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Background
Prior to the introduction of human epidermal growth factor recep-
tor-2 (HER2)–targeted therapies, HER2 overexpression was asso-
ciated with poor prognosis in metastatic breast cancer (MBC).1,2 
Slamon et al3 demonstrated that trastuzumab plus first-line chem-
otherapy significantly improved progression-free survival (PFS) 
and overall survival (OS). Ensuing clinical trials and a subsequent 
body of literature4-16 have established further benefit and definitive 
roles for adding pertuzumab into trastuzumab plus taxane chemo-
therapy in the first-line setting (CLEOPATRA)10 and use trastu-
zumab emtansine (TE) in the second-line setting and beyond 
(EMELIA13,14 and TH3RESA15,16).

Patients in clinical trials are a highly selected group and may 
not be representative of the general MBC population. Important 
to the current era, few patients enrolled on CLEOPATRA had 
prior adjuvant chemotherapy plus or minus trastuzumab,10 and 
no patients on EMELIA or TH3RESA had prior pertu-
zumab.13-16 However, guideline recommendations do not 
exclude such patients from pertuzumab or TE eligibility.17,18 
The aim of this study was to examine outcomes associated with 
new treatments for HER2-overexpressing MBC within a con-
temporary population-based cohort.

Methods
Patient selection

Treatment cohorts were retrospectively obtained from the 
Alberta Health Services (AHS) CancerControl Breast Data 
Mart (BDM). The BDM is a repository of information on all 
breast cancer patients diagnosed from January 1, 2004 onwards 
in the province of Alberta, Canada, and contains information 
on patient demographics, tumour characteristics, surgical 
intervention, CancerControl Alberta clinic visits, systemic 
therapies administered, and vital status. Information is pro-
spectively collected from the Alberta Cancer Registry, the 
Cancer Centre Electronic Medical Record (ARIA MO), the 
Discharge Abstract Database (DAD), and the National 
Ambulatory Care Reporting System (NACRS).

Eligible patients were female, adult patients with pathologically 
confirmed HER2-overexpressing breast cancer, metastatic disease. 
Human epidermal growth factor receptor-2 overexpression was 
defined as per standard immunohistochemistry staining (IHC) 3+ 
or positive by in situ hybridization (ISH). Cohorts included all 
women who started (1) taxane chemotherapy/trastuzumab/pertu-
zumab (TaxTP) in the first-line setting (may have had one line of 
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hormonal therapy for MBC but no chemotherapy or anti-HER2 
therapies for MBC) and (2) TE as any line of treatment, from 
January 1, 2013 through December 31, 2016.

The data extracted are as follows: patient age at treatment 
onset, hormone receptor (HR) status, de novo versus relapsed 
metastatic disease, all palliative-intent systemic therapy regi-
mens and start dates, vital status, date and cause of death if 
deceased, and date of last contact with AHS or CancerControl 
if not deceased. For patients with relapsed MBC, receipt of 
adjuvant therapies was also recorded.

Outcome measures

The primary breast cancer outcome of interest was event-free 
survival (EFS) defined as time from start of treatment to start 
of next line of treatment or death from any cause. Secondarily, 
we measured OS defined as time from start of treatment to 
death from any cause.

Statistical analysis

The TaxTP cohort was described and analysed by receipt of adju-
vant trastuzumab, and the TE cohort was described and analysed 
by prior pertuzumab exposure in the metastatic setting. Patient, 
tumour, and treatment characteristics were compared using the 
Mann–Whitney U test or Pearson chi-square test. Follow-up 
time was from the start of treatment to data extraction on March 
1, 2018. Distributions of time to treatment failure (TTF) and OS 
curves were calculated using the Kaplan–Meier method. Where 
possible, univariate analyses with log-rank tests were used to 
compare median survival outcomes. Multivariable analyses using 
Cox proportional hazards models were then applied to determine 
associations between survival outcomes and prior treatment 
exposure after adjusting for other clinically relevant variables (age 
as a continuous variable and HR status for both cohorts; taxane 
choice in the TaxTP cohort; receipt of adjuvant trastuzumab and 
lines of chemotherapy for MBC in the TE cohort). Neither 
MBC presentation (de novo vs relapsed) nor receipt of adjuvant 
chemotherapy was included in the Cox regression analyses, as 
these variables were highly correlated with adjuvant trastuzumab 
exposure. All tests were 2-sided, in which a P-value < .05 was 
considered statistically significant. Data were analysed using 
SPSS 22.0 (IBM Corp., Armonk, NY, U.S.A.).

