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Purpose: Clinical outcomes have improved for women with early stage, HER2-positive breast cancer following the FDA approval of 
adjuvant trastuzumab use in 2006. However, only limited information exists on such patients’ outcomes in real-world settings outside 
of clinical trials. We examined the risk of subsequent breast cancer in women with HER-2 positive disease, and the impact of 
trastuzumab use, in a large California community-based health plan.
Patients and Methods: A cohort of 3550 women with HER2-positive breast cancer (stages I–III) from 2009–2017 were followed 
through December 2018. We calculated subsequent breast cancer (SBC) rates overall and by trastuzumab use. Multivariable Cox 
proportional hazards modeling was used to compute hazard ratios (HR) and 95% confidence intervals (CI) for SBC by trastuzumab 
use.
Results: Within the cohort diagnosed with HER2-positive disease, 81% received adjuvant trastuzumab. After 4.1 mean years follow- 
up (maximum 10 years), the risk of SBC was 22% lower with adjuvant trastuzumab use (hazard ratio [HR] = 0.78, 95% confidence 
interval [CI]: 0.66–0.92) compared with non-use. The cumulative incidence of SBC precipitously rose two years after diagnosis and by 
the 10th year, the cumulative incidence was 31% among those who had trastuzumab therapy versus 34% without this therapy.
Conclusion: In community practice settings, the cumulative incidence of SBC in patients with early stage HER2-positive BC was 
31% at 10 years in a cohort treated with adjuvant trastuzumab. Trastuzumab use was associated with a 22% reduced risk of developing 
SBC. This residual disease burden suggests breast cancer outcomes may be improved with further treatment given the advent of next- 
generation HER2-targeted therapies.
Keywords: breast cancer, survival, mortality, HER2 positive, recurrence, relapse, cohort study, real world

Introduction
About 15–20% of breast cancers have amplification of the human epidermal growth factor receptor 2 (HER2) gene or 
HER2 protein overexpression (“HER2-positive”), which is associated with poor clinical outcomes.1 Following the 
demonstration that trastuzumab, a humanized monoclonal antibody that binds close to the trans-membrane domain of 
the HER2 protein, resulted in improved survival in HER2-positive metastatic breast cancer in combination with 
chemotherapy,2 clinical trials of adjuvant trastuzumab were initiated.3 In 2005, early results were reported from three 
Phase III adjuvant trials in patients with HER2-positive, early breast cancer comparing chemotherapy alone with 
chemotherapy plus trastuzumab. Findings from a joint analysis including 4046 patients from National Surgical 
Adjuvant Breast and Bowel Project trial (NSABP B-31) and North Central Cancer Treatment Group trial (NCCTG 
N9831)4 and 5102 patients from the Herceptin Adjuvant (HERA) trial5 were published. Both showed substantial 
reductions in recurrence risk with trastuzumab in addition to chemotherapy of a magnitude not previously seen. 
Comparable findings were subsequently reported for trastuzumab in addition to non-anthracycline chemotherapy.2 
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After 8.4 years median follow-up of the NSABP and NCCTG trials, a 37% increase in disease-free survival (DFS) and 
a 40% increase in overall survival (OS)6 were shown. Similarly, in the HERA trial after 11 years median follow-up, 
a 24% increase in DFS and a 24% increase in OS was reported.7 Taken together, these findings represent major treatment 
advances for patients with HER2-positive breast cancer.

During the years of this present study, the US FDA indications for adjuvant trastuzumab use were based on recurrence 
risk. Trastuzumab is indicated for patients with HER2-positive early breast cancers who were: (1) node positive; (2) node 
negative and also ER-negative (estrogen receptor) and PR-negative (progesterone receptor); and (3) node negative, ER- 
positive and PR-positive with at least one high-risk feature (defined as having tumor size >2 cm, age <35 years, or tumor 
grade 2 or 3). While newer HER2-directed therapy regimens may now be available, such as pertuzumab, a humanized 
monoclonal antibody which binds to the dimerization domain of the HER2 protein resulting in cell-mediated cytotoxicity, 
this drug was initially for metastatic breast cancer8–10 and was only recently FDA approved in December 201711 for 
adjuvant therapy for patients with early stage breast cancer based on the APHINITY trial findings.12,13 Hence, 
population-based estimates of recurrence risk in patients with early stage HER2-positive tumors treated with and without 
adjuvant trastuzumab are not established.

