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Abstract
Purpose  In adjuvant settings of human epidermal growth factor receptor 2 (HER2)-positive breast cancer, anthracycline-
based chemotherapy followed by taxane and trastuzumab is a standard regimen. Recent studies have reported the use of 
anthracycline-free adjuvant chemotherapy in selected HER2-positive breast cancer patients. We conducted a single-center 
retrospective study to identify the characteristics of HER2-positive breast cancer patients for whom anthracyclines can be 
safely omitted.
Methods  A total of 238 women were diagnosed with HER2-positive breast cancer and treated with neoadjuvant and/or 
adjuvant chemotherapy between January 1, 2008 and December 31, 2015 at Keio University Hospital. They were divided 
in two cohorts: an “anthracycline” cohort of 112 anthracycline-treated women and a “no anthracycline” cohort of 126 
anthracycline-untreated women. Survival outcomes were estimated by Kaplan–Meier method.
Results  The 3-year disease-free survival rates in the no-anthracycline and anthracycline cohorts were 91.3% and 93.1%, 
respectively (P = 0.692). After using a statistical method with inverse probability of treatment weighting to minimize the 
selection bias, no significant differences were observed between the two cohorts (adjusted hazard ratio for disease-free sur-
vival: 1.042; P = 0.909). Stratified by tumor size, no significant differences were observed between the two cohorts in the 
cT1N0 and cT2N0 subsets (P = 0.516 and P = 0.579, respectively). The recurrence rate was low among patients who achieved 
pathological complete response after receiving neoadjuvant chemotherapy with or without anthracyclines.
Conclusion  Our study suggests that anthracyclines can be safely omitted in selected patients with HER2-positive breast 
cancer, who have cT1N0 or cT2N0 and achieved pathological complete response after receiving neoadjuvant chemotherapy.
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Introduction

Human epidermal growth factor receptor 2 (HER2) is over-
expressed and/or amplified in 15–20% of early breast cancer 
at time of first diagnosis [1–3]. It was associated with an 
aggressive clinical course of the disease and poor overall 
survival before the advent of trastuzumab. The addition 
of HER2-targeted therapies to chemotherapy dramatically 
improved the overall survival (OS) and disease-free survival 
(DFS) [4, 5]. In adjuvant settings of HER2-positive cancer, 
trastuzumab has been shown to be effective in combination 
with anthracycline-based chemotherapy followed by taxane-
based chemotherapy [6–8].

However, the role of anthracyclines for the treatment of 
breast cancer remained controversial, due to the increased 
risk of cardiotoxicity and secondary carcinogenesis [9–12]. 
Recently, additional anthracycline-free treatment regimens 
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have also been reported. In a single-arm multicenter trial 
of 406 patients treated with paclitaxel plus trastuzumab for 
< 3 cm, lymph node-negative, HER2-positive breast cancer, 
Tolaney et al. reported a 98.7% DFS rate at 3 years of follow-
up [13]. In a similar phase II study of 493 patients with stage 
I or II HER2-positive breast cancer treated with docetaxel 
plus cyclophosphamide plus trastuzumab, the 2-year DFS 
rate was 97.8% and the 2-year OS rate was 99.5% [14]. The 
2018 National Comprehensive Cancer Network (NCCN) 
guidelines suggest that paclitaxel plus trastuzumab should 
be considered in patients with low-risk T1, N0, M0, HER2-
positive breast cancer [15].

However, there is lack of definitive evidence regard-
ing the use of anthracycline-free regimens in the adjuvant 
treatment of HER2-positive cancer. Hence, we performed 
a single-center retrospective cohort study by propensity 
score-based method using inverse probability of treatment 
weighting (IPTW) to assess the characteristics of patients in 
whom anthracyclines can be safely omitted in the adjuvant 
treatment of HER2-positive breast cancer.

