Confidential Pre-Print PDF  This material is protected by U.S. Copyright law. Unauthorized reproduction is prohibited.

.
Otéologist

First-Line Treatment Patterns and Clinical Outcomes in Patients With
HER2-Positive and Hormone Receptor-Positive Metastatic Breast
Cancer From registHER

DEBU TRIPATHY,? PETER A. KAUFMAN,? ADAM M. BRUFsKY,® MUsA MAYER,? MARIANNE ULCICKAS YOOD,f BONGIN YOO,% CHENG QUAH, £
DENISE YARDLEY,” HOPE S. RuGo'

2University of Southern California, Norris Comprehensive Cancer Center, Department of Medicine, Los Angeles, California, USA;
PDartmouth-Hitchcock Medical Center, Department of Medicine, Lebanon, New Hampshire, USA; University of Pittsburgh Cancer Center,
Department of Medicine, Pittsburgh, Pennsylvania, USA; “Patient Advocate, New York, New York, USA; EpiSource, LLC, Boston,
Massachusetts; ‘Boston University School of Public Health, Department of Epidemiology, Boston, Massachusetts, USA; 8Genentech, South
San Francisco, California, USA; "Sarah Cannon Research Institute/Tennessee Oncology, Department of Internal Medicine, Nashville,
Tennessee, USA; 'University of California San Francisco, Helen Diller Family Comprehensive Cancer Center, Department of Medicine, San
Francisco, California, USA

Disclosures of potential conflicts of interest may be found at the end of this article.

Key Words. HER2 ¢ Hormone receptor * Treatment ¢ Breastcancer ¢ Metastatic * Trastuzumab

KABSTRACT

Background. Limited data are available describing the natural
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-positive MBCin 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) times were 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 [Cl]: 0.22—0.60); a non-
significantreductionin OStime was observed (adjusted HR:
0.55, 95% Cl: 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% Cl: 0.42—
0.68); a statistically significant reduction in risk of death
was observed (adjusted HR: 0.50, 95% Cl: 0.36—0.70). Se-
guential use of chemotherapy and hormonal therapy was
associated with improved OS times when compared with
concurrent use (adjusted PFS HR: 0.81, 95% Cl: 0.54-1.21;
adjusted OS HR: 0.48,95% Cl: 0.26—-0.89).

Conclusions. These real-world datain patients with HER2-pos-
itive/HR-positive MBC provide evidence that, with or without
chemotherapy, dualtargeting of HRsand HER2 receptorsis as-
sociated with significantly prolonged PFS and OS times. The
Oncologist2013;18:000—000

Implications for Practice: This manuscript provides information from a prospective cohort registry study assessing the outcomes of
patients with metastatic HER2-positive breast cancer on the basis of hormone receptor status in real-world community and academic
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
considering hormonal therapy as part of the treatment regimen for patients with HER2-positive and hormone receptor-positive meta-
static breast cancer. However, several limitations such as hidden biases are inherent in uncontrolled studies such as this one.

INTRODUCTION

Approximately 25% of breast cancer tumors overexpress the
HER2 receptor [1]. Trastuzumab, a humanized, monoclonal anti-
body directed against the extracellular domain of HER2, has dem-

onstrated clinical activity in HER2-positive breast cancer and has
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]. It has been demonstrated that HR status does not
affect the clinical benefit of trastuzumab, whether it is given as a
single agent or combined with 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 selected populations, it appears that blockade of both
pathways is more effective than blocking either pathway alone
[9, 10]. Randomized phase lll trials in postmenopausal women
have shownimprovements in PFS times with the addition of tras-
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,
combining HT with growth factor receptor pathway blockade, us-
ing the mammalian target of rapamycin inhibitor everolimus im-
parted alarge benefitin PFS times [8]. Acomparison of outcomes
of HER2-positive and HR-positive patients with metastatic breast
cancer (MBC) from clinical trials relative to those in real-life clini-
cal practice has not been performed.