Despite the treatment advances described above, approximately one quarter of women with HER2-positive, early 
breast cancer who received trastuzumab-based adjuvant therapy in clinical trial settings, developed recurrence within 8– 
10 years.6,7,14,15 In combined analysis of NCCTG N9831 and NSABP B-31, after 8 years median follow-up, information 
on recurrence-free survival (RFS), which included deaths from breast cancer was determined. In women receiving 
adjuvant trastuzumab, 10-year RFS was 81.4% and 77.8% in hormone-receptor positive and negative cases, 
respectively.16

In the literature, data on outcomes in women with HER2-positive, early breast cancer in clinical practice settings 
outside of clinical trial reports are rare.17 Specifically, the recurrent course of HER2-positive breast cancer in real-world 
settings is not established. Thus, our goal was to examine the risk of subsequent breast cancer (SBC) events in a large 
diverse group of women with early HER2-positive breast cancer in a managed health-care plan.

Methods
Study Design, Subjects and Setting
This cohort study was conducted at Kaiser Permanente Southern California (KPSC), a vertically integrated health-care 
system that includes 15 hospitals with over 200 medical clinics that serves nearly 4.7 million members. A cohort of 
23,876 women with breast cancer (AJCC TNM stage I–IV), diagnosed from 2009–2017 was identified from the KPSC 
health plan’s NCI-SEER affiliated tumor registry. Women were followed through December 2018. Of these, 3777 women 
had HER2-positive stage I–IV disease. Data elements were extracted from the tumor registry and electronic health 
records including manual chart reviews. The final study group included patients with stage I–III disease, N = 3550. The 
KPSC Institutional Review Board (IRB) reviewed and approved this study; as the study was based on electronic health 
records (EHR) collected during routine health-care, written or verbal patient informed consent was waived for the 
collection, analysis and publication of the retrospectively obtained data for this non-interventional study. The KPSC IRB 
operates in accordance with the Declaration of Helsinki. After the EHR data linkages, we de-identified the final analytic 
dataset to maintain patient confidentiality. Additionally, access to the final dataset was limited to the statistician (LHC), 
and it was stored on the KPSC mainframe which requires knowledge of programming language and multiple passwords, 
thereby enhancing confidentiality.

Study Outcome
We identified subsequent breast cancer (SBC) events as those that occurred ≥6 months after initial surgery date through 
the end of subjects’ follow-up. Six months was used as the cut-off as the health plan’s SEER-affiliated tumor registry 
completes data extraction of primary tumor characteristics and their treatments at this point. The earliest of the following 
events that occurred before the study’s end (December 2018) was determined to be the SBC event: (1) developed 
recurrence at least six months post initial diagnosis; (2) developed a second primary breast cancer in the contralateral 
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breast; or (3) died due to breast cancer. Recurrence was defined as invasive breast cancer occurring in the ipsilateral 
breast, or regional or distant metastasis. For 2/3 of the cohort (N = 2405), recurrences were identified through manual 
review of available pathology reports. For the remaining 1/3 of the cohort without pathology reports (n = 1145), we 
reviewed all available radiology reports post 6 months after the surgery date (n = 505) or extracted electronic health data 
to identify health-care utilization patterns and diagnoses indicative of recurrence or metastases (n = 640). This hybrid 
approach of manually reviewing pathology text supplemented with an automated data algorithm that examined encoun-
ter, procedure and clinical codes indicative of SBC was validated and yielded robust test characteristics (sensitivity 
96.7%; specificity 92.1%).18 Second primary breast cancers in the contralateral (opposite) breast were identified through 
the tumor registry. Breast cancer deaths (ICD-10-CM C50.x) and their dates were ascertained from the health plan’s 
inpatient, national and state death database. SBC was examined as a composite outcome to ensure adequate sample size 
for robust statistical analyses.

Trastuzumab Use and Covariates
Trastuzumab use and dates were captured from the infusion databases. Use of pertuzumab, although less common, was 
also captured. Covariates included race and ethnicity; geocoded median household income; hospital; body mass index at 
diagnosis; Charlson Comorbidity Index one year before breast cancer diagnosis; age and stage at diagnosis; 
diagnosis year; histology; primary cancer treatments (surgery and adjuvant chemotherapy, radiation, and hormonal 
treatments [tamoxifen, aromatase inhibitors]); tumor size; lymph node status; and ER, PR, and HER2 status assessed 
by immunohistochemical or fluorescence in situ hybridization (FISH) techniques. Geocoded median household income 
(based on census tract and block group numbers of patient addresses), was determined via linkage with the 2010 US 
Census database to obtain socioeconomic information.19 Dates and causes of death were extracted from inpatient records 
and state and national death databases.

