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Abstract
Purpose  Neoadjuvant combination treatment with chemotherapy (CTX), trastuzumab (TZM), and pertuzumab (PTZ) has 
been shown to result in higher pathological complete response rates (pCR) in comparison with treatment with chemotherapy 
and trastuzumab (CTX/TZM). This analysis was aimed at real-world validation of these results from prospective randomized 
trials.
Methods  In a retrospective analysis conducted in the PRAEGNANT network, patients were eligible for inclusion if they 
had either received neoadjuvant therapy with CTX/TZM or chemotherapy, trastuzumab, and pertuzumab (CTX/TZM/PTZ) 
and subsequently underwent surgery for their primary breast cancer. The effect of the two neoadjuvant regimens on pCR 
in addition to commonly applicable predictors of pCR was analyzed in 300 patients from three study sites, using logistic 
regression analyses with treatment arm, age, clinical tumor stage, grading, and hormone receptor status as predictors.
Results  pCR with complete disappearance of all tumor cells was seen in 30.2% (n = 58) of patients treated with CTX/TZM 
and in 52.8% (n = 57) of those treated with CTX/TZM/PTZ. CTX/TZM/PTZ was positively associated with pCR (adjusted 
odds ratio 2.44; 95% CI 1.49–4.02). Mastectomy rates were not influenced by the therapy.
Conclusions  The results of clinical trials were confirmed in this dataset of patients who were treated outside of clinical trials 
in everyday routine work. pCR rates can be improved by 20% with pertuzumab in routine clinical use.

Keywords  Breast cancer · Neoadjuvant · Trastuzumab · Pertuzumab · pCR · Real-world data · Registry

Introduction

Since the discovery of human epidermal growth factor 
receptor 2 (HER2) as a prognostic factor in breast cancer 
patients [1] and the subsequent development of trastuzumab 
in anti-HER2 therapy, treatment for this group of breast can-
cer patients has improved immensely [2–8]. In the preop-
erative neoadjuvant setting, pathological complete response 
(pCR) rates of around 40% have been reported [9–18]. In the 
subgroup of HER2-positive patients, moreover, pCR is an 
established predictor of the prognosis, and improvements 
in pCR appear to be associated with an improvement in the 
prognosis to some extent [11, 12, 19].
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However, although the prognosis has improved in this sub-
group of patients, 20–25% of patients relapse and one in seven 
patients will die within 10 years after the diagnosis [7, 20, 
21]. A strong need to improve anti-HER2 therapies therefore 
remains.

The combination of trastuzumab and pertuzumab is an 
established standard therapy for patients with advanced breast 
cancer [22]. Combining trastuzumab and pertuzumab with 
neoadjuvant chemotherapy in the NeoSphere trial resulted in a 
pCR rate of 42% and was significantly superior to neoadjuvant 
chemotherapy and trastuzumab alone (23%) [23]. A 5 year 
survival analysis of the NeoSphere trial did not show any sig-
nificant differences when docetaxel and trastuzumab + per-
tuzumab were compared with docetaxel (HR 0.69; 95% CI 
0.34–1.40) [19].

Two further neoadjuvant trials have reported high pCR rates 
in the range of 57–66% with combinations of different chemo-
therapies with trastuzumab and pertuzumab [24, 25].

The data from these studies led to the approval of pertu-
zumab in combination with trastuzumab and chemotherapy 
as neoadjuvant therapy for patients with primary breast can-
cer [26, 27]. However, in Germany, where newly approved 
drugs have to undergo reimbursement assessments by statutory 
health-insurance providers, the German Federal Joint Com-
mittee (G-BA) and the Institute for Quality and Efficiency in 
Health Care (IQWiG) did not conclude that there is any addi-
tional benefit of adding pertuzumab to the neoadjuvant com-
bination treatment of chemotherapy and trastuzumab based 
on the prognostic benefit, which was at that time unconfirmed 
[28].

Recently, the adjuvant APHINITY trial reported the effects 
of the addition of pertuzumab in the adjuvant setting. With a 
median follow-up of 45 months for 4805 randomized patients, 
a small but statistically significant difference was seen (3-year 
invasive disease-free survival rate in the pertuzumab arm 
94.1% versus 93.2% in the placebo arm; P = 0.045) [29].

With these data from the neoadjuvant setting and a poten-
tial benefit in the disease-free survival in the adjuvant set-
ting, real-world data may be helpful for assessing the value 
of pertuzumab in the neoadjuvant setting in routine clini-
cal use. This paper presents a comparison of two cohorts 
of patients with HER2-positive primary breast cancer who 
received neoadjuvant therapy consisting of either chemo-
therapy and trastuzumab, or chemotherapy and trastuzumab 
plus pertuzumab.

Patients and methods

The PRAEGNANT research network

The PRAEGNANT study (Prospective Academic Trans-
lational Research Network for the Optimization of the 

Oncological Health Care Quality in the Adjuvant and 
Advanced/Metastatic Setting; NCT02338167, [30–32]) is 
an ongoing registry with documentation similar to that 
used in clinical trial databases. In general, patients can 
be included at any time point during the course of their 
disease. For the analysis presented here, the study infra-
structure was used for a retrospective analysis of patients 
from three study sites (Bottrop, Erlangen, and Tübingen). 
All patients treated in these study sites had been screened 
for their respective neoadjuvant anti-HER2 treatment. The 
objective was to identify all patients in these study sites 
who had received neoadjuvant treatment either with tras-
tuzumab and chemotherapy (CTX/TZM) or with chemo-
therapy, trastuzumab, and pertuzumab (CTX/TZM/PTZ). 
Detailed patient referral and recruitment mechanisms for 
each study site are described in Supplementary Table 1. A 
total of 402 patients were identified.

Patients were excluded in the following hierarchical 
order: patients who were participating in a neoadjuvant 
clinical trial (n = 85), patients with metastases at the pri-
mary diagnosis (n = 9), and patients with metachronous 
bilateral breast cancer (n = 8), resulting in a study popula-
tion of 300 patients treated in clinical routine. All of the 
relevant ethics committees approved the study.

Data collection

Patient data were derived from the patients’ charts and 
original pathology reports. The data were collected by 
trained staff and documented on an electronic case report 
form [30]. Data for the analysis were monitored and que-
ried remotely, and training and monitoring were carried 
out on site at the study sites. All participating study sites 
are certified breast cancer centers which prospectively 
document treatment and follow-up data. Although the 
analysis is retrospective, it used prospectively collected 
follow-up data.