It is common practice for HR-positive patients to be
treated withinduction chemotherapy without overlapping HT
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 trials with aromatase inhibitors. Patients typically pro-
ceed to hormonal maintenance therapy following a response
or stabilization with chemotherapy. However, the assessment
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,
affording a unique opportunity to examine the natural history of
HER2-positive, HR-positive MBC, as well as first-line treatment
patterns and clinical outcomes in a real-world setting.

METHODS

Study Design
registHER is a multicenter, prospective observational U.S.-
based cohort study of patients from community and academic
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 recruitment was conducted from December 2003 to
February 2006. Eligible patients included women and men with
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HER2-positive breast cancer and a first diagnosis of MBC within 6
months of enrollment. HER2 status was determined according to
institutional guidelines. Patients were eligible regardless of treat-
ment before enrollment or during study follow-up; treatment
with trastuzumab was not a requirement for study participation.
To minimize patient selection bias, investigators were encour-
aged torecruit all eligible patients 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
staff entered patient datainto electronic case reportforms us-
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 After MBC Diagnosis

To minimize potential selection bias and exclude patients who
switched to HT after nonresponse to chemotherapy-based regi-
mens, primary analyses of treatment patterns in HR-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 who were treated with trastu-
zumab, chemotherapy, and HT, two subgroups of patients were
created based on whether HT overlapped with chemotherapy.
Patients were assigned to the concurrent use subgroup if HT and
chemotherapy overlapped for at least 30 consecutive days (in-
cluding patients whose HT started significantly after chemother-
apy with overlap for 30 days). Otherwise, they were assigned to
the sequential use subgroup.

Statistical Methods
Analysesincorporated all follow-up data on registHER patients as
ofJune 15,2009 (database lock). Enrollment of 83 patients whose
MBC diagnosis was more than 6 months (up to 9 months) prior to
enrollment was permitted; these patientsareincludedinall anal-
yses. Demographic and clinical characteristics were summarized
by HR status and by first-line treatment after MBC diagnosis. Pro-
gression-free survival (PFS) time was defined asthe time from the
date of MBC diagnosis until first disease progression (PD) re-
ported afterinitiation of treatment for MBC or death. Overall sur-
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.
Patients without PD or death were censored at the last follow-up
date as of June 15, 2009. PFS and OS times were estimated using
the Kaplan-Meier product-limit method [18]. The median and
the 95% confidence intervals and p values from log rank tests are
reported for time-to-event data.

Univariate and multivariate Cox proportional hazard mod-
els were used to report hazard ratios (HRs) and 95% Cls. Mul-
tivariate Cox proportional hazard models included clinically
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Figure 1. Strengtheningthe 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.

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 of metastatic sites.

Distant disease-free interval (DDFI) was defined as the
time between the end of nonhormonal adjuvant treatment
and metastatic diagnosis; it was computed only for patients
diagnosedinstages |-l or with more 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-positive MBC were 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
1,023 patients, 964 (94.2%) had HER2-positive tumors, known
HR status, and had been treated for MBC, thus making them
eligible for this analysis (Fig. 1). Of 964 patients with known HR
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 for HR-positive patients in registHER from time of
metastatic diagnosis was 28.7 months.

Patients with HR-positive tumors and HR-negative tumors
were similar with respect to age at metastatic diagnosisand race/
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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
chemotherapy only, nearly 40% received HT with chemotherapy,
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. Approximately 17% of patientsin both groupsre-
ceived no prior adjuvant therapy. The majority of patientsin both
HR-positive and HR-negative groups had MBC diagnosed more
than 12 months after initial diagnosis of early stage disease and
had two or more metastatic sites. Patients with HR-positive tu-
mors were less likely to have nonvisceral metastasis at MBC diag-
nosis compared with patients with HR-negative tumors (20.4%
vs. 8.5%, respectively) and about half as likely to have central ner-
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

MBC Diagnosis

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.