Patients and methods

Patients

We performed a single-center retrospective analysis on 
consecutive patients, who were eventually divided in two 
cohorts. Patients were diagnosed with pathologically con-
firmed, HER2-positive breast cancer and treated with neo-
adjuvant and/or adjuvant chemotherapy between January 1, 
2008 and December 31, 2015 at Keio University Hospital. 
Patients categorized as HER2-positive have an immunohis-
tochemistry score of 3 + and/or gene amplification ratio of 
≥ 2 by fluorescence in situ hybridization. Women with con-
current bilateral breast cancer, a prior history of invasive 
breast cancer, or stage IV breast cancer were excluded. The 
study participants were divided in two cohorts: an “anthra-
cycline” cohort of 112 anthracycline-treated women and a 
“no anthracycline” cohort of 126 anthracycline-untreated 
women. In the “anthracycline” cohort, patients were planned 
to receive 5-fluorouracil at a dose of 500 mg/m2; epirubicin, 
100 mg/m2; and cyclophosphamide, 500 mg/m2. In both 
cohorts, patients were planned to receive paclitaxel at dose 
of 80 mg/m2 or docetaxel at a dose of 75 mg/m2 with concur-
rent administration of trastuzumab (a loading dose of 4 mg/
kg on day 1, followed by 2 mg/kg weekly in combination 
with paclitaxel or a loading dose of 8 mg/kg on day 1, fol-
lowed by 6 mg/kg triweekly in combination with docetaxel).

Outcomes and statistical analysis

The outcomes of patients who received anthracycline and 
those who did not receive anthracycline were evaluated. 
DFS was defined as the period from the date of operation 
until the date of the first event, including local/regional 
disease recurrence, distant metastasis, invasive contralat-
eral breast cancer, and death from any cause. The 3-year 
DFS was estimated with 95% confidence intervals (CIs) 
for each cohort using the Kaplan–Meier method. Outcome 
estimates were compared using the log-rank test. The char-
acteristics of patients who received anthracycline and 
those who did not receive anthracycline were evaluated 
using the Fisher’s exact test. To minimize treatment selec-
tion bias and compare the two cohorts, we fitted a mar-
ginal structural model using IPTW [16]. This propensity 
score-based method mimics the randomized trial design in 
observational data sets, eliminating bias related to observ-
able confounders [17, 18]. In the first step, we calculated 
the probability of treatment with or without anthracycline 
in a logistic model incorporating confounders associated 
with treatment and outcome. The score was used to calcu-
late the stabilized inverse probability of treatment weights, 
which reweighed the population to achieve a similar distri-
bution of variables in both treatment cohorts. The balance 
was evaluated using standardized mean differences, with 
a difference of < 0.1 conventionally indicating adequate 
bias reduction [19]. Outcomes of the adjusted population 
were analyzed using marginal structural models, and the 
adjusted hazard ratio for treatment was evaluated using the 
Cox hazard model [16].

All P values were two-sided, and P values of 0.05 or 
less were considered significant. All statistical analyses 
were performed with R and EZR (Saitma Medical Center, 
Jichi Medical University), which is a graphical user inter-
face for R (the R Foundation for Statistical Computing, 
version 3.4.1) [20]. More precisely, it is a modified version 
of R commander (version 2.4-1) that was designed to add 
statistical functions frequently used in biostatistics [20].

Results

Overall

Of the 238 eligible patients identified, the baseline char-
acteristics of 126 (53%) women in the no-anthracycline 
cohort and those of 112 (47%) women in the anthracy-
cline cohort are shown in Table 1. The median age was 
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63 years (range 35–87 years) and the median follow-up 
period was 46.4 months in the no-anthracycline cohort. 
In the anthracycline cohort, the median age was 55 years 
(range 28–75 years) and the median follow-up period was 
61.1 months. The median age of the anthracycline cohort 
was significantly younger than that of the no-anthracycline 

cohort (P < 0.01). The tumor size of the anthracycline 
cohort was larger than that of the no-anthracycline cohort 
(P < 0.01). More women in the anthracycline cohort had 
clinical lymph node metastases (P < 0.01). A higher 
proportion of women in the anthracycline cohort (65%) 
received neoadjuvant chemotherapy versus 39% of the no-
anthracycline cohort (P < 0.01).