Therapies

All participating study sites were certified breast cancer 
centers that administer treatment in accordance with the 
German national guidelines and therapy recommendations. 
Adherence to guidelines is monitored and audited on an 
annual basis. A high degree of adherence with the guidelines 
(> 95%) is therefore assured. Breast-conserving therapy is 
the aim unless oncological safety is of concern. Adjuvant 
radiotherapy is performed in all patients with breast-con-
serving therapy or with mastectomy and additional risk fac-
tors. Adjuvant endocrine therapy is performed in all hor-
mone receptor-positive patients.
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Definition of pCR, hormone receptor, HER2 status, 
and grading

Estrogen receptor status, progesterone receptor status, HER2 
status, and grading were requested for documentation. There 
was no central review of biomarkers. The site protocols 
recommend assessing estrogen receptor and progesterone 
receptor status as positive if ≥ 1% were stained. A positive 
HER2 status required an immunohistochemistry score of 
3 + or positive fluorescence in situ hybridization/competi-
tive in situ hybridization (FISH/CISH) findings. The pCR 
assessment was directly documented from the pathology 
reports. The following definitions of pCR were used. The 
end point for the primary analysis was pCRcomplete, defined as 
the complete disappearance of all tumor cells regardless of 
invasiveness (ypT0 ypN0). For secondary analyses, pCRinv 
was used, defined as the complete disappearance of invasive 
tumor cells (ypT0 or ypTis and ypN0).

Statistical analysis

The primary objective was to assess whether the treatment 
regimen (CTX/TZM versus CTX/TZM/PTZ) was associ-
ated with pCRcomplete and whether the effect of therapy on 
pCRcomplete varied between patient subgroups, taking into 
account predictors for pCR.

For this purpose, a logistic regression model (basic 
model) was fitted with pCRcomplete (“yes” vs. “no”) as the 
outcome and the following predictors for pCRcomplete: age 
at diagnosis (continuous), grading (ordinal, G1–G3), clini-
cal tumor size (ordinal; T1–T4), hormone receptor status 
(categorical; positive, negative). Patients with missing out-
comes were excluded from the analyses. Missing predictor 
values were imputed, and continuous predictors were used as 
natural cubic spline functions, as done in Salmen et al. [33]. 
Subsequently, an additional logistic regression model was 
fitted containing the treatment regimen (categorical; CTX/
TZM versus CTX/TZN/PTZ), the predictors from the previ-
ous basic model, and the interaction between the treatment 
regimen and the predictors in the basic model (interaction 
model). The two models were compared using the likelihood 
ratio test. A significant test result indicates that the treatment 
regimen influenced pCRcomplete beyond the other predictors, 
either across all patients or at least within one of the sub-
groups defined by the predictors taken into consideration. 
If the result was not significant, no further analyses were 
conducted, to avoid false-positive results.

However, if the P value was significant, the interac-
tion model was compared with a reduced logistic regres-
sion model, the basic model with the treatment regimen 
added but without the interaction terms (reduced model), 
using the likelihood ratio test again. In case of significance, 

subgroup-specific odds ratios (ORs) for the treatment regi-
men adjusted for the other predictors were calculated, using 
the interaction model. If the result was not significant, an 
adjusted overall OR for therapy regimen was calculated, 
using the reduced model.

The performance of the logistic regression models in 
terms of discrimination and calibration was measured using 
the area under the receiver operating characteristic curve 
(AUC) and the Hosmer–Lemeshow statistic χ2 test com-
paring predicted and observed pCRcomplete events, as done 
recently in [34]. A large P value indicates satisfactory cali-
bration. To address overfitting, cross-validated AUC values 
were also calculated, as described in [35]. The smaller the 
difference between the cross-validated AUC and the original 
AUC, the lower the amount of overfitting.

Inter-center heterogeneity was assessed using a likeli-
hood ratio test that compared the reduced model with the 
reduced model extended by the predictor “study center” and 
the interaction between treatment regimen and study center. 
A large P value indicates that associations between the treat-
ment regimen and pCR were independent of the individual 
centers.

Secondary objectives were to explore the effect of therapy 
on pCRinv and the effect of therapy on mastectomy rates 
(“yes” vs. “no”). Logistic regression analyses were per-
formed with pCRinv and mastectomy, respectively, as out-
comes. For both outcomes, a logistic regression model with 
the treatment regimen and the predictors from the basic 
model above was fitted, and adjusted ORs for the treatment 
regimen were presented. The effect of treatment regimen 
and pCR on the disease-free survival was estimated using 
the Kaplan–Meier method. Survival time was censored at 
5 years after diagnosis.

All the tests were two-sided, and a P value of < 0.05 was 
regarded as statistically significant. Calculations were car-
ried out using the R system for statistical computing (version 
3.0.1; R Core Team, Vienna, Austria, 2013).

Results

Patient, tumor, and study characteristics

A total of 192 patients received treatment with CTX/TZM 
and 108 were treated with CTX/TZM/PTZ. The patient 
characteristics relative to the treatment regimen are listed in 
Table 1. The patient and tumor characteristics appeared to 
be quite balanced between the two therapy groups. Patient 
and tumor characteristics relative to the study site are also 
provided in Supplementary Table 2.

The patients received either anthracycline-based or 
platinum-based chemotherapy. Platinum-based treatment 
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was chosen in 147 patients (49%) and anthracycline-
based treatment in 153 patients (53%) All but one patient 
received neoadjuvant taxane therapy. The usage of plati-
num-based therapies is shown in Supplementary Table 2.

Associations between established predictors of pCR 
and pCR rates are shown in Supplementary Table  3. 
The pCR rates were higher in patients with cT1 and cT2 
tumors than in those with cT3 and cT4 tumors. Patients 
with a positive hormone receptor status had a lower pCR 
rate, and higher grading correlated with higher pCR rates.

Therapy regimen and pCR effect

Comparison of logistic regression models with and with-
out the treatment regimen revealed that the therapy regi-
men significantly influenced pCRcomplete in addition to the 
predictors considered (P < 0.01, first likelihood ratio test). 
The interactions between therapy regimen and the other 
predictors, however, were not significant (P = 0.27, sec-
ond likelihood ratio test). Thus, it was not shown that the 
effect of therapy differed between patient subgroups. The 
adjusted OR for CTX/TZM/PTZ versus CTX/TZM was 
2.44 (95% CI 1.49–4.02) (Table 2).

