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Introduction 

Breast cancer is the most common cancer worldwide, mainly affecting women with 2.4 

million new cases and 523,000 breast-cancer-related deaths in 2015 [1]. Different breast 

cancer subtypes can be distinguished with corresponding differences in prognosis and 

response to treatment [2-4]. Subtype classification in routine clinical practice is based on 

the expression of the estrogen receptor (ER), progesterone receptor (PR) and human 

epidermal growth factor receptor 2 (HER2). The expression of these receptors results in 

three main clinical breast cancer subtypes: hormone receptor (HR) positive tumors (ER-

positive and/or PR-positive and HER2-negative), HER2-positive tumors (HER2-positive with 

or without co-expression of ER and PR), and triple negative tumors (ER-, PR-, and HER2-

negative). In addition to these clinical subtypes, so-called ‘molecular’ or ‘intrinsic’ breast 

cancer subtypes can be distinguished based on different gene expression profiles [4-6]. At 

least five molecular subtypes can be identified and include luminal A, luminal B, HER2-

enriched, basal-like and normal-like tumors. There is considerable overlap between the 

molecular and clinical subtypes, although this overlap is not complete. Luminal A tumors 

roughly correspond to low-proliferative, HER2-negative tumors with high HR-expression, 

luminal B to high-proliferative, HR-positive tumors with lower HR-expression and either 

positive or negative for HER2, HER2-enriched to HER2-positive tumors and mainly those 

without co-expression of ER and PR, basal-like to triple-negative tumors, and normal-like 

tumors are a rest category possibly reflecting normal breast tissue present in the analyzed 

samples [4-7]. The identification of different breast cancer subtypes paved the way for 

rational use of targeted therapies in breast cancer patients and improved their outcome 

[8, 9]. Therefore, the options for systemic treatment differ according to breast cancer 

subtype nowadays. For example, the recommendation for chemotherapy and the choice 

of specific chemotherapeutic agents or regimens is influenced by tumor subtype. In 

addition, while chemotherapy is the mainstay of systemic treatment for triple-negative 

breast cancer, endocrine therapy constitutes an important component of the treatment 

for patients with HR-positive tumors. In HER2-positive tumors, HER2-directed treatment 

has become a vital component of systemic treatment. 
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Chapter 1  

HER2-positive breast cancer 

HER2 belongs to the family of transmembrane tyrosine kinase receptors (ErbB-family), 

which consists of four receptors: HER1 (also known as epidermal growth factor receptor 

[EGFR]), HER2, HER3, and HER4 (figure 1). They are, among other cellular processes, 

involved in the regulation of cell proliferation, cell differentiation and cell survival. The 

HER-receptors are composed of an extracellular domain (ECD), a transmembrane 

segment, and an intracellular tyrosine kinase domain (figure 1) [10-12].  

 
Figure 1. HER-family (a), conformational change upon ligand binding (b), dimerization and 

activation of intracellular pathways (c).  

 
Adapted by permission from Macmillan Publishers Ltd: Nature Reviews (Baselga J and Swain SM. Novel 
anticancer targets: revisiting ERBB2 and discovering ERBB3. Nature Rev 2009;9:463-75), copyright (2009). 

 

In the inactive state the HER-receptors are present as monomers at the cell membrane 

and the ECD is folded in such a way that the dimerization domain is unexposed. Ligand 

binding results in a conformational change with exposure of the dimerization domain 

making dimerization with other HER-receptors possible. Dimerization can occur between 

two of the same HER-receptors (homodimerization, e.g., HER2/HER2) or between 

different HER-receptors (heterodimerization, e.g., HER2/HER3), of which HER2/HER3 

dimerization is regarded as the most potent pair. A few exceptions exist: HER3 lacks the 
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intracellular tyrosine kinase domain, HER2 has no known ligand, and the dimerization 

domain of HER2 is always exposed, making HER2 the preferred dimerization partner. 

Dimerization leads to phosphorylation of the tyrosine kinase domain with subsequent 

recruitment and activation of downstream proteins, which initiates different signaling 

cascades eventually resulting in different outcomes. The phosphoinositide 3-kinase (PI3K) 

and mitogen-activated protein kinase (MAPK) pathway are two of the main intracellular 

signaling routes leading to cell proliferation and survival (figure 1) [10-12].  

Approximately 10-20% of breast cancers are of the HER2-positive subtype [13, 14]. 