The 3-year DFS rates of the no-anthracycline cohort and 
anthracycline cohorts were 91.3% (95% CI 84.0–95.4%) and 
93.1% (95% CI 86.1–96.7%), respectively (Fig. 1a). There 
were no significant differences between the two cohorts 
(P = 0.692).

Propensity score and inverse probability 
of treatment weighting analysis

The characteristics of all patient were not balanced enough 
to compare the two cohorts. Therefore, IPTW based on pro-
pensity score was used to adjust the differences between the 
two treatment groups. The individual variables used in the 
propensity model were age, clinical lymph node metastases, 
stage, and with or without neoadjuvant chemotherapy. The 
standard mean differences of each variable decreased and 
were close to 0.1, which is an index value indicating ade-
quate bias reduction. Although it was difficult to completely 
remove the selection bias, we could minimize it using this 
approach (Table 2).

After IPTW adjustment of the propensity score, no sig-
nificant differences were observed between the two cohorts 
(adjusted hazard ratio for DFS, 1.042; 95% CI 0.5111–2.126; 
P = 0.909).

Subset of cT1 patients

Next, we stratified the patients according to clinical T factor 
to balance the different characteristics of the two cohorts. 
The baseline characteristics of 50 women in the no-anthra-
cycline cohort and 29 women in the anthracycline cohort in 
the cT1 subset are shown in Table 3. The patients’ character-
istics were almost balanced between the two cohorts except 
age and clinical lymph node metastases. All women in the 
no-anthracycline cohort had no clinical lymph node metas-
tases, but four (14%) patients from the anthracycline cohort 
experienced lymph node metastases (P = 0.016).

The 3-year DFS rates of the no-anthracycline cohort and 
anthracycline cohort in the cT1 subset were 92.3% (95% CI 
77.5–97.5%) and 100% (95% CI 100–100%), respectively 
(Fig. 1b). There were no significant differences between the 
two cohorts (P = 0.516). Similar results were shown for the 
cT1N0 subset (Fig. 1c).

Table 1   Patients’ baseline characteristics

ER estrogen receptor, PgR progesterone receptor

No anthracycline 
(n = 126)

Anthracycline 
(n = 112)

P value

No. (%) No. (%)

Median, follow-up 
period (month)

46.4 61.1

Median, age (year) 63 55 < 0.001
cT
 Tis 18 (14) 2 (1.8) < 0.001
 T1 50 (40) 29 (26)
 T2 53 (42) 68 (61)
 T3 3 (2.4) 11 (9.8)
 T4 1 (0.8) 2 (1.8)
 Unknown 1 (0.8) 0 (0)

cN
 N0 112 (89) 69 (62) < 0.001
 N1 12 (9.5) 38 (34)
 N2 1 (0.8) 2 (1.8)
 N3 0 (0) 3 (2.7)
 Unknown 1 (0.8) 0 (0)

Stage
 0 18 (14) 2 (1.8) NA
 I 49 (39) 25 (22)
 IIA 45 (36) 44 (39)
 IIB 9 (7.1) 29 (26)
 IIIA 3 (2.4) 9 (8.0)
 IIIB 1 (0.8) 0 (0)
 IIIC 0 (0) 3 (2.7)
 Unknown 1 (0.8) 0 (0)

ER
 Positive 82 (65) 73 (65) 1
 Negative 44 (35) 39 (35)

PgR
 Positive 65 (52) 66 (59) 0.30
 Negative 61 (48) 46 (41)

Neoadjuvant chemotherapy
 Yes 49 (39) 73 (65) < 0.001
 No 77 (61) 39 (35)

Recurrence 9 (7.1) 10 (8.9) 0.64
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Subset of cT2 patients