The Health Research Ethics Board of Alberta (Cancer 
Committee) approved this study.

Results
TaxTP cohort

There were 122 patients who started on TaxTP in the first-line 
setting for MBC of whom 44 had received adjuvant trastu-
zumab and 78 were trastuzumab naïve. All patients in the adju-
vant trastuzumab group had also received adjuvant chemotherapy 
(86% taxane containing) and most patients in this group with 
HR-positive disease had also received adjuvant hormonal 

therapy. While the trastuzumab-naïve group only contained 
18% with relapsed disease, most of these patients had not 
received any adjuvant treatments. The groups were otherwise 
reasonably well balanced with respect to age, HR status, prior 
exposure to no more than one line of hormonal therapy in the 
metastatic setting and treatment by type of taxane (Table 1). 
Median follow-up was 33.4 (range = 14.3-51.1) months.

For the TaxTP cohort, median EFS was 22.5 (95% confi-
dence interval [CI]: 16.7-28.3) months. Figure 1 shows the 
Kaplan–Meier curves for EFS by receipt of adjuvant trastu-
zumab. Event-free survival was significantly longer in the tras-
tuzumab-naïve group compared with the adjuvant trastuzumab 
group (median TTF = 27.0 vs 12.4 months; P = .002). In multi-
variable analysis, being trastuzumab naïve was an independent 
predictor of EFS (adjusted hazard ratio = 0.50; 95% CI: 0.31-
0.80; P = .004). No other variables were associated with EFS 
(Table 2). Of note, for the 58 relapsed patients, median time 
from initial diagnosis to metastatic disease was 35.4 (range = 6.4-
229.6) months. At the time of analysis, median OS for the entire 
TaxTP cohort and the trastuzumab-naïve group had not yet 
been reached. Median overall OS for the adjuvant trastuzumab 
group was 32.9 (95% CI: 17.3-48.5) months. Similar to multi-
variable analysis of EFS, being trastuzumab naïve was the only 
independent predictor of OS (adjusted hazard ratio = 0.46, 95% 
CI: 0.25-0.83, P = .01; Appendix 1).

Of the 122 patients who had first-line TaxTP, 53 (43%) 
started second-line therapy during the follow-up period. 
Fourty-four patients started TE, 6 patients had lapatinib plus 
capecitabine, and 3 patients had other treatments without an 
anti-HER2 agent.

TE cohort

In total, 104 patients received TE in any line and of these, 55 
had prior pertuzumab for MBC and 49 were pertuzumab 
naïve. The pertuzumab-treated and pertuzumab-naïve groups 
were similar in age, HR status, receipt of adjuvant therapies, 
and metastatic presentation (ie, de novo or relapsed). In addi-
tion, exposure to hormonal therapy in the metastatic setting 
was similar; however, the pertuzumab-naïve group was more 
heavily pretreated with chemotherapy (Table 3). Median fol-
low-up was 29.7 (range = 14.0-57.5) months.

For the TE cohort, median EFS was 8.3 (95% CI: 6.1-
10.5) months. Figure 2 shows the Kaplan–Meier curves for 
EFS by prior exposure to pertuzumab in the metastatic setting. 
Event-free survival was significantly longer in the pertuzumab-
naïve group compared with the pertuzumab-exposed group 
(median TTF = 18.9 vs 5.5 months; P < .001). In multivariable 
analysis, being pertuzumab naïve was an independent predictor 
of EFS (adjusted hazard ratio = 0.41; 95% CI: 0.26-0.66; 
P < .001). No other variables were significantly associated with 
EFS (Table 4). For the entire TE cohort, median OS was 19.0 
(95% CI: 12.5-25.5) months. Overall survival was also signifi-
cantly longer in the pertuzumab-naïve group compared with 
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the pertuzumab-exposed group (median OS = 23.2 vs 
14.1 months; P = .02). In multivariable analysis, being pertu-
zumab naïve relative to pertuzumab exposed was associated 
with better OS, but this did not meet statistical significance 
(adjusted hazard ratio = 0.60; 95% CI: 0.35-1.03; P = .065), 
while being trastuzumab naïve in the adjuvant setting was sig-
nificantly associated with OS (adjusted hazard ratio = 0.56; 
95% CI: 0.33-0.97; P = .04; Appendix 2).