The reduced logistic regression model used to pre-
dict risks was well calibrated. The difference between 
actual and predicted events was quite low (P = 0.71, Hos-
mer–Lemeshow test). The discrimination ability of the 
final regression model was satisfactory at AUC = 0.662. 
The cross-validated AUC was 0.632, indicating some over-
fitting. The cross-validated AUC values for the basic and 
interaction models were lower (0.588 and 0.614, respec-
tively), confirming the main result that the treatment regi-
men is predictive without differences between subgroups. 
The study center did not influence the treatment effect 
(P = 0.88, likelihood ratio test).

The results for pCRinv were similar. The adjusted OR 
for CTX/TZM/PTZ versus CTX/TZM was 2.04 (95% CI 
1.24–3.35) (Table 3). Unadjusted pCR rates are shown in 
Table 1: patients with CTX/TZM showed a pCRcomplete 
in 30.2% (n = 58), in comparison with 52.8% (n = 57) for 
patients treated with CTZ/TZM/PTZ. The pCRinv rates 
were 42.7% (n = 82) and 62.0% (n = 67), respectively.

Therapy and surgery outcomes

It was not found that the treatment choice influenced the 
mastectomy rate (OR, 1.45; 95% CI 0.86–2.44; P = 0.16). 
The mastectomy rates were 41.1% (n = 79) with CTX/TZM 
treatment and 47.2% (n = 50) with CTX/TZM/PTZ treat-
ment. An analysis of the number of operations needed was 
not meaningful, as only 28 patients (21 with CTX/TZM/PTZ 
and seven with CTX/TZM/PTZ) required repeat surgery.

Survival analyses

The Kaplan–Meier curves for disease-free survival are 
shown in Fig. 1. The statistical power was low, as there were 
only 34 events and the follow-up period for pertuzumab-
treated patients (with drug approval in 2015) was short. 
Overall-survival analyses were not performed, with only 
seven events during the observation period.

Table 1   Patient characteristics relative to treatment regimen

CTX chemotherapy, pCRcomplete pathological complete remission (all 
tumor cells), pCRinv pathological complete remission (all invasive 
tumor cells), PTZ pertuzumab, SD standard deviation, TZM trastu-
zumab

Characteristic CTX/TZM CTX/TZM/PTZ

n or mean % or SD n or mean % or SD

Age at diagnosis 54.3 13.1 54.5 11.6
cT
 cT1 74 38.5 46 42.6
 cT2 85 44.3 52 48.1
 cT3 10 5.2 5 4.6
 cT4 23 12 5 4.6

Hormone receptor
 Negative 64 33.3 40 37.0
 Positive 128 66.7 68 63.0

Grading
 1 3 1.6 1 0.9
 2 86 44.8 42 38.9
 3 103 53.6 65 60.2

Year of diagnosis
 ≤ 2010 59 30.7 0 0.0
 2011–2014 115 59.9 0 0.0
 ≥ 2015 18 9.4 108 100.0

pCRcomplete

 No 134 69.8 51 47.2
 Yes 58 30.2 57 52.8

Platinum-based CTC​
 No 115 59.9 38 35.2
 Yes 77 40.1 70 64.8

pCRinv

 No 110 57.3 41 38.0
 Yes 82 42.7 67 62.0

Mastectomy
 No 113 58.9 56 52.8
 Yes 79 41.1 50 47.2

Number of operations
 1 168 88.9 101 93.5
 ≥ 2 21 11.1 7 6.5
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Discussion

This study shows that outside of clinical trials, patients 
treated with CTX/TZM/PTZ in everyday neoadjuvant clin-
ical routine had an approximately 20% higher pCR rate in 
comparison with patients treated with CTX/TZM alone. 
This effect was consistent among all of the subgroups. The 
choice of neoadjuvant treatment did not have any influence 
on the mastectomy rate. The number of events and the 
median follow-up period did not allow any conclusions to 
be drawn at present regarding the prognosis.

This real-world analysis shows pCR rates similar 
to those reported in clinical trials using the triple com-
bination of CTX/TZM/PTZ. Initially, the NeoSphere 
trial showed a pCR rate (pT0/is pN0) of 42% [23]. In 
the TRYPHAENA trial, two anthracycline-containing 

regimens (5-fluorouracil, epirubicin, and cyclophospha-
mide [FEC] + pertuzumab + trastuzumab followed by doc-
etaxel + pertuzumab + trastuzumab and FEC followed by 
docetaxel + pertuzumab + trastuzumab) were compared 
with the anthracycline-free regimen of docetaxel + carbo-
platin + pertuzumab + trastuzumab [24]. The rates of pCR 
(pT0/pTis pN0/pN1) in that study were 61.3%, 57.3%, and 
66.2%, respectively [24]. The BERENICE trial recently 
achieved pCR rates (pT0/pTis pN0) of 61.8% in patients 
treated with dose-dense chemotherapy followed by pacli-
taxel + TZM/PTZ and 60.7% in those treated with FEC 
followed by docetaxel + TZM/PTZ [25]. A U.S.-based 
registry reported pCR rates (pT0/pTis pN0) of 40% in 
patients treated with CTX/TZM and 57% in those treated 
with CTX/TZM/PTZ (calculated from [36]).

The present data, with 62.0% for pT0/is pN0 and 52.8% 
for pT0 pN0, confirm these published findings. With regard 

Table 2   Prediction of 
pathological complete response 
(pCRcomplete) with therapy 
regimen in addition to known 
predictors

Coefficients of logistic regression model with pCRcomplete as outcome, odds ratios adjusted for the other 
predictors, and P values from Wald tests are shown
CI confidence intervals, cT clinical tumor stage, CTX chemotherapy, OR odds ratio, PTZ pertuzumab, SE 
standard error, TZM trastuzumab
a The continuous predictor age fitted best as linear function
b Reference category

Predictor Coefficient (SE) OR (95% CI) P value

Intercept – 0.9653 (0.8872) –
Age at diagnosisa Per year 0.0014 (0.0099) 1.00 (0.98, 1.02) 0.89
Grading Per grade 0.3283 (0.2417) 1.39 (0.86, 2.23) 0.17
cT Per stage – 0.2056 (0.1467) 0.81 (0.61, 1.09) 0.16
Hormone receptor Negativeb 0 1 –

