
ABSTRACT

Background. Limiteddata are available describing thenatural
history of patients with HER2-positive and hormone receptor
(HR)-positive metastatic breast cancer (MBC). We examined
first-line treatment patterns and clinical outcomes in patients
with HER2-positive, HR-positiveMBC in a real-world setting.
Methods. registHER is a prospective, observational cohort of
1,023 patients with HER2-positive MBC diagnosed within 6
months of enrollment and followed until death, disenroll-
ment, or June 2009 (median follow-up time: 27 months). De-
mographics, first-line treatment patterns, and clinical
outcomes were examined for 530 HER2-positive, HR-positive
patients. Progression-free survival (PFS) and overall survival
(OS) timeswere examined.Multivariate analyses adjusted for
baseline demographic and prognostic factors.
Results.HER2-positive, HR-positive patients receiving first-
line trastuzumab plus hormonal therapy had significantly
longer PFS times than patients who received hormonal
therapy only (13.8 vs. 4.8 months; adjusted hazard ratio

[HR]: 0.37, 95% confidence interval [CI]: 0.22–0.60); a non-
significant reduction inOS timewas observed (adjustedHR:
0.55, 95% CI: 0.27–1.14). Compared with patients who re-
ceived first-line trastuzumab plus chemotherapy, patients
who received first-line trastuzumab plus chemotherapy
and hormonal therapy had longer median PFS times (20.4
months vs. 9.5 months; adjusted HR: 0.53, 95% CI: 0.42–
0.68); a statistically significant reduction in risk of death
was observed (adjusted HR: 0.50, 95% CI: 0.36–0.70). Se-
quential use of chemotherapy and hormonal therapy was
associated with improved OS times when compared with
concurrent use (adjusted PFS HR: 0.81, 95% CI: 0.54–1.21;
adjusted OS HR: 0.48, 95% CI: 0.26–0.89).
Conclusions.Thesereal-worlddata inpatientswithHER2-pos-
itive/HR-positiveMBC provide evidence that, with or without
chemotherapy,dual targetingofHRsandHER2receptors isas-
sociated with significantly prolonged PFS and OS times. The
Oncologist2013;18:000–000

Implications for Practice: Thismanuscript provides information froma prospective cohort registry study assessing the outcomes of
patientswithmetastaticHER2-positivebreast cancer on thebasis of hormone receptor status in real-world community andacademic
practice environments. The results show that survival and progression-free survival are more favorable for the hormone receptor-
positive subset. Additionally, hormonal therapy given either concurrently or sequentially with chemotherapy is associated with im-
proved outcome compared with no hormonal therapy. This may aid in treatment planning, in discussions with patients, and in
consideringhormonal therapyaspartof the treatment regimen forpatientswithHER2-positiveandhormonereceptor-positivemeta-
static breast cancer.However, several limitations suchashiddenbiasesare inherent inuncontrolled studies suchas this one.

INTRODUCTION

Approximately 25% of breast cancer tumors overexpress the
HER2 receptor [1]. Trastuzumab, ahumanized,monoclonal anti-
bodydirectedagainsttheextracellulardomainofHER2,hasdem-

onstrated clinical activity inHER2-positive breast cancer andhas
become the standard of care for patients with HER2-positive
breast cancer [2, 3]. Of HER2-positive breast cancer tumors, ap-
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proximately 50% are also hormone receptor (HR)-positive; that
is, they express estrogen receptor (ER) and/or progesterone re-
ceptor(PR) [4]. IthasbeendemonstratedthatHRstatusdoesnot
affect the clinical benefit of trastuzumab,whether it is given as a
singleagentor combinedwith chemotherapy [4].

HR-positive breast cancer is treated with hormonal therapy
(HT) designed to interfere with HR signaling. It has been shown
that crosstalk between growth factor and ER-dependent signal-
ing pathways may affect growth regulation in HER2-positive
breast cancers [5–8]. On the basis of randomized trials per-
formed in selectedpopulations, it appears that blockadeof both
pathways is more effective than blocking either pathway alone
[9, 10]. Randomized phase III trials in postmenopausal women
haveshownimprovements inPFStimeswiththeadditionoftras-
tuzumab or lapatinib to aromatase inhibitor therapy without
chemotherapy as initial therapy for HER2-positive and HR-posi-
tive advanced breast cancer [11, 12]. In the second-line setting,
combiningHTwithgrowthfactorreceptorpathwayblockade,us-
ing themammalian targetof rapamycin inhibitor everolimus im-
partedalargebenefit inPFStimes[8].Acomparisonofoutcomes
ofHER2-positiveandHR-positivepatientswithmetastaticbreast
cancer (MBC) fromclinical trials relative to those in real-life clini-
cal practicehasnotbeenperformed.