The baseline characteristics of 53 women in the no-anthracy-
cline cohort and 68 women in the anthracycline cohort in the 
cT2 subset are shown in Table 4. The 3-year DFS rates of the 
no-anthracycline cohort and anthracycline cohort in the cT2 
subset were 89.3% (95% CI 76.2–95.4%) and 90.8% (95% CI 
80.6–95.8%), respectively (Fig. 1d). There were no signifi-
cant differences between the two cohorts in the cT2 subset 
(P = 0.829). However, there were significant differences in 
age, clinical lymph node metastases, and stage between the 
two groups. Therefore, we stratified the patients with cT2N0. 
Results showed that the baseline characteristics of the two 

cohorts were generally balanced except age (Table 5). The 
3-year DFS rate of cT2N0 patients was illustrated using 
Kaplan–Meier curves: 89.4% (95% CI 74.7–97.0%) for the 
no-anthracycline cohort versus 88.9% (95% CI 62.0–93.6%) 
for the anthracycline cohort (Fig. 1e). No significant differ-
ences were found between the two cohorts in the cT2N0 
subset (P = 0.579).

Patients who received neoadjuvant chemotherapy

Of the 238 patients, 122 received neoadjuvant chemotherapy 
and 36 (29.5%) achieved pathological complete response 
(pCR) (Fig. 2). Of them, 26 patients from the no-anthra-
cycline cohort achieved pCR (n = 49), while 10 from the 
anthracycline cohort achieved pCR (n = 73). Among the 
pCR group, only one patient in each cohort had recurrence.

Fig. 1   Kaplan–Meier curve for disease-free survival. a Disease-free 
survival for all patients with or without anthracycline, b for cT1 
patients with or without anthracycline, c for cT1N0 patients with or 
without anthracycline, d for cT2 patients with or without anthracy-
cline, and e for cT2N0 patients with or without anthracycline

◂

Table 2   Baseline characteristics of patients weighted by inverse probability of propensity score

IPTW inverse probability of treatment weighting

Before IPTW After IPTW

No anthracycline 
(n = 126)

Anthracycline 
(n = 112)

Standardized mean 
difference

No anthracycline 
(n = 237)

Anthracycline 
(n = 239)

Standardized 
mean differ-
ence

No. (%) No. (%) No. (%) No. (%)

Age [mean (SD)] 61.6 (11.73) 53.8 (9.82) 0.729 56.9 (13.35) 57.5 (9.81) 0.05
cT 0.707 0.171
 Tis 18 (14) 2 (1.8) 20 (8.5) 28 (12)
 T1 50 (40) 29 (26) 77 (33) 78 (33)
 T2 53 (42) 68 (61) 124 (52) 117 (49)
 T3 3 (2.4) 11 (9.8) 13 (5.6) 14 (5.8)
 T4 1 (0.8) 2 (1.8) 1 (0.4) 1 (0.4)
 Unknown 1 (0.8) 0 (0) 1 (0.4) 0

cN 0.712 0.228
 N0 112 (89) 69 (62) 181 (76) 185 (77)
 N1 12 (9.5) 38 (34) 46 (19) 48 (20)
 N2 1 (0.8) 2 (1.8) 9 (3.7) 4 (1.5)
 N3 0 (0) 3 (2.7) 0 (0) 3 (1.3)
 Unknown 1 (0.8) 0 (0) 1 (0.4) 0 (0)

Stage 0.879 0.238
 0 18 (14) 2 (1.8) 20 (8.5) 28 (12)
 I 49 (39) 25 (22) 75 (32) 73 (31)
 IIA 45 (36) 44 (39) 84 (36) 85 (36)
 IIB 9 (7.1) 29 (26) 42 (18) 37 (16)
 IIIA 3 (2.4) 9 (8.0) 13 (5.6) 12 (5.0)
 IIIB 1 (0.8) 0 (0) 1 (0.4) 0 (0)
 IIIC 0 (0) 3 (2.7) 0 (0) 3 (1.3)
 Unknown 1 (0.8) 0 (0) 1 (0.4) 0 (0)

Neoadjuvant chemotherapy 49 (39) 73 (65) 0.545 121 (51) 121 (51) 0.011
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Discussion

