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A B S T R A C T   

Purpose: To gauge the effects of treatment practices on prognosis for older patients with HER2-positive early 
breast cancer, particularly to determine whether adjuvant trastuzumab alone can offer benefit over no adjuvant 
therapy. This is a prospective cohort study which accompanies the RESPECT that is a randomized-controlled trial 
(RCT). 
Methods: Patients who declined the RCT were treated based on the physician’s discretion. We studied the 1) 
trastuzumab-plus-chemotherapy group, 2) trastuzumab-monotherapy group, and 3) non-trastuzumab group (no 
therapy or anticancer therapy without trastuzumab). The primary endpoint was disease-free survival (DFS), 
which was compared using the propensity-score method. Relapse-free survival (RFS) and health-related quality 
of life (HRQoL) were assessed. 
Results: We enrolled 123 patients aged over 70 years (median: 74.5). Treatment categories were: trastuzumab- 
plus-chemotherapy group (n = 36, 30%), trastuzumab-monotherapy group (n = 52, 43%), and non- 
trastuzumab group (n = 32, 27%). The 3-year DFS was 96.7% in trastuzumab-plus-chemotherapy group, 
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89.2% in trastuzumab-monotherapy group, and 82.5% in non-trastuzumab group. DFS in non-trastuzumab group 
was lower than in trastuzumab-plus-chemotherapy and trastuzumab-monotherapy groups (propensity-adjusted 
hazard ratio; HR: 3.29; 95% CI: 1.15–9.39; P = 0.026). The RFS in non-trastuzumab group was lower than in 
trastuzumab-plus-chemotherapy and trastuzumab-monotherapy groups (propensity-adjusted HR = 7.80; 95% CI: 
2.32–26.2, P < 0.0001). There were no significant intergroup differences in the proportions of patients showing 
HRQoL deterioration at 36 months (P = 0.717). 
Conclusion: Trastuzumab-treated patients had better prognoses than patients not treated with trastuzumab 
without deterioration of HRQoL. Trastuzumab monotherapy could be considered for older patients who reject 
chemotherapy.   

1. Introduction 

This prospective cohort study accompanied the RESPECT study [1], 
which is a randomized controlled trial (RCT) designed to compare the 
value of trastuzumab monotherapy with trastuzumab plus chemo
therapy in patients over 70 years, with human epidermal growth factor 
receptor type 2 (HER2)-positive early breast cancer. It aimed to deter
mine the overall prognosis of older patients with HER2-positive breast 
cancer who did not agree to participate in the RCT despite meeting the 
eligibility criteria. Before starting the RCT, we questioned whether 
acquiring consent to participate in this RCT might be difficult in older 
patients, because of the possibility of emphasizing treatment in accor
dance with the patient’s wishes, considering the potential adverse 
events (AEs) of chemotherapy. It is currently unknown whether adju
vant trastuzumab therapy alone can offer a benefit over no adjuvant 
therapy. Although we sought to directly compare trastuzumab mono
therapy with no treatment in older patients, we were concerned that 
such a study would not be feasible or ethical because some patients 
might refuse to participate in an arm without trastuzumab despite 
having HER2-positive disease. In addition, only healthy patients could 
participate in the RCT. Thus, we designed a non-interventional cohort 
study to gauge the effects of treatment practices on prognosis for all 
older patients with HER2-positive breast cancer. 

