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Background: A multicenter NCI-sponsored phase II study was conducted to analyze the safety and efficacy of the
combination of ixabepilone with trastuzumab in patients with metastatic HER2-positive breast cancer.
Patients and methods: Two cohorts were enrolled: cohort 1 had received no prior chemotherapy or trastuzumab for
metastatic disease and cohort 2 had received 1–2 prior trastuzumab-containing regimens for metastatic disease.
Patients in both cohorts received ixabepilone 40 mg/m2 as a 3-h infusion and trastuzumab on day 1 of a 21-day cycle.
Tumor biomarkers that may predict response to trastuzumab were explored.
Results: Thirty-nine women entered the study with 15 patients in cohort 1 and 24 patients in cohort 2. Across both
cohorts, the overall RR was 44%, with a clinical benefit rate (CR + PR + SD for at least 24 weeks) of 56%. Treatment-
related toxic effects included neuropathy (grade ≥2, 56%), leukopenia (grade ≥2, 26%), myalgias (grade ≥2, 21%),
neutropenia (grade ≥2, 23%), and anemia (grade ≥2, 18%).
Conclusions: This represents the first study of the combination of ixabepilone with trastuzumab for the treatment of
metastatic HER2-positive breast cancer. These results suggest that the combination has encouraging activity as first
and subsequent line therapy for metastatic breast cancer.
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introduction
Trastuzumab, a humanized monoclonal antibody directed
against the extracellular domain of HER2, is a critical
component of treatment of HER2-positive breast cancer. Its
use in combination with chemotherapy, particularly with
taxanes, is well established and results in an improvement in
progression-free survival (PFS) and overall survival [1, 2].
However, many patients have tumors that fail to respond to
these agents, and nearly all patients with metastatic breast
cancer will eventually progress [3]. Novel therapies for
metastatic breast cancer are therefore needed.
The epothilones are a new class of antineoplastic agents that

act by disrupting microtubule function [4, 5]. These agents
bind to β-tubulin subunits and inhibit microtubule
depolymerization, leading to mitotic arrest and apoptosis [6, 7].
Ixabepilone (BMS-247550, aza-epothilone B), a semi-synthetic
analog of epothilone B, has demonstrated efficacy as

monotherapy or in combination with capecitabine in
anthracycline- and taxane-pretreated metastatic breast cancers
and has recently been approved for use in refractory breast
cancer [8].
Several clinical trials have explored the efficacy of

ixabepilone. Ixabepilone as a single agent was investigated in a
phase II study in 126 patients with metastatic breast cancer
resistant to an anthracycline, taxane, and capecitabine [9].
Patients received ixabepilone 40 mg/m2 every 3 weeks and the
objective response rate (ORR) was 11.5%, with an additional
50% of patients with stable disease. In a phase III study, 1221
women with anthracycline-pretreated or resistant and taxane-
resistant locally advanced or metastatic breast cancer were
randomized to ixabepilone (40 mg/m2 every 3 weeks) in
combination with capecitabine (2000 mg/m2 daily for 2 weeks,
followed by 1 week off ) or to capecitabine (2500 mg/m2 given
in the same schedule) alone [10]. In this study, ixabepilone–
capecitabine was found to prolong PFS compared with
capecitabine alone (5.8 versus 4.2 months, P = 0.003). These
studies led to the FDA approval of ixabepilone, in combination
with capecitabine, for the treatment of patients with metastatic
or locally advanced breast cancer after failure of an
anthracycline and a taxane and as monotherapy for the†These authors contributed equally to this work.
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treatment of patients with metastatic or locally advanced breast
cancer after failure of an anthracycline, taxane, and
capecitabine.
Because trastuzumab has demonstrated synergistic activity in

combination with several microtubule-stabilizing agents, we
designed this trial to explore the safety and efficacy of
ixabepilone in combination with trastuzumab. A preliminary
analysis to identify tumor biomarkers that may predict
sensitivity to trastuzumab was also performed.