It is common practice for HR-positive patients to be
treatedwith inductionchemotherapywithoutoverlappingHT
based on preclinical models showing antagonism of chemo-
therapy and tamoxifen and a worse outcome in the adjuvant
setting with concurrent compared with sequential chemo-
therapy and tamoxifen [13–17]. However, hormonal/cyto-
toxic therapy interactions have not been tested in large-scale
clinical trialswith aromatase inhibitors. Patients typically pro-
ceed to hormonal maintenance therapy following a response
or stabilizationwithchemotherapy.However, theassessment
of the impact of HT in these patients can be biased because
these patients inherently represent those that respond to
chemotherapy; “nonresponders” often do not receive endo-
crine treatment. Thus, the most accurate assessment of the
impact of HT is when given as first-line therapy concurrently
with cytotoxic and/or biological therapy.

registHER is a large, multicenter, prospective observational
study of 1,023 patients with newly diagnosed HER2-positive
MBC. registHER includes 530 patients with HR-positive tumors,
affordingauniqueopportunity toexamine thenatural historyof
HER2-positive, HR-positive MBC, as well as first-line treatment
patternsandclinical outcomes ina real-world setting.

METHODS

Study Design
registHER is a multicenter, prospective observational U.S.-
basedcohort studyofpatients fromcommunityandacademic
settings with newly diagnosed HER2-positive MBC (either lo-
coregional or distant). The objectives of the registHER study
were to describe the natural history of disease and treatment
patterns for patients with HER2-positive MBC and to explore
associations between demographic and clinical factors, spe-
cific therapies, cardiac toxicities, and patient outcomes. The
study was approved by all local institutional review boards,
and all enrolled patients provided informed consent.

Patient recruitmentwas conducted fromDecember 2003 to
February 2006. Eligible patients included women andmenwith

HER2-positivebreast canceranda firstdiagnosisofMBCwithin6
monthsofenrollment.HER2statuswasdeterminedaccordingto
institutionalguidelines.Patientswereeligibleregardlessoftreat-
ment before enrollment or during study follow-up; treatment
with trastuzumabwasnota requirement for studyparticipation.
To minimize patient selection bias, investigators were encour-
aged to recruit all eligiblepatients at their practice.

Data Collection
Patients received care according to their physicians’ standard
practice without study-specified evaluations. Patient infor-
mation (including demographics, tumor characteristics based
on individual institutional criteria, initial metastatic sites and
progressions, systemic treatment received, and response to
treatment)were recorded at enrollment and updated every 3
months thereafter. Participating physicians or designated
staffenteredpatientdata intoelectroniccasereport formsus-
ing a web-based electronic data capture system. Formal, pre-
specified scheduled assessments for tumor response were
not required. Tumor progression was reported by physicians
according to their standard practice and was categorized as
based on imaging or physical findings.

First-Line Treatment Groups AfterMBCDiagnosis
To minimize potential selection bias and exclude patients who
switched toHT after nonresponse to chemotherapy-based regi-
mens, primary analyses of treatment patterns inHR-positive pa-
tients (defined as expression of ER and/or PR) focused on first-
line treatments. First-line treatment included all treatments
given before first progression, including HT only (including
tamoxifen, aromatase inhibitors, fulvestrant, gonadotropin-re-
leasing hormone analogue or other HT), trastuzumab and HT,
trastuzumab and chemotherapy, and trastuzumab and chemo-
therapy and HT. Among patients whowere treated with trastu-
zumab, chemotherapy, andHT, two subgroups of patientswere
created based on whether HT overlapped with chemotherapy.
Patientswereassigned to theconcurrentuse subgroup ifHTand
chemotherapy overlapped for at least 30 consecutive days (in-
cludingpatientswhoseHTstarted significantly after chemother-
apywith overlap for 30 days). Otherwise, theywere assigned to
the sequential use subgroup.

StatisticalMethods
Analyses incorporatedall follow-updataonregistHERpatientsas
ofJune15,2009(databaselock).Enrollmentof83patientswhose
MBCdiagnosiswasmorethan6months(upto9months)prior to
enrollmentwaspermitted;thesepatientsareincludedinallanal-
yses.Demographic andclinical characteristicswere summarized
byHRstatusandbyfirst-linetreatmentafterMBCdiagnosis.Pro-
gression-freesurvival(PFS)timewasdefinedasthetimefromthe
date of MBC diagnosis until first disease progression (PD) re-
portedafter initiationoftreatmentforMBCordeath.Overallsur-
vival (OS) time was defined as the time from the date of MBC
diagnosis to the date of death from all causes or last follow-up.
PatientswithoutPDordeathwerecensoredat the last follow-up
dateasof June15, 2009. PFSandOS timeswereestimatedusing
the Kaplan-Meier product-limit method [18]. The median and
the95%confidence intervalsandpvalues fromlogrank testsare
reported for time-to-eventdata.

