
ARTICLE OPEN

Impact of dose-dense neoadjuvant chemotherapy on
pathologic response and survival for HER2-positive breast
cancer patients who receive trastuzumab
Lize Wang 1,2, Yang Zhang1,2, Yingjian He1, Jinfeng Li1, Tianfeng Wang1, Yuntao Xie1, Zhaoqing Fan 1,3✉ and Tao Ouyang 1,3✉

To compare outcomes in patients with human epidermal growth factor receptor-2 (HER2)-positive breast cancer who received
either dose-dense neoadjuvant chemotherapy (NAC) with trastuzumab or standard-interval chemotherapy with trastuzumab.
Patients with HER2-positive breast cancer who received NAC, including epirubicin and cyclophosphamide followed by paclitaxel
with trastuzumab were included. Patients were divided into either the dose-dense or standard-interval group. We compared
pathologic complete remission (pCR), distant disease-free survival (DDFS), event-free survival (EFS), and breast cancer-specific
survival (BCSS) between the two groups. Two hundred (49.6%) patients received dose-dense NAC, and 203 (50.4%) received
standard-interval NAC. The pCR rate was 38.4% in the dose-dense group and 29.2% in the standard-interval group (P= 0.052). In
patients with lymph node (LN) metastases, the LN pCR rate was 70.9% in the dose-dense group and 56.5% in the standard-interval
group (P= 0.037). After a median follow-up of 54.6 months, dose-dense chemotherapy presented an improvement on DDFS
(hazard ratio [HR]= 0.49, 95% confidence interval [CI]: 0.19–1.28, EFS (HR= 0.54, 95% CI: 0.24–1.21), and BCSS (HR= 0.41, 95% CI:
0.11–1.51), but the difference was not significant. Compared with standard-interval chemotherapy, dose-dense chemotherapy
resulted in a superior 5-year DDFS (100% vs. 75.3%, P= 0.017) and 5-year EFS (96.9% vs. 78.3%, P= 0.022) in patients younger than
40 years. HER2-positive patients can achieve a higher LN pCR rate with dose-dense NAC than with standard-interval NAC with
trastuzumab. Better survival may also be achieved with dose-dense chemotherapy with trastuzumab than with standard-interval
chemotherapy with trastuzumab among young patients (age ≤ 40 years).
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INTRODUCTION
The Norton-Simon theory suggests that shortening the che-
motherapy intervals but keeping the same dosage per cycle may
increase the killing effect on tumor cells and reduce the
regeneration between cycles1,2. The INT C9741 trial showed
significant improvement in survival outcomes in the dose-dense
treatment group compared with the standard-interval treatment
group, which supported the Norton-Simon theory3. A previous
meta-analysis from the Early Breast Cancer Trialists’ Collaborative
Group suggested that dose-dense chemotherapy improved 10-
year disease-free survival (DFS) and overall survival (OS) indepen-
dent of the molecular type of breast cancer4. The above studies
support the superior efficiency of dose-dense chemotherapy over
standard-interval chemotherapy, and anti-HER2 therapy that has
not been used for routine administration in most of the previous
studies3,5–10. At present, trastuzumab is used as the standard
adjuvant or neoadjuvant therapy for HER2-positive breast
cancer11–13. However, no prospective study has explored the
differences in outcomes between dose-dense and standard-
interval regimens with the administration of trastuzumab.
According to the retrospective results of the PANTHER trial and
the GIM2 trial, it remains controversial whether dose-dense
chemotherapy leads to superior survival compared with
standard-interval chemotherapy with trastuzumab in HER2-
positive breast cancer14,15.
The purpose of this study was to investigate the differences in

pathologic response and survival outcomes between dose-dense

and standard-interval chemotherapy in patients with HER2-
positive breast cancer who receive neoadjuvant chemotherapy
(NAC), including an anthracycline-based regimen followed by
paclitaxel and trastuzumab.

RESULTS
Patient characteristics
Between March 2012 and December 2016, 5160 patients with
primary breast cancer were diagnosed at our institution. Patients
who did not meet the inclusion criteria were excluded, and 403
consecutive cases were analyzed (Fig. 1). All 403 patients received
NAC and trastuzumab anti-HER2 therapy. Of the 403 eligible
patients, 200 (49.6%) received dose-dense neoadjuvant treatment
(dose-dense group), and 203 (50.4%) received standard-interval
neoadjuvant treatment (standard-interval group). All patients were
female, with a median age of 51 (range, 23–70) years. In the entire
cohort, 75 (18.6%) patients were aged ≤ 40 years. These young
patients accounted for 16% of the dose-dense group and 21.2% of
the standard-interval group. In the dose-dense group, 119 (59.5%)
patients were node-positive versus 115 (56.7%) in the standard-
interval group (Table 1).
Comparison of the baseline characteristics between the two

groups showed no significant differences in age at diagnosis,
tumor size, histological grade, hormone receptor status, lymph
node (LN) status, and type of surgery. The dose intensity of
epirubicin in the dose-dense group was 1.5 times that in the
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standard-interval group. The mean number of cycles of epirubicin
administration was 3.98 in the dose-dense group and 3.67 in the
standard-interval group. The mean number of cycles of paclitaxel
administration was 4.01 in the dose-dense group and 4.02 in the
standard-interval group. The rate of adjuvant ovarian function
suppression delivered in patients aged ≤40 years was 4% in the
dose-dense group and 17.9% in the standard-interval group (P=
0.173).