patients and methods

patients
Patients ≥18 years of age with measurable metastatic HER2-positive breast
cancer were eligible. HER2 positivity was defined as 3+ positive for HER2
overexpression by immunohistochemistry (IHC) or amplified by
fluorescence in situ hybridization (FISH) (FISH/CEP17 ≥2.0) by local
review. Two cohorts of patients were eligible. Patients in cohort 1 could not
have received prior chemotherapy or prior trastuzumab therapy for
metastatic breast cancer, but may have received prior chemotherapy and/or
trastuzumab therapy in the adjuvant setting, provided that trastuzumab
therapy ended at least 12 months before study participation and
chemotherapy ended 6 months before study participation. Patients in
cohort 2 may have received up to two prior chemotherapy regimens for
metastatic breast cancer. Patients in cohort 2 must have received one prior
trastuzumab-containing regimen either in the metastatic setting or in the
adjuvant setting. Patients with a history of brain metastases were eligible,
provided that they had completed the treatment of their brain metastases at
least 1 week before enrollment ECOG performance status of ≤2 and life
expectancy of ≥6 months were required.

Key exclusion criteria included leptomeningeal carcinomatosis, prior
epothilone therapy, motor or sensory neuropathy ≥grade 2 based on
National Cancer Institute Common Terminology Criteria for Adverse
Events version 3 (CTCAE), uncontrolled intercurrent illness, liver
dysfunction [alanine transaminase >5× upper limit of normal (ULN) or
total bilirubin >1.5× ULN), or cardiac dysfunction [left ventricular ejection
fraction (LVEF) <50%]. The protocol was approved by the institutional
review boards of participating institutions, and all patients provided written
informed consent.

HERmark® and p95 assays
The HERmark Breast Cancer Assay (Monogram Biosciences, South
San Francisco, CA) is an application of the VeraTag® technology platform
designed specifically for breast cancer and currently includes two
quantitative measurements: total HER2 expression (H2T) and HER2
homodimers (H2D). VeraTag is a proximity-based method designed to
accurately and reproducibly quantify protein expression and protein–
protein complexes, including cell-surface dimers in formalin-fixed,
paraffin-embedded tissue samples. The detailed method of the VeraTag
platform technology was published previously [11]. The technical
performance of the HERmark Breast Cancer Assay has been validated
according to the requirements specified by the Clinical Laboratory
Improvement Amendments (CLIA) and was carried out in a laboratory
accredited by the College of American Pathologists (CAP) at Monogram
Biosciences. Quantitative measurements of p95 (truncated HER2 receptor)
protein expression, also assessed using the VeraTag platform and a
proprietary p95-specific antibody, were correlated with outcomes for those
patients whose tumors expressed HER2 as determined by HERmark above
a prespecified cutoff [12].

study design
This was a nonrandomized multicenter (Memorial Sloan Kettering Cancer
Center, Dana-Farber/Partners Cancer Center) phase II study that recruited
two cohorts of patients with metastatic breast cancer. The trial was
designed to evaluate the activity of ixabepilone–trastuzumab in each of the

cohorts. The primary objective was to evaluate the ORR, defined as
complete response (CR) and partial response (PR) by Response Evaluation
Criteria in Solid Tumors (RECIST). Secondary objectives were to assess the
clinical benefit rate (CBR), defined as CR + PR + SD > 24 weeks, time to
progression (TTP), time to treatment failure (TTF), safety, and toxicity and
to analyze various tissue biomarkers and to correlate them with response to
treatment.

treatment
Patients in each cohort received the same treatment regimen of ixabepilone
with trastuzumab. Patients received ixabepilone 40 mg/m2 as a 3-h
continuous infusion on day 1 of a 21-day cycle plus trastuzumab every 21
days. For the initial treatment of trastuzumab, patients received 8 mg/kg IV
and 6 mg/kg for all subsequent trastuzumab treatments. Treatment was
continued until disease progression or unacceptable toxicity.

