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Abstract
Background: In the era of targeted therapy, whether patients with human epidermal growth 
factor receptor 2 (HER2)-positive breast cancer are exempted from anthracycline usage in the 
neoadjuvant setting is controversial.
Objectives: Our objective was to retrospectively analyze the differences in pathological complete 
remission (pCR) rates between the anthracycline group and the nonanthracycline group.
Design: The CSBrS-012 study (2010–2020) included female primary breast cancer patients 
with neoadjuvant chemotherapy (NAC) who underwent standard breast and axillary surgery 
post-NAC.
Methods: A logistic proportional hazard model was applied to estimate the association 
of covariates with pCR. Propensity score matching (PSM) was performed to balance the 
differences in baseline characteristics, and subgroup analyses were performed using the 
Cochran–Mantel–Haenszel test.
Results: A total of 2507 patients were enrolled: the anthracycline group (n = 1581, 63%) and 
the nonanthracycline group (n = 926, 37%). A pCR was recorded in 17.1% (271/1581) of patients 
in the anthracycline group and in 29.3% (271/926) in the nonanthracycline group, and the 
difference in the pCR rate between the two groups was statistically significant [odds ratio 
(OR) = 2.00, 95% confidence interval (CI) (1.65–2.43); p < 0.001). In the subsequent subgroup 
analysis, substantial differences in pCR rates between the anthracycline and nonanthracycline 
groups were detected in the nontargeted [OR = 1.91, 95% CI (1.13–3.23); p = 0.015] and  
dual-HER2-targeted populations [OR = 0.55, 95% CI (0.33–0.92); p = 0.021) before PSM, whereas 
differences vanished after PSM. The pCR rates between the anthracycline and nonanthracycline 
groups did not differ for the single target population, either before or after PSM.
Conclusion: In the presence of trastuzumab and/or pertuzumab, the pCR rate of patients 
with HER2-positive breast cancer receiving anthracycline was not superior to that of patients 
receiving nonanthracycline. Thus, our study further provides clinical evidence for exempting 
anthracycline treatment in HER2-positive breast cancer in the era of targeted therapy.
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Introduction
Breast cancer is the most common female malig-
nancy worldwide.1 Human epidermal growth fac-
tor receptor 2 (HER2)-positive breast cancer is a 
more aggressive and rapidly progressive subtype 
with poor prognosis.2 Anti-HER2-targeted ther-
apy can significantly improve the prognosis of 
these patients, reduce recurrence, and prolong 
survival time.2 Trastuzumab when added to 
chemotherapy has shown improvement in dis-
ease-free survival (DFS), overall survival (OS), 
and pathological complete remission (pCR) rate 
in patients with advanced and early HER2-
positive breast cancer in several adjuvant and 
neoadjuvant trials.3–14 Currently, trastuzumab 
plus pertuzumab combined with taxane is the 
preferred neoadjuvant therapeutic scheme for 
HER2-positive breast cancer.15,16

However, trastuzumab is associated with a risk of 
cardiac toxicity, particularly when combined with 
high-dose chemotherapy containing anthracy-
clines.10,17 A BCIRG006 trial reported that inci-
dences of congestive heart failure were 2.0% and 
0.4% in the anthracycline and nonanthracycline 
arms based on trastuzumab plus chemotherapy, 
respectively.10 Higher cardiac event rates were 
also found in studies of anthracycline-containing 
regimens with trastuzumab compared to those 
without trastuzumab.18,19 Subsequently, the 
results of the TRAIN-2 and TRYPHAENA tri-
als9,13 showed a similarity in the pCR rate between 
nonanthracycline and anthracycline regimens 
with targeted therapy in patients with HER2-
positive breast cancer. Therefore, it is currently 
controversial whether patients with HER2-
positive breast cancer can be exempted from 
anthracyclines during the neoadjuvant period.

Data of this study were from a multicenter and 
10-year retrospective study in China based on 
patients with HER2-positive breast cancer treated 
with neoadjuvant chemotherapy (NAC). Our objec-
tive was to retrospectively analyze the differences in 
pCR rates between the anthracycline group and the 
nonanthracycline group, hoping to add additional 
evidence of exempting anthracycline in NAC in 
patients with HER2-positive breast cancer.

Methods

Study design and data collection
The Chinese Society of Breast Surgery study (CSBrS-
012) (2010–2020) is a nationwide, multicenter, 

10-year retrospective clinical epidemiological study 
across 20 hospitals in China. The CSBrS-012 study 
embodied woman primary breast cancer patients with 
NAC who underwent standard breast and axillary 
surgery post NAC between January 2010 and 
December 2020. These hospitals were from seven 
different geographic regions of China, which cover 
the majority of China and represent different levels of 
breast cancer burden.

Next, a total of 3927 female patients with HER2-
positive breast cancer were selected from 10713 
patients of the CSBrS-012 study. Among 3927 
patients, we excluded 1420 patients who met the 
following criteria: (a) patients with no complete 
clinicopathological features, such as unknown 
clinical T stage or Tis or T0, unknown clinical N 
status, estrogen receptor (ER) status, progester-
one receptor (PR) status, or Ki-67 expression; (b) 
patients with an unknown NAC regimen or 
receiving less than four cycles of treatment or 
modification of the chemotherapy regimen dur-
ing the neoadjuvant period; (c) patients with an 
unknown pCR state of breast or axillary lymph 
nodes; and (d) patients who only received the AC 
regimen. Eventually, 2507 patients were included 
in our study (Figure 1). Patients in the anthracy-
cline group received an NAC regimen with TAC, 
AC-T, TA, AC-TH, or AC-THP. Patients in the 
nonanthracycline group received a therapeutic 
regimen with TC, TX (X for capecitabine), TP 
(P for platinum), THP, or TCbHP. ‘T’ stands for 
taxane, ‘A’ for anthracycline, ‘C’ for cyclophos-
phamide, ‘Cb’ for platinum, ‘H’ for trastuzumab, 
and ‘P’ for pertuzumab.

