier analysis comparing survival of all five molec-
ular subtypes was not statistically significant (P = .346; Fig 1A). The
median times to event (Table 3) was significantly shorter for basal,
unclassified, and HER-2 compared to luminal A and B. The only
variables that predicted IBTR in univariate and multivariate analysis
were grade 3 (HR, 3.372; 95% CI, 1.488 to 7.642; P = .004) and
positive margins (HR, 5.838;95% CI, 1.690 to 20.172; P = .005, Tables
5and 6). Of the 24 patients with IBTR, eight recurrences were located
in the same quandrant as the primary tumor (four luminal A, three
basal, one HER-2) and 16 were elsewhere (11 luminal A, two luminal
B, two basal, one unclassified). All 17 patients with positive margins
were luminal A.

Table 3. Median Time to Event, in Months, According to Molecular Subtype

Whole
Event Cohort Luminal A Luminal B Basal HER2 Unclassified
IBTR 60 80.5 78 20 23 30
LRR 49 72 78 26 25 28.5
DDFS 33 44 59 23 25 27
Breast cancer
death 61 66 94.5 23 33 18

Abbreviations: IBTR, ipsilateral breast tumor recurrence; LRR, locoregional
recurrence; DDFS, distant disease—free survival.
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Table 4. 5- and 10-Year Event Rates According to Molecular Phenotype
IBTR LRR DDFS Breast Cancer—Specific Death
5 Year 10 Year 5 Year 10 Year 5 Year 10 Year 5 Year 10 Year
Parameter No. % No. % No. % No. % No. % No. % No. % No. %
No. of patients 24 85} 47 37
Whole cohort (n = 498)
12/498 2.4 23/498 4.6 21/498 4.2 35/498 6.8 34/498 6.8 47/498 9.4 18/498 3.6 37/498 7.4
12/24 50 23/24 95.8 21/35 60 35/35 100  34/47 72.3 47/47 100 18/37 48.6 37/37 100
Luminal A (n = 394)
4/394 1 14/394 3.6 8/394 2 19/394 4.8 19/394 4.8 30/394 7.6 7/394 1.8 23/394 5.8
4/15 26.6 14/15 93.3  8/20 40 19/20 95 19/30 63.3 30/30 100 7/23 304 23/23 100
Luminal B (n = 23)
1/23 43  2/23 8.7 1/23 43  2/23 8.6 2/23 8.6 2/23 8.6 1/23 43  2/23 8.6
1/2 50 2/2 100 1/2 50 2/2 100 2/2 100 2/2 100 12 50 2/2 100
Basal (n = 52)
5/52 9.6 5/52 9.6 8/52 148 9/52 17.3  7/52 1356  8/52 148 6/52 1.5  7/52 1335
5/5 100 5/5 100 8/9 88.8 9/9 100 7/8 875 8/8 100 6/7 85.7 77 100
HER-2 (n = 13)
113 7.7 113 7.7 213 1563  2/13 1563  2/13 1563  2/13 1563  2/13 1563  2/13 156.3
Il 100 Il 100 2/2 100 2/2 100 2/2 100 2/2 100 2/2 100 2/2 100
Unclassified (n = 16)
1/16 6.3 1/16 6.3 2/16 126 2/16 12.6  4/16 25 5/16 31.3 2/16 126  3/16 18.8
il 100 il 100 2/2 100 2/2 100 4/5 80 5/5 100 2/3 66.7 3/3 100
NOTE. Rates are presented relating to the whole cohort and molecular subtype and as the relative rate of all events for each subtype.
Abbreviations: IBTR, ipsilateral breast tumor recurrence; LRR, locoregional recurrence; DDFS, distant disease—free survival.