The APT trial showed good survival outcomes in patients 
treated with paclitaxel plus trastuzumab for < 3 cm, lymph 
node-negative, HER2-positive breast cancer (3-year DFS: 
98.7%) [13]. Another prospective study reported similar 
survival data in patients who used anthracycline-free regi-
men with stage I or II HER2-positive breast cancer (2-year 
DFS: 97.8%, 2-year OS: 98.2%) [14]. The point that differed 
from those reported in previous studies was that our study 
included more patients with advanced cancer and patients 
who received neoadjuvant chemotherapy. Both previous 
studies were prospective in nature but were conducted as 
single-arm trials. Selection bias can be resolved by conduct-
ing a prospective, randomized study. However, to the best of 
our knowledge, no such clinical trial is ongoing or planned 
in the near future. Instead, we performed this retrospec-
tive, single-center study and made a comparison of the two 
groups: anthracycline cohort and no-anthracycline cohort.

In this study, the patient characteristics that were biased 
in the two groups were age, clinical lymph node metasta-
sis, and stage. Anthracyclines tended to be used in young 
patients who can tolerate chemotherapy and in patients 
who develop advanced cancer with lymph node metastasis. 

The elderly, their family and also physicians prefer to avoid 
highly toxic chemotherapy. These were the reasons why 
younger and/or more advanced patients were included in 
the anthracycline cohort. Problems with treatment selection 
bias were alleviated in both cohorts, but it was not easy to 
completely eliminate such bias even if a statistical approach 
with IPTW was utilized. Therefore, we divided the patients 
into several subsets stratified by tumor size and succeeded 
in making balanced subsets like cT1N0 and cT2N0. This 
retrospective study showed that there were no significant 
differences in the DFS of cT1N0 and cT2N0 patients who 
received treatment with or without anthracycline between 
the two groups. Hence, we suggest that we can safely omit 
anthracyclines in the treatment of cT1N0 and cT2N0 HER2-
positive breast cancer. In addition, regardless of anthracy-
cline use, the recurrence rate among patients who achieved 
pCR after neoadjuvant chemotherapy remained low. This 
result indicated that anthracycline-free regimen is recom-
mended for patients who achieved pCR after receiving neo-
adjuvant chemotherapy, which is a combination of trastu-
zumab and taxane.

Table 3   Baseline characteristics of cT1 patients

ER estrogen receptor, PgR progesterone receptor

No anthracycline 
(n = 50)

Anthracycline 
(n = 29)

P value

No. (%) No. (%)

Median, follow-up 
period (month)

44.5 56.3 0.18

Median, age (year) 63.0 56 0.020
cN
 N0 50 (100) 25 (86) 0.016
 N1 0 4 (14)
 N2 0 0
 N3 0 0

Stage
 I 49 (98) 25 (86) 0.058
 IIA 1 (2) 4 (14)

ER
 Positive 34 (68) 22 (76) 0.61
 Negative 16 (32) 7 (24)

PgR
 Positive 29 (58) 21 (72) 0.23
 Negative 21 (42) 8 (28)

Neoadjuvant chemotherapy
 Yes 13 (26) 13 (45) 0.14
 No 37 (74) 16 (55)

Recurrence 3 (6.0) 1 (3.4) 1

Table 4   Baseline characteristics of cT2 patients

HR hormone receptor, ER estrogen receptor, PgR progesterone recep-
tor

No anthracycline 
(n = 53)

Anthracycline 
(n = 68)

P value

No. (%) No. (%)

Median, follow-up 
period (month)

54.6 64.1 0.31

Median, age (year) 62.7 53.1 < 0.001
cN
 N0 44 (83) 39 (57) 0.0048
 N1 9 (17) 27 (40)
 N2 0 (0) 1 (1.5)
 N3 0 (0) 1 (1.5)

Stage
 IIA 44 (83) 39 (57) 0.0048
 IIB 9 (17) 27 (40)
 IIIA 0 (0) 1 (1.5)
 IIIC 0 (0) 1 (1.5)

ER
 Positive 34 (64) 41 (60) 0.71
 Negative 19 (36) 27 (40)

PgR
 Positive 29 (55) 36 (53) 0.86
 Negative 24 (45) 32 (47)