UnivariateandmultivariateCoxproportional hazardmod-
els were used to report hazard ratios (HRs) and 95% CIs. Mul-
tivariate Cox proportional hazard models included clinically
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significant predictors of treatment group assignment and
prognostic for survival, including age at diagnosis, race/eth-
nicity, Eastern Cooperative Oncology Group (ECOG) perfor-
mance status, initial cancer stage at breast cancer diagnosis,
and number and location ofmetastatic sites.

Distant disease-free interval (DDFI) was defined as the
time between the end of nonhormonal adjuvant treatment
andmetastatic diagnosis; it was computed only for patients
diagnosed in stages I–III orwithmore than 14 days between
initial and metastatic diagnosis.

RESULTS
Patient and Tumor Characteristics by HR Status
From December 2003 to February 2006, 1,023 patients with
HER2-positiveMBCwere enrolled at 240 sites in the U.S. Only
33 patients (3.1%) did not enroll due to patient refusal (n �
27), investigator decision (n� 3), or other reasons (n� 3). Of
1,023patients, 964 (94.2%)hadHER2-positive tumors, known
HR status, and had been treated for MBC, thus making them
eligible for this analysis (Fig. 1).Of964patientswithknownHR
status, 55.0% (n � 530) had HR-positive tumors. Of those,
62.3% expressed both ER and PR, 32.3% expressed ER only,
and 4.7% expressed PR only. As of June 15, 2009, median fol-
low-up time forHR-positivepatients in registHER fromtimeof
metastatic diagnosis was 28.7months.

Patients with HR-positive tumors and HR-negative tumors
weresimilarwithrespecttoageatmetastaticdiagnosisandrace/

ethnicity. Median age was 53 years in both groups, and more
than three-fourths of patients were white (Table 1). Of patients
with HR-positive disease diagnosed with early stage disease re-
ceiving adjuvant therapy, about one-fourth (26.0%) received
chemotherapyonly,nearly40%receivedHTwithchemotherapy,
and 5.6% received adjuvant trastuzumab. In HR-negative pa-
tients receiving adjuvant therapy, nearly two-thirds (63.9%) re-
ceived chemotherapy only and 5.6% received HT with
chemotherapy.Approximately17%ofpatientsinbothgroupsre-
ceivednoprioradjuvanttherapy.Themajorityofpatients inboth
HR-positive and HR-negative groups hadMBC diagnosed more
than 12months after initial diagnosis of early stage disease and
had two or moremetastatic sites. Patients with HR-positive tu-
morswere less likely tohavenonvisceralmetastasisatMBCdiag-
nosis compared with patients with HR-negative tumors (20.4%
vs.8.5%,respectively)andabouthalfas likelytohavecentralner-
vous system (CNS)metastasis (4.2% vs. 10.8%, respectively). Pa-
tients with HR-positive tumors had a longer DDFI (26.1 vs. 13.1
months). Because of missing data, DDFI should be interpreted
with caution.

Patient and Tumor Characteristics in HR-Positive
Population by First-Line Treatment After
MBCDiagnosis
A total of 273 patients with HR-positive MBC received HT as
first-line treatment, including 220 patients who received an
aromatase inhibitor and 36 patients who received tamoxifen.

Figure 1. Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) diagram for registHER study population and
analysis cohort for first-line treatment.

Abbreviations: Chemo, chemotherapy; HR, hormone receptor (estrogen receptor and/or progesterone receptor); HT, hormonal
therapy;MBC,metastatic breast cancer; T, trastuzumab.
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When examining patients with HR-positive tumors by first-
line treatment after MBC diagnosis, 54 (10.1%) were treated
with HT only; 52 (9.8%) were treated with trastuzumab and
HT; 209 (39.4%) were treated with trastuzumab and chemo-
therapy; 156 (29.4%)were treatedwith trastuzumab, chemo-
therapy, and HT; 25 (4.7%) were treated with chemotherapy
only; 11 (2.1%) were treatedwith chemotherapy and HT; and
23 (4.3%) were treated with trastuzumab only (Fig. 1). Of pa-
tients treated with trastuzumab, chemotherapy, and HT, 107
were treated sequentially and 49were treated concurrently.

Patients with HR-positive tumors treated with trastu-
zumab only were older at metastatic diagnosis (median: 62.0
years, range: 33–82 years), whereas patients treated with
chemotherapyonlywere younger (median: 49.0 years; range:
32–80 years; Table 2). Patients treated with HT only and pa-
tients treated with trastuzumab, chemotherapy, and HT as
first-line treatment after MBC were most likely to have re-
ceived HT with chemotherapy in the adjuvant setting com-
pared with the other treatment groups (50.0% and 45.1%,

respectively). In all, about one-fourth of patients treatedwith
trastuzumab and HT in the first-line setting had been treated
with HT only (25.6%) or HTwith chemotherapy (25.6%) in the
adjuvant setting. Patients treated in the first-line setting with
chemotherapy only had the longest median DDFI (42.5
months). The majority of patients across treatment groups
were diagnosedwith stage I–IIIMBCmore than 12months af-
ter initial diagnosis. Patients treatedwith trastuzumabandHT
were most likely to have one metastatic site at diagnosis
(61.5%); patients treatedwith chemotherapy only weremost
likely to have two or more metastatic sites at diagnosis
(60.0%). Visceral sites were the most common type of meta-
static siteatdiagnosisacrossall treatmentgroups, followedby
nonvisceral formost treatment groups.