Discussion
This is the first Canadian, provincial population-based study 
evaluating outcomes of patients with HER2-overexpressing 
MBC treated with new anti-HER2 therapies, pertuzumab in 
combination with taxane chemotherapy plus trastuzumab in 
the first-line setting, and TE in any line of therapy.

For the TaxTP cohort, EFS (time to new treatment or 
death) was similar to PFS as reported for the docetaxel/trastu-
zumab/pertuzumab arm in CLEOPATRA (median = 22.5 vs 
18.5 months).10 However, in our study, just over one-third of 
patients had adjuvant trastuzumab and experienced significant 

and clinically relevant inferior EFS compared with the trastu-
zumab-naïve patients (median = 12.4 vs 27.0 months). Age 
group, HR status, and choice of taxane chemotherapy were not 
associated with EFS. The latter finding is consistent with 
favourable outcomes reported for weekly paclitaxel plus trastu-
zumab and pertuzumab in a single arm, phase II study.19 
Ongoing follow-up is required to establish median OS in our 
TaxTP cohort and the trastuzumab-naïve group.

The real-world literature demonstrating inferior outcomes 
among patients exposed to adjuvant trastuzumab who relapse 
and are then treated with trastuzumab plus chemotherapy in the 
metastatic setting, in comparison to trastuzumab-naïve patients 
with MBC, is well established.20-23 It has been less clear as to 
whether the addition of pertuzumab to taxane chemotherapy 
plus trastuzumab mitigates the differences in prognosis for 
patients who had adjuvant trastuzumab and those who did not. 
Results of this study are not supportive of this hypothesis. In a 
US community oncology-based cohort of 266 HER2-positive 
MBC patients, treated almost exclusively with docetaxel/trastu-
zumab/pertuzumab, median PFS was 16.9 months with 61.5% 

Table 1.  Characteristics of TaxTP cohort by adjuvant trastuzumab exposure.

Characteristic Total cohort 
(N = 122)

Adjuvant 
trastuzumab (N = 44)

Trastuzumab 
naïve (N = 78)

P value

Age at start of TaxTP in years

 M edian (range) 57 (24-86) 56 (32-74) 57 (24-86) .303

HR status

  Positive 88 (72%) 45 (80%) 69 (64%)  

  Negative 34 (28%) 8 (20%) 31 (36%) .212

Presentation

  De novo 64 (53%) 0 (0%) 64 (82%)  

  Relapsed 58 (47%) 44 (100%) 14 (18%) <.001

Adjuvant chemotherapy

  No 74 (61%) 0 (0%) 74 (95%)  

  Yes 48 (39%) 44 (100%) 4 (5%) <.001

Adjuvant hormonal therapy

  No 85 (70%) 13 (30%) 72 (92%)  

  Yes 37 (30%) 31 (70%) 6 (8%) <.001

First-line hormonal therapy for MBC

  No 113 (93%) 40 (91%) 73 (94%)  

  Yes 9 (7%) 4 (9%) 5 (6%) .417

Taxane

  Docetaxel 66 (54%) 22 (50%) 44 (56%)  

  Paclitaxel 56 (46%) 22 (50%) 34 (44%) .311

Abbreviations: HR, hormone receptor; MBC, metastatic breast cancer; TaxTP, taxane, trastuzumab, pertuzumab.
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of patients having prior adjuvant or neoadjuvant trastuzumab.24 
The trastuzumab-pretreated and trastuzumab-naïve patients 
were not reported separately. Further real-world data are 
expected from the SystHER registry study25 and the Australian 
HER2-positive breast cancer population.26