2. Material and methods 

2.1. Patients 

The trial protocol is described within the full text of this article 
(Supplement). We recruited patients, aged 70–80 years old, with HER2- 
positive invasive breast cancer who underwent curative surgery. The 
patient-inclusion criteria were as follows: patients with invasive breast 
cancer histologically diagnosed as HER2-positive breast cancer, who 
underwent curative surgery for stage I (pathological tumor size >0.5 
cm), IIA, IIB, or IIIA disease. HER2-positivity was defined by the ASCO/ 
CAP guidelines [2], which lay down the following criteria: immuno
histochemical staining of 3+ (uniform, intense membrane staining of 
>30% of invasive tumor cells) and a fluorescence-in situ hybridization 
(FISH) result of more than six HER2 gene copies per nucleus or a FISH 
ratio (HER2 gene signal: chromosome 17 signal) of more than 2.2. Other 
key eligibility criteria were as follows: a baseline left 
ventricular-ejection fraction of ≥55% (measured by echocardiography) 
within 4 weeks of registration, an Eastern Cooperative Oncology Group 
performance status (PS) score of 0 or 1, and sufficient organ function 
that meets the prescribed criteria in laboratory tests performed within 
four weeks of registration. The key exclusion criteria were as follows: the 
presence of active multiple primary cancer (synchronous multiple pri
mary cancer and invasive cancer of other organs); ≥4 histological axil
lary lymph node metastases; no histological evaluation of axillary lymph 
nodes; a histologically confirmed positive margin found during 
breast-conservation surgery; any history of or complication following 
cardiac disorders; poorly-controlled hypertension; difficulty in regularly 
attending a medical institution due to a deterioration in the ability to 
perform the activities of daily living. 

2.2. Trial design and oversight 

Patients who were eligible for but declined participation in the 
RESPECT trial [1] were recruited to this cohort study. Patients who con
sented to participate in the RCT were randomly assigned to the 
trastuzumab-monotherapy group or trastuzumab-plus-chemotherapy 
group [1]. In this cohort study, treatment was chosen based on the 
discretion of the treating physician and the patients’ wishes without 
intervention, and patients were prospectively reviewed based on routine 
medical records. This study included three categories: 1) the 
trastuzumab-plus-chemotherapy group, 2) the trastuzumab-monotherapy 
group, and 3) a group that received no therapy at all or received any 
anticancer therapy without trastuzumab (the non-trastuzumab group). 
The purpose of this prospective cohort study was to assess the overall effect 
of adjuvant therapy on HER2-positive primary breast cancer in older pa
tients (≥70 years) and to investigate the efficacy and safety of 
trastuzumab-plus-chemotherapy, trastuzumab-monotherapy, and 
non-trastuzumab treatment. 

2.3. End points 

The primary endpoint of the cohort study was disease-free survival 
(DFS), and the secondary endpoints were overall survival (OS), relapse- 
free survival (RFS), AEs, and health-related quality of life (HRQoL). DFS 
was defined by the occurrence of any of the following: a diagnosis of 
recurrence after breast-conservation therapy, local (ipsilateral chest 
wall) recurrence, regional lymph node recurrence or distant organ 
metastasis; a diagnosis of metachronous breast cancer or secondary 
cancer (not including cutaneous basal cell carcinoma, squamous cell 
cancer, or endometrial intraepithelial carcinoma); and all deaths 
(regardless of cause). RFS was defined by the occurrence of any of the 
following: any local recurrence (including local recurrence after breast- 
conservation therapy), regional lymph node recurrence or distant organ 
metastasis (not including metachronous breast cancer or secondary 
cancer), and death (regardless of cause). HRQoL was assessed using the 
Functional Assessment of Cancer Therapy-general (FACT-G) scale [3]. 

2.4. Assessment 

In this cohort study, medical records were reviewed by attending 
physicians to detect DFS, OS, RFS, AEs, and HRQoL events without in
terventions, such as prospective treatment and testing. Types and grades 
of AEs were determined according to Common Terminology Criteria for 
Adverse Events v3.0. If a recurrence was observed, the date of recur
rence, the type of recurrence, and the information on which the judge
ment was investigated. In the case of death, the date of death and the 
reason was investigated. The survival data and AEs were reviewed every 
year, beginning from the time of first enrollment to the end of the study. 
HRQoL of all participants in this cohort study was assessed at registra
tion, and after 36 months. 
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2.5. Statistical analysis 