Pathologic complete remission
For the 400 cases available with postoperative pathologic
evaluation, the pathologic complete remission (pCR) rate (ypT0)
was 38.4% in the dose-dense group and 29.2% in the standard-
interval group, which was not significant (P= 0.052). LN metas-
tases were confirmed by sentinel LN biopsy (SLNB) for 39 patients
whose post-NAC pathologic evaluations were unavailable. For the
195 cases with LN metastases, the LN pCR rate (ypN0) was 70.9%
in the dose-dense and 56.5% in standard-interval groups, which
was a significant difference (P= 0.037). The total pCR rate was
49.2% in the dose-dense group and 47.2% in the standard-interval
group, which was not a significant difference (P= 0.707).
Hormone-receptor-negative patients had higher pCR rates com-
pared with hormone-receptor-positive patients (Table 2). The pCR
rate was similar in the dose-dense group and the standard-interval
group, stratified by hormone receptor status (Table 3). The tumor
cells of three patients were found by core needle biopsy only in
axillary LNs, and the information on the pathologic remission of
the breast tumor was unavailable.

Survival outcomes
The median follow-up time in the entire cohort was 54.6 (range,
4–93) months. The median follow-up time was 49.7 (range, 12–91)
months in the dose-dense group and 62.6 (range, 4–93) months in
the standard-interval group. Ten (2.4%) patients were lost to
follow-up. During follow-up, 20 patients underwent distant
disease-free survival (DDFS) events, including six in the dose-
dense group and 14 in the standard-interval group. Twelve
patients experienced breast cancer-specific survival (BCSS) events,
including three in the dose-dense group and nine in the standard-
interval group. Twenty-eight event-free survival (EFS) events
occurred: ten in the dose-dense group and 18 in the standard-
interval group.
For all 403 patients, the 5-year DDFS was 96% (95% confidence

interval [CI]: 92.7–99.3%) in the dose-dense group and 93.1% (95%
CI: 89.4–96.8%) in the standard-interval group (P= 0.139). The 5-

year EFS was 93.1% (95% CI: 88.8–97.4%) in the dose-dense group
and 91.1% (95% CI: 87.0–95.2%) in the standard-interval group
(P= 0.232). The 5-year BCSS was 98.3% (95% CI: 96.4–100.0%) in
the dose-dense group and 95.7% (95% CI: 92.6–98.8%) in the
standard-interval group (P= 0.191). The Kaplan–Meier survival
analyses showed no significant differences in EFS, DDFS, or BCSS
between the two groups. The comparisons of survival outcomes
are shown in Table 4. The variables of age at diagnosis, tumor size,
histological grade, hormone receptor status, LN status, type of
chemotherapy, and type of surgery were included in the Cox
multivariate analyses. Dose-dense chemotherapy presented an
improvement on DDFS, hazard ratio [HR]= 0.49, 95% confidence
interval [CI]: 0.19–1.28, P= 0.144), but which was not significant. A
similar effect was observed for EFS and BCSS. The results also
showed that age at diagnosis (>40 years vs. ≤40 years, HR= 0.36,
95% CI: 0.15–0.89, P= 0.027) and LN status (LN+ vs. LN−, HR=
3.11, 95% CI: 1.04–9.32, P= 0.043) were the factors influencing
DDFS. Age at diagnosis (HR= 0.35, 95% CI: 0.16–0.74, P= 0.007)
and LN status (HR= 4.59, 95% CI: 1.58–13.28, P= 0.005) were the

Fig. 1 Flowchart of patient selection in this study. On the basis of
the eligibility criteria, a total of 403 patients meet the criteria for
inclusion and are divided into the dose-dense group and the
standard-interval group. BC breast cancer, HER2 human epidermal
growth factor receptor-2, E epirubicin, C cyclophosphamide, P
paclitaxel, H trastuzumab.

Table 1. Baseline clinicopathologic characteristics of HER2-positive
breast cancer patients with exposure to trastuzumab.

Characteristic Dose-dense
group (n= 200)
N (%)

Standard-interval
group (n= 203)
N (%)

P-value*

Age at diagnosis 0.181

≤ 40 years 32 (16.0) 43 (21.2)

> 40 years 168 (84.0) 160 (78.8)

Tumor size 0.178

T1 40 (20.0) 57 (28.1)

T2 136 (68.0) 127 (62.6)

T3−4 21 (10.5) 18 (8.9)

Unknown 3 (1.5) 1 (0.5)

Lymph nodes status 0.560

Negative 80 (40.0) 87 (42.9)

Positive 119 (59.5) 115 (56.7)

Unknown 1 (0.5) 1 (0.5)

Hormone receptor
statusa

0.985

Negative 79 (39.5) 80 (39.4)

Positive 121 (60.5) 123 (60.6)

Tumor grade 0.464

G1−2 141 (70.5) 151 (74.3)

G3 51 (25.5) 46 (22.7)

Unknown 8 (4.0) 6 (3.0)

Type of surgery 0.341

BCT 71 (35.5) 63 (31.0)

Mastectomy 129 (64.5) 140 (69.0)

Adjuvant endocrine
therapy

0.177

Tamoxifen 80 (66.1) 71 (57.7)

Aromatase
inhibitor

41 (33.9) 52 (42.3)

Ovarian function
suppression

0.056

Yes 2 (1.7) 8 (6.5)

No 119 (98.3) 115 (93.5)

BCT breast-conserving therapy.
*P-value < 0.05 is statistically significant.
aEstrogen receptor and/or progesterone receptor status.
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factors influencing EFS. Age at diagnosis (HR= 0.35, 95% CI:
0.11–1.09, P= 0.070) and LN status (HR= 8.71, 95% CI: 1.12–67.54,
P= 0.038) were the factors influencing BCSS. The Cox multivariate
analyses are shown in Table 5.