According to the most recent American Society of Clinical Oncology (ASCO) guidelines 

HER2-positivity is defined as complete, intense circumferential membrane staining within 

>10% of tumor cells (corresponding to an immunohistochemistry score of 3+) or positive 

by in-situ hybridization (defined as ≥6 HER2 gene copy numbers/cell or a HER2/CEP17 

ratio of ≥2.0) [15]. 

In the absence of HER2-targeted therapy, HER2-positive breast cancer is characterized by 

an aggressive course of disease and a poor prognosis [16, 17]. In a relatively old cohort of 

early breast cancer patients (median tumor size 20mm and node-positive disease in about 

one-third of patients) from the nineties with <10% of patients having received 

chemotherapy and none having received HER2-directed treatment, 5-year overall survival 

(OS) was 58% for patients with HER2-positive tumors versus 77% for patients with HER2-

negative tumors [17]. Even in patients with small node-negative tumors, who are generally 

perceived to be low risk, HER2-positivity is associated with an increased risk of recurrence 

compared to their HER2-negative counterparts [18-21]. For example, in a series of 965 

patients with small node-negative tumors who did not receive chemotherapy or HER2-

directed treatment, 5-year recurrence-free survival was only 77% for HER2-positive 

tumors versus 94% for HER2-negative tumors [18]. With improvements in systemic 

treatment, given either before or after local treatment, better outcomes are seen 

nowadays in early breast cancer patients.  

 

Neoadjuvant therapy 

The systemic treatment of patients with early breast cancer has increasingly shifted from 

the postoperative (i.e., adjuvant) to the preoperative (i.e., neoadjuvant) setting. Although, 

the efficacy of neoadjuvant and adjuvant chemotherapy was similar in a landmark trial 

and a subsequent meta-analysis comparing both approaches, the neoadjuvant approach 

has important potential advantages [22-24]. First, down-staging of the primary tumor and 

involved lymph nodes allows for more conservative surgery with improved cosmetic 
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outcome [25-28]. This effect of down-staging was the reason why neoadjuvant treatment 

was applied initially in locally advanced disease only, but neoadjuvant therapy is currently 

applied in earlier stages as well due to additional advantages. Namely, a second benefit of 

neoadjuvant treatment is that it provides a time window to await genetic test results with 

possible implications for type of surgery (breast-conserving versus ablative). Third, the 

tumor response to therapy can be monitored in vivo, which provides the opportunity to 

discontinue ineffective treatment and to deploy alternative treatment options [29, 30]. 

Fourth, the response of the tumor can be used as an early measure of efficacy of 

neoadjuvant treatment. The use of such an early surrogate endpoint in the neoadjuvant 

setting shortens the duration of evaluating new therapies compared to studies performed 

in the adjuvant setting with survival endpoints. The pathologic complete response (pCR) 

has been studied most extensively as surrogate endpoint in trials and correlates with 

survival [31-33]. As a result, pCR defined as the absence of invasive tumor cells in the 

breast and lymph nodes (ypT0/is, ypN0) has been recognized by the Food and Drug 

Administration (FDA) and European Medicines Agency (EMA) as a valid efficacy endpoint 

for accelerated approval of new drugs [34, 35]. It should be noted, however, that the 

prognostic value of pCR varies according to breast cancer subtype [31, 32]. Fifth, the 

treatment of (circulating) micro-metastases is initiated early and not delayed by local 

therapy, which could improve outcome. A survival benefit with neoadjuvant compared to 

adjuvant systemic treatment, however, has not been proven [24, 36]. Sixth, a neoadjuvant 

approach is particularly valuable for the identification of mechanisms of therapy 

resistance and biomarkers of response based on the collection of pre-treatment, on-

treatment, and post-treatment biological (tumor) specimens and imaging. This thesis 

addresses response evaluation using imaging and its potential to improve systemic 

treatment selection.  

 

Response evaluation by imaging 

The main aim of response evaluation during neoadjuvant treatment (also referred to as 

response-monitoring) is to guide further treatment decisions. An insufficient tumor 

response (including progressive disease) may be a reason to stop the ineffective treatment 

and perform early surgery or switch to an alternative systemic regimen. Potentially, a very 

good tumor response might provide an opportunity to limit the exposure to systemic 

treatment. Additionally, response evaluation at the end of neoadjuvant therapy is mainly 

used to guide surgery and may be used to decide on further adjuvant systemic treatment 
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[37]. Thus, response evaluation and subsequent adaptations in treatment has the 

potential to reduce both under- and overtreatment. 