©AlphaMed Press 2013
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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 at metastatic 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 therapy with 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.? 26.1 13.1
Newly diagnosed MBC vs. recurrent disease
Stage I-Ill, MBC =12 mo. after initial diagnosis 59 (11.1) 69 (15.9)
Stage I-Ill, MBC >12 mo. after initial diagnosis 320 (60.4) 251 (57.8)
Stage IV at initial diagnosis 151 (28.5) 114 (26.3)
No. of metastatic 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.

*Time from the end of nonhormonal adjuvant treatment to metastatic diagnosis. Computed only for patients diagnosed in stages I-Ill or more than

14 days between initial and metastatic diagnosis.

Abbreviations: ECOG, Eastern Cooperative Oncology Group; HR, hormone receptor, MBC, metastatic breast cancer.

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 treated with trastuzumab, chemo-
therapy, and HT; 25 (4.7%) were treated with chemotherapy
only; 11 (2.1%) were treated with 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 49 were 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
chemotherapy only were 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%,
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respectively). In all, about one-fourth of patients treated with
trastuzumab and HT in the first-line setting had been treated
with HT only (25.6%) or HT with 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 diagnosed with stage |I-IIl MBC more than 12 months af-
terinitial diagnosis. Patients treated with trastuzumab and HT
were most likely to have one metastatic site at diagnosis
(61.5%); patients treated with chemotherapy only were most
likely to have two or more metastatic sites at diagnosis
(60.0%). Visceral sites were the most common type of meta-
staticsite atdiagnosisacrossalltreatmentgroups, followed by
nonvisceral for most treatment groups.

Outcomes for HER2-Positive/HR-Positive Patients
With MBC Treated in the First-Line Setting

For all HR-positive patients in registHER, the median PFS from
time of MBC diagnosis was 11.7 months (95% Cl: 10.2-12.6
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Table 2. Baseline characteristics of hormone receptor-positive patients by first-line treatment after diagnosis of metastatic
breast cancer (n = 530)
Trastuzumab
plus
Trastuzumab Trastuzumab plus chemotherapy
Hormonal Chemotherapy Trastuzumab plus hormonal Chemotherapy plus  plus hormonal

Characteristic therapyonly only only chemotherapy therapy hormonal therapy therapy

No. of patients 54 25 23 209 52 11 156

Age at metastatic diagnosis, 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)

median, yr (range)

Adjuvant therapy received® 40 16 21 161 43 5 91
Trastuzumab-containing 0 1(6.3) 3(14.3) 8 (5.0) 6 (14.0) 0 3(3.3)
therapies
Hormonal therapy only 8 (20.0) 2 (12.5) 2 (9.5) 16 (9.9) 11 (25.6) 0 10 (11.0)
Hormonal therapy with 20 (50.0) 6 (37.5) 4(19.1) 60 (37.3) 11 (25.6) 1(20.0) 41 (45.1)
chemotherapy
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 25.7 42.5 18.9 24.9 13.8 21.6 35.1
interval, median, mo.®
Newly diagnosed MBC vs.
recurrent disease

Stage I-ll, MBC =12 mo. 2(3.7) 0 2(8.7) 32 (15.3) 6 (11.5) 2(18.2) 15 (9.6)

after initial diagnosis

Stage I-lll, MBC >12mo. 39 (72.2) 16 (64.0) 19 (82.6) 129 (61.7) 37 (71.2) 4 (36.4) 76 (48.7)

after initial diagnosis

Stage IV at initial 13 (24.1) 9 (36.0) 2(8.7) 48 (23.0) 9(17.3) 5 (45.5) 65 (41.7)

diagnosis

No. of metastatic 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

Metastatic site at diagnosis
Any central nervous 1(1.9) 2 (8.0) 2(8.7) 8(3.8) 4(7.7) 0 5(3.2)
system
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.