Subgroup analysis
Based on the multivariate analysis, age at diagnosis and LN status
were the factors influencing survival. The subgroup analyses
showed that dose-dense chemotherapy, rather than standard-
interval chemotherapy, resulted in superior DDFS (5-year DDFS:
100% vs. 75.3%, P= 0.017) and EFS (5-year EFS: 96.9% vs. 78.3%,
P= 0.022) in patients aged ≤40 years (Table 4). We further
investigated the effect of two chemotherapy regimens on the
survival of patients with positive LNs, and they did not show
significant improvement in DDFS, EFS, and DDFS in the dose-
dense group compared with the standard-interval group (Table 4).

Left ventricular ejection fraction values at baseline and post-
neoadjuvant chemotherapy
Based on the available data from 352 cases, the mean left
ventricular ejection fraction (LVEF) values were 68.1% and 67.1%
for the dose-dense group and 68.6% and 66.8% for the standard-
interval group at baseline (P= 0.301) and post-NAC (P= 0.624),
respectively. There were no significant differences in LVEF declines
between the groups (P= 0.337).

DISCUSSION
Dose-dense chemotherapy is one of the standard regimens for
patients with high-risk breast cancer16,17. With the introduction of
anti-HER2 targeted therapy, it remains unclear whether dose-
dense chemotherapy still leads to superior survival compared with
standard-interval chemotherapy. The present study showed that
dose-dense chemotherapy significantly improved the pCR rate of
LNs in patients with HER2-positive cancer who received trastuzu-
mab, and improved DDFS and EFS among young patients. Dose-
dense chemotherapy also improved the pCR rate of breast tumors,
although not significantly. This study is currently, to the best of
our knowledge, the largest analysis focusing on the survival of
patients with HER2-positive breast cancer receiving dose-dense

chemotherapy with trastuzumab. This is also the first study to
explore the effect of neoadjuvant dose-dense chemotherapy
compared with that of standard-interval chemotherapy in patients
with HER2-positive breast cancer receiving trastuzumab.
Previous prospective studies have not compared dose-dense

chemotherapy with standard-interval chemotherapy for patients
with HER2-positive breast cancer exposed to trastuzumab7,9,10,15.
The PANTHER trial was a prospective, randomized, phase 3 study
focusing on the difference in survival between the dose-dense
chemotherapy group and the standard-interval chemotherapy
group8. The PANTHER trial also recently published a retrospective
analysis focusing on HER2-positive breast cancer15. With a median
follow-up of 5.3 years, 330 patients underwent trastuzumab
treatment, of which 29 patients did not receive the complete
administration of trastuzumab treatment. The absolute benefit of
breast cancer relapse-free survival (BCRFS) in the dose-dense
chemotherapy group was 3.8% compared with that of the
standard-interval chemotherapy group, but the difference was
not significant (HR= 0.68, 95% CI: 0.37–1.27; P= 0.231). There was
a trend towards improved BCRFS even though trastuzumab was
administered. Some of the patients in the PANTHER trial began
administration of trastuzumab after completion of chemotherapy,
similar to patients in the GIM2 trial14. However, some studies have
suggested that the concurrent administration of trastuzumab
combined with chemotherapy could result in superior survival18,19.
In addition, the chemotherapy doses in the dose-dense group
were adjusted, rather than uniform, according to the hematologic
toxic and specific nonhematologic toxic effects on patients,
whereas chemotherapy doses were not modified in the control
group unless severe toxic effects were observed. This may indicate
that no significant differences in survival between the experi-
mental group and the control group were observed. The
treatments in the present study were different from those used
in the above trial. In our study, chemotherapy regimens were
administered in standard doses. This is more likely to reflect the
actual differences in survival outcomes between the dose-dense
and standard treatment groups.
The GIM2 trial was a prospective, phase 3 study in which

patients with LN metastasis were randomized to receive four
cycles of (fluorouracil) epirubicin/cyclophosphamide followed by
four cycles of paclitaxel delivered either every 2 (dose-dense) or 3

Table 2. Pathologic complete responses by subgroups.

Pathologic
remission

Subgroup by chemotherapy Subgroup by HR status Subgroup by LN status

Dose-dense
N (%)

Standard-
interval N (%)

P-value* HR-positive
N (%)

HR-negative
N (%)

P-value* LN-positive
N (%)

LN-negative
N (%)

P-value*

ypT0 0.052 <0.001 0.115

Yes 76 (38.4) 59 (29.2) 62 (25.6) 73 (46.2) 71 (30.7) 64 (38.3)

No 122 (61.6) 143 (70.8) 180 (74.4) 85 (53.8) 160 (69.3) 103 (61.7)

ypT0/is 0.762 <0.001 0.006

Yes 102 (51.5) 101 (50.0) 99 (40.9) 104 (65.8) 103 (44.6) 98 (58.7)

No 96 (48.5) 101 (50.0) 143 (59.1) 54 (34.2) 128 (55.4) 69 (41.3)

ypN0 0.037 0.003 –

Yes 73 (70.9) 52 (56.5) 73 (57.0) 62 (77.5) – –

No 30 (29.1) 40 (43.5) 55 (43.0) 18 (22.5) – –

Total pCR 0.707 <0.001 <0.001

Yes 89 (49.2) 84 (47.2) 85 (38.8) 88 (62.9) 75 (39.1) 98 (58.7)