In the TE cohort, median EFS was 8.3 months, which sits 
between the PFS estimates for the TE arms in TH3RESA 
(6.2 months)15 and EMELIA (9.6 months).13 Overall survival 
in our real-world cohort was inferior when compared with the 
TE arms from pivotal clinical trials (19.0 months vs 22.7 months 
in TH3RESA16 and 30.9 months in EMELIA).14 Prior pertu-
zumab exposure was significantly associated with worse EFS 
(5.5 vs 18.9 months) and OS (14.1 vs 23.2 months). In multi-
variable analysis, age, HR status, adjuvant trastuzumab, or lines 

of chemotherapy for MBC were not associated with EFS. As 
pertuzumab and TE became available in our province at a simi-
lar time, caution is advised when interpreting results for the TE 
cohort. Patients who had missed the window for first-line 
TaxTP but were still alive on other therapies and became eligi-
ble for TE may have already been selected out for more-
responsive and less-aggressive HER2-positive MBC. However, 
other real-world studies have suggested inferior outcomes for 
patients treated with TE after pertuzumab exposure compared 
with pertuzumab-naïve patients. In a study by Fabi et al,27 34 
patients with prior trastuzumab/pertuzumab had significantly 
worse PFS compared with 73 patients with prior trastuzumab 
only (5 vs 11 months). In a multicenter, Italian cohort of 250 
patients, PFS and OS were numerically less for patients with 

Figure 1.  EFS in the TaxTP cohort by adjuvant trastuzumab exposure.
AdjTras indicates adjuvant trastuzumab; EFS, event-free survival; TaxTP, taxane, trastuzumab, pertuzumab.

Table 2. M ultivariable model EFS for TaxTP cohort.

Variable Hazard ratio 95% CI P value

Adjuvant trastuzumab

  No vs yes 0.50 0.31-0.80 .004

Taxane

  Docetaxel vs paclitaxel 0.67 0.41-1.10 .116

HR status

  Positive vs negative 1.18 0.69-2.02 .538

  Age at start of TaxTP 1.00 0.98-1.01 .995

Abbreviations: CI, confidence interval; EFS, event-free survival; HR, hormone receptor; TaxTP, taxane, trastuzumab, pertuzumab.
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prior trastuzumab/pertuzumab in comparison to patients with 
prior trastuzumab only.28 These results were significant when 
the analysis was restricted to patients treated with TE in the 
second-line setting.28

Despite the many strengths of our data, which are popula-
tion-based and prospectively collected, there are limitations to 
this study. First, there was potential for selection bias. The 
BDM includes patients diagnosed from January 1, 2004 
onwards and hence, patients who were diagnosed with early-
stage disease prior to this date, relapsed and received any of the 
treatments analysed, were not included. Hence the cohorts col-
lected would have excluded relapses beyond 9 to 14 years from 
initial diagnosis. However, HER2-overexpressing early breast 
cancer is rarely associated with late relapse,29,30 especially in the 
absence of adjuvant trastuzumab which was not publicly 
funded in Alberta prior to August 2006. Second, we could not 

control for performance status, comorbidities, sites of meta-
static disease, and metastatic burden. In the TaxTP cohort, 
inferior survival outcomes attributed to adjuvant trastuzumab 
exposure could be partly related to greater disease burden at 
metastatic presentation. It is conceivable that patients with 
relapsed MBC are more likely to present with symptoms and 
have a greater burden of metastatic disease compared with de 
novo patients who may have been diagnosed based on routine 
staging tests. Inferior median OS in our TE cohort relative to 
EMELIA14 and TH3RESA16 could be in part explained by 
differences in performance status, comorbidities, and sites/bur-
den of metastatic disease. Third, for the TaxTP cohort, we 
could not measure and control for completion of adjuvant tras-
tuzumab. Likewise, in the metastatic setting, we did not have 
data on the number of cycles of taxane chemotherapy given 
with trastuzumab and pertuzumab, the number of cycles of 

Table 3.  Characteristics of trastuzumab emtansine cohort by pertuzumab exposure.

Characteristic Total cohort 
(N = 104)

Prior pertuzumab 
(N = 55)

Pertuzumab 
naïve (N = 49)

P value

Age at start of TE in years

 M edian (range) 58 (30-89) 57 (30-88) 58 (30-89) .312

HR status

  Positive 74 (71%) 43 (78%) 31 (63%)  

  Negative 30 (29%) 12 (22%) 18 (37%) .094

Presentation

  De novo 44 (42%) 23 (42%) 21 (43%)  

  Relapsed 60 (58%) 32 (58%) 28 (57%) .915

Adjuvant chemotherapy

  No 59 (57%) 29 (53%) 30 (63%)  

  Yes 45 (43%) 26 (47%) 19 (37%) .383

Adjuvant trastuzumab

  No 63 (61%) 31 (56%) 32 (65%)  

  Yes 41 (39%) 24 (44%) 17 (35%) .352

Adjuvant hormonal therapy

  No 68 (65%) 32 (58%) 36 (74%)  