Doses were reduced or discontinued based on tolerability. Events
necessitating ixabepilone dose reduction (from 40 to 32 to 25 mg/m2)
included grade 4 neutropenia lasting more than 7 days, febrile neutropenia,
grade 4 thrombocytopenia or grade ≥3 thrombocytopenia with significant
bleeding requiring transfusion, grade 3 diarrhea, and grade 2 neuropathy
(motor or sensory) lasting ≥7 days or grade 3 neuropathy lasting ≥7 days.
In the event that a patient’s ixabepilone was held, the patient received
trastuzumab therapy at a dose of 2 mg/kg each week that ixabepilone was

held. There were no dose or schedule adjustments for trastuzumab based
on specific trastuzumab-related toxicity criteria, except cardiac toxicity.
Patients underwent cardiac evaluation with an echocardiogram or multi
gated acquisition scan at baseline, before study entry, and once again after
six cycles (18 weeks) of treatment.

assessments
evaluation of tumor response and toxicity assessment
Baseline tumor assessments were carried out within 2 weeks of the start of
treatment by computed tomography or magnetic resonance imaging scans
of the chest, abdomen, and pelvis. Patients were assessed for tumor
response every 9 weeks for the first 27 weeks and then every 12 weeks
thereafter. Radiologic assessments were evaluated by independent radiology
review (IRR) using RECIST. The selection of target lesions by IRR and
tumor assessments was done independently of investigator evaluations. The
ORR was defined as the proportion of CR + PR among patients who started
therapy, and the CBR was defined as the proportion of CR + PR + SD≥ 24
weeks. TTP was measured from the time of study entry to time of tumor
progression (progressive disease), and TTF was measured from time of
study entry to time of patient withdrawal from the study for either disease
progression or removal for pre-determined toxicity criteria, whichever
occurred first. Adverse events were evaluated at all visits. Toxic effects were

graded using the National Cancer Institute Common Terminology Criteria
for Adverse Events version 3.0.

statistical methods
There were separate statistical designs for each cohort using a one-stage
design. The protocol called for enrolling a total of 60 patients (30 patients
per cohort). For cohort 1, the regimen was considered worthy of further
study if there were at least 13 confirmed responses out of 30 patients. The
probability of declaring the regimen worthy of further study was 0.08 if the
regimen had a response rate of 30% and was 0.91 if the regimen had a true
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response rate of 54%. For cohort 2, the regimen was considered worthy of
further study if there were at least 6 confirmed responses out of 30 patients.
The probability of declaring the regimen worthy of further study was 0.07
if the regimen had a true response rate of 10% and 0.91 if the regimen had
a true response rate of 29%. The response rate was defined as the
percentage of patients achieving a confirmed CR or PR. Times were
censored at date of last tumor assessment. Cohorts were evaluated
separately. 95% CIs for the response rate were calculated using the exact
methods. TTF and TTP were evaluated using the Kaplan–Meier methods.

results

patient population
Thirty-nine patients were recruited from February 2004 to May
2008 from Dana-Farber/Partners Cancer Center and Memorial
Sloan Kettering Cancer Center; 15 patients were in cohort 1
and 24 patients were in cohort 2. The study was closed early
due to slow patient accrual. The two cohorts were similar in
terms of baseline demographics, including stage at diagnosis,
number of metastatic sites, and prior adjuvant chemotherapy
(Table 1). Local HER2 FISH tests were available for 13 patients
(33%); the remaining patients were enrolled on the basis of
IHC results. Patients were treated for a median of 7 cycles
(range, 1–29 cycles). Patients in cohort 1 received the
treatment of a median of 8 cycles (range, 1–29 cycles) and
patients in cohort 2 received the treatment of a median of 6
cycles (range, 1–23 cycles). Toxicity was the most common
reason for treatment discontinuation in cohort 1 (n = 8; 53%),

whereas disease progression was the predominant reason for
treatment discontinuation in cohort 2 (n = 12, 50%).