No 92 (50.8) 94 (52.8) 134 (61.2) 52 (37.1) 117 (60.9) 69 (41.3)

ypT0: no residual invasive or noninvasive tumor cells in the breast, ypT0/is: no residual invasive tumor cells in the breast, ypN0: no residual tumor cell in lymph
nodes, total pCR: ypT0/is and ypN0.
HR hormone receptor, LN lymph node.
*P-value < 0.05 is statistically significant.
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(standard-interval) weeks. In the exploratory analysis from the
GIM2 trial, 132 patients with HER2-positive breast cancer were
administered with chemotherapy followed by trastuzumab14. With
a median follow-up of 8.1 years, the comparisons of survival (7-
year DFS: 68.7% vs. 72.3%, HR= 0.99, and OS: 84.9% vs. 86.1%;
HR= 0.95) between the dose-dense and standard groups showed
no significant difference. Compared with our study and the
PANTHER study, the number of patients treated with trastuzumab
in the retrospective cohort from the GIM2 trial was the lowest, and
it was difficult to assess the differences between the dose-dense

and standard-interval groups. The introduction of trastuzumab to
HER2-positive breast cancer treatment has reduced the risk of
recurrence by nearly 50%11,13,20. This effect may attenuate the
effect of chemotherapy on survival, and more cases will be
needed to observe the effect of dose-dense chemotherapy on
survival.
After adjusting for related factors, the multivariate analyses in

this study showed that LN status and age at diagnosis influenced
survival. Further subgroup analyses showed that the application of
dose-dense chemotherapy to younger patients can significantly
improve survival outcomes. Similar results have been obtained in
previous studies3,7,20. Patients with high-risk breast cancer who
received dose-dense chemotherapy had better survival than did
those who received standard-interval chemotherapy21. Previous
studies also suggested that patients aged ≤40 years with breast
cancer seem to have a higher risk of recurrence and poor
prognosis than do older patients22,23. Thus, 40 years was the age
cut-off in this study, and 18.6% of patients were under the age of
40 years. In contrast, some studies in which more low-risk patients
(GONO-MIG1) were enrolled, or in which the dose of drugs was
lower than that of the control group, found no beneficial effect of
dose-dense chemotherapy on survival5,9. Thus, dose-dense
chemotherapy may bring about more significant survival benefits
in young patients with HER-2-positive breast cancer treated with
trastuzumab.
Our study found that the LN pCR rate in the dose-dense group

was significantly higher than that in the standard-interval group.
The breast tumor pCR rate increased by 9.2% when exposed to
dose-dense chemotherapy, with a borderline significant difference
compared with patients exposed to standard-interval chemother-
apy (P= 0.052). Untch et al. compared the efficacy of neoadjuvant
dose-dense chemotherapy and standard chemotherapy and
found that the pCR rate (ypT0/ypTis) in the dose-dense
chemotherapy group was significantly higher than that in the
standard chemotherapy group (18% vs. 10%, P= 0.008)24. Even
with a strictly defined pCR rate (ypT0, ypN0), the dose-dense
chemotherapy group still showed a significant advantage (12% vs.
6%, P= 0.011). Some studies believe that pCR in the primary
tumor or LN in HER2-positive breast cancer indicates improved
survival25–28. In our study, with the use of neoadjuvant therapy
and trastuzumab, the pCR rate of LNs was higher than that in
previous studies29,30, suggesting that dose-dense chemotherapy

Table 3. Pathologic complete responses by chemotherapy, stratified by hormone receptor status.

Pathologic remission Hormone receptor-positive Hormone receptor-negative

Dose-dense group
N (%)

Standard-interval group
N (%)

P-value* Dose-dense group
N (%)

Standard-interval group
N (%)

P-value*

ypT0 0.618 0.909

Yes 51 (42.5) 48 (39.3) 51 (65.4) 53 (66.2)

No 69 (57.5) 74 (60.7) 27 (34.6) 27 (33.8)

ypT0/is 0.210 0.113

Yes 35 (29.2) 27 (22.1) 41 (52.6) 32 (40.0)

No 85 (70.8) 95 (77.9) 37 (47.4) 48 (60.0)

ypN0 0.191 0.108

Yes 43 (62.3) 30 (50.8) 34 (85.0) 18 (70.0)

No 26 (37.7) 29 (49.2) 6 (15.0) 12 (30.0)

Total pCR 0.717 0.897

Yes 44 (40.0) 41 (37.6) 45 (63.4) 43 (62.3)

No 66 (60.0) 68 (62.4) 26 (36.6) 26 (37.7)

ypT0: no residual invasive or noninvasive tumor cells in the breast, ypT0/is: no residual invasive tumor cells in the breast, ypN0: no residual tumor cell in lymph
nodes, total pCR: ypT0/is and ypN0.
*P-value < 0.05 is statistically significant.

Table 4. Comparisons of survival outcomes between the dose-dense
group and the standard-interval group in the entire cohort and in
positive nodes cohort, then stratified by age subgroups.