  Yes 36 (35%) 23 (42%) 13 (26%) .102

Prior chemotherapy regimens for MBC

  0-1 67 (64%) 42 (76%) 25 (51%)  

  2 or more 37 (36%) 13 (24%) 24 (49%) .007

Prior hormonal therapy for MBC

  No 81 (78%) 45 (82%) 36 (74%)  

  Yes 23 (22%) 10 (18%) 13 (26%) .306

Abbreviations: HR, hormone receptor; MBC, metastatic breast cancer; TE, trastuzumab emtansine.
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trastuzumab and pertuzumab given following deletion of doc-
etaxel or paclitaxel, or prescription of hormonal therapy during 
the maintenance trastuzumab and pertuzumab phase of treat-
ment. As the HR status was not significantly associated with 
the outcomes measured, it is hypothesized that few or none of 
the patients with HR-positive disease received hormonal ther-
apy during maintenance trastuzumab and pertuzumab in keep-
ing with the CLEOPATRA trial protocol.10 Further analyses 
of HR-positive patients on maintenance trastuzumab and per-
tuzumab plus or minus hormonal therapy are warranted. 
Fourth, EFS (defined in our study as time to next treatment or 

death) was our surrogate for the more standard measure of 
PFS. It is reassuring that our EFS outcomes were comparable 
to PFS outcomes reported in pivotal clinical trials. The poten-
tial correlation of EFS and PFS is possibly explained by favour-
able tolerability of the anti-HER2 therapies considered. A 
final limitation is that we were unable to record toxicity of 
TaxTP and TE in our real-world cohorts.

Conclusion
New anti-HER2 therapies appear to be clinically relevant for a 
contemporary cohort of patients with HER2-positive MBC. 

Figure 2.  EFS in the TE cohort by prior pertuzumab exposure.
EFS indicates event-free survival; TE, trastuzumab emtansine.

Table 4. M ultivariable model EFS for trastuzumab emtansine cohort.

Variable Hazard ratio 95% CI P value

Pertuzumab exposure

  No vs yes 0.41 0.26-0.66 <.001

Adjuvant trastuzumab

  No vs yes 0.69 0.43-1.12 .130

Lines of chemotherapy for MBC

  0-1 vs 2 or more 1.18 0.73-1.91 .499

HR status

  Positive vs negative 1.00 0.62-1.62 .997

Age at start of TE 1.01 0.99-1.02 .574

Abbreviations: CI, confidence interval; EFS, event-free survival; HR, hormone receptor; MBC, metastatic breast cancer; TE, trastuzumab emtansine.
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Our data can inform resource planning for this under-
researched population. Further studies are required to confirm 
or refute inferior survival outcomes for patients on TaxTP 
with prior adjuvant trastuzumab exposure and for patients on 
TE with prior pertuzumab exposure.

Author Contributions
SL conceived and designed analysis, and collected data. SL, 
WC and DS contributed to data collection and analysis tools, 
performed analysis, and wrote manuscript.

ORCID iDs
Sasha Lupichuk  https://orcid.org/0000-0001-9545-0802
Douglas Stewart  https://orcid.org/0000-0001-5531-0960

References
	 1.	 Slamon DJ, Clark GM, Wong SG, Levin WJ, Ullrich A, McGuire WL. Human 

breast cancer: correlation of relapse and survival with amplification of the 
HER-2/neu oncogene. Science. 1987;235:177-182.

	 2.	 Kennecke H, Yerushalmi R, Woods R, et al. Metastatic behavior of breast cancer 
subtypes. J Clin Oncol. 2010;28:3271-3277.

	 3.	 Slamon DJ, Leyland-Jones B, Shak S, et al. Use of chemotherapy plus a mono-
clonal antibody against HER2 for metastatic breast cancer that overexpresses 
HER2. N Engl J Med. 2001;344:783-792.

	 4.	 Balduzzi S, Mantarro S, Guarneri V, et al. Trastuzumab-containing regimens 
for metastatic breast cancer. Cochrane Database Syst Rev. 2014;6:CD006242.

	 5.	 Mendes D, Alves C, Afonso N, et al. The benefit of HER2-targeted therapies on 
overall survival of patients with metastatic HER2-positive breast cancer – a sys-
tematic review. Breast Cancer Res. 2015;17:140.