Statistical Analysis
Differences in demographics, tumor characteristics, primary cancer treatments, and covariates were examined by 
trastuzumab use by comparing frequency distributions and χ2 or Fisher exact tests (P-values were two-sided). 
Additionally, we computed person-year rates for SBC by exposure to adjuvant trastuzumab. We followed women from 
the index date up to the date of SBC, health plan disenrollment, date of death or end of study (December 2018), 
whichever occurred first. Multivariable Cox proportional hazards regression was used to estimate the adjusted hazard 
ratios (HR) and corresponding 95% confidence intervals for the association between SBC and adjuvant trastuzumab 
accounting for covariates. All adjuvant treatments, including trastuzumab use, were treated as time-dependent variables. 
HRs were adjusted for age; year of diagnosis; stage; hospital; race and ethnicity; body mass index; Charlson comorbidity 
status; geocoded median household income; ER status; PR status; lymph nodes (positive/negative); tumor size; grade; 
histology; surgery type; and primary adjuvant therapy (receipt of radiation, chemotherapy, hormonal therapy); and 
annualized numbers of office visits. The proportional hazard assumption was evaluated by assessing interactions between 
covariates with time and with Schoenfeld residuals; no significant violations were found. We graphed the cumulative 
incidence of SBC adjusted for the aforementioned covariates by trastuzumab use status.

We had a low percentage of missing values of the covariates, therefore, missing values (<3% for most variables) were 
handled as an additional category in all models. This was determined based on a complete-case assessment, restricting 
the analysis to individuals with no missing covariate data. Given there were no material differences in these two 
approaches, we presented the results based on the full cohort. We used SAS 9.4 (SAS Institute, Cary NC) for data 
collection and analyses.

Results
In the cohort of 3550 women with HER2-positive breast cancer (15% of the base cohort of N = 23,876), the majority 
were diagnosed with stage I or II disease (stage I: 41%; stage II: 43%; stage III: 16%). Table 1 displays the demographic 
characteristics of the cohort by trastuzumab use. Roughly 80% (N = 2875) of the cohort underwent trastuzumab therapy. 
The cohort was diverse and included: 16% Asian/Pacific Islanders (PI); 13% Black women; 24% Hispanic women; 46% 
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White women; and 1% of other/mixed backgrounds. Baseline demographics characteristics were generally similar in 
those who received trastuzumab versus those who did not. However, trastuzumab use was greater among those who were 
younger (mean age: 56 vs 64 years); had no comorbid conditions (65% vs 58%); and had obesity (37% vs 29%), than 
those who did not receive this therapy, respectively (P<0.05 for all variables).

Table 2 displays tumor characteristics and primary cancer treatment by trastuzumab use. Trastuzumab use was greater 
in those who underwent mastectomy (59% vs 52%); higher grade (59% vs 46%); and had positive lymph nodes (37% vs 
20%) compared with trastuzumab non-users, respectively (P<0.001 for all variables).

About 20% of the cohort did not undergo trastuzumab therapy; as expected, they were more likely to be older, have 
more comorbidity, diagnosed with Stage I disease, and have smaller sized tumors (Table 1 and Table 2). Less than 20 
women (0.5%) used neoadjuvant trastuzumab (data not shown).

Overall, we identified 1101 women who developed SBC during the ensuing 10 years of follow-up (mean 4.1 years, 
interquartile range [IQR]: 1.5–6.3). The mean time to SBC was 2.0 years (IQR: 0.9–2.5 years). The SBC rate was lower 
in women who underwent adjuvant trastuzumab therapy (73.5/1000 PY) than those who did not (90.8/1000 PY), 
corresponding to 22% lower risk (adjusted HR = 0.78, 95% CI: 0.66–0.91) (Table 3). Compared with women diagnosed 

Table 1 Baseline Demographic Characteristics of Women with HER2-Positive Breast Cancer (AJCC TNM Stages I–III) 
Diagnosed 2009–2017 by Adjuvant Trastuzumab

Trastuzumab P value*

No Yes Total
(N = 675) (N = 2875) (N = 3550)

N (%) N (%) N (%)

Age at diagnosis (years)
Mean (SD) 63.5 (14.6) 56.0 (12.1) 57.5 (12.9) <0.001

<40 27 (4.0) 269 (9.4) 296 (8.3)
40–49 88 (13.0) 592 (20.6) 680 (19.2)