In this study, HER2 status was confirmed by 
immunohistochemistry (IHC) or fluorescence 
in situ hybridization (FISH) assays. HER2 IHC 
scores of 0 and 1+ were considered HER2 neg-
ative, and a HER2 score of 3+ was considered 
HER2 positive, whereas a HER2 score of 2+ 
was further estimated by FISH, and HER2 
gene amplification was considered HER2 
positive.

Outcomes
The primary endpoint was the percentage of 
pathological complete remissions (pCRs), which 
was assessed locally at the time of surgery and 
defined as the absence of invasive tumor cells in 
the breast and axilla (pCR; ypT0/Tis, ypN0). 
Patients underwent breast-conserving or ablative 
surgery, and treatment of axillary lymph nodes 
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included sentinel lymph node biopsy or axillary 
lymph node dissection.

Statistical analysis
Clinicopathological features were compared 
between the anthracycline group and the nonan-
thracycline group using Pearson’s chi-square test 
or Fisher’s exact test. The pCR rate difference 
between the two groups and the 95% confidence 
interval (95% CI) for the difference were esti-
mated using the VassarStats tool20 (http://vas-
sarstats.net/index.html). Univariate and 
multivariate logistic proportional hazard models 
were applied to estimate the association of covari-
ates with pCR and calculate the odds ratio (OR) 
and 95% CI. Propensity score matching (PSM) 
was performed to balance the differences in base-
line characteristics between groups according to 

1:1 using the following predetermined factors: 
age at diagnosis, clinical T stage, clinical N status, 
hormone receptor status, and Ki-67 expression 
level. The standardized mean difference (SMD) 
is usually used to quantify the balance between 
the two groups before and after PSM, and 
SMD > 0.1 is considered inconsistent between 
the two groups. Therefore, to eliminate the influ-
ence of confounding factors, this study conducted 
a 1:1 PSM analysis between patients receiving 
nonanthracycline and those receiving anthracy-
cline in subpopulations. PSM and SMD were 
analyzed using the ‘MatchIt’ and ‘Tableone’ R 
packages, respectively. Subgroup analyses were 
performed for the above stratification factors 
using the Cochran–Mantel–Haenszel test.

A two-sided p value < 0.05 was considered statis-
tically significant. All statistical analyses were 
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Figure 1.  Flow diagram of the study design.
A total of 2507 patients with complete relevant information were enrolled in this study and divided into an anthracycline 
group (n = 1581) and a nonanthracycline group (n = 926). pCR was defined as the absence of invasive tumor cells in the breast 
and axilla (pCR; ypT0/Tis, ypN0).
AC, ‘A’ for anthracycline; ‘C’ for cyclophosphamide; ER, estrogen receptor; H, neoadjuvant chemotherapy regimen with 
trastuzumab; HP, neoadjuvant chemotherapy regimen with trastuzumab plus pertuzumab; HER2, human epidermal growth 
factor receptor type 2; non-H/P, neoadjuvant chemotherapy regimen without trastuzumab and pertuzumab; PR, progestogen 
receptor.
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performed using SPSS version 25.0 (IBM SPSS 
Statistics, Chicago, IL, USA) and R software 
v4.1.1 (http://www.r-project.org).

Results

Demographics and clinical characteristics  
of the study population
A screening flow diagram of our study population 
is presented in Figure 1. A total of 1581 patients 
receiving anthracycline and 926 patients receiving 
nonanthracycline who met the inclusion criteria 
were included in our study. As shown in Table 1, 
the demographics and clinical characteristics 
between the two treatment groups were generally 
different. The proportion of patients receiving 
anthracycline increased with older age, smaller 
tumor size, positive lymph nodes, ER negative, 
PR negative, and Ki-67 > 30%. The population 
receiving a nonanthracycline regimen was more 
likely to receive targeted therapy than those 
receiving anthracycline (H, 58.5% versus 22.8%; 
HP, 32% versus 4.8%); however, there was no dif-
ference in breast-conserving surgery rate between 
the two groups (11.5% versus 13.4%; p = 0.117). 
Hence, an interesting phenomenon was discov-
ered in this study: the pCR rate of the nonanthra-
cycline group was higher than that of the 
anthracycline group [29.3% versus 17.1%; 
OR = 2.00, 95% CI (1.65–2.43); p < 0.001] 
(Figure 2), and the difference in the pCR rate 
between the two groups was also statistically sig-
nificant [rate difference (RD) = 12.2%, 95% CI 
(8.6–15.7); p = 0.0002] (Figure 2).

Predictive factors for pCR
Furthermore, univariate and multivariate logis-
tical analyses were successively utilized to deter-
mine the predictive factors of pCR. As shown in 
Table 2, the results revealed that patients with a 
smaller tumor size, nodal status negativity, ER 
negativity, and PR negativity were more likely to 
achieve pCR, whereas age at diagnosis and 
Ki-67 expression level were not independently 
associated with the pCR rate. In addition, in 
terms of treatment administration, patients 
receiving targeted therapy were more likely to 
achieve pCR than those receiving nontargeted 
therapy. There was also no independent associ-
ation between anthracycline treatment and the 
pCR rate.