The DFS was set as the primary endpoint. The DFS and other end
points among trastuzumab-plus-chemotherapy, trastuzumab-mono
therapy, and non-trastuzumab groups were compared using propensity 
score-based covariate adjustments by the Cox regression model. The 
propensity score was estimated for each participant using a multinomial 
regression model, based on the age (70–75 versus 76–80 years), hor
mone receptor status (positive versus negative), pathologic nodal status 
(positive versus negative), and PS (0 or 1) in the model. Group com
parisons of FACT-G total and subdomain scores were performed using an 
Analysis of Co-Variance (ANCOVA). This model used scores at 36 
months as an outcome, and the adjusted covariates were scored at 
baseline in addition to the same factors in the survival analysis (i.e., age, 
hormone receptor status, pathologic nodal status, and PS). The esti
mated score difference at 36 months from trastuzumab-plus- 
chemotherapy (as a reference) in the trastuzumab-monotherapy group 
and the non-trastuzumab group, 95% confidence interval (CI), and p- 
value were calculated. In addition, responder analysis for FACT-G was 
performed, with a decrease/increase of at least 5 points, which is re
ported as the minimally important difference (MID), from the baseline 
FACT-G total score defined as QoL deterioration/improvement [4]. The 
number and proportion of patients showing QoL deterio
ration/improvement are presented for each group at 36 months and 
compared between groups using Mantel-Haenszel test, which was 
stratified by the same factors in the ANCOVA. 

All collected data were analyzed using SAS® version 9.4 (SAS 
Institute, Inc). A p-value of <0.05 was considered to reflect a statistically 
significant difference. The end points, assessments, and statistical ana
lyses are described in detail in the protocol. 

3. Results 

3.1. Patients 

We enrolled 123 eligible patients, aged over 70 years, with HER2- 
positive invasive breast cancer, from 114 institutions, between 
October 2009 and October 2014 in this cohort study. The CONSORT 

diagram is presented in Fig. 1. Three patients (2.4%) were excluded 
because all efficacy data was missing, leaving 120 patients for a full-set 
analysis; the treatment categories were as follows: 1) the trastuzumab- 
plus-chemotherapy group (n = 36, 30%), 2) the trastuzumab- 
monotherapy group (n = 52, 43%), and 3) the non-trastuzumab group 
(n = 32, 27%). A total of 73% of patients received trastuzumab- 
containing regimens, with or without chemotherapy. The median age 
of the patients at entry was 74.5, the mean age was 74.6, respectively. 
The characteristics of the patients in the cohort study are shown in 
Table 1, according to the treatment options (n = 120). P values were 
assessed by chi squared test. Among the three subgroups, estrogen re
ceptor (ER) and/or progesterone receptor (PgR) positivity were higher 
in the non-trastuzumab group (81.3% versus 48.1% in the trastuzumab 
group, 47.2% in the trastuzumab-plus-chemotherapy group; P = 0.005). 
No differences existed among the groups in terms of the age category, 
stage, surgical procedure, lymph node metastasis, or co-morbidities. 
Irradiation of the breast after partial mastectomy was performed for 
all patients (n = 14/14) in the trastuzumab-plus-chemotherapy group, 
whereas for only 40.0% (n = 6/15) in the trastuzumab-monotherapy 
group and 44.4% (n = 4/9) in the non-trastuzumab group. In the non- 
trastuzumab group, no patients received chemotherapy and 81.3% (n 
= 26/32) received endocrine therapy and thereby 18.8% (n = 6/32) 
simply observed. 

3.2. DFS, RFS, and OS 

The data cut-off date was October 31, 2017. The median follow-up 
time was 3.2 years (range: 0.9–7.0 years) in this cohort study. The de
tails of DFS events are listed in Table 2. The DFS at 3 years was 96.7% in 
the trastuzumab-plus-chemotherapy group, 89.2% in the trastuzumab- 
monotherapy group, and 82.5% in the non-trastuzumab group 
(Fig. 2). In the non-trastuzumab group, 26 of 32 patients (81.3%) were 
ER-positive; hormone therapy was initiated for 25 patients (96.2%). The 
DFS of patients in the non-trastuzumab group was lower than that of 
patients in the trastuzumab-plus-chemotherapy and trastuzumab- 
monotherapy groups (propensity-adjusted HR = 3.29; 95% CI: 
1.15–9.39, P = 0.026). DFS of the non-trastuzumab group also showed a 
worse prognosis than that of the trastuzumab-monotherapy group 