clinical activity
The overall response rate (CR or PR) was 44% in the intent-to-
treat population, and the response rate was numerically higher
in cohort 1 (73%, 95% CI: 45%–92%) compared with cohort 2
(25%, 95% CI: 10%–47%; Table 2). Approximately half of all
patients derived clinical benefit (56% with CR or PR or SD
≥24 weeks), with a CBR of 80% in cohort 1 and 42% in cohort
2. The median TTF was 6.6 months (95% CI: 4.2–11.0) for
cohort 1 and 6.2 months (95% CI: 3.4–7.1) for cohort 2
(Figure 1). The median TTP for cohort 1 was 11.0 months.
There were insufficient data to determine the CI in cohort
1. The median TTP for cohort 2 was 6.7 months (95% CI:
4.3–12.3; Figure 2).

safety and tolerability
In this study, the most common adverse event of any grade
was sensory neuropathy (82% of patients experienced grade ≥1
neuropathy). Neuropathy was mainly grade 1 or 2, with no
grade 4 events recorded (Table 3). Other significant grade 2 or
higher toxic effects included fatigue (38%), leukopenia (26%),
joint pain (26%), neutropenia (21%), and myalgias (21%;
Table 3). There were no reported events of the cardiac toxicity
of any grade.

predictive biomarkers
In an effort to identify molecular biomarkers that were
predictive of outcome in patients treated with ixabepilone and
trastuzumab, we assessed H2D, H2T, and p95 protein levels
using sensitive and quantitative proximity-based assays.
Archival tumor tissue was available from 20 patients (7 from
cohort 1 and 13 from cohort 2) and all 20 samples were
evaluated with assays for H2T, H2D, and p95. H2T, H2D, and
p95 data were obtained for all seven cases from cohort 1. Only
six p95 cases from cohort 1 were used for correlation with
outcomes, with one case excluded because of subthreshold
total HER2 levels. Useful H2T and H2D data were obtained for

Table 1. Patient characteristics by cohort

Characteristic Cohort 1 (n = 15) Cohort 2 (n = 24)

Age (years)
Median 48 51
Range 32–67 29–74

ECOG PS [n (%)]
0 11 (73) 20 (83)
1 4 (27) 4 (17)

Stage at diagnosis [n (%)]
I 3 (20) 6 (25)
II 7 (47) 9 (38)
III 2 (13) 3 (12)
IV 3 (20) 6 (25)

Number of metastatic sites [n (%)]
≥3 6 (40) 12 (50)
2 5 (33) 8 (33)
1 4 (27) 4 (17)

ER/PR status [n (%)]
ER+ or PR+ 5 (33) 12 (50)
Prior adjuvant chemotherapy 9 (60) 17 (71)
Taxane-based 4 (27) 7 (29)
Prior hormonal therapy 5 (33) 9 (38)

Prior number of chemotherapy regimens
metastatic breast cancer [n (%)]
0 15 (100) 0 (0)
1 0 (0) 9 (38)
2 0 (0) 15 (63)

PS, performance status; ER, estrogen receptor; PR, progesterone receptor.

Table 2. Patient response rate

Patient response Cohort 1
(n = 15)

Cohort 2
(n = 24)

All Patients
(n = 39)

No. % No. % No. %

Best response
CR 0 0 0 0 0 0
PR (confirmed) 11 73 6 25 17 44
PR (unconfirmed) 1 7 2 8 3 8
SD 1 7 12 50 13 33
PD 0 0 3 13 3 8
Unknown 2 13 1 4 3 8

Response rate, % (95% CI) 73 (45–92) 25 (10–47) 44
CBR [% (95% CI)] 80 (52–96) 42 (22–63) 56

CR, complete response; PR, partial response; SD, stable disease;
PD, progressive disease. Response rate: CR or confirmed PR. CBR: CR or
PR (confirmed or unconfirmed) or SD ≥ 24 weeks.
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all 13 cases from cohort 2. Only 11 cases had sufficient tumor
to generate a p95 result; however, only 9 of these were used for
correlation with outcomes, with missing 2 cases excluded for
low HER2 levels.
Similar to what has been observed in previous studies of