Dose-dense group Standard-interval group P-value*

5-year (95% CI) 5-year (95% CI)

Entire cohort

DDFS 96.0% (92.7−99.3%) 93.1% (89.4−96.8%) 0.139

EFS 93.1% (88.8−97.4%) 91.1% (87.0−95.2%) 0.232

BCSS 98.3% (96.4−>99.9%) 95.7% (92.6−98.8%) 0.191

Positive node cohort

DDFS 94.4% (89.3−99.5%) 89.5% (83.7−95.3%) 0.170

EFS 89.5% (82.7−96.3%) 86.6% (79.4−92.6%) 0.258

BCSS 97.2% (94.1−> 99.9%) 93.5% (88.5−98.5%) 0.226

≤40 years cohort

DDFS 100.0% 81.7% (69.2−94.2%) 0.017

EFS 96.9% (90.9−>99.9%) 78.3% (55.8−90.8%) 0.022

BCSS 100.0% 90.4% (80.1−>99.9%) 0.086

>40 years cohort

DDFS 93.1% (87.1−99.1%) 92.9% (87.5−98.3%) 0.898

EFS 92.4% (87.4−97.4%) 94.6% (90.9−98.3%) 0.637

BCSS 98.0% (95.7−>99.9%) 97.0% (94.1−99.9%) 0.806

CI confidence interval, DDFS distant disease-free survival, EFS event-free
survival, BCSS breast cancer-specific survival.
* P-value < 0.05 is statistically significant.
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may be more beneficial for LN-positive patients with HER2-
positive breast cancer. This effect has some advantages: the
previous study found that a higher pCR rate could result in fewer
positive SLNB after NAC in patients with clinical negative LN31; for
the patients with positive LN at initial diagnosis, the improving
pCR rate of LNs may provide patients with an opportunity to be
exempted from axillary LN dissection after NAC.
Anti-HER2 therapy for HER2-positive breast cancer has gradually

developed from single blockade to dual blockade, and intensive
targeted therapy after NAC19,32. However, the effect of dose-dense
chemotherapy with dual HER2 blockade on the survival of patients
with HER2-positive breast cancer remains unclear. The TRAIN-2
study suggested that dual HER2 blockade combined with
anthracycline-free chemotherapy can achieve a pCR rate similar
to that achieved with anthracycline-based chemotherapy33.
However, the anthracycline-based chemotherapy in the TRAIN-2
study was a 3-week regimen, and the nine cycles of paclitaxel
(80 mg/m² on days 1 and 8, every 3 weeks) and carboplatin were
not routinely administered in clinical practice, thus the difference
between dose-dense and standard-interval chemotherapy deliver-
ing dual-targeted therapy could not be confirmed. The present
study showed that dose-dense chemotherapy significantly
improved the pCR rate of LNs in patients with HER2-positive
breast cancer who received trastuzumab; however, it did not
achieve significant improvement in the pCR rate of breast tumors.
The more patients have the pCR post-NAC, the fewer patients will
need TDM1 administration during adjuvant therapy.
Our study had some limitations. First, this was a retrospective

study with unknown or unbalanced baseline characteristics.
Second, the effect of the combination of trastuzumab with
dose-dense chemotherapy on the risk of cardiotoxicity during

adjuvant therapy remains unknown. However, in the PANTHER
study, no significant differences were noted between the dose-
dense group and the standard-interval group in terms of mean
LVEF values when trastuzumab was introduced15. Little serious
adverse events were noted. Third, the sample size of the present
study was small, and the follow-up duration was short, hence, we
could not observe longer-term events. Therefore, the analysis may
not have enough power to predict BCSS in the entire cohort. In
the neoadjuvant therapy setting, some pathologic information,
such as the pathologic size of the primary tumor, the extent of
lymphovascular invasion, and the initial number of involved LNs,
could not be accurately obtained after NAC.
In summary, patients with HER2-positive breast cancer who

received NAC in combination with trastuzumab achieved a higher
LN pCR rate with dose-dense chemotherapy than they did with
the standard-interval regimen. Among young patients (aged ≤40
years), neoadjuvant treatment with dose-dense chemotherapy
resulted in significantly better survival rates than that in treatment
standard-interval chemotherapy. A study with a longer follow-up
and larger sample size than used in this study is required to verify
the above findings.

METHODS
Study design and eligibility criteria
Patient data between 2012 and 2016 were retrospectively obtained from
the database of Peking University Cancer Hospital. Patients were included
based on the following criteria: operable invasive primary breast cancer
confirmed by histology, aged 18–70 years, HER-2 positive, exposure to an
anthracycline-based regimen followed by paclitaxel with trastuzumab as
NAC, duration of trastuzumab administration of 1 year, and completed

Table 5. Multivariate analyses for the effect of clinicopathologic characteristics and neoadjuvant treatment regimen on survival in the entire cohort.

Characteristic DDFS EFS BCSS

HR (95% CI) P-value* HR (95% CI) P-value* HR (95% CI) P-value*

Age at diagnosis 0.027 0.007 0.070

≤40 years 1 1 1

>40 years 0.36 (0.15−0.89) 0.35 (0.16−0.74) 0.35 (0.11−1.09)

Tumor size 0.486 0.210 0.453

T1 0.44 (0.09−2.08) 0.298 0.39 (0.11−1.46) 0.162 0.56 (0.08−3.90) 0.560

T2 0.53 (0.17−1.65) 0.273 0.45 (0.17−1.15) 0.094 0.41 (0.10−1.66) 0.211

T3−4 1 1 1

Lymph nodes 0.043 0.005 0.038

Negative 1 1 1

Positive 3.11 (1.04−9.32) 4.59 (1.58−13.28) 8.71 (1.12−67.54)