Comparison of clinicopathological 
characteristics and pCR rates in the non-H/P, 
H, and HP subpopulations of patients before 
PSM and after PSM
A detailed comparison of clinicopathological 
characteristics with/without anthracycline admin-
istration was further conducted in the non-H/P, 
H, and HP subpopulations of patients. As pre-
sented in Table 3, in the non-H/P population, 
there was no difference in the distribution of clin-
icopathological features between patients receiv-
ing anthracycline and those receiving 
nonanthracycline; in the H population, patients 
with T1-T2 (84.5% versus 74.2%, p < 0.001) and 
Ki-67 > 30% (68.8% versus 58.9%, p = 0.003) 
had higher proportions in the nonanthracycline 
group than in the anthracycline group; in the HP 
population, compared to the nonanthracycline 
group, patients with youger (63.2% versus 44.6%, 
p = 0.006), positive nodal status (80.3% versus 
64.2%, p = 0.011), and PR positivity (52.6% ver-
sus 35.1%, p = 0.008) had a higher proportion in 
those receiving anthracycline.

However, it was interesting that the pCR rate of 
patients receiving nonanthracycline therapy 
(22.7%) was higher than that of those receiving 
anthracycline (13.4%) in the non-H/P population 
[OR = 1.91, 95% CI (1.13–3.23); p = 0.015], cor-
responding to an absolute benefit of 9.3% [95% 
CI (1.1–19.9); p = 0.0148] in the nonanthracy-
cline group (Figure 3(a)). The pCR rate of 
patients receiving anthracycline therapy (47.4%) 
was higher than that of patients receiving nonan-
thracycline therapy (33.1%) in the HP population 
[OR = 0.55, 95% CI (0.33–0.92); p = 0.021], cor-
responding to an absolute benefit of 14.3% [95% 
CI (1.5–27.1); p = 0.0209] in the anthracycline 
group (Figure 3(e)). Nevertheless, in the H popu-
lation, there was a similar pCR rate between the 
nonanthracycline and anthracycline groups of 
patients [28.2% versus 22.8%, OR = 1.33, 95% 
CI (0.98–1.82), p = 0.068; RD = 5.4%, 95% CI 
(−0.6 to 11.2), p = 0.0677] (Figure 3(c)).

After confounding factors were eliminated by 
PSM (Table 4), we found that pCR rate differ-
ences between the anthracycline group and the 
nonanthracycline group in the non-HP 
[OR = 1.43, 95% CI (0.68–3.02), p = 0.345; 
RD = 5.7%, 95% CI (−7.0 to 18.2), p = 0.3452] 
(Figure 3(b)) and HP [OR = 0.69, 95% CI (0.36–
1.31), p = 0.251; RD = 9.2%, 95% CI (−7.3 to 
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Table 1.  Baseline characteristics of patients with HER2-positive breast cancer in the anthracycline group and 
nonanthracycline group.

Variables Anthracycline group 
(n = 1581)

Nonanthracycline group 
(n = 926)

p Value

Age at diagnosis (%)

  ⩽49 797 (50.4) 395 (42.7) <0.001

  ⩾50 784 (49.6) 531 (57.3)  

cT stage (%)

  T1–T2 1181 (74.7) 772 (83.4) <0.001

  T3–T4 400 (25.3) 154 (16.6)  

cN status (%)

  Negative 391 (24.7) 300 (32.4) <0.001

  Positive 1190 (75.3) 626 (67.6)  

ER status (%)

  Negative 717 (45.4) 487 (52.6) 0.001

  Positive 864 (54.6) 439 (47.4)  

PR status (%)

  Negative 865 (54.7) 532 (57.5) 0.197

  Positive 716 (45.3) 394 (42.5)  

Ki-67 expression (%)

  ⩽30% 616 (39.0) 313 (33.8) 0.011

  ⩾30% 965 (61.0) 613 (66.2)  

Targeted therapy (%)

  With non-H/P 1145 (72.4) 88 (9.5) <0.001

  With H 360 (22.8) 542 (58.5)  

  With HP 76 (4.8) 296 (32.0)  

Chemotherapy (%) <0.001

  AC-T 472 (29.9) –  

  AC-TH 360 (22.8) –  

  AC-THP 76 (4.8) –  

  TA 335 (21.2) –  

  TAC 338 (21.4) –  

  TC – 45 (4.9)  

  TCbH – 542 (58.5)  

(Continued)
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25.1), p = 0.251] (Figure 3(f)) subpopulations 
disappeared. In addition, there was no difference 
in the pCR rate between the nonanthracycline 

group and anthracycline group in the H popula-
tion after PSM [OR = 1.33, 95% CI (0.98–1.76), 
p = 0.196; RD = 4.1%, 95% CI (−2.4 to 10.6), 

Variables Anthracycline group 
(n = 1581)

Nonanthracycline group 
(n = 926)

p Value

  TCbHP – 249 (26.9)  

  THP – 47 (5.1)  

  TP – 41 (4.4)  

  TX – 2 (0.2)  

Surgery (%) 0.117

  BCS 182 (11.5) 124 (13.4)  

  Mas 1373 (86.8) 779 (84.1)  

  Other 26 (1.6) 23 (2.5)  

pCR (%)

  No 1310 (82.9) 655 (70.7) <0.001

  Yes 271 (17.1) 271 (29.3)  

cN status was determined by clinical (physical examination or radiologic) measurements and/or pathological examination 
(fine or core needle aspiration).
A, anthracycline; BCS, breast-conserving surgery; C, cyclophosphamide; Cb, platinum; ER, estrogen receptor; H, 
trastuzumab; HER2, human epidermal growth factor receptor type 2; Mas, mastectomy; P, pertuzumab; PR, progestogen 
receptor; T, taxane; TP, P for platinum; TX, X for capecitabine.