LRR

Thirty-five patients developed LRR with a 5-year disease-free
rate of 95.6% for the whole cohort, luminal A of 99%, basal of
93.7%, HER-2 of 84.6%, and unclassified of 92.9% with a signifi-
cant difference in survival between subtypes (Fig 1B). Crude recur-
rence rates of luminal A were less than one third of those of basal
(5% v 17.3%; Table 5). In a resolved multivariate model, grade 3
(HR, 3.365; 95% CI, 1.848 to 7.151; P = .001), lymph node posi-
tivity (HR, 1.986; 95% CI, 1.01 to 3.906; P = .047) and extensive
intraduct carcinoma (HR, 3.212; 95% CI, 1.382 to 7.463; P = .007)
were independently predictive of LRR.

DDFS

Forty-seven patients developed distant metastases with a 5-year
DDFS rate for the whole cohort of 92.9%, luminal A of 95%, luminal
B of 90%, basal of 86.3%, HER-2 of 84.6%, and unclassified of 75%.
Luminal A had a crude event rate of less than half that of basal, HER-2,
and unclassified tumors (Table 4), with a statistically significant dif-
ference in survival between subtypes (P = .0035, Fig 1C). Lymph node
positivity (HR, 3.558; 95% CI, 1.937 to 6.536; P < .001), lymphatic
invasion (HR, 1.977; 95% CI, 1.054 to 3.710; P = .034), grade 3 (HR,
1.912;95% CI, 1.046 to 3.495; P = .035), and PR (HR, 0.523; 95% CI,
0.287 to 0.952; P = .034) were independently significant in a resolved
multivariate analysis (Table 7).

Breast Cancer-Specific Death

There were 37 deaths attributable to breast cancer with a 5-year
breast cancer—specific survival for the whole cohort of 96.3%, luminal
A 0f 98.2%, luminal B of 95.7%, basal of 88.3%, HER-2 of 84.6%, and
unclassified of 87.5%. Luminal A (5.8%) had a crude death rate less

4704 © 2009 by American Society of Clinical Oncology

than half that of basal (13.5%) and less than one third of HER-2
(15.4%) and unclassified (18.8%), with a statistically significant differ-
ence in survival between subtypes (P = .048; Fig 1D). PR (HR, 0.369;
95% CI, 0.189 t0 0.722; P = .004), size larger than 20 mm (HR, 2.178;
95% CI, 1.050 to 4.521; P = .037), lymph node involvement (HR,
3.984; 95% CI, 1.850 to 8.851; P = .001), lymphatic invasion (HR,
2.858; 95% CI, 1.336 to 6.113; P = .007), and IBTR (HR, 3.608; 95%
CI, 1.341 t09.706; P = .011) were significant in a resolved multivariate
analysis (Table 8).

Competitive Risks Modeling

Further analyses showed no significant alteration in the final
resolved models presented above (Tables 6-8) for IBTR, DDFS and
breast cancer—specific death. For LRR the final resolved model
contained grade 3 (HR 3.423, 95% CI 1.746-6.709, P < .001) and
extensive intraduct carcinoma (HR 2.950, 1.250-6.963, P = .014)
with lymph nodal status no longer significant (HR 1.748, 0.890-
3.433, P = .105).

DDFS and Overall Survival After IBTR and Effect of
Subtype, Endocrine Therapy, and Chemotherapy
on Outcome

Two of 24 patients developed distant metastases within 3 months
of IBTR and were not included in this analysis. After IBTR, the 5-year
DDFS rate was 81% and breast cancer—specific survival rate was
77.3%. IBTR did not predict distant metastases but was significant for
breast cancer—specific death in univariate and multivariate analysis
(HR, 3.608; 95% CI, 1.341 t0 9.706; P = .011; Table 8).

No association between subtype, treatment, and outcome
was observed.
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Table 5. Univariate Crude Rates and Cox Analysis for IBTR, LRR, DDFS, and Breast Cancer-Specific Death
Breast Cancer—Specific Death
IBTR (n = 24) LRR (n = 35) DDFS (n = 47) (n=37)
Crude Rate Crude Rate Crude Rate Crude Rate