Fig. 1. CONSORT diagram. Patients who met the eligibility criteria but did not agree to participate in the randomized controlled trial were included in the cohort 
study with written informed consent. The treatment was selected for each patient based on the discretion of the treating physician and the patient’s wishes, without 
intervention. 
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(propensity-adjusted HR: 2.15; 95% CI: 1.20–3.93, P = 0.012). It 
appeared that more local recurrences were occurred in non-trastuzumab 
group; three patients recurred, one was ipsilateral breast recurrence 
without irradiation, two cases were regional lymph nodes recurrence 
after sentinel lymph node biopsy and axillary dissection, respectively, 
whereas there was neither local recurrences in the trastuzumab-plus- 
chemotherapy group nor in the trastuzumab-monotherapy group. The 
RFS of patients in the non-trastuzumab group was lower than that of 
patients in the trastuzumab-plus-chemotherapy and trastuzumab mon
otherapy groups (propensity-adjusted HR = 7.80; 95% CI: 2.32–26.2, P 

< 0.0001) (Fig. 3). In the non-trastuzumab group the OS of patients 
trended lower than that of patients in the trastuzumab-plus- 
chemotherapy and trastuzumab-monotherapy groups (propensity- 
adjusted HR = 3.44; 95% CI: 0.75–15.67, P = 0.11) (Fig.A.1). 

3.3. Safety 

Patients who registered for the cohort group (n = 120) were included 
in the safety analysis. Common AEs are listed in Table A1. They are 
fatigue (18.3%), alopecia (18.3%), anorexia (17.5%), nail changes 
(15.8%) and hypertension (15.0%). All serious AEs resolved. 

3.4. HRQoL 

The completion rates for FACT-G questionnaire at registration and 
36 months were 81% and 56% in the non-trastuzumab group, 78% and 
50% in the trastuzumab-plus-chemotherapy group, and 69% and 50% in 
trastuzumab-monotherapy group, respectively. Mean scores and 95% CI 
for the FACT-G total and sub-domain at each survey point are presented 
in Table A2 and Fig. 4. ANCOVA showed that there were no significant 
differences in FACT-G total score after 36 months between the 
trastuzumab-plus-chemotherapy and trastuzumab-monotherapy groups, 
and the trastuzumab-plus-chemotherapy and non-trastuzumab groups 
(Table A.3). The only difference between the groups was that the social 
and family well-being (SFWB) score at 36 months between the 
trastuzumab-plus-chemotherapy group and the trastuzumab- 
monotherapy group (estimated value = − 5.5, P = 0.036), and SFWB 
score of trastuzumab-plus-chemotherapy group at 36 months was better 
than that of trastuzumab-monotherapy group. Responder analysis for 
FACT-G showed that there were no significant intergroup differences in 
the proportions of patients showing QoL deterioration (P = 0.717) and 

Table 1 
Patient characteristics in the cohort study according to the treatment options (n = 120).    

n (%) Trastuzumab-plus-chemotherapy 
group (n = 36) 

Trastuzumab-monotherapy group 
(n = 52) 

Non-trastuzumab group 
(n = 32) 

P 

n (%) n (%) n (%) 

Age <75 70 (58.3) 26 (72.2) 27 (51.9) 17 (53.1) 0.13 
≧75 50 (41.7) 10 (27.8) 25 (48.1) 15 (46.9)  

Stage I 51 (42.5) 14 (38.9) 20 (38.5) 17 (53.1) 0.43 
IIA 49 (40.8) 16 (44.4) 22 (42.3) 11 (34.4)  
IIB 16 (13.3) 5 (13.9) 9 (13.7) 2 (6.3)  
IIIA 4 (3.3) 1 (2.8) 1 (1.9) 2 (6.3)  

Surgery Mastectomy 82 (68.3) 22 (61.1) 37 (71.2) 23 (71.9) 0.99 
Partial mastectomy 38 (31.7) 14 (38.9) 15 (28.8) 9 (28.1)  