Positive – 0.6164 (0.2575) 0.54 (0.33, 0.89) 0.02
Treatment regimen CTX/TZMb 0 1 –

CTX/TZM/PTZ 0.8934 (0.2540) 2.44 (1.49, 4.02) < 0.001

Table 3   Prediction of complete 
disappearance of invasive tumor 
cells (pCRinv) with treatment 
regimen in addition to known 
predictors

Coefficients of logistic regression model with pCRinv as outcome, odds ratios adjusted for the other predic-
tors, and P values from Wald tests are shown
CI confidence intervals, cT clinical tumor stage, CTX chemotherapy, OR odds ratio, PTZ pertuzumab, SE 
standard error, TZM trastuzumab
a The continuous predictor age fitted best as linear function
b Reference category

Predictor Coefficient (SE) OR (95% CI) P value

Intercept – 0.0882 (0.8502) – –
Age at diagnosisa Per year – 0.0044 (0.0096) 1.00 (0.98, 1.01) 0.65
Grading Per grade 0.4101 (0.2329) 1.51 (0.95, 2.38) 0.08
cT Per stage – 0.2953 (0.1403) 0.74 (0.57, 0.98) 0.04
Hormone receptor Negativeb 0 1 –

Positive – 0.6785 (0.2554) 0.51 (0.31, 0.84) < 0.01
Treatment regimen CTX + TZMb 0 1 –

CTX + TZM + PTZ 0.7121 (0.253) 2.04 (1.24, 3.35) < 0.01
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to the low pCR rates in the NeoSphere trial, it should be 
borne in mind that the NeoSphere patients were only treated 
with docetaxel, while anthracycline or platinum were not 
permitted in the trial protocol. The length of neoadjuvant 
chemotherapy was therefore shorter than is usually the case 
in everyday clinical practice and in other studies.

The results of this report and earlier registry and clini-
cal trials data [23, 24, 36, 37] show that the improvement 
in pCR rates is reproducible in clinical practice; instead of 
three out of ten women achieving a pCR, the figure is five 
out of ten with complete disappearance of all tumor cells 
from the breast and axillary lymph nodes. In Germany, about 
7300 HER2-positive patients receive neoadjuvant treatment 
per year. Adding pertuzumab to the neoadjuvant treatment 
regimen could allow approximately 1500 additional women 
to achieve complete disappearance of tumor cells.

Despite these clear differences and the impact on a rel-
evant number of patients, the German Federal Joint Com-
mittee (G-BA) and the Institute for Quality and Efficiency 
in Health Care (IQWiG) have not taken the view that there 
is any additional benefit from the addition of pertuzumab 
to neoadjuvant chemotherapy and trastuzumab, which is 
because of the unreported effect on the prognosis [28]. Even 
with the recently published data from the APHINITY study, 
there was only a small absolute difference of 0.9% between 

the treatment arms (3-year disease-free survival rates) [29], 
with overall-survival data still pending.

In clinical practice, this might not in fact be the most 
relevant argument from the patients’ standpoint. Assuming 
that 7300 patients with HER2-positive early breast cancer 
are treated with neoadjuvant therapy in Germany, potentially 
an additional 1760 patients per year would achieve a pCR 
if pertuzumab were to be used in combination with trastu-
zumab. In addition to this argument, an independent review 
of the available data regarding pertuzumab in neoadjuvant 
treatment performed by the School of Health and Related 
Research Technology Appraisal Group at the University 
of Sheffield found that the therapy was cost-effective. The 
reviewers recommended providing access to neoadjuvant 
pertuzumab for patients with early-stage HER2-positive 
breast cancer [38]. Additionally, it must be borne in mind 
that several trastuzumab biosimilars are being introduced 
into health care in late 2017 and early 2018, which may 
reduce the total costs of this combination neoadjuvant anti-
HER2 treatment.

With regard to other predictors of pCR our study 
showed that in this HER2 positive population hormone 
receptor status was a clear predictor for both outcome 
variables of pCR with odds ratios between 0.51 and 0.54. 
Other variables did not have such a stable effect on pCR 

Fig. 1   Kaplan–Meier curves for 
disease-free survival relative to 
pathological complete response 
(pCRcomplete) and treatment 
regimen. The numbers of events 
were 28 (no pCR and CTX/
TZM), 1 (no pCR and CTX/
TZM/PTZ), 5 (pCR and CTX/
TZM), and 0 (pCR and CTX/
TZM/PTZ)
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indicating the prominent role of hormone receptor status 
on the pCR as seen in many other neoadjuvant studies 
[12–15, 18].

The present study has several limitations. First, the dis-
tribution of treatment choices over the years shows that 
after 2014, mainly PTZ-containing therapy was admin-
istered and almost no trastuzumab any more. There is 
evidence showing that pCR rates are increasing over the 
years [39]. A cohort effect can therefore not be excluded. 
In addition, although the sample size is comparable to that 
in the NeoSphere study, some of the subgroups are rather 
small for adequately powered subgroup analysis. One other 
limitation is the lack of information about the duration of 
the chemotherapy and antibody therapy. Patients were con-
sidered to be treated with the drugs, if at least one cycle 
was documented. Also as this is real-world data, there was 
a variety of chemotherapy regimens including platinum. 
However sample sizes were to low to assess the influence 
of these different kinds of chemotherapies. With only three 
study sites, it may be difficult to generalize the data to the 
whole of Germany, but no differences were found between 
the study sites with regard to the effect of the treatment 
regimen on pCR.

Conclusions

This study shows that the rates of pathological complete 
remission in neoadjuvant treatment regimens containing 
trastuzumab and pertuzumab are about 20% higher than in 
regimens that use trastuzumab alone. This analysis of real-
world data, not including any patients who were participat-
ing in clinical trials, thus supports the published data show-
ing increases in the pCR rate through the addition of PTZ. 
In everyday clinical practice, it is challenging to deliberately 
choose a treatment regimen that has a 20% lower pCR rate. 
However, data regarding the prognosis need to be taken into 
account when the risks and benefits of this form of treatment 
are being assessed. With clear and measurable effects out-
side of clinical trials, patient-care/health-care research may 
be able to answer questions that have not yet been addressed 
or cannot be addressed in clinical studies.