Parameter No. % HR P No. % HR P No. % HR P No. % HR P
ER+ 16/393 41 0564 195 21/393 5.3 0.401 .009  29/393 7.4 0427 .005 22/393 5.6 0.398 .006
PR+ 15/334 45 0810 .622 19/334 5.7 0559 .089 23/334 6.9 0.450 .006 17/334 5.1 0.395 .005
G3 13/145 8.9 3.025 .007 20/145 13.8 3.441 .001 24/145 166 2.632 .001 21/145 145 3.270 .001
LN+ 11/146 75 2041 082 15/146 103 1.791 089 29/146 199 4.046 <.001 24/146 164 5068 <.001
LVI 4/79 5 1.208 731 8/79 101 1.752  .166  16/79 20.2 3.026 .001 15/79 189 3966 <.001
Size 10/147 6.8 1906 .126 13/147 8.8 1.531 .228 24/147 163 2.614 .001 23/147 156 4.011 <.001
HER2+ 3/36 83 1.661 421 4/36 1.1 1544 421 4/36 1.1 1.218 706 4/36 1.1 1.611 .368
Age < 50 years 8/102 7.8 1998 114 12/102 118 2.085 .041 14/102  13.7 1.635 123 13/102  12.7  1.959 .051

EC4r 4/45 8.8 1.887 .249 7/45 156 2474 .033 — — — — — — — —

Marg+ 3/17 17.6  4.437 .016 4/38 106 1.744 .282 — — — — — — — —

Boost+ 15/247 6.1 1674 226 19/247 7.7 1.195 599 — — — — — — — —
Endo 7/223 3.1 0545 181 11/223 49 0587 .146  18/223 8.1 0.774 393 15/223 6.7 0.876 .692
Chemo 9117 7.7 1921 128 13/117 111 1919 .066 19/117 16.2 2.379 .004 18/117 154 3.194 .001
IBTR — — — — — — — — 4/21 19 2.281 116 5/22 227 3.602 .008
LA 15/394 3.8 0433 .051 20/394 5 0.333 .002 30/394 7.6 0.446 .008  23/394 5.8 0414 .009
LB 2/23 87 2132 .307 2/23 87 1365 .669 2/23 8.7 0.963 .958 2/23 8.7 1.258 .753
Basal 5/52 96 2182 .126 9/52 17.3 3.025 .005 8/52 15.4  1.745 151 7/52 136 1.662 108
HER2 113 7.7 1.056 .959 2/13 154  1.725 A75 2/13 154  1.612 .509 2/13 154 2103 .307
Uncls 116 6.2 1905 .530 2/16 125  2.621 .188 5/16 31.2 4.533 .001 3/16 18.8 3.419 .042
TNP 6/68 88 2227 .093 11/68 16.2 3.194 .002 13/68 19.1  2.538 .004 10/68 147 2.446 .016
Abbreviations: IBTR, ipsilateral breast tumor recurrence; LRR, locoregional recurrence; DDFS, distant disease-free survival; HR, hazard ratio; ER, estrogen receptor;
PR, progesterone receptor; G3, grade 3; LN+, lymph node positive; LVI, lymphatic vascular invasion; Size, tumor size > 20 mm; EIC, extensive intraduct component;
Marg+, resection margin positive; Boost+, cavity boost of 16 Gy given; endo, endocrine therapy; chemo, chemotherapy; LA, luminal A; LB, luminal B; uncls,

unclassified; TNP, triple negative phenotype. Bold indicates significance.

The importance of achieving optimal local control in BCT is high-
lighted by its association with improved overall survival; conversely,
IBTR is a poor prognostic indicator for subsequent distant failure and
death.'>"* The recent trend of progressive decline in local recurrence
rates to approximately 5% is likely the result of several factors, includ-
ing improved preoperative breast imaging, greater emphasis on
pathological margin assessment, achieving clear surgical margins, and
more frequent use of adjuvant systemic therapies. Local failure has
been associated with young age (< 50), tumor size (> T2), negative
hormone receptor status, and lymph node involvement, although
these vary between studies,'>'® and an algorithm to define risk of
IBTR has been described.'® However, there is a need to improve
predictive and prognostic information to better tailor discussion re-
garding recurrence risk and hence treatments to individual patients.>’