patients treated with trastuzumab-based regimens [13, 14],
higher levels of H2D were associated with best overall
response, although this was of borderline significance
(P = 0.061 using the Jonckheere–Terpstra test). Patients whose
cancers had higher levels of H2D and H2T had longer TTP
[hazard ratio (HR): 0.54 and 0.49, respectively] but this
relationship was not statistically significant. The fact that these
markers did not definitively separate responding patients from
non-responders suggests the presence of other factors that
influence sensitivity to ixabepilone and trastuzumab. One
candidate is p95, a truncated form of HER2 that has
constitutive catalytic activity and lacks the trastuzumab-
binding domain [15]. Recent retrospective studies [12, 16] have
suggested that elevated p95 levels predict poor outcome in
patients with metastatic HER2 + breast cancer treated with
trastuzumab containing regimens. In the current study, tumors
with higher levels of p95 expression did have a numerically
shorter median TTP, but this was not statistically significant
(HR = 3.71, P = 0.39). However, we hypothesized that the
relationship between p95 may be more apparent when
controlling for the positive influence of H2T, as p95 is thought
to negate the benefit gained by trastuzumab in HER2-positive

breast cancer. Indeed, when using a bivariate continuous Cox
analysis to independently assess the influences of p95 and H2T,
p95 levels were associated with shorter TTP (HR = 3.6,
P = 0.042).

discussion
This phase II study demonstrates the clinical activity of
ixabepilone in combination with trastuzumab for metastatic
HER2-positive breast cancer. The overall response rate was
44%, with a numerically higher response rate in cohort 1
compared with cohort 2 (73% versus 25%). The higher
response rate observed in cohort 1 is likely a reflection of the
fact that these patients had not received any prior
chemotherapy or trastuzumab for metastatic breast cancer.
Of patients in cohort 2, ∼40% had received one prior
chemotherapy regimen in the metastatic setting, whereas ∼60%
had received two prior regimens. In addition, all of these
patients had received prior trastuzumab. Nonetheless, 25% of
these pretreated patients experienced a PR to ixabepilone in
combination with trastuzumab. Responses occurred rapidly,
with most being reported by the first assessment at 9 weeks.
Furthermore, the median TTF was 6.6 months for cohort 1
and 6.2 months for cohort 2.
The response rate of ixabepilone in combination with

trastuzumab as first-line therapy for metastatic breast cancer
(73%) is similar to response rates seen using trastuzumab–
taxane combinations as first-line treatment. Studies have
reported response rates of 50%–70% for trastuzumab in
combination with docetaxel [17–19] and 62%–81% for
trastuzumab in combination with paclitaxel [20–22]. Currently,
the standard first-line therapy for metastatic HER2-positive
breast cancer is a taxane in combination with trastuzumab and
pertuzumab. Data suggest an 80.2% response rate for first line
docetaxel–trastuzumab–pertuzumab, slightly better than that
seen with ixabepilone and trastuzumab in this study [23].
The clinical utility of any new therapy can be improved if

there are biomarkers that can prospectively predict which
patients are likely to respond and which are not allowing the
therapy to be directed specifically to those patients with the
greatest chance of deriving benefit. The need for such
biomarkers is particularly acute in HER2 + breast cancer, where
there are already a number of available targeted therapies and
combinations from which to choose, with several additional
agents likely to become available in the near future.
Unfortunately, it has so far proven difficult to identify such
markers. For trastuzumab, one potential marker of sensitivity is
p95. Preclinical studies and retrospective clinical studies in
patients with metastatic HER2 + disease suggest that those
tumors with high levels of p95 are less likely to respond to
trastuzumab-based therapy compared with those with minimal
or no p95 expression [12, 16, 24]. However, this hypothesis has
been called into question by recent data from three preoperative
studies using very different IHC-based assays [25–27]. It is not
known to what extent cross-reactivity with full-length HER2 in
the p95 IHC assays contributed to this result.
In the current study, p95 levels by the VeraTag method were

associated with shorter TTP (HR = 3.6, P = 0.042), but this
relationship was only clearly observed when controlling for the

Figure 1. Time to treatment failure.