Acknowledgements  The contribution of Thomas Geyer to this publica-
tion was made in partial fulfillment of the requirements for obtaining 
the degree of Doctor of Medicine. Parts of the work published here 
have been used for his doctoral thesis at the Medical Faculty of Frie-
drich Alexander University of Erlangen–Nuremberg (FAU).

Funding  The PRAEGNANT network is supported by Grants from 
Novartis, Celgene, and Pfizer (no Grant Number). The sponsors did not 
have any involvement in the study design or in the collection, analysis, 
or interpretation of data, in the writing of the report, or the decision 
to submit this article.

Compliance with ethical standards 

Conflict of interest  P.G. has received honoraria from Novartis and fi-
nancial support for symposia from Novartis, Roche, and PharmaMar. 
A.D.H. has received honoraria from Teva, GenomicHealth, Celgene, 
AstraZeneca, Novartis, Pfizer, and Roche. F.A.T. has received hono-
raria from AstraZeneca, GenomicHealth, Novartis, and Roche. N.N. 
has received consultancy honoraria from Janssen-Cilag and travel sup-
port from Novartis. F.O. has received speaker and consultancy hono-
raria from Amgen, Celgene, AstraZeneca, Novartis, Roche, and MSD. 
P.H. has received honoraria, unrestricted educational grants, and re-
search funding from Amgen, AstraZeneca, Eli Lilly, MSD, Novartis, 
Pfizer, and Roche. H.T. has received honoraria from Novartis, Roche, 
Celgene, TEVA, and Pfizer, and travel support from Roche, Cel-
gene, and Pfizer. J.E. has received honoraria from Roche, Celgene, 
Novartis, Pfizer, Pierre Fabre, and TEVA, and travel support from 
Celgene, Pfizer, TEVA, and Pierre Fabre. D.L. has received honoraria 
from Aurikamed, Roche, Pfizer, Novartis, Celgene, AstraZeneca, Eli 
Lilly, and L’Oreal. M.W. has received speaker honoraria from Astra-
Zeneca, Celgene, and Novartis. V.M. has received speaker honoraria 
from Amgen, AstraZeneca, Celgene, Daiichi-Sankyo, Eisai, Pfizer, 
Pierre-Fabre, Novartis, Roche, Teva, and Janssen-Cilag, and consul-
tancy honoraria from Genomic Health, Roche, Pierre Fabre, Amgen, 
Daiichi-Sankyo, and Eisai. W.J. has received honoraria and research 
grants from Novartis. A.S. has received honoraria from Roche, Cel-
gene, AstraZeneca, Novartis, Pfizer, Zuckschwerdt Verlag GmbH, 
Georg Thieme Verlag, Aurikamed GmbH, MCI Deutschland GmbH, 
bsh medical communications GmbH, and promedicis GmbH. M.P.L. 
has received honoraria from Pfizer, Roche, MSD, Hexal, Novartis, 
AstraZeneca, TEVA, Celgene, Eisai, medac, and Thieme for advisory 
boards, lectures, and travel support. C.L. reports personal fees from 
Celgene, from TEVA, from Pierre Fabre, from Novartis, from Amgen, 
from Eisai, from GSK, from Roche, from Puma, from Hexal, from 
Daiichi Sankyo, and from Genomic Health, outside of the submitted 
research. E.B. received honoraria from Novartis for consulting and 
clinical research management activities. P.A.F. has received honoraria 
from Roche, Pfizer, Novartis, and Celgene. His institution conducts 
research for Novartis. H.-C.K. has received honoraria from Carl Zeiss 
meditec, TEVA, Theraclion, Novartis, Amgen, AstraZeneca, Pfizer, 
Janssen-Cilag, GSK, LIV Pharma, and Genomic Health. All of the re-
maining authors have declared no conflicts of interest.

Ethical approval  All procedures performed in the study involving 
human participants were in accordance with the ethical standards of 
the institutional and national research committee and with the 1964 
Helsinki Declaration and its later amendments or comparable ethical 
standards.

Informed consent  Informed consent was obtained from all individual 
participants included in the study.

References

	 1.	 Slamon DJ, Clark GM, Wong SG, Levin WJ, Ullrich A, McGuire 
WL (1987) Human breast cancer: correlation of relapse and sur-
vival with amplification of the HER-2/neu oncogene. Science 
235:177–182

	 2.	 Slamon DJ, Leyland-Jones B, Shak S, Fuchs H, Paton V, Baja-
monde A, Fleming T, Eiermann W, Wolter J, Pegram M, Baselga 
J, Norton L (2001) Use of chemotherapy plus a monoclonal anti-
body against HER2 for metastatic breast cancer that overexpresses 
HER2. N Engl J Med 344:783–792



326	 Breast Cancer Research and Treatment (2019) 173:319–328

1 3

	 3.	 Piccart-Gebhart MJ, Procter M, Leyland-Jones B, Goldhirsch 
A, Untch M, Smith I, Gianni L, Baselga J, Bell R, Jackisch C, 
Cameron D, Dowsett M et al (2005) Trastuzumab after adjuvant 
chemotherapy in HER2-positive breast cancer. N Engl J Med 
353:1659–1672

	 4.	 Romond EH, Perez EA, Bryant J, Suman VJ, Geyer CE Jr, David-
son NE, Tan-Chiu E, Martino S, Paik S, Kaufman PA, Swain 
SM, Pisansky TM et al (2005) Trastuzumab plus adjuvant chemo-
therapy for operable HER2-positive breast cancer. N Engl J Med 
353:1673–1684

	 5.	 Gianni L, Dafni U, Gelber RD, Azambuja E, Muehlbauer S, Gol-
dhirsch A, Untch M, Smith I, Baselga J, Jackisch C, Cameron 
D, Mano M et al (2011) Treatment with trastuzumab for 1 year 
after adjuvant chemotherapy in patients with HER2-positive early 
breast cancer: a 4-year follow-up of a randomised controlled trial. 
Lancet Oncol 12:236–244

	 6.	 Slamon D, Eiermann W, Robert N, Pienkowski T, Martin M, Press 
M, Mackey J, Glaspy J, Chan A, Pawlicki M, Pinter T, Valero V 
et al (2011) Adjuvant trastuzumab in HER2-positive breast cancer. 
N Engl J Med 365:1273–1283

	 7.	 Perez EA, Romond EH, Suman VJ, Jeong JH, Sledge G, Geyer CE 
Jr, Martino S, Rastogi P, Gralow J, Swain SM, Winer EP, Colon-
Otero G et al (2014) 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