Lymph node 
metastasis 

Negative 82 (68.3) 23 (63.9) 35 (67.3) 24 (75.0) 0.88 
Positive 37 (30.8) 12 (33.3) 17 (32.7) 8 (25.0)  
N.A 1 (0.8) 1 (2.8) 0 (0) 0 (0)  

Pathology Invasive ductal 
carcinoma 

112 
(93.3) 

32 (88.9) 49 (94.2) 31 (96.9) 0.85 

Invasive lobular 
carcinoma 

5 (4.2) 1 (2.8) 3 (5.8) 1 (3.1)  

Special type 3 (2.5) 3 (8.3) 0 (0) 0 (0)  
ER+ and/or PgR+ Positive 68 (56.7) 17 (47.2) 25 (48.1) 26 (81.3) 0.005 

Negative 52 (43.3) 19 (52.8) 27 (51.9) 6 (18.8)  
Performance Status 0 109 

(90.8) 
34 (94.4) 45 (86.5) 30 (93.8) 0.36 

1 11 (9.2) 2 (5.6) 7 (13.5) 2 (6.3)  
Major Comorbidity 
Hypertension No 74 (61.7) 23 (63.9) 30 (57.7) 21 (65.6) 0.73 

Yes 46 (38.3) 13 (36.1) 22 (42.3) 11 (34.4)  
Diabetes No 105 

(87.5) 
31 (86.1) 48 (92.3) 26 (81.2) 0.32 

Yes 15 (12.5) 5 (13.9) 4 (7.7) 6 (18.8)  
Osteoporosis No 108 

(90.0) 
32 (88.9) 47 (90.5) 29 (90.6) 0.97 

Yes 12 (10.0) 4 (11.1) 5 (9.6) 3 (9.4)  
Hyperlipidaemia No 95 (79.2) 27 (75.0) 41 (78.8) 27 (84.4) 0.64 

Yes 25 (20.8) 9 (25.0) 11 (21.2) 5 (15.6)  

N.A: Non available. 

Table 2 
The disease-free survival events in the cohort study (n = 120).  

Variable Trastuzumab-plus- 
chemotherapy group 
(n = 36) 

Trastuzumab- 
monotherapy 
group (n = 52) 

Non- 
trastuzumab 
group (n = 32) 

Total events of 
diseasea 

0 4 7 

ipsilateral 
breast 
recurrence 

0 0 1 

regional 
lymph node 

0 0 2 

Distant 0 4 5 
second 

malignancy 
1 2 0 

causes of 
death 

0 3 4 

breast cancer 
specific 

0 3 3 

Others 0 0 1  

a Including all recurrences in the breast and regional lymph nodes, distant 
metastasis, second malignancies, and death. Duplications were observed. 
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improvement (P = 0.652) at 36 months (Table A.4). 

4. Discussion 

The RESPECT study is the first randomized adjuvant trial comparing 
trastuzumab monotherapy with trastuzumab plus chemotherapy for 
patients with HER2-positive breast cancer [1]. The RESPECT study was 
accompanied by a cohort study for patients who refused to participate in 
the RCT. In the cohort study, we could evaluate the overall efficacy of 
adjuvant therapy for HER2-positive breast cancer patients over 70 years 
of age in detail, which enabled us to determine the prognoses of patients 
who did not receive trastuzumab prospectively, despite meeting the 
criteria for the RCT. We found that the DFS of the non-trastuzumab 
group was significantly lower than that of the 
trastuzumab-plus-chemotherapy and the trastuzumab-monotherapy 
groups. 

Trastuzumab with chemotherapy has been approved as a standard 
adjuvant therapy for HER2-positive breast cancer based on previous 
studies that compared chemotherapy with trastuzumab plus chemo
therapy [5–8]. Thus, since 2005 no data have been generated through 
clinical trials regarding 1) trastuzumab without chemotherapy, and 2) 
no trastuzumab treatment, because all patients receive trastuzumab. In a 
previous study, trastuzumab-plus-pertuzumab was tested in a neo
adjuvant setting as a treatment regimen without chemotherapy [9], but 
chemotherapy was administered after surgery, and the study lacked a 
no-treatment arm without anti-HER2 therapy. 