Figure 2. Time to progression.
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effect of H2T levels. This analysis also utilized a novel highly
sensitive and specific assay for p95 that is distinct from the
assays used in the preoperative studies. It is unclear whether
differences in the statistical approach, assay technology, and/or
patient populations account for the conflicting results observed
in the studies to date. Additional studies utilizing a uniform
analysis technique are needed.

Although the combination of ixabepilone and trastuzumab
demonstrated an acceptable safety profile in this study,
sensory neuropathy was a significant problem, with about half
of patients experiencing grade 2 or higher toxicity. Although
there were no grade 4 neuropathy events, seven patients
(18%) had grade 3 neuropathy. This incidence of neuropathy
is not dissimilar to that which has been reported in other

Table 3. Patients with treatment-related, grade 2 or higher, adverse events that occurred in ≥10% of patients

Adverse event Grade 1 Grade 2 Grade 3 Grade 4 Total

n Percent n Percent n Percent n Percent n Percent

Fatigue 17 44 13 33 2 5 0 0 32 82
Neuropathy, sensorya 10 26 15 38 7 18 0 0 32 82
Anemia 22 56 7 18 0 0 0 0 29 74
Leukopenia 16 41 6 15 3 8 1 3 26 67
Alopecia 10 26 14 36 0 0 0 0 24 62
Hyperglycemia 22 56 1 3 0 0 0 0 23 59
Nausea 16 41 4 10 1 3 0 0 21 54
Myalgias 12 31 7 18 1 3 0 0 20 51
AST 13 33 2 5 2 5 0 0 17 44
Diarrhea 15 38 2 5 0 0 0 0 17 44
Anorexia 10 26 6 15 0 0 0 0 16 41

Arthralgia 6 15 9 23 1 3 0 0 16 41
Neutropenia 6 15 2 5 6 15 1 3 15 38
Alkaline phosphatase 8 21 2 5 3 8 0 0 13 33
Extremity Pain 9 23 4 10 0 0 0 0 13 33
ALT 9 23 3 8 0 0 0 0 12 31
Back pain 7 18 2 5 0 0 1 3 10 26
Constipation 9 23 1 3 0 0 0 0 10 26
Hyponatremia 8 21 0 0 2 5 0 0 10 26
Fever without Neutropenia 9 23 0 0 0 0 0 0 9 23
Headache 7 18 1 3 1 3 1 3 10 26
Stomatitis 7 18 1 3 1 3 0 0 9 23
Rash 5 13 3 8 1 3 0 0 9 23
Vomiting 5 13 4 10 0 0 0 0 9 23
Cough 6 15 2 5 0 0 0 0 8 21
Dyspnea 4 10 3 8 0 0 1 3 8 21
Lymphopenia 8 21 0 0 0 0 0 0 8 21
Thrombocytopenia 8 21 0 0 0 0 0 0 8 21
Allergic reaction 4 10 3 8 0 0 0 0 7 18
Hematologic-other 5 13 0 0 0 0 1 3 6 15
Insomnia 5 13 1 3 0 0 0 0 6 15
Abdominal pain 3 8 2 5 2 5 0 0 7 18
Bone pain 3 8 1 3 1 3 0 0 5 13
Dizziness 4 10 1 3 0 0 0 0 5 13
Hypoalbuminemia 5 13 0 0 0 0 0 0 5 13
Hypoalbuminemia 5 13 0 0 0 0 0 0 5 13
Hypocalcemia 4 10 1 3 0 0 0 0 5 13
Nail changes 2 5 3 8 0 0 0 0 5 13
Dyspepsia 3 8 1 3 0 0 0 0 4 10
Limb edema 4 10 0 0 0 0 0 0 4 10
Influenza-like symptoms 2 5 2 5 0 0 0 0 4 10
Hot flashes 3 8 1 3 0 0 0 0 4 10
Hypernatremia 4 10 0 0 0 0 0 0 4 10
Hypokalemia 3 8 0 0 1 3 0 0 4 10
Rigors/chills 4 10 0 0 0 0 0 0 4 10