	 8.	 Lux MP, Janni W, Hartkopf AD, Nabieva N, Taran FA, Overkamp 
F, Kolberg HC, Hadji P, Tesch H, Ettl J, Huober J, Lüftner D 
et al (2017) Update breast cancer 2017—implementation of novel 
therapies. Geburtshilfe Frauenheilkd 77:1281–1290

	 9.	 Untch M, Huober J, Jackisch C, Schneeweiss A, Brucker SY, 
Dall P, Denkert C, Fasching PA, Fehm T, Gerber B, Janni W, 
Kuhn T et al (2017) Initial Treatment of Patients with Primary 
Breast Cancer: Evidence, Controversies, Consensus: Spectrum 
of Opinion of German Specialists at the 15th International St. 
Gallen Breast Cancer Conference (Vienna 2017). Geburtshilfe 
und Frauenheilkunde 77:633–644

	10.	 von Minckwitz G, Schneeweiss A, Loibl S, Salat C, Denkert C, 
Rezai M, Blohmer JU, Jackisch C, Paepke S, Gerber B, Zahm 
DM, Kummel S et al (2014) Neoadjuvant carboplatin in patients 
with triple-negative and HER2-positive early breast cancer 
(GeparSixto; GBG 66): a randomised phase 2 trial. Lancet Oncol 
15:747–756

	11.	 Cortazar P, Zhang L, Untch M, Mehta K, Costantino JP, Wol-
mark N, Bonnefoi H, Cameron D, Gianni L, Valagussa P, Swain 
SM, Prowell T et al (2014) Pathological complete response and 
long-term clinical benefit in breast cancer: the CTNeoBC pooled 
analysis. Lancet 384:164–172

	12.	 von Minckwitz G, Untch M, Blohmer JU, Costa SD, Eidtmann 
H, Fasching PA, Gerber B, Eiermann W, Hilfrich J, Huober J, 
Jackisch C, Kaufmann M et al (2012) Definition and impact of 
pathologic complete response on prognosis after neoadjuvant 
chemotherapy in various intrinsic breast cancer subtypes. J Clin 
Oncol 30:1796–1804

	13.	 Untch M, Loibl S, Bischoff J, Eidtmann H, Kaufmann M, Blohmer 
JU, Hilfrich J, Strumberg D, Fasching PA, Kreienberg R, Tesch H, 
Hanusch C et al (2012) Lapatinib versus trastuzumab in combina-
tion with neoadjuvant anthracycline-taxane-based chemotherapy 
(GeparQuinto, GBG 44): a randomised phase 3 trial. Lancet Oncol 
13:135–144

	14.	 Untch M, Fasching PA, Konecny GE, Hasmuller S, Lebeau A, 
Kreienberg R, Camara O, Muller V, du Bois A, Kuhn T, Stickeler 
E, Harbeck N et al (2011) Pathologic complete response after neo-
adjuvant chemotherapy plus trastuzumab predicts favorable sur-
vival in human epidermal growth factor receptor 2-overexpressing 

breast cancer: results from the TECHNO trial of the AGO and 
GBG study groups. J Clin Oncol 29:3351–3357

	15.	 Untch M, Rezai M, Loibl S, Fasching PA, Huober J, Tesch H, 
Bauerfeind I, Hilfrich J, Eidtmann H, Gerber B, Hanusch C, Kuhn 
T et al (2010) Neoadjuvant treatment with trastuzumab in HER2-
positive breast cancer: results from the GeparQuattro study. J Clin 
Oncol 28:2024–2031

	16.	 Coudert BP, Largillier R, Arnould L, Chollet P, Campone M, 
Coeffic D, Priou F, Gligorov J, Martin X, Trillet-Lenoir V, Weber 
B, Bleuse JP et al (2007) Multicenter phase II trial of neoadjuvant 
therapy with trastuzumab, docetaxel, and carboplatin for human 
epidermal growth factor receptor-2-overexpressing stage II or 
III breast cancer: results of the GETN(A)-1 trial. J Clin Oncol 
25:2678–2684

	17.	 Gianni L, Eiermann W, Semiglazov V, Manikhas A, Lluch A, 
Tjulandin S, Zambetti M, Vazquez F, Byakhow M, Lichinitser M, 
Climent MA, Ciruelos E et al (2010) Neoadjuvant chemotherapy 
with trastuzumab followed by adjuvant trastuzumab versus neo-
adjuvant 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 375:377–384

	18.	 Fasching PA, Heusinger K, Haeberle L, Niklos M, Hein A, Bayer 
CM, Rauh C, Schulz-Wendtland R, Bani MR, Schrauder M, Kah-
mann L, Lux MP et al (2011) Ki67, chemotherapy response, and 
prognosis in breast cancer patients receiving neoadjuvant treat-
ment. BMC Cancer 11:486

	19.	 Gianni L, Pienkowski T, Im YH, Tseng LM, Liu MC, Lluch 
A, Staroslawska E, de la Haba-Rodriguez J, Im SA, Pedrini JL, 
Poirier B, Morandi P et al (2016) 5-year analysis of neoadjuvant 
pertuzumab and trastuzumab in patients with locally advanced, 
inflammatory, or early-stage HER2-positive breast cancer (Neo-
Sphere): a multicentre, open-label, phase 2 randomised trial. Lan-
cet Oncol 17:791–800

	20.	 Slamon DJ, Eiermann W, Robert NJ, Giermek J, Martin M, Jasio-
wka M, Mackey JR, Chan A, Liu MC, Pinter T, Valero V, Falkson 
C et al (2016) Ten year follow-up of BCIRG-006 comparing doxo-
rubicin plus cyclophosphamide followed by docetaxel (AC -> T) 
with doxorubicin plus cyclophosphamide followed by docetaxel 
and trastuzumab (AC -> TH) with docetaxel, carboplatin and tras-
tuzumab (TCH) in HER2+ early breast cancer. Cancer Res 5:76

	21.	 Cameron D, Piccart-Gebhart MJ, Gelber RD, Procter M, Gol-
dhirsch A, de Azambuja E, Castro G Jr, Untch M, Smith I, Gianni 
L, Baselga J, Al-Sakaff N et al (2017) 11 years’ follow-up of 
trastuzumab after adjuvant chemotherapy in HER2-positive early 
breast cancer: final analysis of the HERceptin Adjuvant (HERA) 
trial. Lancet 389:1195–1205