Outcomes for HER2-Positive/HR-Positive Patients
WithMBC Treated in the First-Line Setting
For all HR-positive patients in registHER, themedian PFS from
time of MBC diagnosis was 11.7 months (95% CI: 10.2–12.6

Table 1. Demographic and baseline characteristics by hormone receptor status for the primary analysis population (n� 964)

Characteristic HR positive HR negative

No. of patients 530 434

Age atmetastatic diagnosis, median, yr (range) 53.0 (22–91) 53.0 (20–90)

Race/ethnicity

White 434 (81.9) 329 (75.8)

Nonwhite 96 (18.1) 105 (24.2)

ECOG performance status

0–1 251 (47.4) 184 (42.4)

2� 33 (6.2) 26 (6.0)

Unknown/missing 246 (46.4) 224 (51.6)

Adjuvant therapy received 377 319

Trastuzumab-containing therapies 21 (5.6) 34 (10.7)

Hormonal therapy only 49 (13.0) 6 (1.9)

Hormonal therapywith chemotherapy 143 (37.9) 18 (5.6)

Chemotherapy only 98 (26.0) 204 (63.9)

No prior adjuvant therapy 66 (17.5) 57 (17.9)

Distant disease-free interval, median,mo.a 26.1 13.1

Newly diagnosedMBC vs. recurrent disease

Stage I-III, MBC�12mo. after initial diagnosis 59 (11.1) 69 (15.9)

Stage I-III, MBC�12mo. after initial diagnosis 320 (60.4) 251 (57.8)

Stage IV at initial diagnosis 151 (28.5) 114 (26.3)

No. ofmetastatic sites at diagnosis

1 255 (48.1) 188 (43.3)

�2 275 (51.9) 246 (56.7)

Metastatic site at diagnosis

Any central nervous system 22 (4.2) 47 (10.8)

Visceral 320 (60.4) 266 (61.3)

Nonvisceral 108 (20.4) 37 (8.5)

Node/local 78 (14.7) 84 (19.4)

Other 2 (0.4) 0

Data are n (%) unless otherwise noted.
aTime from the end of nonhormonal adjuvant treatment tometastatic diagnosis. Computed only for patients diagnosed in stages I-III ormore than
14 days between initial andmetastatic diagnosis.
Abbreviations: ECOG, Eastern Cooperative Oncology Group; HR, hormone receptor,MBC,metastatic breast cancer.
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months) compared with 8.8 months (95% CI: 7.8–10.3
months) for the HR-negative patients (Table 3). Overall sur-
vival (OS) fromthetimeofMBCdiagnosiswasalso longer:41.5
months for HR-positive patients (95% CI: 37.7–44.6) and 28.6
months for the HR-negative patients (95% CI: 26.3–32.0).

Fewer patients in the HR-positive group experienced a
CNSevent as their first progression comparedwith patients in
theHR-negativegroup(16.4%vs.25.3%).Conversely,patients
in the HR-positive groupweremore likely to have nonvisceral
sites as the site of first progression than were patients in the
HR-negative group (25.7% vs. 12.8%; Table 3).

Trastuzumab Plus HT Versus HTOnly
Patients receiving trastuzumab and HT (n� 52) had longer PFS
compared with patients who received HT only (n� 54; 13.8 vs.
4.8 months; unadjusted HR: 0.49, 95% CI: 0.32–0.76, p� .001;
Table 3, Fig. 2A). Median OS for the trastuzumab plus HT group
was not reached, whereas themedian OS for the HT only group

was 35.1 months (unadjusted HR: 0.61, 95% CI: 0.33–1.15, p�
.122; Fig. 2B, Table 3). In multivariate analyses for PFS, the ad-
justed riskof diseaseprogression inpatients treatedwith trastu-
zumab plus HT was significantly lower than for patients treated
with HT only (adjusted HR: 0.37; 95% CI: 0.22–0.60, p � .001).
The adjusted HR for OS was reduced for patients treated with
trastuzumabplusHTbutwasnotstatisticallysignificant(adjusted
HR:0.55; 95%CI: 0.27–1.14,p� .109).