The subclassification of breast cancer into five main intrinsic
subtypes correlates with outcome but there are limited data available
regarding its predictive value. Specific subtypes, such as basal-like
cancers, have no specific targeted therapy, unlike ER+ and HER-2+
disease, and their identification is important for therapeutic decision
making. The recent validation of the intrinsic molecular signature
using a panel of five markers, ER, PR, HER-2, CK 5/6, and EGFR,
demonstrated its superiority over ER, PR, and HER-2 (TNP) alone, as
it identifies basal-like tumors with a specificity of 100% and sensitivity
of 75%, compared with classification by gene expression profiling.”
Specifically, the inclusion of the latter two antigens as basal markers is
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now important as triple-negative status alone is not synonymous with
this group of tumors.”

We applied the five-biomarker panel to assess its predictive and
prognostic value in locally treated EBC in a clinical trial setting. We
found very low rates of IBTR with 97.4% recurrence-free survival at 5
years for the whole cohort, which is predominantly comprised of
luminal A cancers (79.1%) with small components of luminal B
(4.6%), basal-like (10.4%), HER-2 (2.6%), and unclassified (3.2%).
Our Australian cohort is similar to a population-based study from
North America’ (64.8% luminal A, 5.5% luminal B, 6.4% HER-2, 9%
basal, 8% unclassified), although we have lower rates of HER-2, lumi-
nal B and unclassified cancers, which may reflect the selection of cases
in this trial setting. We found that molecular subtype was associated
with differences in IBTR, LRR, DDFS, and breast cancer—specific
death, although this was not significant for IBTR, which is likely the
result of insufficient numbers of events. Our 5-year subtype IBTR-free
rates (98.8% luminal A, 95.5% luminal B, 92.3% HER-2, 90% basal,
92.9% unclassified) are similar to those described in a recent study
which utilized this approach with a simplified triple-marker assess-
ment of ER, PR, and HER-2.® This latter cohort of 793 patients was of
similar composition to ours, but their use of the triple assessment
method for classification did not require positive basal marker expres-
sion and did not include an unclassified group. Two other studies that
also examined the predictive utility of the TNP and IBTR in BCT did
not find an association, compared with non-triple-negative can-
cers*"** although the mean time to local recurrence was shortened
(2.8 v 4.2 years).** Using the TNP as a classifier, our cohort contained
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Fig 1. Kaplan-Meier estimates (log-rank test) for (A) ipsilateral breast tumor recurrence (24 events), (B) locoregional recurrence (35 events), (C) distant metastases (47
events), and (D) breast cancer—specific death (37 events), according to intrinsic molecular subtype. Luminal A (blue triangle; n = 394), luminal B (yellow triangle; n = 23),
basal (red circle; n = 52), HER2 (yellow circle; n = 13), unclassified (black triangle; n = 16).

68 (13.6%) of 498, but there was no association with IBTR, although it
predicted LRR, distant metastases, and death, and it out-performed
the basal group. In a large Danish cohort of lymph node—positive
patients treated with mastectomy, TNP was significantly associated
with LRR whether treated with radiotherapy or not.*

Tumor subtype identifies groups with divergent behavior as-
sociated with differing recurrence rates, times to event, and overall
survival. Significant differences between groups was observed in
terms of median time to event for all measures of outcome with greatly

Table 6. Cox Proportional Hazards Multivariate Model for IBTR
Variable HR 95% ClI P
ER+ 0.831 0.260 to 2.649 754
PR+ 1.152 0.390 to 3.404 .798
Grade 3 3.206 1.281t08.024 .013
Size > 20 mm 1.214 0.510t0 2.888 .661
LN+ 1.952 0.826t0 4.614 128
LVI 0.804 0.262 to0 2.470 704
Margin+ 4.508 1.2481t0 16.285 .022
Resolved model
Grade 3 3.372 1.488t0 7.642 .004
Margin+ 5.838 1.690 t0 20.172 .005
Abbreviations: IBTR, ipsilateral breast tumor recurrence; HR, hazard ratio; ER,
estrogen receptor; PR, progesterone receptor; LN+, lymph node positive; LVI,
lymphatic vascular invasion. Bold indicates significance.