Here, for the first time, we added an implication to this issue with 
propensity-adjustment analysis in a prospective cohort study. Recent 
retrospective data obtained using the National Cancer Database (NCDB) 
revealed no significant difference in survival by administering HER2 
targeted therapy to patients who did not receive chemotherapy [10]. 
This NCDB is the largest series that revealed impact of anti-HER2 

Fig. 2. Kaplan–Meier estimates of disease-free sur
vival (DFS). The DFS at 3 years was 96.7% in the 
trastuzumab-plus-chemotherapy group, 89.2% in the 
trastuzumab-monotherapy group, and 82.5% in the 
non-trastuzumab group. The DFS period of the non- 
trastuzumab group was lower than that of the 
trastuzumab-plus-chemotherapy and the trastuzumab 
monotherapy groups (propensity-adjusted HR: 3.29; 
95% CI: 1.15–9.39; P = 0.026). The DFS in the non- 
trastuzumab group also showed a worse prognosis 
compared with the trastuzumab monotherapy group 
(propensity-adjusted HR: 2.15; 95% CI: 1.20–3.93; P 
= 0.012). Tick marks indicate censored data.   

Fig. 3. Kaplan–Meier estimates of relapse-free survival (RFS). The RFS of patients in the non-trastuzumab group was lower than that of patients in the trastuzumab- 
plus-chemotherapy and trastuzumab monotherapy groups (propensity-adjusted HR = 7.80; 95% CI: 2.32–26.2, P < 0.0001). Tick marks indicate censored data. 
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therapy on OS after propensity score matching, although our study 
collected DFS in a prospective cohort study as a primary endpoint. 
Especially in older patients endpoints such as DFS or RFS or breast 
cancer-specific survival might be important rather than OS because age 
and comorbidity are potential confounders [10]. Data from a large 
observational study suggested that trastuzumab plus chemotherapy 
should remain the preferred option for all patients indicated for adju
vant treatment, and that a low proportion of patients need an alternative 
treatment approach, either because of contraindications or the patient’s 
preference, in those patients trastuzumab monotherapy might be a 
reasonable option [11], and the expert position paper from the Inter
national Society of Geriatric Oncology discussed as well [12]. But to our 
knowledge, no prospective data exist to suggest that prospective adju
vant trastuzumab alone can offer a benefit over no adjuvant therapy. A 
trial comparing no adjuvant treatment to trastuzumab alone would not 
be feasible or ethical. In our study, in the non-trastuzumab group, 
ER-positivity was 81.3%, and majority of the patients only received 
hormonal therapy. Subsequently, it was associated with a worse prog
nosis compared to the chemotherapy-plus-trastuzumab, and the 
trastuzumab-monotherapy groups. Even in patients with ER-positive 
tumors trastuzumab would be important, which was compatible to the 
results of RCT irrespective of hormone receptor status [6,7]. In our study 
there would be a caution that more local recurrences might be occurred 
due to undertreatment, especially in the non-trastuzumab group. For 
further research, a prognostic score, HER2DX, has been developing in 
patients with HER2-positive early breast cancer to predict survival 
outcome and select candidate for escalated or de-escalated systemic 
treatment [13,14]. 

Older patients are at an increased risk for severe chemotherapy- 
induced toxicity [15–17]. Regarding the safety of trastuzumab in older 
patients, the results of a large observational study indicated that the risk 
of cardiac function toxicity was 5.7% [18] and that it was associated 
with age [18,19], although it remained manageable [18], and the risks 
associated with trastuzumab were outweighed by the benefits [18,20]. A 
phase II study of trastuzumab monotherapy in older women showed that 
DFS at 5-year was 86.4% (95% CI: 73.6 to 93.3) with cardiac safety [21]. 
In terms of the balance between benefit and harm, we recommend 
trastuzumab monotherapy if the patients do not receive chemotherapy, 
based on our current findings. The ATOP trial (ClinicalTrials.gov iden
tifier: NCT03587740), is an ongoing single-arm study of T-DM1 in pa
tients over 60 years of age that seeks a more definitive insight to 
anti-HER2 therapy in older patients, the result of which are much 
anticipated. 