Prior research has shown that imaging, and especially magnetic resonance imaging (MRI) 

is more accurate for the evaluation of response to neoadjuvant therapy than physical 

examination [38, 39]. Also, positron emission tomography combined with computed 

tomography (PET/CT) with radiolabelled fluor-18-deoxyglucose (18F-FDG) may be used for 

response evaluation purposes [40].  

In this thesis we will discuss two different imaging modalities with focus on two different 

questions in order to improve the use of imaging for response evaluation. First, we will 

address if evaluation of the on-treatment metabolic response using 18F-FDG PET/CT of the 

axillary lymph nodes on top of the metabolic response of the breast will improve 

prediction of achieving pCR in breast and axilla (chapter 2). Other questions touched upon 

are the best timing of PET/CT and the preferred PET-parameter to be used. The second 

question that we will discuss is the agreement between a radiologic and pathologic 

complete response of the breast tumor after completion of neoadjuvant trastuzumab-

based chemotherapy using contrast-enhanced MRI (chapter 3). Additionally, factors 

influencing this agreement, including the HR-status of the tumor are described. The 

answers to these addressed questions will bring us a step closer to the optimal use of 

these imaging modalities for response-guided systemic treatment decisions. The different 

components that (may) make up the systemic treatment of HER2-positive breast cancer 

are outlined below. 

 

Systemic treatment 

Single HER2-blockade 

Trastuzumab was the first HER2-targeted agent that received approval by the FDA and 

EMA for use in metastatic breast cancer in 1998 and 2000, respectively, and for use in 

early breast cancer in 2006. Trastuzumab is a humanized monoclonal antibody directed 

towards the extracellular domain (to subdomain IV) of the HER2-receptor. Although, not 

fully elucidated, trastuzumab is assumed to have multiple mechanisms of actions. 

Described primary effects include 1) blockade of receptor interaction and dimerization 

with other HER-receptors resulting in inhibition of intracellular signaling pathways, 2) 

antibody-dependent cellular cytotoxicity (ADCC), and 3) prevention of cleavage of the 

extracellular domain otherwise resulting in the formation of the constitutive active 

p95HER2 fragment [11, 12, 41-44]. Since the introduction of trastuzumab, survival of 

patients with HER2-positive breast cancer has improved substantially. The pivotal 
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trastuzumab trial in the metastatic setting showed an almost 50% reduction in risk of 

disease progression (hazard ratio 0.51, 95% confidence interval 0.41-0.63, p<0.001) [8]. 

Subsequently, the significant superior efficacy of chemotherapy plus trastuzumab over 

chemotherapy alone in the adjuvant setting was demonstrated in five of six performed 

randomized trials [45-49]. A meta-analysis of eight randomized trastuzumab trials 

performed in early breast cancer (two neoadjuvant and six adjuvant) showed a 40% 

relative reduction in risk of recurrence or death at an overall median follow-up of 2.4 

years [50]. Sustained benefit at 10 years has been demonstrated with disease-free survival 

(DFS) and OS rates of 73-75% and 84-86%, respectively with trastuzumab compared to 62-

68% and 75-79%, respectively without [51, 52]. Trastuzumab use in the neoadjuvant 

setting resulted in at least a doubling of the pCR rate compared to chemotherapy alone in 

two randomized trials (from 19% to 38% and from 26% to 65%) [53-55]. Importantly, 

trastuzumab also improved event-free survival (EFS) or DFS in both trials and in the one 

trial reporting OS results a near-significant benefit was seen [55, 56]. Two other 

neoadjuvant trials confirmed the increase in pCR rate with the addition of trastuzumab, 

although they observed a more modest increase (from 19% to 26% and from 26% to 39%) 

[57, 58]. The standard duration of trastuzumab therapy in early breast cancer is one year. 