Table 1.  (Continued)

Figure 2.  pCR rate of the total population according to two treatment groups.
OR values and 95% CI of OR were calculated by Cochran–Mantel–Haenszel. RD values and 95% CI were estimated using 
VassarStats.
A p value < 0.05 was considered statistically significant.
CI, confidence interval; OR, odds ratio; pCR, pathological complete remission; RD, rate difference.
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Table 2.  Logistic regression analysis of independent predictors for pCR possibility.

Variables Univariate analysis Multivariate analysis

OR 95% CI p Value OR 95% CI p Value

Age at diagnosis

  ⩽49 Ref.  

  ⩾50 1.03 1.00–1.06 0.069  

cT stage

  T1–T2 Ref. Ref.  

  T3–T4 0.92 0.89–0.96 <0.001 0.93 0.90–0.97 <0.001

cN status

  Negative Ref. Ref.  

  Positive 0.92 0.89–0.95 <0.001 0.93 0.90–0.97 <0.001

ER status

  Negative Ref. Ref.  

  Positive 0.89 0.86–0.92 <0.001 0.92 0.89–0.96 <0.001

PR status

  Negative Ref. Ref.  

  Positive 0.90 0.87–0.93 <0.001 0.95 0.91–0.98 <0.001

Ki-67 expression (%)

  ⩽30% Ref.  

  >30% 1.03 1.00–1.17 0.073  

Targeted therapy

  With non-H/P Ref. Ref.  

  With H 1.13 1.09–1.31 <0.001 1.1 1.05–1.14 <0.001

  With HP 1.25 1.19–1.31 <0.001 1.21 1.14–1.28 <0.001

Groups

  Anthracycline group Ref. Ref.  

  Nonanthracycline group 1.13 1.09–1.17 <0.001 1.02 0.98–1.06 0.417

cN status was determined by clinical (physical examination or radiologic) measurements and/or pathological examination (fine or core needle 
aspiration).
ER, estrogen receptor; H, neoadjuvant chemotherapy regimen with trastuzumab; HER2, human epidermal growth factor receptor type 2; HP, 
neoadjuvant chemotherapy regimen with trastuzumab plus pertuzumab; non-H/P, neoadjuvant chemotherapy regimen without trastuzumab and 
pertuzumab; PR, progestogen receptor.
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Figure 3.  pCR rates of the three subpopulations before PSM and after PSM. (a, b) The non-H/P population received neoadjuvant 
chemotherapy regimens without trastuzumab and pertuzumab before PSM (a) and after PSM (b). (c, d) The H population received 
a neoadjuvant chemotherapy regimen with trastuzumab before PSM (c) and after PSM (d). (e, f) The HP population received a 
neoadjuvant chemotherapy regimen with trastuzumab plus pertuzumab before PSM (e) and after PSM (f).
OR values and 95% CI were calculated by Cochran–Mantel–Haenszel. RD values and 95% CI were estimated using VassarStats. A p value < 0.05 was 
considered statistically significant.
CI, confidence interval; pCR, pathological complete remission; PSM, propensity score matching; OR, odds ratio; RD, rate difference.
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p = 0.196], which was similar to the result before 
PSM [OR = 1.33, 95% CI (0.98–1.82), p = 0.068; 
RD = 5.4%, 95% CI (−0.6 to 11.2), p = 0.0677] 
(Figure 3(d)).

Subgroup analysis of the pCR rate in the  
non-H/P, H, and HP subpopulations before  
PSM and after PSM
We further analyzed the pCR rate of patients with 
different clinicopathological characteristics in the 
non-H/P, H, and HP subpopulations. The results 
from subgroup analysis revealed that in the non-H/P 
population, patients with age at diagnosis <50 years 
old (27.8% versus 13.8%, p = 0.021), cT stage 
T1-T2 (26% versus 14.5%, p = 0.009), clinical nodal 
positivity (22.7% versus 11.7%, p = 0.009), ER nega-
tivity (30.6% versus 16.8%, p = 0.016), PR negativity 
(32.6% versus 15.1%, p = 0.003), or Ki-67 > 30% 
(26.3% versus 16.1%, p = 0.048) in the nonanthracy-
cline group had a higher pCR rate than those in the 
anthracycline group before PSM (Figure 4). Hence, 
a higher pCR rate was found in the nonanthracy-
cline group than in the anthracycline group in the 
non-H/P population before PSM (22.7% versus 
13.4%, p = 0.015) (Figure 4). In the H population, 
patients with clinical nodal negativity (36.6% versus 
24.6%, p = 0.032), ER negativity (37.6%  
versus 24.6%, p = 0.004), or PR negativity (35%  
versus 25.5%, p = 0.018) in the nonanthracycline 
group had a favorable pCR rate compared with 
those in the anthracycline group, whereas the differ-
ence in the pCR rate was not significant between the 
two groups before PSM (28.2% versus 22.8%, 
p = 0.068) (Figure 5). In the HP population, patients 
with clinical T1-T2 stage disease (50% versus 34.9%, 
p = 0.009), clinical nodal positivity (47.5% versus 
31.1%, p = 0.019), ER negativity (69% versus 40.5%, 
p = 0.005), or PR negativity (69.4% versus 40.6%, 
p = 0.001) in the anthracycline group had a higher 
pCR rate than those in the nonanthracycline group 
before PSM (Figure 6). Therefore, a lower pCR rate 
was found in the nonanthracycline group than in the 
anthracycline group in the HP population before 
PSM (47.4% versus 33.1%, p = 0.021) (Figure 6). 
However, after PSM, there was no difference in the 
pCR rates of patients with different characteristics 
between the nonanthracycline group and anthracy-
cline group in the non-HP, H, and HP subpopula-
tions (Figures 4–6).