Neoadjuvant chemotherapy
 Yes 33 (62) 49 (72) 0.33
 No 20 (38) 19 (28)

Recurrence 5 (9.4) 7 (10.3) 1
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This study had several limitations. First, the patients’ 
characteristics between the two cohorts were not well 
balanced, which is a weak point of retrospective studies. 
Second, the Kaplan–Meier curve showed that the survival 
rate of the anthracycline cohort is slightly higher than the 
no-anthracycline cohort in the T1 subset. Although there 
were no statistically significant differences between the two 
cohorts in this study, a well designed randomized control 
trial with enough sample size might be able to prove the sig-
nificance of anthracycline cohort. Third, we could not iden-
tify the possibility of omission of anthracycline in patients 
with lymph node metastases. Hence, we need a larger sample 
to assess this problem. In addition, it is important to show 
that omission of anthracycline can reduce adverse events 
and improve patients’ quality of life. The last limitation is 
that we did not have satisfying retrospective data on adverse 
events which we could evaluate systemically between the 
two cohorts.

Current clinical trials indicate that the addition of 
pertuzumab to trastuzumab for neoadjuvant and adju-
vant chemotherapy in HER2-positive breast cancer can 
increase the efficacy of anti-HER2 therapy. Von Minckwitz 
et al. showed that the 3-year DFS significantly improved 
in the APHINITY trial, which was an adjuvant study of 
HER2-positive postoperative patients randomly assigned 
to receive standard chemotherapy plus 1 year of either 
trastuzumab and placebo or trastuzumab and pertuzumab 
[21]. In the APHINITY trial, anthracycline-free regimen 
was used in 22.3% and 21.9% of the patients in the per-
tuzumab group and placebo group, respectively [21]. The 
NeoSphere trial showed a significant increase in the pCR 
after addition of pertuzumab to trastuzumab–docetaxel 
neoadjuvant treatment. Subsequently, the NeoSphere trial 
reported that the 5-year DFS rate of patients receiving 
pertuzumab, trastuzumab, and docetaxel was higher than 
those receiving trastuzumab and docetaxel [22]. We also 
reported a network meta-analysis of neoadjuvant therapy 
for HER2-positive breast cancer, which revealed that the 
addition of pertuzumab to trastuzumab and chemotherapy 
significantly improved pCR compared with trastuzumab 

and chemotherapy (odds ratio, 2.36; 95% CI 1.29–4.31; 
P < 0.01) [23, 24]. The 2018 NCCN guidelines stated that 
dual HER2 blockade therapy with pertuzumab, trastu-
zumab, and chemotherapy is one of the preferred regi-
mens in the adjuvant treatment of patients with HER2-
positive breast cancer [15]. The results of our study and 
those of aforementioned studies indicate the possibility 
of safe anthracycline omission when applying HER2 
blockade therapy in neoadjuvant and adjuvant settings. 
As more patients receive pertuzumab with trastuzumab, 
we expect that more patients may be able to safely omit 
anthracycline.

In conclusion, our results suggest that anthracycline-
free chemotherapy regimen can be an appropriate option 
for selected patients with HER2-positive breast cancer, 
with cT1N0 or cT2N0 and who achieved pCR after neo-
adjuvant chemotherapy.

Table 5   Baseline characteristics of cT2N0 patients

ER estrogen receptor, PgR progesterone receptor

No anthracycline 
(n = 44)

Anthracycline 
(n = 39)

P value

No. (%) No. (%)

Median, follow-up 
period(month)

51.4 62 0.18

Median, age(year) 64.5 57 < 0.001
ER
 Positive 29 (66) 21 (54) 0.37
 Negative 15 (34) 18 (46)

PgR
 Positive 25 (57) 19 (49) 0.51
 Negative 19 (43) 20 (51)

Neoadjuvant chemotherapy
 Yes 27 (61) 24 (62) 1
 No 17 (39) 15 (38)

Recurrence 4 (9.0) 7 (12.8) 0.723

Fig. 2   Patients who received 
neoadjuvant chemotherapy. pCR 
pathological complete response
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