#151 patients who were stage IV at initial diagnosis were not included; percentages are based on nonmissing data.
®Time from the end of nonhormonal adjuvant treatment to metastatic diagnosis. Computed only for patients diagnosed in stages I-1ll or more than

14 days between initial and metastatic diagnosis.
Abbreviation: MBC, metastatic breast cancer.

months) compared with 8.8 months (95% Cl: 7.8-10.3
months) for the HR-negative patients (Table 3). Overall sur-
vival (OS) from the time of MBC diagnosis was also longer: 41.5
months for HR-positive patients (95% Cl: 37.7—-44.6) and 28.6
months for the HR-negative patients (95% Cl: 26.3-32.0).

Fewer patients in the HR-positive group experienced a
CNS event as their first progression compared with patientsin
the HR-negative group (16.4%vs. 25.3%). Conversely, patients
in the HR-positive group were more 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 HT Only

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% Cl: 0.32—-0.76, p < .001;
Table 3, Fig. 2A). Median OS for the trastuzumab plus HT group
was not reached, whereas the median OS for the HT only group
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was 35.1 months (unadjusted HR: 0.61, 95% Cl: 0.33-1.15, p =
.122; Fig. 2B, Table 3). In multivariate analyses for PFS, the ad-
justed risk of disease progression in patients treated with 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
trastuzumab plus HT but was not statistically significant (adjusted
HR:0.55;95% Cl: 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), patients who received trastuzumab
plus chemotherapy plus HT (n = 156) had longer median PFS
times (20.4 vs. 9.5 months; unadjusted HR: 0.51,95% Cl: 0.41—
0.65; Table 3, Fig. 3A). Median OS time was not reached for the

©AlphaMed Press 2013
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Table 3. Survival from metastatic diagnosis and sites of progression for hormone receptor-positive patients by first-line

treatment
Sequential
Trastuzumab  trastuzumab  Concurrent
plus plus trastuzumab
Trastuzumab chemotherapy chemotherapy plus
HR-positive, Hormonal plus Trastuzumab plus plus chemotherapy
all therapy hormonal plus hormonal hormonal plus hormonal
Outcome treatments only therapy chemotherapy therapy therapy 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, death? 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 (4 who received hormonal therapy only, 11 who received trastuzumab plus
chemotherapy, and 3 who received trastuzumab plus chemotherapy plus hormonal therapy) and 28 HR-negative patients had PD recorded on or
before initiation of treatment for metastatic breast cancer. For these patients, progression-free survival was calculated from time of metastatic
diagnosis to the first PD recorded after initiation of metastatic treatment. If hormone therapy and chemotherapy overlapped for at least 30
consecutive days, patients were assigned to the concurrent use subgroup; otherwise, they were assigned to the sequential use subgroup.

#Death occurred before any disease progression.

Abbreviations: HR, hormone receptor; NR, not reached; PD, progressive disease.

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% Cl: 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% Cl: 0.36—0.70, p < .001).
Toaccountforthebiasin patients whoreceived sequential
HT to be enriched for those with responsive disease, we ana-
lyzed concurrentand sequential first-line HT use separately. In
registHER, of the 156 patients who received trastuzumab plus
chemotherapy plus HT, 49 patients received chemotherapy
and HT concurrently (i.e., chemotherapy and HT overlapped
for atleast 30 consecutive days) and 107 received these treat-
ments sequentially. Fewer patientsinthe sequential group ex-
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 group were
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
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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—-47.8 months) versus 13.6 months (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:
0.6-13.4 months), respectively.

Kaplan-Meier estimated curves for the concurrent and se-
guential patient subgroups are shownin Figure 3Aand 3B. For
the patientswhoreceived chemotherapy and HT sequentially,
PFS was longer than it was for those who 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-
ease progression (unadjusted HR: 0.82,95%Cl: 0.55-1.20,p =
.297; Fig. 3A). The median OS for sequential therapy was not
reached; for concurrent therapy, it was 43.8 months. The haz-
ard of death for OS was reduced for patients who received se-
qguential therapy, with borderline statistical significance
(unadjusted HR:0.59,95% Cl: 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% Cl: 0.54-1.21,
p = .303). A statistically significant reduction in risk of death
was observed (adjusted HR: 0.48; 95% Cl: 0.26—-0.89, p =
.019).
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Figure 2. Kaplan-Meier estimates. (A): Kaplan-Meier estimated progression-free survival in hormone receptor (HR)-positive patients
for first-line treatment with trastuzumab plus hormonal therapy versus hormonal therapy only. (B): Kaplan-Meier estimated overall sur-
vival in HR-positive patients for first-line treatment with trastuzumab plus hormonal therapy versus hormonal therapy only.