	 6.	 Kaufman B, Mackey JR, Clemens MR, et al. Trastuzumab plus anastrozole ver-
sus anastrozole alone for the treatment of postmenopausal women with human 
epidermal growth factor receptor 2-positive, hormone receptor-positive meta-
static breast cancer: results from the randomized phase III TAnDEM study. J 
Clin Oncol. 2009;27:5529-5537.

	 7.	 Huober J, Fasching PA, Barsoum M, et al. Higher efficacy of letrozole in combi-
nation with trastuzumab compared to letrozole monotherapy as first-line treat-
ment in patients with HER2-positive, hormone-receptor-positive metastatic 
breast cancer – results of the eLEcTRA trial. Breast. 2012;21:27-33.

	 8.	 Gelmon KA, Boyle FM, Kaufman B, et al. Lapatinib or trastuzumab plus taxane 
therapy for human epidermal growth factor receptor 2-positive advanced breast 
cancer: final results of NCIC CTG MA.31. J Clin Oncol. 2015;33:1574-1583.

	 9.	 Pivot X, Manikhas A, Żurawski B, et al. CEREBEL (EGF111438): a phase III, 
randomized, open-label study of lapatinib plus capecitabine versus trastuzumab 
plus capecitabine in patients with human epidermal growth factor receptor 
2-positive metastatic breast cancer. J Clin Oncol. 2015;33:1564-1573.

	10.	 Swain SM, Baselga J, Kim SB, et al. Pertuzumab, trastuzumab, and docetaxel in 
HER2-positive metastatic breast cancer. N Engl J Med. 2015;372:724-734.

	11.	 Von Minckwitz G, Schwedler K, Schmidt M, et al. Trastuzumab beyond pro-
gression: overall survival analysis of the GBG 26/BIG 3-05 phase III study in 
HER2-positive breast cancer. Eur J Cancer. 2011;47:2273-2281.

	12.	 Cameron D, Casey M, Oliva C, Newstat B, Imwalle B, Geyer CE. Lapatinib 
plus capecitabine in women with HER-2-positive advanced breast cancer: 
final survival analysis of a phase III randomized trial. Oncologist. 2010;15: 
924-934.

	13.	 Verma S, Miles D, Gianni L, et al. Trastuzumab emtansine for HER2-positive 
advanced breast cancer. N Engl J Med. 2012;367:1783-1791.

	14.	 Diéras V, Miles D, Verma S, et al. Trastuzumab emtansine versus capecitabine 
plus lapatinib in patients with previously treated HER2-positive advanced breast 
cancer (EMILIA): a descriptive analysis of final overall survival results from a 
randomised, open-label, phase 3 trial. Lancet Oncol. 2017;18:732-742.

	15.	 Krop IE, Kim SB, González-Martín A, et al. Trastuzumab emtansine versus 
treatment of physician’s choice for pretreated HER2-positive advanced breast 
cancer (TH3RESA): a randomised, open-label, phase 3 trial. Lancet Oncol. 
2014;15:689-699.

	16.	 Krop IE, Kim SB, Martin AG, et al. Trastuzumab emtansine versus treatment of 
physician’s choice in patients with previously treated HER2-positive metastatic 
breast cancer (TH3RESA): final overall survival results from a randomised 
open-label phase 3 trial. Lancet Oncol. 2017;18:743-754.

	17.	 Giordano SH, Temin S, Kirshner JJ, et al. Systemic therapy for patients with 
advanced human epidermal growth factor receptor 2-positive breast cancer: 
American Society of Clinical Oncology clinical practice guideline. J Clin Oncol. 
2014;32:2078-2099.

	18.	 Cardoso F, Costa A, Senkus E, et al. 3rd ESO-ESMO international consensus 
guidelines for Advanced Breast Cancer (ABC 3). Ann Oncol. 2017;28:3111.

	19.	 Smyth LM, Iyengar NM, Chen MF, et al. Weekly paclitaxel with trastuzumab 
and pertuzumab in patients with HER2-overexpressing metastatic breast cancer: 
overall survival and updated progression-free survival results from a phase II 
study. Breast Cancer Res Treat. 2016;158:91-97.