Collectively, one interesting finding was that the 
pCR rates of the non-H/P and HP populations 
showed opposite trends in response to receiving 
anthracycline before PSM, which was caused by 

the inconsistent distribution of clinicopathologi-
cal factors in the two treatment groups, since the 
difference disappeared after PSM.

Discussion
In this study, we found no significant difference 
in the proportion of patients achieving pCR 
between anthracycline-containing and anthracy-
cline-free chemotherapy regimens in the neoadju-
vant setting after controlling for confounding 
factors. In addition, we found that patients with a 
smaller tumor size, negative nodal metastasis and 
negative hormone receptor status were more 
likely to obtain pCR, which was consistent with 
most previous reports.21–23

With the advent of precision targeted therapies, it 
is controversial to exempt patients with HER2-
positive breast cancer from anthracycline. 
Evidence in support of exempting anthracycline 
comes from the following studies. First, multiple 
randomized controlled studies and a meta-analy-
sis from the Early Breast Cancer Pilot 
Collaboration group6 have confirmed that NAC 
regimens with trastuzumab effectively improve 
the pCR rate from 32% to 65.2%,7,14 and adju-
vant chemotherapy regimens with trastuzumab 
prolong DFS and OS in patients with HER2-
positive breast cancer.4,8,10,12,24 Next, the JBCRG-
16, APT, and BCIRG006 trials elucidated similar 
DFS and OS at 3, 5, or 10 years among patients 
with HER2-positive breast cancer after treatment 
with anthracycline-free versus anthracycline-con-
taining trastuzumab regimens.10,25,26 Second, the 
results of BERENICE, TRAIN-2, and 
TRYPHAENA (with trastuzumab plus pertu-
zumab regimens) suggested that the pCR rate, 
3-year event-free survival (EFS), or OS between 
the anthracycline-free group and the anthracy-
cline-containing group were generally simi-
lar.9,11,13,27,28 Our findings are consistent with 
those of previous studies that have shown that for 
HER2-positive breast cancer, the pCR rate of the 
anthracycline-free regimen was similar to that of 
anthracycline-containing regimens in the H or 
HP population after PSM.

Nevertheless, the rate of neutropenic fever and 
cardiac events in patients was significantly higher 
in the anthracycline group than in the nonanthra-
cycline group in the TRAIN-2 and BCIRG006 
trials.13,26,28 Collectively, given a similar efficacy 
between the nonanthracycline regimen and 
anthracycline regimen, plus fewer acute toxic 
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effects and lower risks of cardiotoxicity and neu-
tropenic fever occurring in the nonanthracycline 
regimen, nonanthracycline treatment could be 

considered for implementation in the presence of 
single or dual HER2 blockade in patients with 
HER2-positive breast cancer.

Figure 4.  Subgroup analysis of the pCR rate in the non-H/P population before PSM (upper) and after PSM 
(lower).
OR values and 95% CI were calculated by Cochran–Mantel–Haenszel.
‘*’ means that we are using Fisher’s exact test to calculate a p value. A p value < 0.05 was considered statistically significant.
CI, confidence interval; non-H/P, neoadjuvant chemotherapy regimen without trastuzumab and pertuzumab; OR, odds ratio, 
pCR, pathological complete remission; PSM, propensity score matching.
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In previous studies with small samples, wherein 
trastuzumab was not allowed in neoadjuvant 
treatment, 5-year OS and DFS were not signifi-
cantly different between anthracycline-containing 

TAC and TC regimens in HER2-positive breast 
cancer patients.29,30 Similarly, an interesting 
observation in our study of HER2-positive 
patients without targeted therapy was that the 

Figure 5.  Subgroup analysis of the pCR rate in the H population before PSM (upper) and after PSM (lower).
OR values and 95% CI were calculated by Cochran–Mantel–Haenszel. A p value <0.05 was considered statistically 
significant.
CI, confidence interval; H, neoadjuvant chemotherapy regimen with trastuzumab; OR, odds ratio, pCR, pathological complete 
remission; PSM, propensity score matching.
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pCR rate of patients with a nonanthracycline reg-
imen was higher than that of the anthracycline 
group before PSM, and baseline characteristics 
were consistent between the two groups. 

However, in the subgroup analysis, patients with 
age at diagnosis >50 years old, clinical T stage 
with T1-T2, clinical nodal positive, hormone 
receptor status negative, or Ki-67 > 30% in the 

Figure 6.  Subgroup analysis of the pCR rate in the HP population before PSM (upper) and after PSM (lower).
OR values and 95% CI were calculated by Cochran–Mantel–Haenszel.
‘*’ means that we are using Fisher’s exact test to calculate a p value. A p value < 0.05 was considered statistically significant.
CI, confidence interval; HP, neoadjuvant chemotherapy regimen with trastuzumab plus pertuzumab; OR, odds ratio, pCR, 
pathological complete remission; PSM, propensity score matching.
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nonanthracycline group had a higher pCR rate 
than those in the anthracycline group before 
PSM, but 1:1 after matching, the pCR differences 
between the two groups disappeared. Therefore, 
we suspect that this interesting phenomenon is 
due to the clinicopathological characteristics of 
patients in the nonanthracycline group that deter-
mine their favorable pCR rate. Collectively, there 
is currently a lack of large randomized clinical evi-
dence to support our conclusion; thus, the treat-
ment decision of exempting anthracycline in the 
presence of taxane and the absence of targeted 
therapy should be made with caution in patients 
with HER2-positive breast cancer.