50–59 163 (24.2) 881 (30.6) 1044 (29.4)

60–69 163 (24.2) 749 (26.1) 912 (25.7)
70–79 129 (19.1) 312 (10.9) 441 (12.4)

80+ 105 (15.6) 72 (2.5) 177 (5.0)
Race/ethnicity 0.006

Asian/Pacific Islander 93 (13.8) 483 (16.8) 576 (16.2)

Black 81 (12.0) 364 (12.7) 445 (12.5)
Hispanic 143 (21.2) 714 (24.8) 857 (24.1)

Mixed/other 10 (1.5) 22 (0.8) 32 (1.0)

White 348 (51.6) 1292 (44.9) 1640 (46.2)
BMI closest to BC diagnosis <0.001

Healthy 281 (41.6) 883 (30.7) 1164 (32.8)

Overweight 197 (29.2) 918 (31.9) 1115 (31.4)
Obese 197 (29.2) 1074 (37.4) 1271 (35.8)

Charlson Comorbidity Index <0.001

0 388 (57.5) 1853 (64.5) 2241 (63.1)
1–2 164 (24.3) 771 (26.8) 935 (26.3)

>3 123 (18.2) 251 (8.7) 374 (10.5)

Geocoded median household income 0.054
Lowest 25%(<$48,194) 162 (24.3) 722 (25.2) 884 (25.0)

>25–50%($48,194-$65,407) 193 (28.9) 690 (24.1) 883 (25.0)

>50–75%(>$65,407- $85,618) 162 (24.3) 714 (24.9) 876 (24.8)
Top 25%(>$85,618) 151 (22.6) 742 (25.9) 893 (25.3)

Unknown 7 7 14

Notes: *Unknown values were excluded in the estimation of P-value.
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Table 2 Tumor Characteristics Among Women with HER2-Positive Breast Cancer by Adjuvant Trastuzumab Use

Trastuzumab P value*

No Yes Total
(N = 675) (N = 2875) (N = 3550)

N (%) N (%) N (%)

Stage <0.001

I 411 (60.9) 1060 (36.9) 1471 (41.4)

II 196 (29.0) 1304 (45.3) 1500 (42.3)

III 68 (10.1) 511 (17.8) 579 (16.3)

Estrogen Status 0.779

Positive 455 (67.4) 1923 (67.1) 2378 (67.3)

Negative 217 (32.2) 941 (32.9) 1158 (32.7)

Unknown 3 11 14

Progesterone Status 0.600

Positive 338 (51.4) 1469 (52.5) 1807 (52.3)

Negative 320 (48.2) 1329 (47.5) 1649 (47.7)

Unknown 17 77 94

Primary Therapy <0.001

Breast conserving surgery 302 (48.9) 1124 (40.7) 1426 (42.2)

BCS with radiation 184 (29.8) 814 (29.5) 998 (29.6)

BCS without radiation 118 (19.1) 310 (11.2) 428 (12.6)

Mastectomy (with or w/o radiation) 316 (51.8) 1635 (59.3) 1951 (57.8)

Unknown 57 116 173

Adjuvant Other Chemotherapy
No 516 (76.4) 97 (3.4) 613 (17.3) <0.001

Yes 159 (23.6) 2778 (96.6) 2937 (82.7)

Adjuvant Radiation <0.001

No 433 (64.2) 1610 (56.0) 2043 (57.6)

Yes 242 (35.9) 1265 (44.0) 1507 (42.5)

Adjuvant Hormonal Therapy 0.500

No 345 (51.1) 1428 (49.7) 1773 (49.9)

Yes 330 (48.9) 1447 (50.3) 1777 (50.1)

Size of tumor (cm) <0.001

No mass 0 (0) 11 (0.4) 11 (0.3)

<1.0 205 (32.9) 314 (11.2) 519 (15.1)

1.0–1.9 171 (27.4) 928 (33.3) 1099 (31.9)

2.0–2.9 122 (19.6) 752 (26.7) 874 (25.4)

3.0–3.9 52 (8.3) 369 (13.1) 421 (12.2)

4.0–4,9 28 (4.5) 203 (7.2) 231 (6.7)

≥5.0 46 (7.4) 239 (8.5) 285 (8.3)

Unknown 51 59 110

Grade <0.001

I 52 (8.1) 121 (4.3) 173 (5.0)