	20.	 Lambertini M, Ferreira AR, Di Meglio A, et al. Patterns of care and clinical 
outcomes of HER2-positive metastatic breast cancer patients with newly 
diagnosed stage IV or recurrent disease undergoing first-line trastuzumab-
based therapy: a multicenter retrospective cohort study. Clin Breast Cancer. 
2017;17:601-610.e2.

	21.	 Lambertini M, Ferreira AR, Poggio F, et al. Patterns of care and clinical out-
comes of first-line trastuzumab-based therapy in HER2-positive metastatic 
breast cancer patients relapsing after (neo)adjuvant trastuzumab: an Italian mul-
ticenter retrospective cohort study. Oncologist. 2015;20:880-889.

	22.	 Rier HN, Levin MD, van Rosmalen J, et al. First-line palliative HER2-targeted 
therapy in HER2-positive metastatic breast cancer is less effective after previous 
adjuvant trastuzumab-based therapy. Oncologist. 2017;22:901-909.

	23.	 Daniels B, Kiely BE, Houssami N, et al. Survival outcomes for Australian 
women receiving trastuzumab for HER2-positive metastatic breast cancer fol-
lowing (neo)adjuvant trastuzumab: a national population-based observational 
study (2006-2014). Br J Cancer. 2018;118:441-447.

	24.	 Robert NJ, Goertz HP, Chopra P, et al. HER2-positive metastatic breast cancer 
patients receiving pertuzumab in a community oncology practice setting: treat-
ment patterns and outcomes. Drugs Real World Outcomes. 2017;4:1-7.

	25.	 Tripathy D, Rugo HS, Kaufman PA, et al. The SystHERs registry: an observa-
tional cohort study of treatment patterns and outcomes in patients with human 
epidermal growth factor receptor 2-positive metastatic breast cancer. BMC 
Cancer. 2014;14:307.

	26.	 Daniels B, Kiely BE, Lord SJ, et al. Trastuzumab for metastatic breast cancer: 
real world outcomes from an Australian whole-of-population cohort (2001-
2016). Breast. 2018;38:7-13.

	27.	 Fabi A, Giannarelli D, Moscetti L, et al. Ado-trastuzumab emtansine (T-DM1) 
in HER2+ advanced breast cancer patients: does pretreatment with pertuzumab 
matter? Future Oncol. 2017;13:2791-2797.

	28.	 Vici P, Pizzuti L, Michelotti A, et al. A retrospective multicentric observational 
study of trastuzumab emtansine in HER2 positive metastatic breast cancer: a 
real-world experience. Oncotarget. 2017;8:56921-56931.

	29.	 Metzger-Filho O, Sun Z, Viale G, et al. Patterns of recurrence and outcome 
according to breast cancer subtypes in lymph node-negative disease: results from 
international breast cancer study group trials VIII and IX. J Clin Oncol. 2013;31: 
3083-3090.

	30.	 Wangchinda P, Ithimakin S. Factors that predict recurrence later than 5 years 
after initial treatment in operable breast cancer. World J Surg Oncol. 2016;14:223.

https://orcid.org/0000-0001-9545-0802
https://orcid.org/0000-0001-5531-0960


8	 Breast Cancer: Basic and Clinical Research ﻿

Appendix 1. M ultivariable model OS for the TaxTP cohort.

Variable Hazard ratio 95% CI P value

Adjuvant trastuzumab

  No vs yes 0.46 0.25-0.83 .01

Taxane

  Docetaxel vs paclitaxel 0.82 0.44-1.55 .823

HR status

  Positive vs negative 1.45 0.71-2.95 .308

Age at start of pertuzumab 1.00 0.98-1.03 .963

Abbreviations: CI, confidence interval; HR, hormone receptor; OS, overall survival; TaxTP, taxane, trastuzumab, pertuzumab.

Appendix 2. M ultivariable model OS for trastuzumab emtansine cohort. 

Variable Hazard ratio 95% CI P value

Pertuzumab exposure

  No vs yes 0.60 0.35-1.03 .065

Adjuvant trastuzumab

  No vs yes 0.56 0.33-0.97 .037

Lines of chemotherapy for MBC

  0-1 vs 1-2 1.06 0.61-1.83 .847

HR status

  Positive vs negative 0.95 0.55-1.62 .836

Age at start of TE 1.01 0.99-1.04 .179

Abbreviations: CI, confidence interval; HR, hormone receptor; MBC, metastatic breast cancer; OS, overall survival; TE, trastuzumab emtansine.