Hormone receptor status 0.275 0.301 0.974

Negative 1 1 1

Positive 1.76 (0.64−4.86) 1.58 (0.66−3.76) 0.98 (0.29−3.33)

Tumor grade 0.923 0.761 0.647

G1-2 1 1 1

G3 0.95 (0.31−2.91) 0.86 (0.32−2.32) 0.70 (0.15−3.22)

Type of surgery 0.662 0.423 0.318

BCT 1 1 1

Mastectomy 1.27 (0.44−3.64) 1.47 (0.57−3.78) 2.19 (0.47−10.20)

Type of chemotherapy 0.144 0.133 0.180

Standard-interval 1 1 1

Dose-dense 0.49 (0.19−1.28) 0.54 (0.24−1.21) 0.41 (0.11−1.51)

HR hazard ratio, BCT breast-conserving therapy, CI confidence interval, DDFS distant disease-free survival, EFS event-free survival, BCSS breast cancer-specific
survival.
* The excluding criteria for variables in the Cox proportional hazards model: P-value > 0.2.
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surgery. Patients were excluded based on the following criteria: M1 stage,
breast carcinoma in situ only, synchronous bilateral breast cancer, no NAC
or trastuzumab treatment, and a history of malignant tumors. Clinico-
pathologic data included the tumor size, histological grade, hormone
receptor status, LN status, surgical methods, and pathologic remission
status. The node-positive disease was confirmed by ultrasound-guided LN
biopsy or SLNB before the initiation of NAC. SLNB was performed in
patients who initially presented with clinically negative nodes (cN0). Node-
negative status was confirmed by a negative SLNB. The study was in
accordance with the ethical standards of Peking University Cancer
Hospital.
HER2-positive tumors were defined by a finding of HER2 (3+),

determined using immunohistochemistry or gene amplification and
assessed using fluorescence in situ hybridization. The definition of total
pCR was ypT0/is and ypN0. ypT0 was no invasive or noninvasive residual
cancer cells in the breast, ypT0/is was no invasive residual cancer cells in
the breast, and ypN0 was no residual cancer cells in the LNs.

Treatment regimens
The regimen of dose-dense chemotherapy was as follows: four cycles of
intravenous epirubicin and cyclophosphamide (EC, epirubicin at 100mg/
m2+ cyclophosphamide at 600mg/m2 on day 1) every 2 weeks followed
by 12 weeks of intravenous paclitaxel at 80mg/m2 on day 1, every 1 week
(ddEC-P). Patients in the dose-dense group received prophylactic
granulocyte colony-stimulating factor (G-CSF): G-CSF 300 μg subcuta-
neously on days 4, 6, 8, and 10, or pegfilgrastim 6mg subcutaneously on
day 2 (CSPC Baike [Shandong] Biopharmaceutical Co., Ltd., China). In the
standard-interval EC-P group, EC was administered with the same drugs
and doses as the dose-dense group every 3 weeks without prophylactic G-
CSF. Paclitaxel was administered with the same schedule as the dose-
dense group. Trastuzumab was delivered for four 3-weekly cycles along
with paclitaxel during neoadjuvant therapy, and was continued alone after
surgery to complete 1 year of anti-HER2 treatment. All patients completed
1 year of trastuzumab.
Surgery was mandatory after the completion of NAC without adjuvant

chemotherapy in all patients. Primary breast tumors were treated with
breast-conserving surgery or mastectomy. For patients with LN metastasis,
axillary LN dissection (ALND) was required. ALND could be avoided in
patients with a negative SLNB.
Radiotherapy was indispensable for patients who underwent breast-

conserving surgery. For patients who underwent a mastectomy, radio-
therapy was selected according to the institutional guidelines. Premeno-
pausal patients with hormone-receptor-positive tumors received either
tamoxifen 20mg/d or an aromatase inhibitor plus ovarian function
suppression for at least 5 years starting after surgery, and postmenopausal
patients received aromatase inhibitor for 5 years starting after surgery.

Follow-up and outcomes
Duration of follow-up was calculated from the date of neoadjuvant
treatment to the date of breast cancer-specific death or last follow-up
(censored). The endpoints of this study were BCSS, DDFS, and EFS. BCSS
was defined as the time to breast cancer-related death. DDFS was
measured from neoadjuvant treatment until distant metastases were
observed. EFS events included local recurrence, regional recurrence,
distant metastasis, and breast cancer-specific death. Loss to follow-up was
defined as no review after the completion of trastuzumab treatment.

Statistical analyses
Statistical analyses were performed using SPSS 22.0 software (IBM, Armonk,
NY, USA). Patient’s baseline characteristics were calculated using frequency
tables to show the number and percentage of patients with a particular
variable. Patients were divided into two subgroups according to whether
they received dose-dense chemotherapy: the dose-dense group and the
standard-interval group. Frequency association analyses were performed
using the chi-square test or Fisher’s exact method. Survival rates and
curves were computed using the Kaplan−Meier method. Differences in
survival outcomes between the two groups were determined using the
log-rank test. In the multivariate analyses, the Cox proportional hazards
model was used to determine the association between related prognosis
factors and survival, and to analyze the effect of dose-dense chemotherapy
on DDFS, EFS, and BCSS after adjusting for age at diagnosis, tumor size,
histological grade, hormone receptor status, axillary LN status, and surgical

methods. All statistical tests were two-sided, and a P-value < 0.05 was
considered statistically significant.