II 293 (45.5) 1043 (37.1) 1336 (38.6)

III 299 (46.4) 1651 (58.7) 1950 (56.4)

Unknown 31 60 91

Lymph nodes <0.001

Positive 115 (19.9) 1055 (36.7) 1170 (40.7)

Negative 560 (82.9) 1599 (63.3) 2380 (82.3)

Histology 0.649

Invasive Ductal Carcinoma 544 (80.6) 2328 (81.0) 2872 (80.9)

Invasive Lobular Carcinoma 23 (3.4) 79 (2.8) 102 (2.9)

Other/Mixed 108 (16.0) 468 (16.3) 576 (16.2)

Notes: *Unknown values were excluded in the estimation of P-value.
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at stage I, those with stage II–III disease were 1.19 times more likely to develop SBC (adjusted HR = 1.19, 95% CI: 
1.01–1.40). Tumor size ≥2 cm was associated with a 23% greater SBC risk (HR = 1.23, 95% CI: 1.00–1.51) versus 
tumors <2 cm. The fully adjusted multivariable model included these covariables (Model 2, Table 3): age at diagnosis; 
diagnosis year; stage; race/ethnicity; geocoded income; ER/PR; surgery type; adjuvant therapy (hormonal, radiation, 
other chemotherapy); lymph node status; histology; BMI; comorbidity; and neoadjuvant trastuzumab. Correspondingly, 

Table 3 Rates and Hazard Ratios of Subsequent Breast Cancer (SBC) in Women with HER2-Positive Breast Cancer

SBC Rates Per  
1000 Person-Year

Model 1 Adjusted  
HR (95% CI)a

Model 2 Adjusted  
HR (95% CI)b

All Women 76.46

Trastuzumab
No 90.79 1.00 (reference) 1.00 (reference)
Yes 73.45 0.86 (0.74–0.99) 0.78 (0.66–0.92)

Stage at initial diagnosis
I 62.30 1.00 (reference) 1.00 (reference)
II–III 87.25 1.45 (1.28–1.65) 1.19 (1.01–1.40)

Estrogen Status
Positive 73.92 1.00 (reference) 1.00 (reference)

Negative 81.13 1.06 (0.94–1.21) 1.01 (0.83–1.24)

Progesterone Status
Positive 73.58 1.00 (reference) 1.00 (reference)

Negative 81.26 1.07 (0.95–1.21) 0.95 (0.80–1.12)

Tumor size
Tumors <2 cm 57.05 1.00 (reference) 1.00 (reference)

Tumors ≥2 cm 80.01 1.51 (1.25–1.83) 1.23 (1.00–1.51)

Lymph Nodes
Positive 87.10 1.00 (reference) 1.00 (reference)

Negative 63.86 0.69 (0.61–0.79) 0.75 (0.65–0.88)

Notes: aAdjusted for stage; ER status; PR status; tumor size; lymph nodes. bAdjusted aforementioned variables plus: age at diagnosis; race/ 
ethnicity; year of diagnosis; surgery type; adjuvant therapy (radiation; hormonal and other chemotherapy); neoadjuvant trastuzumab histology; 
BMI; Charlson Comorbidity Index; and geocoded median household income.

Figure 1 Adjusted cumulative incidence of subsequent breast cancer by trastuzumab use. 
Notes: Adjusted for: stage; ER status; PR status; tumor size; lymph nodes; age at diagnosis; race/ethnicity; year of diagnosis; surgery type; adjuvant therapy (radiation; 
hormonal and other chemotherapy); neoadjuvant trastuzumab histology; BMI; Charlson comorbidity index; and geocoded household income.

https://doi.org/10.2147/BCTT.S420061                                                                                                                                                                                                                                

DovePress                                                                                                                                            

Breast Cancer: Targets and Therapy 2023:15 642

Haque et al                                                                                                                                                           Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Figure 1 shows that adjusted cumulative incidence of subsequent breast cancer continued to rise steeply over 10 years, 
and more sharply in the non-trastuzumab group (P = 0.002). Around 10 years, the cumulative SBC incidence was nearly 
31% in those who had trastuzumab, while it reached nearly 34% for those not treated with trastuzumab.