	22.	 Baselga J, Cortes J, Kim SB, Im SA, Hegg R, Im YH, Roman L, 
Pedrini JL, Pienkowski T, Knott A, Clark E, Benyunes MC et al 
(2012) Pertuzumab plus trastuzumab plus docetaxel for metastatic 
breast cancer. N Engl J Med 366:109–119

	23.	 Gianni L, Pienkowski T, Im YH, Roman L, Tseng LM, Liu MC, 
Lluch A, Staroslawska E, de la Haba-Rodriguez J, Im SA, Pedrini 
JL, Poirier B et al (2012) Efficacy and safety of neoadjuvant 
pertuzumab and trastuzumab in women with locally advanced, 
inflammatory, or early HER2-positive breast cancer (NeoSphere): 
a randomised multicentre, open-label, phase 2 trial. Lancet Oncol 
13:25–32

	24.	 Schneeweiss A, Chia S, Hickish T, Harvey V, Eniu A, Hegg R, 
Tausch C, Seo JH, Tsai YF, Ratnayake J, McNally V, Ross G 
et al (2013) 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 (TRY-
PHAENA). Ann Oncol 24:2278–2284



327Breast Cancer Research and Treatment (2019) 173:319–328	

1 3

	25.	 Swain SM, Ewer MS, Viale G, Delaloge S, Ferrero JM, Verrill 
M, Colomer R, Vieira C, Werner TL, Douthwaite H, Bradley D, 
Waldron-Lynch M et al (2017) Primary analysis of BERENICE: 
a phase II cardiac safety study of pertuzumab, trastuzumab, and 
neoadjuvant anthracycline-based chemotherapy in patients with 
locally advanced, inflammatory, or early-stage, unilateral, and 
invasive HER2-positive breast cancer. Cancer Res 77:P4–P21

	26.	 Food, Drug Administration US, Perjeta (2017) Highlights of pre-
scribing informatioN https​://www.acces​sdata​fdago​v/drugs​atfda​
_docs/label​/2013/12540​9s051​lbl.pdf, Accessed August 27, 2013

	27.	 European Medicines Agency (2017) Perjeta Product information, 
Annex I. http://www.emaeu​ropae​u/docs/en_GB/docum​ent_libra​
ry/EPAR_-_Produ​ct_Infor​matio​n/human​/00254​7/WC500​14098​
0.pdf, Accessed August 27, 2013

	28.	 German Federal Joint Committee (G-BA) (2016) Beschluss 
des Gemeinsamen Bundesausschusses über eine Änderung der 
Arzneimittel-Richtlinie (AM-RL): Anlage XII - Beschlüsse über 
die Nutzenbewertung von Arzneimitteln mit neuen Wirkstoffen 
nach § 35a SGB V—Pertuzumab (neues Anwendungsgebiet). 
Bundesanzeiger 2016;BAnz AT 06.04. B7. https​://www.g-ba.de/
downl​oads/39-261-2498/016-02-18_AM-TL-XII_Pertu​zumab​
-nAWG_015-09-01-D-177_BAnz.pdf, Assessed August 27

	29.	 von Minckwitz G, Procter M, de Azambuja E, Zardavas D, Ben-
yunes M, Viale G, Suter T, Arahmani A, Rouchet N, Clark E, 
Knott A, Lang I et al (2017) Adjuvant pertuzumab and trastu-
zumab in early HER2-positive breast cancer. N Engl J Med 
377:122–131

	30.	 Fasching PA, Brucker SY, Fehm TN, Overkamp F, Janni W, Wall-
wiener M, Hadji P, Belleville E, Haberle L, Taran FA, Luftner 
D, Lux MP et al (2015) Biomarkers in patients with metastatic 
breast cancer and the praegnant study network. Geburtshilfe Frau-
enheilkd 75:41–50

	31.	 Hein A, Gass P, Walter CB, Taran FA, Hartkopf A, Overkamp F, 
Kolberg HC, Hadji P, Tesch H, Ettl J, Wuerstlein R, Lounsbury 
D et al (2016) Computerized patient identification for the EMB-
RACA clinical trial using real-time data from the PRAEGNANT 
network for metastatic breast cancer patients. Breast Cancer Res 
Treat 158:59–65

	32.	 Fremd C, Hack CC, Schneeweiss A, Rauch G, Wallwiener D, 
Brucker SY, Taran FA, Hartkopf A, Overkamp F, Tesch H, Fehm 

T, Hadji P et al (2017) Use of complementary and integrative 
medicine among German breast cancer patients: predictors and 
implications for patient care within the PRAEGNANT study net-
work. Arch Gynecol Obstet 295:1239–1245

	33.	 Salmen J, Neugebauer J, Fasching PA, Haeberle L, Huober J, 
Wockel A, Rauh C, Schuetz F, Weissenbacher T, Kost B, Stickeler 
E, Klar M et al (2014) Pooled analysis of the prognostic relevance 
of progesterone receptor status in five German cohort studies. 
Breast Cancer Res Treat 148:143–151

	34.	 Haberle L, Fasching PA, Brehm B, Heusinger K, Jud SM, Loe-
hberg CR, Hack CC, Preuss C, Lux MP, Hartmann A, Vachon 
CM, Meier-Meitinger M et al (2016) Mammographic density is 
the main correlate of tumors detected on ultrasound but not on 
mammography. Int J Cancer 139:1967–1974

	35.	 Burghaus S, Haberle L, Schrauder MG, Heusinger K, Thiel FC, 
Hein A, Wachter D, Strehl J, Hartmann A, Ekici AB, Renner SP, 
Beckmann MW et al (2015) Endometriosis as a risk factor for 
ovarian or endometrial cancer—results of a hospital-based case-
control study. BMC cancer 15:751

	36.	 Beitsch P, Whitworth P, Baron P, Rotkis MC, Mislowsky AM, 
Richards PD, Murray MK, Pellicane JV, Dul CL, Nash CH, Stork-
Sloots L, de Snoo F et al (2017) Pertuzumab/trastuzumab/CT 
versus trastuzumab/CT therapy for HER2+ breast cancer: results 
from the prospective Neoadjuvant Breast Registry Symphony 
Trial (NBRST). Ann Surg Oncol 24:2539–2546