Besides the incidence of AEs, HRQoL is also important, because 
chemotherapy causes significant deterioration of HRQoL in older pa
tients [22,23]. The large clinical trial in older patients showed that 
one-third had a clinically meaningful decline of physical function at 12 
months, although half recovered [24]. We observed a clinically signifi
cant HRQoL rate of deterioration between 2 months and 1 year into the 
RCT, which recovered after 3 years [1,25]. As a result of the QoL eval
uation in this cohort study, chemotherapy plus trastuzumab or trastu
zumab monotherapy as postoperative adjuvant therapy did not affect 
HRQoL at 36 months. We also observed the impact of chemotherapy on 
cognitive functioning in the RCT [26], the information would be 
important to share decision making between clinicians and patients. 

This study has a few limitations. No definitive conclusions regarding 

Fig. 4. Means and 95%CI of FACT-G scores at each survey point. Mean value and 95% confidential interval (95%CI) of A) Functional Assessment of Cancer Therapy- 
general (FACT-G) total, B) physical well-being (PWB), C) social and family well-being (SFWB), D) emotional well-being (EWB) and E) functional well-being (FWB) 
scores at baseline, and after 36 months in each group. 
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trastuzumab without chemotherapy can be made because of a non- 
randomized small study, although 120 patients were treated and 
assessed prospectively with a propensity score-adjusted analysis with 
regard to pre-defined endpoints. There were fewer events because pa
tients enrolled had stage I or stage IIA breast cancer, even in the non- 
trastuzumab arm of the cohort group, the 3-year DFS was over 80%. 
Although more patients were needed for a higher number of events, it 
was difficult to complete enrollment, because of the low number of older 
HER2-positive patients and disease heterogeneity [27]. We could have 
extended the follow-up period to detect more events, but it was assumed 
that non-breast cancer deaths as well as recurrences would accumulate, 
because eight years passed after the first patient was enrolled. However, 
a longer follow-up period is needed to shed light on patient prognosis. In 
older patients the geriatric assessment screening tools can be useful for 
predicting severe AEs for chemotherapy [28], and it is important to 
intensify supportive care and develop modified treatment regimens in 
vulnerable patients who may subsequently experience greater toxicity 
[29]. Chronological age by itself is not a stand-alone biomarker, in this 
study the scope of assessment included activities of daily living, 
instrumental activities of daily living, depression, cognitive function, 
and subjective well-being [30]. After analyzing them we hope to create 
predictive tools for AEs or prognosis. 

5. Conclusions 

We found here, that patients who received any trastuzumab- 
containing regimen, even trastuzumab monotherapy, had a better 
prognosis than those who were not treated with trastuzumab, without 
deterioration of QoL. Although trastuzumab plus chemotherapy remains 
a standard of care, trastuzumab monotherapy could be considered for 
selected older patients, even if the patients are not willing to receive 
chemotherapy. 
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Appendix A

Fig. A.1. Kaplan–Meier estimates of overall survival (OS). The OS of patients in the non-trastuzumab group was marginally lower than that of patients in the 
trastuzumab-plus-chemotherapy, and trastuzumab monotherapy groups (propensity-adjusted HR = 3.44; 95% CI: 0.75–15.67, P = 0.11). Tick marks indicate 
censored data.  

Table A.1Common adverse events in the cohort group (n = 120)  

Events/Grade Grade 1 Grade 2 Grade 3 Grade 4 Grade 3 or 4 

Number of patients % 

Allergic reaction 3 1 0 0 0 
Left ventricular systolic dysfunction 3 2 1 0 0.8 
Left ventricular diastolic dysfunction 2 1 1 1 0.8 
Hypertension 14 3 1 0 0.8 
Fatigue 13 6 3 0 2.5 
Nausea 11 3 0 0 0 
Vomiting 7 3 0 0 0 
Diarrhea 8 2 0 0 0 
Anorexia 16 2 3 0 2.5 
Oral cavity mucositis (clinical exam) 8 2 0 0 0 
Alopecia 6 16 – – – 
Nail changes 16 3 0 – 0 
Fracture 0 4 2 1 2.5 
Pain (muscle) 5 4 2 0 1.7 
Fever 3 3 0 0 0   