Abbreviations: Cl, confidence interval; HR, hazard ratio.

Asensitivity analysis examining survival in patients with
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.

DiSscussION

The registHER data provide real-world evidence that, in HER2-
positive/HR-positive patients with MBC, 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

www.TheOncologist.com

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 longer median PFS times
(20.4vs. 9.5 months). However, the cohort of patients who re-
ceived trastuzumab plus chemotherapy plus HT had received
more trastuzumab therapythanthoseinthetrastuzumab plus
chemotherapy cohort. In addition, the trastuzumab plus che-
motherapy plus HT cohort had a longer DDFl between the end
of nonhormonal adjuvant treatment and metastatic diagnosis
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.

©AlphaMed Press 2013
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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-

quential versus concurrenttherapy. (B): Kaplan-Meier estimated overall survival in HR-positive patients for first-line treatment with tras-

tuzumab plus chemotherapy plus hormonal therapy versus trastuzumab plus chemotherapy, and sequential versus concurrent therapy.
Abbreviations: Chemo, chemotherapy; Cl, confidence interval; HR, hazard ratio.

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 treated with HT.

©AlphaMed Press 2013

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. Such biases 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-
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tion of HT to trastuzumab and optimal therapy for this group is
not well defined [19].

Preclinical studies have suggested 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 and HT 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-
zumab upon the completion of chemotherapy was 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,
rates of complete pathological response (pCR) of 21% and pCR
plus near-pCR of 54% were noted—similar to that of the HR-
negative cohort treated without letrozole [23]. Still, data from
randomized trials are lacking to demonstrate and quantify the
independent role of first-line HT, either concurrently or se-
quentially with chemotherapy in HER2- and HR-positive ad-
vanced breast cancer.

registHER is a real-world prospective, observational study.
As such, there may 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 (21 0f377) in the HR-positive cohort received the cur-
rent standard of adjuvant trastuzumab. Therefore, the clinical
outcomes from registHER may be different than those that
arise from more current cohorts; this issue is being addressed
by the ongoing systHERs registry (NCT01615068). Some
trends in this study are noted to be nonsignificant and may be
subject to immortal time bias, particularly in the sequential
group. Additionally, possible “confounding by 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 practice where treatment is changed almost 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
had a diagnosis of MBCup to 9 months priorto enrolimentand
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-

www.TheOncologist.com

tients with MBC. There also is the possibility of a selection bias
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-specific mortality rates in this study.

CONCLUSIONS

Inthislarge prospective registry that used standard treatment
approaches from the last decade for HER2-positive MBC, HR
positivity was associated with a lower likelihood of having re-
ceived adjuvant chemotherapy. At the time of metastasis, HR-
positive patients had a lower degree of disease burden and
visceral involvement compared with HR-negative cases. In pa-
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, after adjusting for other rel-
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
when added to trastuzumab-based therapy for HER2-and HR-
positive MBC, although further study is needed to understand
the causal relationship and degree of this benefit, whether it
pertains equally to tamoxifen and aromatase inhibitors, and
the impact of concurrent compared with sequential therapy.
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The Oncologist publishes a brief synopsis of each article in the online Table of Contents. Please confirm if the
following is suitable for your manuscript:

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 and HER2 receptors was found to be associated with significantly prolonged progression-
free survival and overall survival times.

www.TheOncologist.com ©AlphaMed Press 2013