	37.	 Swain SM, Schneeweiss A, Gianni L, Gao JJ, Stein A, Waldron-
Lynch M, Heeson S, Beattie MS, Yoo B, Cortes J, Baselga J 
(2017) Incidence and management of diarrhea in patients with 
HER2-positive breast cancer treated with pertuzumab. Ann Oncol 
28:761–768

	38.	 Squires H, Pandor A, Thokala P, Stevens JW, Kaltenthaler E, 
Clowes M, Coleman R, Wyld L (2017) Pertuzumab for the neo-
adjuvant treatment of early-stage HER2-positive breast cancer: an 
evidence review group perspective of a NICE single technology 
appraisal. Pharmacoeconomics 7:10

	39.	 Hennigs A, Riedel F, Marme F, Sinn P, Lindel K, Gondos A, 
Smetanay K, Golatta M, Sohn C, Schuetz F, Heil J, Schneeweiss 
A (2016) Changes in chemotherapy usage and outcome of early 
breast cancer patients in the last decade. Breast Cancer Res Treat 
160:491–499

Affiliations

Peter A. Fasching1   · Andreas D. Hartkopf2 · Paul Gass1 · Lothar Häberle1,3 · Leyla Akpolat‑Basci4 · 
Alexander Hein1 · Bernhard Volz1 · Florin‑Andrei Taran2 · Naiba Nabieva1 · Birgit Pott4 · Friedrich Overkamp5 · 
Hanna Einarson2 · Peyman Hadji6 · Hans Tesch7 · Johannes Ettl8 · Diana Lüftner9 · Markus Wallwiener10 · 
Volkmar Müller11 · Wolfgang Janni12 · Tanja N. Fehm13 · Andreas Schneeweiss14 · Michael Untch15 · Dirk Pott16 · 
Michael P. Lux1 · Thomas Geyer1 · Cornelia Liedtke17 · Harald Seeger2 · Sarah Wetzig4 · Arndt Hartmann18 · 
Rüdiger Schulz‑Wendtland19 · Erik Belleville20 · Diethelm Wallwiener2 · Matthias W. Beckmann1 · Sara Y. Brucker2 · 
Hans‑Christian Kolberg4

1	 Department of Gynecology and Obstetrics, Erlangen 
University Hospital, Comprehensive Cancer Center 
Erlangen‑EMN, Friedrich Alexander University 
of Erlangen–Nuremberg, Universitätsstrasse 21–23, 
91054 Erlangen, Germany

2	 Department of Obstetrics and Gynecology, University 
of Tübingen, Tübingen, Germany

3	 Biostatistics Unit, Department of Gynecology and Obstetrics, 
Erlangen University Hospital, Erlangen, Germany

4	 Marienhospital Bottrop, Bottrop, Germany
5	 Oncologianova GmbH, Recklinghausen, Germany
6	 Frankfurter Hormon und Osteoporosezentrum Goethestrasse, 

Goethestr.23, Frankfurt, Germany
7	 Oncology Practice, Bethanien Hospital, Frankfurt am Main, 

Germany
8	 Department of Obstetrics and Gynecology, Klinikum rechts 

der Isar, Technical University of Munich, Munich, Germany

https://www.accessdatafdagov/drugsatfda_docs/label/2013/125409s051lbl.pdf
https://www.accessdatafdagov/drugsatfda_docs/label/2013/125409s051lbl.pdf
http://www.emaeuropaeu/docs/en_GB/document_library/EPAR_-_Product_Information/human/002547/WC500140980.pdf
http://www.emaeuropaeu/docs/en_GB/document_library/EPAR_-_Product_Information/human/002547/WC500140980.pdf
http://www.emaeuropaeu/docs/en_GB/document_library/EPAR_-_Product_Information/human/002547/WC500140980.pdf
https://www.g-ba.de/downloads/39-261-2498/016-02-18_AM-TL-XII_Pertuzumab-nAWG_015-09-01-D-177_BAnz.pdf
https://www.g-ba.de/downloads/39-261-2498/016-02-18_AM-TL-XII_Pertuzumab-nAWG_015-09-01-D-177_BAnz.pdf
https://www.g-ba.de/downloads/39-261-2498/016-02-18_AM-TL-XII_Pertuzumab-nAWG_015-09-01-D-177_BAnz.pdf
http://orcid.org/0000-0003-4885-8471


328	 Breast Cancer Research and Treatment (2019) 173:319–328

1 3

9	 Department of Hematology, Oncology and Tumor 
Immunology, Charité University Hospital, Campus Benjamin 
Franklin, Berlin, Germany

10	 Department of Obstetrics and Gynecology, University 
of Heidelberg, Heidelberg, Germany

11	 Department of Gynecology, Hamburg-Eppendorf University 
Medical Center, Hamburg, Germany

12	 Department of Gynecology and Obstetrics, Ulm University 
Hospital, Ulm, Germany

13	 Department of Gynecology and Obstetrics, Düsseldorf 
University Hospital, Düsseldorf, Germany

14	 National Center for Tumor Diseases and Department 
of Gynecology and Obstetrics, Heidelberg University 
Hospital, Heidelberg, Germany

15	 Department of Gynecology and Obstetrics, Helios Clinics 
Berlin-Buch, Berlin, Germany

16	 Onkologische Schwerpunktpraxis Bottrop, Bottrop, Germany
17	 Department of Gynecology and Breast Center, Charité 

University Hospital, Campus Mitte, Berlin, Germany
18	 Institute of Pathology, Erlangen University Hospital, 

Comprehensive Cancer Center Erlangen‑EMN, Friedrich 
Alexander University of Erlangen–Nuremberg, Erlangen, 
Germany

19	 Institute of Diagnostic Radiology, Erlangen University 
Hospital, Comprehensive Cancer Center Erlangen‑EMN, 
Friedrich Alexander University of Erlangen–Nuremberg, 
Erlangen, Germany

20	 ClinSol GmbH & Co KG, Würzburg, Germany


	Efficacy of neoadjuvant pertuzumab in addition to chemotherapy and trastuzumab in routine clinical treatment of patients with primary breast cancer: a multicentric analysis
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Patients and methods
	The PRAEGNANT research network
	Data collection
	Therapies
	Definition of pCR, hormone receptor, HER2 status, and grading
	Statistical analysis

	Results
	Patient, tumor, and study characteristics
	Therapy regimen and pCR effect
	Therapy and surgery outcomes
	Survival analyses

	Discussion
	Conclusions
	Acknowledgements 
	References