Table A.2 
Mean scores and 95% CI for the FACT-G total and sub-domain at each survey point    

Trastuzumab-plus-chemotherapy (n = 36) Trastuzumab monotherapy (n = 52) Non-trastuzumab (n = 32) 

Responses Mean 95%CI Responses Mean 95%CI Responses Mean 95%CI 

Total score Baseline 28 73.8 67.2 – 80.3 36 76.2 70.8 – 81.6 26 80.5 75.1 – 86.0 
36 months 18 82.8 74.2 – 91.5 26 72.4 66.1 – 78.8 18 79.2 71.2 – 87.2 

PWB score Baseline 28 22.5 20.8 – 24.2 40 22.3 20.8 – 23.8 28 24.1 22.9 – 25.2 
36 months 20 23.8 22.1 – 25.6 28 23.6 21.9 – 25.3 19 24.5 22.6 – 26.4 

SFWB score Baseline 28 18.9 16.0 – 21.8 39 18.5 16.4 – 20.5 26 18.1 15.2 – 21.0 
36 months 20 18.4 14.8 – 22.0 27 12.7 9.5 – 15.9 18 16.8 13.2 – 20.4 

EWB score Baseline 29 15.2 13.2 – 17.1 38 16.5 14.9 – 18.1 28 17.8 15.8 – 19.7 
36 months 18 18.7 16.8 – 20.5 27 18.1 16.4 – 19.7 19 18.7 16.9 – 20.5 

FWB score Baseline 29 17.4 14.9 – 19.8 39 18.6 16.4 – 20.8 28 20.8 18.9 – 22.8 
36 months 20 21.9 19.1 – 24.7 28 18.1 15.3 – 20.8 19 19.4 16.3 – 22.5   
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Table A.3 
Estimated difference of FACT-G scores at 36 months by ANCOVA  

Questionnaire Group Difference from trastuzumab-plus-chemotherapy group 

Estimate Standard error P-value 

FACTG Non-trastuzumab − 3.6 6.0 0.552 
Trastuzumab monotherapy − 7.3 5.2 0.161 

PWB Non-trastuzumab 0.1 1.6 0.973 
Trastuzumab monotherapy 0.6 1.4 0.647 

SFWB Non-trastuzumab − 0.3 3.0 0.926 
Trastuzumab monotherapy − 5.5 2.5 0.036 

EWB Non-trastuzumab − 0.5 1.5 0.749 
Trastuzumab monotherapy 0.0 1.3 0.987 

FWB Non-trastuzumab − 4.0 2.2 0.076 
Trastuzumab monotherapy − 3.5 1.9 0.069 

Abbreviations: ANCOVA, Analysis of Co-Variance; FACT-G, Functional Assessment of Cancer Therapy-general; PWB, physical well-being; SFWB, social and 
family well-being; EWB, emotional well-being; FWB, functional well-being.  

Table A.4 
Results of responder analysis for FACT-G total score  

FACT-G Trasutuzumab-plus-chemotharapy Trastuzumab monotherapy Non-trastuzumab group P 
value 

Number 
surveyed 

Number 
changed 

% 
changed 

Number 
surveyed 

Number 
changed 

% 
changed 

Number 
surveyed 

Number 
changed 

% 
changed 

Deterioration at 36 
months* 

15 4 26.7 22 8 36.4 18 4 22.2 0.717 

Improvement at 36 
months* 

15 6 40.0 22 7 31.8 18 5 27.8 0.652 

NOTE. *Responder analysis was performed for FACT-G, with an increase (decrease) of at least 5 points from baseline in the FACT-G total score defined as improvement 
(deterioration) at 36 months. P value for comparison of the percentage of patients showing improvement (deterioration) between groups by Mantel-Haenszel test, 
which was stratified by hormone receptor status, pathaological noda status, and performance status. 
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