Trastuzumab Plus Chemotherapy Plus HT Versus

Trastuzumab Plus Chemotherapy, and Sequential

Versus Concurrent Therapy
Compared with patients who received only trastuzumab plus
chemotherapy (n� 209), patientswho received trastuzumab
plus chemotherapy plus HT (n � 156) had longer median PFS
times (20.4 vs. 9.5months; unadjustedHR:0.51, 95%CI: 0.41–
0.65;Table3, Fig. 3A).MedianOStimewasnot reached for the

Table 2. Baseline characteristics of hormone receptor-positive patients by first-line treatment after diagnosis ofmetastatic
breast cancer (n� 530)

Characteristic
Hormonal
therapy only

Chemotherapy
only

Trastuzumab
only

Trastuzumab
plus
chemotherapy

Trastuzumab plus
hormonal
therapy

Chemotherapy plus
hormonal therapy

Trastuzumab
plus
chemotherapy
plus hormonal
therapy

No. of patients 54 25 23 209 52 11 156

Age atmetastatic diagnosis,
median, yr (range)

58.5 (34–85) 49.0 (32–80) 62.0 (33–82) 52.0 (25–83) 56.0 (30–91) 56.0 (41–79) 50.0 (22–85)

Adjuvant therapy receiveda 40 16 21 161 43 5 91

Trastuzumab-containing
therapies

0 1 (6.3) 3 (14.3) 8 (5.0) 6 (14.0) 0 3 (3.3)

Hormonal therapy only 8 (20.0) 2 (12.5) 2 (9.5) 16 (9.9) 11 (25.6) 0 10 (11.0)

Hormonal therapywith
chemotherapy

20 (50.0) 6 (37.5) 4 (19.1) 60 (37.3) 11 (25.6) 1 (20.0) 41 (45.1)

Chemotherapy only 10 (25.0) 5 (31.3) 7 (33.3) 47 (29.2) 8 (18.6) 2 (40.0) 19 (20.9)

No prior adjuvant therapy 2 (5.0) 2 (12.5) 5 (23.8) 30 (18.6) 7 (16.3) 2 (40.0) 18 (19.8)

Distant disease-free
interval, median,mo.b

25.7 42.5 18.9 24.9 13.8 21.6 35.1

Newly diagnosedMBC vs.
recurrent disease

Stage I-III, MBC�12mo.
after initial diagnosis

2 (3.7) 0 2 (8.7) 32 (15.3) 6 (11.5) 2 (18.2) 15 (9.6)

Stage I-III, MBC�12mo.
after initial diagnosis

39 (72.2) 16 (64.0) 19 (82.6) 129 (61.7) 37 (71.2) 4 (36.4) 76 (48.7)

Stage IV at initial
diagnosis

13 (24.1) 9 (36.0) 2 (8.7) 48 (23.0) 9 (17.3) 5 (45.5) 65 (41.7)

No. ofmetastatic sites
at diagnosis

1 29 (53.7) 10 (40.0) 13 (56.5) 98 (46.9) 32 (61.5) 6 (54.6) 67 (42.9)

�2 25 (46.3) 15 (60.0) 10 (43.5) 111 (53.1) 20 (38.5) 5 (45.5) 89 (57.1)

Metastatic site at diagnosis

Any central nervous
system

1 (1.9) 2 (8.0) 2 (8.7) 8 (3.8) 4 (7.7) 0 5 (3.2)

Visceral 23 (42.6) 16 (64.0) 14 (60.9) 139 (66.5) 22 (42.3) 5 (45.5) 101 (64.7)

Nonvisceral 21 (38.9) 4 (16.0) 4 (17.4) 28 (13.4) 21 (40.4) 4 (36.4) 26 (16.7)

Node/local 8 (14.8) 3 (12.0) 3 (13.0) 34 (16.3) 5 (9.6) 2 (18.2) 23 (14.7)

Other 1 (1.9) 0 0 0 0 0 1 (0.6)

Data are n (%) unless otherwise noted.
a151 patients whowere stage IV at initial diagnosis were not included; percentages are based on nonmissing data.
bTime from the end of nonhormonal adjuvant treatment tometastatic diagnosis. Computed only for patients diagnosed in stages I-III ormore than
14 days between initial andmetastatic diagnosis.
Abbreviation:MBC,metastatic breast cancer.
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trastuzumab plus chemotherapy plus HT group, whereas the
median OS time for the trastuzumab plus chemotherapy
group was 36.7 months (unadjusted HR: 0.47, 95% CI: 0.34–
0.66; Table 3, Fig. 3B). After adjustment for clinically signifi-
cant baseline and tumor characteristics, patients in the
trastuzumab plus chemotherapy plus HT group had a statisti-
cally significant lower risk for disease progression compared
with patients treated with trastuzumab plus chemotherapy
(adjusted HR: 0.53, 95% CI: 0.42–0.68, p � .001). The risk of
death was also statistically significantly lower for patients
treated with trastuzumab plus chemotherapy plus HT (ad-
justed HR: 0.50, 95% CI: 0.36–0.70, p� .001).