One point that needs to be stressed: In this study, 
335 patients received the TA regimen, and 2 
patients received the TX regimen, among which 
the breast pCR, axillary pCR, and total pCR rates 
of patients receiving the TA regimen were 14.0% 
(47/335), 42.7% (143/335), and 9.0% (30/335), 
respectively. Although TA and TX regiments are 
not the standard preferred NAC regiments, they 
are also effective treatment options for hormone 
receptor-positive and triple-negative breast can-
cer patients according to the latest Chinese 
Society of Clinical Oncology and National 
Comprehensive Cancer Network guidelines. In 
addition, at the National Cancer Center in Korea, 
a phase III randomized study showed that TX 
increased the pCR rate in primary tumors com-
pared to AC (21% versus 10%, p = 0.024).31 
Another study of NAC for stage II and III breast 
cancer showed that the pCR rates with TA (91 
patients) and TX (103 patients) were 15% and 
21%, respectively.32 The above studies showed 
that these nonstandard schemes are effective.

There are several limitations in our study. First, 
as a multicenter retrospective study, one of the 
inherent limitations is the difficulty in gathering 
comprehensive data on all participants, as 36% of 
patients had missing data on key factors and/or 
treatment, such as unknown pCR (n = 153), 
unknown chemotherapy scheme (n = 619), and 
changed chemotherapy scheme (n = 392). 
However, the inclusion of some patients without 
complete demographic and clinical information 
may lead to selection bias. Therefore, to ensure 
the validity of the research results, patients with 
incomplete information were excluded from this 
study. Second, our data did not provide follow-up 
information, leading to the inability to further 
evaluate the long-term benefits of anthracycline 
usage. Previous studies or meta-analyses on 

HER2-targeted therapy have shown that pCR 
after neoadjuvant therapy is associated with long-
term clinical benefits (such as DFS, PFS, EFS 
and OS).15,33,34 Therefore, we chose pCR as our 
primary endpoint and used it as a surrogate indi-
cator of long-term prognosis. Third, our study 
did not document some of the side effects that 
patients experienced after chemotherapy (such as 
acute toxic effects, cardiotoxicity, and neutro-
penic fever), and the chemotherapy dose of the 
patients in this study was not recorded. We expect 
that this information can be included in our 
upcoming prospective studies.

Conclusion
In summary, a similar efficacy between the non-
anthracycline regimen and anthracycline regimen 
in the neoadjuvant setting was found in the pres-
ence of single or dual HER2 blockade in patients 
with HER2-positive breast cancer. Thus, our 
study further provides clinical evidence for omit-
ting anthracycline treatment in HER2-positive 
breast cancer in the presence of trastuzumab and/
or pertuzumab.

Declarations

Ethics approval and consent to participate
The study was performed in accordance with the 
Declaration of Helsinki and was approved by the 
Ethical Review Committee of the First Hospital 
of Jilin University (No. 2021-066). Since this 
study was retrospective and all data analysis was 
conducted anonymously, there was no informed 
consent of patients.

Consent for publication
Not applicable.

Author contribution(s)
Heyan Chen: Conceptualization; Formal analy-
sis; Investigation; Methodology; Writing – origi-
nal draft; Writing – review & editing.

Amina Maimaitiaili: Data curation; 
Investigation.

Zhenzhen Liu: Data curation.

Rui Ling: Data curation.

Yi Zhao: Data curation.

Hongjian Yang: Data curation.

Yunjiang Liu: Data curation.

https://journals.sagepub.com/home/tam


Therapeutic Advances in 
Medical Oncology Volume 15

16	 journals.sagepub.com/home/tam

Ke Liu: Data curation.

Jianguo Zhang: Data curation.

Dahua Mao: Data curation.

Zhigang Yu: Data curation.

Yinhua Liu: Data curation.

Peifen Fu: Data curation.

Jiandong Wang: Data curation.

Hongchuan Jiang: Data curation.

Zuowei Zhao: Data curation.

Xingsong Tian: Data curation.

Zhongwei Cao: Data curation.

Kejin Wu: Data curation.

Ailin Song: Data curation.

Feng Jin: Data curation.

Jianjun He: Conceptualization; Data curation; 
Writing – review & editing.

Zhimin Fan: Conceptualization; Data curation; 
Writing – review & editing.

Huimin Zhang: Conceptualization; Funding 
acquisition; Writing – review & editing.

Acknowledgements
We would like to thank the member units of 
CSBrS-012 for data collection and the Institutional 
Foundation of The First Affiliated Hospital of 
Xi’an Jiaotong University (2022YQPY08) for sup-
porting this work.

Funding
The authors disclosed receipt of the following 
financial support for the research, authorship, 
and/or publication of this article: This work is 
supported by the  Institutional Foundation of 
The First Affiliated Hospital of Xi’an Jiaotong 
University (2022YQPY08).

Competing interests
The authors declare that there is no conflict of 
interest.

Availability of data and material
All data during the study are proprietary in nature 
and may only be provided with restrictions (e.g. 
anonymized data).