Reporting summary
Further information on research design is available in the Nature Research
Reporting Summary linked to this article.
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protect privacy. However, the file may be available upon request. Data requests
should be made to Dr. Tao Ouyang.

CODE AVAILABILITY
The codes developed during this study are available upon reasonable request.
Analyses were performed using SPSS 22.0 software (IBM, Armonk, NY, USA).

Received: 6 December 2020; Accepted: 27 May 2021;

REFERENCES
1. Norton, L. Evolving concepts in the systemic drug therapy of breast cancer.

Semin. Oncol. 24, S10-3–S10-10 (1997).
2. Simon, R. & Norton, L. The Norton-Simon hypothesis: designing more effective

and less toxic chemotherapeutic regimens. Nat. Clin. Pract. Oncol. 8, 406–407
(2006).

3. Citron, M. L. et al. Randomized trial of dose-dense versus conventionally sched-
uled and sequential versus concurrent combination chemotherapy as post-
operative adjuvant treatment of node-positive primary breast cancer: first report
of Intergroup Trial C9741/Cancer and Leukemia Group B Trial 9741. J. Clin. Oncol.
21, 1431–1439 (2003).

4. Early Breast Cancer Trialists’ Collaborative Group (EBCTCG) Increasing the dose
intensity of chemotherapy by more frequent administration or sequential sche-
duling: a patient-level meta-analysis of 37 298 women with early breast cancer in
26 randomised trials. Lancet 393, 1440–1452 (2019).

5. Cameron, D. et al. Accelerated versus standard epirubicin followed by cyclo-
phosphamide, methotrexate, and fluorouracil or capecitabine as adjuvant ther-
apy for breast cancer in the randomised UK TACT2 trial (CRUK/05/19): a
multicentre, phase 3, open-label, randomised, controlled trial. Lancet Oncol. 18,
929–945 (2017).

6. Burnell, M. et al. Cyclophosphamide, epirubicin, and fluorouracil versus dose-
dense epirubicin and cyclophosphamide followed by paclitaxel versus doxor-
ubicin and cyclophosphamide followed by paclitaxel in node-positive or high-risk
node-negative breast cancer. J. Clin. Oncol. 28, 77–82 (2010).

7. Mastro, L. D. et al. Fluorouracil and dose-dense chemotherapy in adjuvant
treatment of patients with early-stage breast cancer: an open-label, 2 × 2 fac-
torial, randomised phase 3 trial. Lancet 385, 1863–1872 (2015).

8. Foukakis, T. et al. Effect of tailored dose-dense chemotherapy vs standard 3-
weekly adjuvant chemotherapy on recurrence-free survival among women with
high-risk early breast cancer: a randomized clinical trial. JAMA 316, 1888–1896
(2016).

9. Blondeaux, E. et al. Dose-dense adjuvant chemotherapy in early breast cancer
patients: 15-year results of the phase 3 Mammella InterGruppo (MIG)-1 study. Br.
J. Cancer 122, 1611–1617 (2020).

10. Moebus, V. et al. Intense dose-dense sequential chemotherapy with epirubicin,
paclitaxel, and cyclophosphamide compared with conventionally scheduled
chemotherapy in high-risk primary breast cancer: mature results of an AGO phase
III study. J. Clin. Oncol. 28, 2874–2880 (2010).

11. Gianni, L. et al. Treatment with trastuzumab for 1 year after adjuvant che-
motherapy in patients with HER2-positive early breast cancer: a 4-year
follow-up of a randomised controlled trial. Lancet Oncol. 12, 236–244
(2011).

12. Perez, E. A. et al. Four-year follow-up of trastuzumab plus adjuvant chemotherapy
for operable human epidermal growth factor receptor 2-positive breast cancer:
joint analysis of data from NCCTG N9831 and NSABP B-31. J. Clin. Oncol. 29,
3366–3373 (2011).

13. Slamon, D. et al. Adjuvant trastuzumab in HER2-positive breast cancer. New Engl.
J. Med. 365, 1273–1283 (2011).

L. Wang et al.

6

npj Breast Cancer (2021)    75 Published in partnership with the Breast Cancer Research Foundation

https://doi.org/10.6084/m9.figshare.14483553


14. Lambertini, M. et al. Dose-dense adjuvant chemotherapy in HER2-positive early
breast cancer patients before and after the introduction of trastuzumab:
exploratory analysis of the GIM2 trial. Int. J. Cancer 147, 160–169 (2020).

15. Papakonstantinou, A. et al. Efficacy and safety of tailored and dose-dense adju-
vant chemotherapy and trastuzumab for resected HER2-positive breast cancer:
results from the phase 3 PANTHER trial. Cancer 126, 1175–1182 (2020).

16. Burstein, H. J. et al. Estimating the benefits of therapy for early-stage breast
cancer: the St. Gallen International Consensus Guidelines for the primary therapy
of early breast cancer 2019. Ann. Oncol. 30, 1541–1557 (2019).

17. Bonilla, L. et al. Dose-dense chemotherapy in nonmetastatic breast cancer: a
systematic review and meta-analysis of randomized controlled trials. J. Natl
Cancer Inst. 102, 1845–1854 (2010).

18. Perez, E. A. et al. Trastuzumab plus adjuvant chemotherapy for human epidermal
growth factor receptor 2-positive breast cancer: planned joint analysis of overall
survival from NSABP B-31 and NCCTG N9831. J. Clin. Oncol. 32, 3744–3752 (2014).