Toaccount for thebias inpatientswhoreceivedsequential
HT to be enriched for those with responsive disease, we ana-
lyzedconcurrentandsequential first-lineHTuseseparately. In
registHER, of the 156patientswho received trastuzumabplus
chemotherapy plus HT, 49 patients received chemotherapy
and HT concurrently (i.e., chemotherapy and HT overlapped
for at least 30 consecutive days) and107 received these treat-
mentssequentially. Fewerpatients in thesequential groupex-
perienced a CNS event as their first progression compared
with patients in the concurrent group (18.5% vs. 25.0%; Table
3). However, patients in the sequential treatment groupwere
more likely to have nonvisceral progression (32.1% vs. 19.4%)
as their first progression. Conversely, patients in the concur-
rent group were more likely to have visceral disease as their
first progression compared with patients in the sequential
treatment group (41.7% vs. 35.8%). The duration of trastu-
zumab treatment for patients in the two subgroups was simi-
lar (data not shown). The only difference between the two

subgroups was the duration of HT and chemotherapy re-
ceived: patients in the concurrent subgroup received both
chemotherapy and HT for longer. The median duration of HT
in the concurrent versus sequential subgroup was 15.4
months (range:0.9–47.8months) versus13.6months (range:
0.9–54.3 months), respectively. Median duration of chemo-
therapy in concurrent versus sequential subgroups was 5.1
months (range: 0.4–47.8 months) versus 4.4 months (range:
0.6–13.4months), respectively.

Kaplan-Meier estimated curves for the concurrent and se-
quential patient subgroups are shown in Figure3Aand3B. For
thepatientswhoreceivedchemotherapyandHTsequentially,
PFSwas longer than itwas for thosewho received chemother-
apy and HT concurrently (21.3 vs. 19.1 months; Table 3). Pa-
tients who received sequential chemotherapy and hormone
treatment compared with those who received concurrent
treatment demonstrated a nonsignificant lower risk of dis-
easeprogression (unadjustedHR:0.82,95%CI:0.55–1.20,p�
.297; Fig. 3A). The median OS for sequential therapy was not
reached; for concurrent therapy, itwas 43.8months. Thehaz-
ard of death for OSwas reduced for patientswho received se-
quential therapy, with borderline statistical significance
(unadjustedHR: 0.59, 95%CI: 0.34–1.02, p� .055; Fig. 3B). In
multivariate analyses for PFS, the adjusted risk of disease pro-
gression in patients treated sequentially was reduced, but it
was not statistically significant when compared with patients
treated concurrently (adjusted HR: 0.81, 95% CI: 0.54–1.21,
p � .303). A statistically significant reduction in risk of death
was observed (adjusted HR: 0.48; 95% CI: 0.26–0.89, p �
.019).

Table 3. Survival frommetastatic diagnosis and sites of progression for hormone receptor-positive patients by first-line
treatment

Outcome

HR-positive,
all
treatments

Hormonal
therapy
only

Trastuzumab
plus
hormonal
therapy

Trastuzumab
plus
chemotherapy

Trastuzumab
plus
chemotherapy
plus
hormonal
therapy

Sequential
trastuzumab
plus
chemotherapy
plus
hormonal
therapy

Concurrent
trastuzumab
plus
chemotherapy
plus hormonal
therapy

No. of patients 530 54 52 209 156 107 49

Progression-free survival (no. of events) 444 (83.8) 47 (87.0) 42 (80.8) 182 (87.1) 119 (76.2) 81 (75.7) 38 (77.6)

Median,mo. 11.7 4.8 13.8 9.5 20.4 21.3 19.1

95% confidence interval 10.2–12.6 3.4–6.7 10.2–16.7 8.2–11.2 18.0–23.7 18.0–26.8 11.7–23.7

Overall survival (no. of events) 246 (46.4) 24 (44.4) 17 (32.7) 117 (56.0) 52 (33.3) 31 (29.0) 21 (42.9)

Median,mo. 41.5 35.1 NR 36.7 NR NR 43.8

95% confidence interval 37.7–44.6 28.4-NR 35.2-NR 32.5–41.4 43.8-NR 44.3-NR 31.5-NR

Site of first PD

Any central nervous system 70 (16.4) 2 (4.4) 5 (12.5) 32 (18.4) 24 (20.5) 15 (18.5) 9 (25.0)

Visceral 183 (42.8) 18 (40.0) 13 (32.5) 87 (50.0) 44 (37.6) 29 (35.8) 15 (41.7)

Nonvisceral 110 (25.7) 18 (40.0) 12 (30.0) 33 (19.0) 33 (28.2) 26 (32.1) 7 (19.4)

Node/local 60 (14.0) 6 (13.3) 9 (22.5) 20 (11.5) 15 (12.8) 10 (12.3) 5 (13.9)