Weight loss 3 8 1 3 0 0 0 0 4 10

aSensory neuropathy was assessed and graded according to symptoms as reported by the patient; neurosensory studies were not carried out.
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studies of ixabepilone. The phase II study of ixabepilone
monotherapy in patients with advanced breast cancer
resistant to an anthracycline, taxane, and capecitabine
reported 14% of patients with grade 3 or 4 sensory
neuropathy [9], and the phase III study of ixabepilone–
capecitabine for metastatic breast cancer that progressed
after an anthracycline and a taxane reported a 21% incidence
of grade 3 or 4 sensory neuropathy in the combination
arm [10].
Other notable toxic effects included leukopenia (21% grade

≥ 2) and neutropenia (21% grade ≥ 2); however, there were
only two cases (5%) of febrile neutropenia. There were also a
significant number of patients with grade 2 or higher myalgias
(21%), which is similar to that reported in the phase II study of
ixabepilone monotherapy [9].
It has been demonstrated that cardiotoxicity is associated

with trastuzumab therapy [28]. When trastuzumab is
administered as monotherapy in the metastatic setting, the
incidence of cardiac dysfunction has been calculated to be
7%, reaching 28% when administered in combination with
an anthracycline and a cyclophosphamide [29]. In the
current study, no symptomatic LVEF reductions were
reported.
This is the first study of ixabepilone in combination with

trastuzumab and demonstrates that the combination is both
safe and effective. Further studies are needed to explore
response in taxane-resistant breast cancer and to compare
efficacy to taxanes in combination with trastuzumab.
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Breast cancer phenotype, nodal status and palpability
may be useful in the detection of overdiagnosed
screening-detected breast cancers
O. Brouckaert1*, A. Schoneveld1, C. Truyers2, E. Kellen3, C. Van Ongeval1, I. Vergote1,
P. Moerman1, G. Floris1, H. Wildiers1, M.R. Christiaens1, E. Van Limbergen1 & P. Neven1, on behalf of
MBC Leuven, Belgium
1Multidisciplinary Breast Center, University Hospital Leuven, Leuven; 2Independent statistician, Lummen; 3Centre for cancer prevention, University Hospital Leuven,
Leuven, Belgium
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Background: Breast cancer remains the leading cause of female cancer death despite improvements in treatment
and screening. Screening is often criticized for leading to overdiagnosis and overtreatment. However, few have
attempted to identify overdiagnosed cases.
Patients and methods: A large, consecutive series of patients treated for primary operable, screening-detected,
breast cancer (n = 1610). Details from pathology and clinical reports, treatment and follow-up were available from our
prospectively managed database. Univariate and multivariate Cox proportional models were used to study the
prognostic variables in screening-detected breast cancers for distant metastatic and breast cancer-specific survival.
Results: We included 1610 patients. The mean/median follow-up was 6.0/6.0 years. Univariate analysis: tumor size,
palpability, breast cancer phenotype and nodal status were predictors of distant metastasis and breast cancer-specific
death. Multivariate analysis: palpability, breast cancer phenotype and nodal status remained independent prognostic
variables. Palpability differed by breast cancer phenotype.
Conclusion: Screening-detected breast cancer is associated with excellent outcome. Palpability, nodal status and
breast cancer phenotype are independent prognostic variables that may select patients at increased risk for distant
metastatic relapse and breast cancer-specific death. Overdiagnosed cases reside most likely in the nonpalpable node
negative subgroup with a Luminal A phenotype.
Key words: breast cancer, palpability, prognosis, screening, subtypes

introduction
In the Western world, breast cancer remains the leading cause
of female cancer death despite improvements in adjuvant
treatment and screening [1–3]. Randomized research
concluded that screening is independently associated with a

20% reduction in breast cancer mortality [4]. On the contrary,
the effect of screening may be overestimated (due to lead-time
and length bias and improved adjuvant treatment) and
screening has been associated with overdiagnosis and
overtreatment [4–7]. Indeed, the majority of screening-
detected invasive breast cancers exhibit favorable tumor
characteristics (small size, node negative and estrogen and
progesterone positive tumors are overrepresented) [8, 9].
Furthermore, recent estimates suggest that ∼25% of screening-
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