ORCID iD
Zhenzhen Liu  https://orcid.org/0000-0001- 
7083-0155

References
	 1.	 Sung H, Ferlay J, Siegel RL, et al. Global cancer 

statistics 2020: GLOBOCAN estimates of 
incidence and mortality worldwide for 36 cancers 
in 185 countries. CA Cancer J Clin 2021; 71: 
209–249.

	 2.	 Waks AG and Winer EP. Breast cancer 
treatment: a review. JAMA 2019; 321: 288–300.

	 3.	 Cameron D, Piccart-Gebhart MJ, Gelber RD, 
et al. 11 years’ follow-up of trastuzumab after 
adjuvant chemotherapy in HER2-positive early 
breast cancer: final analysis of the HERceptin 
Adjuvant (HERA) trial. Lancet 2017; 389: 
1195–1205.

	 4.	 D’Hondt V, Canon JL, Roca L, et al. UCBG 
2-04: long-term results of the PACS 04 trial 
evaluating adjuvant epirubicin plus docetaxel in 
node-positive breast cancer and trastuzumab in the 
human epidermal growth factor receptor 2-positive 
subgroup. Eur J Cancer 2019; 122: 91–100.

	 5.	 Desmedt C, Di Leo A, de Azambuja E, et al. 
Multifactorial approach to predicting resistance to 
anthracyclines. J Clin Oncol 2011; 29: 1578–1586.

	 6.	 Early Breast Cancer Trialists’ Collaborative 
Group. Trastuzumab for early-stage, HER2-
positive breast cancer: a meta-analysis of 13 864 
women in seven randomised trials. Lancet Oncol 
2021; 22: 1139–1150.

	 7.	 Gianni L, Eiermann W, Semiglazov V, et al. 
Neoadjuvant chemotherapy with trastuzumab 
followed by adjuvant trastuzumab versus 
neoadjuvant chemotherapy alone, in patients with 
HER2-positive locally advanced breast cancer 
(the NOAH trial): a randomised controlled 
superiority trial with a parallel HER2-negative 
cohort. Lancet 2010; 375: 377–384.

	 8.	 Perez EA, Romond EH, Suman VJ, 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 2014; 32: 3744–3752.

	 9.	 Schneeweiss A, Chia S, Hickish T, et al. Long-
term efficacy analysis of the randomised, phase II 
TRYPHAENA cardiac safety study: evaluating 
pertuzumab and trastuzumab plus standard 
neoadjuvant anthracycline-containing and 
anthracycline-free chemotherapy regimens in 
patients with HER2-positive early breast cancer. 
Eur J Cancer 2018; 89: 27–35.

	10.	 Slamon D, Eiermann W, Robert N, et al. 
Adjuvant trastuzumab in HER2-positive breast 
cancer. N Engl J Med 2011; 365: 1273–1283.

	11.	 Swain SM, Ewer MS, Viale G, et al. Pertuzumab, 
trastuzumab, and standard anthracycline-and 

https://journals.sagepub.com/home/tam
https://orcid.org/0000-0001-7083-0155
https://orcid.org/0000-0001-7083-0155


H Chen, A Maimaitiaili et al.

journals.sagepub.com/home/tam	 17

taxane-based chemotherapy for the neoadjuvant 
treatment of patients with HER2-positive 
localized breast cancer (BERENICE): a phase 
II, open-label, multicenter, multinational cardiac 
safety study. Ann Oncol 2018; 29: 646–653.

	12.	 Tan-Chiu E, Yothers G, Romond E, et al. 
Assessment of cardiac dysfunction in a 
randomized trial comparing doxorubicin and 
cyclophosphamide followed by paclitaxel, with or 
without trastuzumab as adjuvant therapy in node-
positive, human epidermal growth factor receptor 
2-overexpressing breast cancer: NSABP B-31. J 
Clin Oncol 2005; 23: 7811–7819.

	13.	 van Ramshorst MS, van der Voort A, van 
Werkhoven ED, et al. Neoadjuvant chemotherapy 
with or without anthracyclines in the presence of 
dual HER2 blockade for HER2-positive breast 
cancer (TRAIN-2): a multicentre, open-label, 
randomised, phase 3 trial. Lancet Oncol 2018; 19: 
1630–1640.

	14.	 von Minckwitz G, Rezai M, Fasching PA, 
et al. Survival after adding capecitabine and 
trastuzumab to neoadjuvant anthracycline-
taxane-based chemotherapy for primary breast 
cancer (GBG 40–GeparQuattro). Ann Oncol 
2014; 25: 81–89.

	15.	 Gianni L, Pienkowski T, Im YH, et al. 5-year 
analysis of neoadjuvant pertuzumab and 
trastuzumab in patients with locally advanced, 
inflammatory, or early-stage HER2-positive 
breast cancer (NeoSphere): a multicentre, open-
label, phase 2 randomised trial. Lancet Oncol 
2016; 17: 791–800.

	16.	 Swain SM, Kim SB, Cortes J, et al. Pertuzumab, 
trastuzumab, and docetaxel for HER2-positive 
metastatic breast cancer (CLEOPATRA study): 
overall survival results from a randomised, 
double-blind, placebo-controlled, phase 3 study. 
Lancet Oncol 2013; 14: 461–471.

	17.	 Seidman A, Hudis C, Pierri MK, et al. Cardiac 
dysfunction in the trastuzumab clinical trials 
experience. J Clin Oncol 2002; 20: 1215–1221.

	18.	 Piccart-Gebhart MJ, Procter M, Leyland-Jones B, 
et al. Trastuzumab after adjuvant chemotherapy 
in HER2-positive breast cancer. N Engl J Med 
2005; 353: 1659–1672.