Other 5 (1.2) 1 (2.2) 1 (2.5) 2 (1.1) 1 (0.9) 1 (1.2) 0 (0.0)

First event, deatha 16 (3.6) 2 (4.3) 2 (4.8) 8 (4.4) 2 (1.7) 0 (0.0) 2 (5.3)

Data are n (%) unless otherwise noted. In all, 26 HR-positive patients (4who received hormonal therapy only, 11who received trastuzumab plus
chemotherapy, and 3who received trastuzumab plus chemotherapy plus hormonal therapy) and 28HR-negative patients had PD recorded on or
before initiation of treatment formetastatic breast cancer. For these patients, progression-free survival was calculated from time ofmetastatic
diagnosis to the first PD recorded after initiation ofmetastatic treatment. If hormone therapy and chemotherapy overlapped for at least 30
consecutive days, patients were assigned to the concurrent use subgroup; otherwise, theywere assigned to the sequential use subgroup.
aDeath occurred before any disease progression.
Abbreviations: HR, hormone receptor; NR, not reached; PD, progressive disease.
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A sensitivity analysis examining survival in patientswith
sequential versus concurrent treatment, including patients
treated with chemotherapy and HT (n � 11), was
conducted. Results for this analysis did not differ from
those for the primary analyses and are not included in this
report.

DISCUSSION
The registHERdataprovide real-world evidence that, inHER2-
positive/HR-positive patientswithMBC, the targeting of both
hormone and HER2 receptors is associated with a benefit
compared with HER2-based therapy alone. HR-positive pa-
tients in registHER had longer median PFS times from time of
MBC diagnosis than did HR-negative patients (11.7 vs. 8.8
months) and HER2-positive/HR-positive patients receiving

trastuzumab plus HT had significantly longer PFS times than
patients who received HT only (13.8 vs. 4.8 months). For pa-
tients who received trastuzumab plus chemotherapy, pa-
tients who also received HT also had longermedian PFS times
(20.4 vs. 9.5months).However, the cohortof patientswho re-
ceived trastuzumab plus chemotherapy plus HT had received
moretrastuzumabtherapythanthose in thetrastuzumabplus
chemotherapy cohort. In addition, the trastuzumab plus che-
motherapyplusHT cohort had a longerDDFI between theend
ofnonhormonal adjuvant treatmentandmetastaticdiagnosis
than did patients in the trastuzumab plus chemotherapy co-
hort (24.9 vs. 35.1 months), indicating that as a group they
may have had a better prognosis or more responsiveness to
HT.

Figure 2. Kaplan-Meier estimates. (A): Kaplan-Meier estimated progression-free survival in hormone receptor (HR)-positive patients
for first-line treatmentwith trastuzumabplushormonal therapyversushormonal therapyonly. (B):Kaplan-Meierestimatedoverall sur-
vival in HR-positive patients for first-line treatmentwith trastuzumab plus hormonal therapy versus hormonal therapy only.

Abbreviations: CI, confidence interval; HR, hazard ratio.
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Multivariate analysis conducted in the registHER study
population to adjust for prognostic factors including age,
ECOG status, and sites of metastatic disease that could influ-
ence treatment choice suggest that, for patients with HER2-
positive/HR-positive tumors receiving treatment with
trastuzumab and chemotherapy, adding HT may provide an
independent beneficial effect (HR: 0.53,p� .001). To account
for the inherent bias in patients receiving sequential HT to
have been selected due to response or stability to initial ther-
apy, we separated those patients treated with concurrent as
opposed to sequential therapy and we found that both HT
groups had significantly longer PFS and OS times compared
with patients not treatedwith HT.

Our retrospective analysis shows that there is lack of uni-
formity in how HT is used for treating HER2-positive breast
cancer, with a tendency to use chemotherapy for patients
with heavier burden and visceral disease. Suchbiases in treat-
ment based on clinical factors complicated the analysis of ret-
rospective or prospective registry studies. However, in our
analysis, adjustments for these factors showed consistent im-
proved PFS times—and in some cases, OS times—with the
addition of HT to either trastuzumab alone or with chemo-
therapy. In the absence of chemotherapy, randomized trials
have shown a benefit from the addition of trastuzumab or
lapatinib to aromatase inhibitor HT [11, 12]. However, pro-
spective randomized trials have not formally tested the addi-

Figure 3. Kaplan-Meier estimates. (A): Kaplan-Meier estimated progression-free survival in hormone receptor (HR)-positive patients
for first-line treatment with trastuzumab plus chemotherapy plus hormonal therapy versus trastuzumab plus chemotherapy, and se-
quentialversusconcurrent therapy. (B):Kaplan-Meierestimatedoverall survival inHR-positivepatients for first-linetreatmentwithtras-
tuzumabplus chemotherapyplushormonal therapyversus trastuzumabplus chemotherapy, andsequential versus concurrent therapy.