19. von Minckwitz, G. et al. Adjuvant pertuzumab and trastuzumab in early HER2-
positive breast cancer. New Engl. J. Med. 377, 122–131 (2017).

20. Möbus, V. et al. Ten-year results of intense dose-dense chemotherapy show
superior survival compared with a conventional schedule in high-risk primary
breast cancer: final results of AGO phase III iddEPC trial. Ann. Oncol. 29, 178–185
(2018).

21. Möbus, V. et al. German Adjuvant Intergroup Node-positive Study (GAIN): a phase
III trial comparing two dose-dense regimens (iddEPC versus ddEC-PwX) in high-
risk early breast cancer patients. Ann. Oncol. 28, 1803–1810 (2017).

22. Wang, L. et al. Comparisons of breast conserving therapy versus mastectomy in
young and old women with early-stage breast cancer: long-term results using
propensity score adjustment method. Breast Cancer Res. Treat. 183, 717–728
(2020).

23. Park, Y. H. et al. Prevalence and clinical outcomes of young breast cancer (YBC)
patients according to intrinsic breast cancer subtypes: single institutional
experience in Korea. Breast 24, 213–217 (2015).

24. Untch, M. et al. Intensive dose-dense compared with conventionally scheduled
preoperative chemotherapy for high-risk primary breast cancer. J. Clin. Oncol. 27,
2938–2945 (2009).

25. Broglio, K. R. et al. Association of pathologic complete response to neoadjuvant
therapy in HER2-positive breast cancer with long-term outcomes: a meta-
analysis. JAMA Oncol. 2, 751–760 (2016).

26. von Minckwitz, G. et al. Definition and impact of pathologic complete response
on prognosis after neoadjuvant chemotherapy in various intrinsic breast cancer
subtypes. J. Clin. Oncol. 30, 1796–1804 (2012).

27. Cortazar, P. et al. Pathological complete response and long-term clinical benefit
in breast cancer: the CTNeoBC pooled analysis. Lancet 384, 164–172 (2014).

28. Reinisch, M., Ataseven, B. & Kümmel, S. Neoadjuvant dose-dense and dose-
Intensified chemotherapy in breast cancer—review of the literature. Breast Care
11, 13–20 (2016).

29. Boughey, J. C. et al. Sentinel lymph node surgery after neoadjuvant che-
motherapy in patients with node-positive breast cancer: the ACOSOG Z1071
(Alliance) clinical trial. JAMA 310, 1455–1461 (2013).

30. Nguyen, T. T. et al. Decreasing use of axillary dissection in node-positive breast
cancer patients treated with neoadjuvant chemotherapy. Ann. Surg. Oncol. 25,
2596–2602 (2018).

31. Hunt, K. K. et al. Sentinel lymph node surgery after neoadjuvant chemotherapy is
accurate and reduces the need for axillary dissection in breast cancer patients.
Ann. Surg. 250, 558–566 (2009).

32. von Minckwitz, G. et al. Trastuzumab emtansine for residual invasive HER2-
positive breast cancer. New Engl. J. Med. 380, 617–628 (2019).

33. van Ramshorst, M. S. et al. Neoadjuvant chemotherapy with or without anthra-
cyclines in the presence of dual HER2 blockade for HER2-positive breast cancer
(TRAIN-2): a multicentre, open-label, randomised, phase 3 trial. Lancet Oncol. 19,
1630–1640 (2018).

34. Wang, L. et al. Impact of dose-dense neoadjuvant chemotherapy on pathologic
response and survival for HER2-positive breast cancer patients who receive
trastuzumab. figshare https://doi.org/10.6084/m9.figshare.14483553 (2021).

ACKNOWLEDGEMENTS
This work was supported by the Science Foundation of Peking University Cancer
Hospital (Code: 2020–21) and the Capital’s Funds for Health Improvement and
Research (Code: 2018–2-2152).

AUTHOR CONTRIBUTIONS
L.W. and Y.Z. have equally contributed and are the first authors. Z.F. and T.O. have
equally contributed and are the corresponding authors. L.W., Y.Z., Y.H., Z.F., and T.O.:
conceptualization, formal analysis, and writing-original draft. L.W. and Z.F.: funding
acquisition. All authors contributed to data curation, investigation, methodology,
project administration, resources validation, and writing review and editing.

COMPETING INTERESTS
The authors declare no competing interests.

ADDITIONAL INFORMATION
Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/s41523-021-00284-y.

Correspondence and requests for materials should be addressed to Z.F. or T.O.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in anymedium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/.

© The Author(s) 2021

L. Wang et al.

7

Published in partnership with the Breast Cancer Research Foundation npj Breast Cancer (2021)    75 

https://doi.org/10.6084/m9.figshare.14483553
https://doi.org/10.1038/s41523-021-00284-y
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Impact of dose-dense neoadjuvant chemotherapy on pathologic response and survival for HER2-positive breast cancer patients who receive trastuzumab
	Introduction
	Results
	Patient characteristics
	Pathologic complete remission
	Survival outcomes
	Subgroup analysis
	Left ventricular ejection fraction values at baseline and post-neoadjuvant chemotherapy

	Discussion
	Methods
	Study design and eligibility criteria
	Treatment regimens
	Follow-up and outcomes
	Statistical analyses
	Reporting summary

	DATA AVAILABILITY
	References
	Acknowledgements
	Author contributions
	Competing interests
	ADDITIONAL INFORMATION