	19.	 Russell SD, Blackwell KL, Lawrence J, et al. 
Independent adjudication of symptomatic 
heart failure with the use of doxorubicin and 
cyclophosphamide followed by trastuzumab 
adjuvant therapy: a combined review of cardiac 
data from the National Surgical Adjuvant breast 
and Bowel Project B-31 and the North Central 
Cancer Treatment Group N9831 clinical trials. J 
Clin Oncol 2010; 28: 3416–3421.

	20.	 Newcombe RG. Interval estimation for the 
difference between independent proportions: 
comparison of eleven methods. Stat Med 1998; 
17: 873–890.

	21.	 Hwang HW, Jung H, Hyeon J, et al. A 
nomogram to predict pathologic complete 
response (pCR) and the value of tumor-
infiltrating lymphocytes (TILs) for prediction of 
response to neoadjuvant chemotherapy (NAC) 
in breast cancer patients. Breast Cancer Res Treat 
2019; 173: 255–266.

	22.	 Takada M, Ishiguro H, Nagai S, et al. Survival 
of HER2-positive primary breast cancer 
patients treated by neoadjuvant chemotherapy 
plus trastuzumab: a multicenter retrospective 
observational study (JBCRG-C03 study). Breast 
Cancer Res Treat 2014; 145: 143–153.

	23.	 Untch M, Rezai M, Loibl S, et al. 
Neoadjuvant treatment with trastuzumab in 
HER2-positive breast cancer: results from the 
GeparQuattro study. J Clin Oncol 2010; 28: 
2024–2031.

	24.	 Joensuu H, Kellokumpu-Lehtinen PL, Bono P, 
et al. Adjuvant docetaxel or vinorelbine with or 
without trastuzumab for breast cancer. N Engl J 
Med 2006; 354: 809–820.

	25.	 Amiri-Kordestani L, Xie D, Tolaney SM, et al. A 
food and drug administration analysis of survival 
outcomes comparing the adjuvant paclitaxel and 
trastuzumab trial with an external control from 
historical clinical trials. Ann Oncol 2020; 31: 
1704–1708.

	26.	 Ueno T, Masuda N, Sato N, et al. Multicenter 
study of primary systemic therapy with 
docetaxel, cyclophosphamide and trastuzumab 
for HER2-positive operable breast cancer: the 
JBCRG-10 study. Jpn J Clin Oncol 2020; 50: 
3–11.

	27.	 Schneeweiss A, Chia S, Hickish T, et al. 
Pertuzumab plus trastuzumab in combination 
with standard neoadjuvant anthracycline-
containing and anthracycline-free chemotherapy 
regimens in patients with HER2-positive early 
breast cancer: a randomized phase II cardiac 
safety study (TRYPHAENA). Ann Oncol 2013; 
24: 2278–2284.

	28.	 van der Voort A, van Ramshorst MS, van 
Werkhoven ED, et al. Three-year follow-up 
of neoadjuvant chemotherapy with or without 
anthracyclines in the presence of dual ERBB2 
blockade in patients with ERBB2-positive breast 
cancer: a secondary analysis of the TRAIN-2 
randomized, phase 3 trial. JAMA Oncol 2021; 7: 
978–984.

https://journals.sagepub.com/home/tam


Therapeutic Advances in 
Medical Oncology Volume 15

18	 journals.sagepub.com/home/tam

	29.	 Chen X, Ye G, Zhang C, et al. Superior outcome 
after neoadjuvant chemotherapy with docetaxel, 
anthracycline, and cyclophosphamide versus 
docetaxel plus cyclophosphamide: results from 
the NATT trial in triple negative or HER2 
positive breast cancer. Breast Cancer Res Treat 
2013; 142: 549–558.

	30.	 Chen X, Ye G, Zhang C, et al. Non-
anthracycline-containing docetaxel and 
cyclophosphamide regimen is associated with 
sustained worse outcome compared with 
docetaxel, anthracycline and cyclophosphamide 
in neoadjuvant treatment of triple negative and 
HER2-positive breast cancer patients: updated 
follow-up data from NATT study. Chin J Cancer 
Res 2016; 28: 561–569.

	31.	 Lee KS, Ro J, Nam BH, et al. A randomized 
phase-III trial of docetaxel/capecitabine versus 
doxorubicin/cyclophosphamide as primary 
chemotherapy for patients with stage II/III 

breast cancer. Breast Cancer Res Treat 2008; 109: 
481–489.

	32.	 Jeong JH, Jung SY, Park IH, et al. Ro, predictive 
factors of pathologic complete response and 
clinical tumor progression after preoperative 
chemotherapy in patients with stage II and 
III breast cancer. Invest New Drugs 2012; 30: 
408–416.

	33.	 de Azambuja E, Holmes AP, Piccart-Gebhart 
M, et al. Lapatinib with trastuzumab for HER2-
positive early breast cancer (NeoALTTO): 
survival outcomes of a randomised, open-label, 
multicentre, phase 3 trial and their association 
with pathological complete response. Lancet 
Oncol 2014; 15: 1137–1146.

	34.	 Gonzalez-Angulo AM, Parinyanitikul N, 
Lei X, et al. Effect of adjuvant trastuzumab 
among patients treated with anti-HER2-based 
neoadjuvant therapy. Br J Cancer 2015; 112: 
630–635.

Visit SAGE journals online 
journals.sagepub.com/
home/tam

SAGE journals

https://journals.sagepub.com/home/tam
https://journals.sagepub.com/home/tam
https://journals.sagepub.com/home/tam