Abbreviations: Chemo, chemotherapy; CI, confidence interval; HR, hazard ratio.
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tionofHT to trastuzumabandoptimal therapy for this group is
notwell defined [19].

Preclinical studieshavesuggested thatendocrine therapy,
which prevents cells from proliferating, and chemotherapy,
which requires that cells be actively dividing, may be antago-
nistic [13–16]. Nevertheless, there has not been firm consen-
sus about whether concurrent or sequential treatment with
chemotherapy andHT is better [20]. Albain et al. showed that
adjuvant chemotherapy with cyclophosphamide, doxorubi-
cin, and fluorouracil (CAF) plus tamoxifen given sequentially is
more effective adjuvant therapy than tamoxifen alone for
postmenopausal patients with endocrine-responsive, node-
positive breast cancer [21]. However, concurrent compared
with sequential therapy has not been tested with aromatase
inhibitors, which have a different mechanism of action com-
pared with tamoxifen. In a retrospective analysis of 111 pa-
tients with advanced HER2- and hormone receptor-positive
disease, maintenance endocrine therapy added to trastu-
zumabupon the completion of chemotherapywas associated
with a significant PFS benefit [22]. In an uncontrolled clinical
trial that tested a combination of trastuzumab, lapatinib, and
letrozole for patients with HER2 and HR-positive cancers,
ratesof completepathological response (pCR)of21%andpCR
plus near-pCR of 54% were noted—similar to that of the HR-
negative cohort treatedwithout letrozole [23]. Still, data from
randomized trials are lacking todemonstrateandquantify the
independent role of first-line HT, either concurrently or se-
quentially with chemotherapy in HER2- and HR-positive ad-
vanced breast cancer.

registHER isa real-worldprospective,observational study.
As such, theremay be several limitations that exist with these
analyses compared with prospective, randomized controlled
trials. The registHER patients may not be fully representative
of the population at large as a cohort in a population-based
study, although practices were encouraged to enroll all eligi-
ble patients. Given the timeframe of this study, only 5.6% of
patients (21of377) in theHR-positive cohort received thecur-
rent standardof adjuvant trastuzumab. Therefore, the clinical
outcomes from registHER may be different than those that
arise frommore current cohorts; this issue is being addressed
by the ongoing systHERs registry (NCT01615068). Some
trends in this study are noted to be nonsignificant andmay be
subject to immortal time bias, particularly in the sequential
group.Additionally,possible“confoundingby indication”may
be inherently present, due to the nonrandomized, observa-
tional nature of the registHER study.

Although data collection for PFS analysis may not be con-
trolled as it would be in a randomized trial with scheduled tu-
mor assessments, it may more closely represent standard
real-world practicewhere treatment is changedalmost exclu-
sively due to progression or unacceptable side effects; OS
should not be biased in this manner. Residual confounding
may also occur as a result of factors unaccounted for or insuf-
ficiently captured in this study. Because patients may have
hadadiagnosisofMBCupto9monthsprior toenrollmentand
patients with longer survival may be more likely to enroll, OS
estimates from time of MBC diagnosis in registHER may be
slightly higher than expected in a general population of pa-

tientswithMBC. There also is thepossibility of a selectionbias
for OS, as there is no accepted method of adjusting OS for all
postprogression treatments. Finally, limited information was
collected for cause of death (options included only “cancer”
and “other”) and was missing for 32 of 538 deaths (�5% of
deaths) in the registHER cohort, which precluded the calcula-
tion of breast cancer-specificmortality rates in this study.

CONCLUSIONS
In this largeprospective registry thatusedstandard treatment
approaches from the last decade for HER2-positive MBC, HR
positivity was associated with a lower likelihood of having re-
ceivedadjuvant chemotherapy.At the timeofmetastasis,HR-
positive patients had a lower degree of disease burden and
visceral involvement comparedwithHR-negative cases. Inpa-
tients with HER2- and HR-positive disease, the use of either
concurrent or sequential HT was associated with improved
PFS and OS times when added to trastuzumab either with or
withoutchemotherapy;however,afteradjusting forotherrel-
evant variables, the OS superiority was only significant in pa-
tients receiving chemotherapy. The use of HT—either
concurrently or sequentially—appears to improve outcomes
whenadded to trastuzumab-based therapy forHER2- andHR-
positiveMBC, although further study is needed tounderstand
the causal relationship and degree of this benefit, whether it
pertains equally to tamoxifen and aromatase inhibitors, and
the impact of concurrent comparedwith sequential therapy.
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following is suitable for yourmanuscript:

This study examined first-line treatment patterns and clinical outcomes in patients with HER2-positive, hor-
mone receptor (HR)-positive metastatic breast cancer in a real-world setting. With or without chemotherapy,
dual targeting of HRs andHER2 receptorswas found to be associatedwith significantly prolonged progression-
free survival and overall survival times.
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