Discussion
In this large cohort of women with HER2-positive breast cancer in a large community health plan, trastuzumab use was 
significantly associated with a 22% lower risk of SBC events compared with women who did not undergo this therapy. 
Despite the favorable findings associated with adjuvant trastuzumab use, SBC events persisted with an adjusted 
cumulative risk of approximately 31% over the 10-year follow-up. Our findings on SBC risk are consistent with clinical 
trials results that examined local/regional recurrences.6,7 In the combined NSABP and NCCTG report, DFS events were 
37% lower in the trastuzumab group.6 In the HERA trial, DFS events were 24% lower in the trastuzumab group.7

To our knowledge, this is the largest population-based study to examine breast cancer outcomes in patients with 
HER2-positive breast cancer by trastuzumab use, providing information on outcomes of women with HER2-positive 
disease whose therapy did and did not include trastuzumab. A prior registry-based report from Finland of 6977 women 
with breast cancer diagnosed during 2005–2018 included 832 (14.2%) HER2-positive cases where 76.5% received 
HER2-targeted therapy.17 While outcomes by adjuvant trastuzumab use were not provided in that Finnish study, the 
5-year “real world” DFS (rwDFS) of the HER2-positive women was 76.2%. There were similar findings in a cohort of 
2046 Italian women with early breast cancer treated with trastuzumab in clinical practice in 2006–2009 where 75% of 
women were disease-free after 4 years of follow-up.20 In both reports, the recurrence risks were higher in the 
observational studies compared with the clinical trials.6,7

Up until the last year of our study data collection (2018), the FDA had not approved any HER2-targeted therapy for 
use following trastuzumab-based adjuvant therapy. In 2017, neratinib, an oral pan-HER2 tyrosine kinase inhibitor, was 
FDA approved as extended adjuvant therapy. In the ExteNET trial of 2840 women, neratinib, when given after 
trastuzumab-based adjuvant or neoadjuvant therapy, significantly improved invasive DFS and fewer central nervous 
system recurrences were observed.21 Diarrhea was the most common grade III toxicity, which can be reduced by 
preemptive prophylaxis or neratinib dose escalation.15,22 In 2019, ado-trastuzumab emtansine (T-DM1), an antibody- 
drug conjugate, was approved as adjuvant therapy for patients with residual disease post-neoadjuvant therapy. In the 
KATHERINE trial, among 1480 women with HER2-positive early breast cancer with residual invasive disease following 
trastuzumab-based neoadjuvant therapy, the risk of invasive DFS, which included death as a component measure, was 
significantly reduced by 50% with adjuvant T-DM1 compared with the standard of continuing trastuzumab after 
surgery.23 Also, the FDA granted regular approval to pertuzumab for adjuvant treatment in 2017 for early stage breast 
cancer.24 Despite these newer HER2-directed therapies, long enough follow-up time has not yet accrued to comprehen-
sively understand the benefit and risk profiles; thus, future studies are needed to evaluate the impact of these newer 
HER2-directed therapies.

This study has several strengths. First, our results from unselected patients in a large community health plan enhances 
the generalizability of results from clinical trials. For example, 54% of the women in our cohort were of diverse racial/ 
ethnic backgrounds. Second, the identification of SBC events, based in part on use of comprehensive EHRs, has been 
previously validated.18 Third, we were able to examine outcomes without the confounding effect of variable healthcare 
access. Additionally, we were able to account for a comprehensive set of covariates – both clinical and demographic 
factors – such as comorbidity status, geocoded income, tumor characteristics, and adjuvant cancer therapies.

This study has certain limitations. Therapy associations with breast cancer outcomes in a population-based cohort 
may differ from randomized clinical trial evidence because in community practices, physician and patient choices and 
underlying comorbidities may influence therapy selection. To try to address this, we accounted for comorbidity in the 
analysis. Also, the low use of neoadjuvant therapy in this cohort for early-stage breast cancer limited our evaluation. 
However, given that the FDA only recently approved pertuzumab in 2017 and ado-trastuzumab emtansine (T-DM1) in 
May 2019 for use in women with early stage as additional options for HER-2 directed adjuvant therapies, future studies 
are warranted to examine their long-term effects in population-based studies.25 Another area of investigation for the 
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HER2-targeted therapies approved after trastuzumab will be to examine their effectiveness, and more broadly their risk- 
benefit profiles in typical clinical practice settings.

Conclusion
In summary, in community practice settings, trastuzumab use was associated with a statistically significant 22% reduction 
in SBC. Despite trastuzumab therapy, cumulative risk of SBC events persisted even at 10 years. These findings extend 
those from clinical trials in women with HER2-positive breast cancer. Current study findings support the need for 
clinicians in community practices to consider use of some of the newer HER2-targeted therapy options.
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