Table 7. Cox Proportional Hazards Multivariate Model for DDFS
Variable HR 95% Cl P
ER+ 0.559 0.245t0 1.272 165
PR+ 0.631 0.316 to 1.260 191
Grade 3 1.758 0.876 to 3.5630 112
Size > 20 mm 1.331 0.709 to 2.498 .373
LN + 3.815 2.008 to 7.250 <.001
LVI 2.115 1.092 to 4.097 .026
Chemotherapy 0.648 0.313t0 1.33 241
Resolved model
PR 0.623 0.287 to 0.952 .034
Grade 3 1.912 1.046 to 3.495 .035
LN+ 3.558 1.937 t0 6.536 <.001
LVI 1.977 1.054t03.710 .034
Abbreviations: DDFS, distant disease—free survival; HR, hazard ratio; ER,
estrogen receptor; PR, progesterone receptor; LN+, lymph node positive; LVI,
lymphatic vascular invasion. Bold indicates significance.
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Predicting Failure in Early Breast Cancer

Table 8. Cox Proportional Hazards Multivariate Model for Breast
Cancer-Specific Death
Variable HR 95% Cl P
ER+ 0.742 0.278t0 1.979 .650
PR+ 0.477 0.209 to 1.088 .786
Grade 3 1.978 0.868 to 4.505 104
Size > 20 mm 1.927 0.905 to 4.104 .089
LN+ 3.984 1.850 to 8.581 .001
LVI 2.858 1.336t06.113 .007
Chemotherapy 0.624 0.230 to 1.697 .356
IBTR 2.800 0.994 to 7.889 .051
Age < b0 years 1.237 0.502 to 3.049 .643
Resolved model
PR 0.369 0.189t0 0.722 .004
Size > 20 mm 2.178 1.050 to 4.521 .037
LN+ 3.342 1.597 t0 6.993 .001
LVI 2.773 1.330t0 5.780 .007
IBTR 3.608 1.341 10 9.706 .011
Abbreviations: HR, hazard ratio; ER, estrogen receptor; PR, progesterone
receptor; LN, lymph node; LVI, lymphatic vascular invasion; IBTR, ipsilateral
breast tumor recurrence. Bold inidcates significance.

shortened recurrence times for the more aggressive subtypes: basal,
HER-2, and unclassified. However, although they do identify behav-
ioral differences in terms of biology, their role as predictive markers
appears to be inferior to traditional pathologic variables such as high
grade, tumor size, lymph node status, lymphatic invasion, and hor-
mone receptor status. Luminal A and unclassified groups were asso-
ciated with improved or poor outcome for LRR, distant metastases,
and breast cancer—specific death. For IBTR, only grade 3 and positive
margins were of predictive value, although there was a strong trend for
reduced risk with luminal A subtype (P = .051).

One of the main shortcomings of this study in assessing the
predictive value of molecular subtype is the relatively low number of
events. This may reflect the very low rate of margin involvement
(3.4%), eliminating an important contributing factor for IBTR. Thus,
we would expect lower recurrence rates but increased sensitivity to
intrinsic biologic predictors of IBTR risk. The relative success of BCT
requires large numbers of patients to be accrued to have enough events
to provide sufficient statistical power. We have provided results with
5- and 10-year event rates, but in a predominantly luminal A, T1
cohort. Longer follow-up will be needed to assess outcomes at 10 and
15 years. As a result of the relatively small size of the luminal B, HER-2
and unclassified groups (23, 13, and 16 patients, respectively), the
confidence interval for outcome estimates for these groups widens. In
addition, the relative importance of the luminal B and HER-2 sub-
types is lessened by the fact that they would now receive anti-HER-2
therapies which would alter the outcome results.

Molecular classifications of invasive carcinoma have been as-
sessed in predicting IBTR. The Oncotype Dx (Genomic Health Inc,
Redwood City, CA) assay which was developed to predict distant
failure in ER+ cancers treated with tamoxifen* has also been shown
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