A longer duration is not superior and shorter duration is not proven to be non-inferior [59-

62]. Results of other trials examining a shorter treatment duration are still pending 

(NCT00712140/Persephone, NCT00593697/SOLD). Furthermore, concurrent 

administration with chemotherapy is preferred over sequential use [63]. Based on these 

data, trastuzumab-based therapy is the current standard of care in HER2-positive breast 

cancer. Uncertainty remains regarding trastuzumab-based chemotherapy in patients with 

small node-negative tumors as these patients were hardly included in the randomized 

trastuzumab trials. As described above, these patients do have a worse prognosis 

compared to patients with HER2-negative tumors [18-21]. In this thesis we describe the 

results of a nationwide cohort study in patients with stage I HER2-positive breast cancer 

comparing OS and breast-cancer-specific survival between treated and untreated patients 

(chapter 4). 

 

Chemotherapy backbone 

Anthracyclines (either doxorubicin or epirubicin) constitute an integral part of standard 

(neo)adjuvant chemotherapy regimens for early breast cancer and are highly effective [64, 

65]. However, with the introduction of trastuzumab the need for equally effective 

anthracycline-free regimens arose because anthracyclines as well as trastuzumab are 
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associated with an increased risk of cardiotoxicity. This cardiotoxicity may range from 

asymptomatic left ventricular ejection fraction (LVEF) decrease to symptomatic heart 

failure, and the risk is especially increased when both agents are combined [8, 66]. 

The first trial evaluating an anthracycline-free regimen in early HER2-positive breast 

cancer was the adjuvant BCIRG-006 trial. The anthracycline-free arm consisted of 

docetaxel, carboplatin and trastuzumab [45]. At ten years, DFS and OS rates were similar 

with carboplatin-docetaxel-trastuzumab compared to a sequential anthracycline-taxane 

regimen plus trastuzumab. However, this study was not powered to demonstrate a 

statistical difference between the two trastuzumab-containing arms.  

In early breast cancer, weekly paclitaxel improves the pCR rate in the neoadjuvant setting, 

and DFS and OS in the adjuvant setting when compared to three-weekly taxane 

administration and has been associated with less hematological toxicity, although the 

survival benefit with weekly paclitaxel was less pronounced with longer follow-up [67-69]. 

We performed a study that evaluated the efficacy and safety of an anthracycline-free 

neoadjuvant regimen consisting of weekly paclitaxel and carboplatin plus trastuzumab 

(NCT00768859) (chapter 5).  

 

Dual HER2-blockade 

Not all patients respond well to trastuzumab-based therapy. Recurrences and deaths can 

be observed in approximately 25% of early HER2-positive breast cancer patients at 10 

years [51, 52]. Several mechanisms of resistance to trastuzumab have been described 

including changes in the HER2-receptor itself (e.g., activating mutations and formation of 

p95HER2), activation of downstream signaling pathways independent of HER2-recpetor 

activation (e.g., loss of Phosphatase and Tensin Homolog (PTEN) and activating PIK3CA 

mutations), and activation of intracellular pathways via alternative signaling routes (e.g., 

insulin-growth factor receptor (IGFR) and ER) [12, 41, 70]. To overcome resistance and to 

further improve outcome of patients other HER2-targeted agents have been developed 

with different binding sites and different mechanisms of action (figure 2). By adding 

another HER2-targeted agent to trastuzumab (e.g., dual blockade) a more complete 

blockade of the HER2-pathway is pursued. Amongst these newer agents pertuzumab and 

lapatinib have been studied most profoundly in early breast cancer. Table 1 summarizes 

neoadjuvant trials evaluating single HER2-blockade with trastuzumab versus dual HER2-

blockade with trastuzumab plus either pertuzumab or lapatinib. Other HER2-directed 

agents include the antibody-drug-conjugate trastuzumab-emtansine (T-DM1) which is 

used in the metastatic setting [71], the irreversible tyrosine kinase inhibitor neratinib 
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targeting HER1, HER2 and HER4, which is administered in a trial context only at the 

moment [72], and many others are currently under investigation. 
 

Figure 2. Targets of the HER2-directed agents trastuzumab, pertuzumab and lapatinib.  

 
Adapted by permission from Macmillan Publishers Ltd: Nature Reviews (Baselga J and Swain SM. Novel 
anticancer targets: revisiting ERBB2 and discovering ERBB3. Nature Rev 2009;9:463-75), copyright (2009). 

 

Pertuzumab is a monoclonal antibody directed towards the extracellular dimerization 

domain (subdomain II) of the HER2-receptor. Binding prevents ligand-dependent 

heterodimerization with other HER-receptors of which HER2/HER3 blockade seems the 

clinically most relevant mechanism of action. Similar to trastuzumab, ADCC may play a 

role in pertuzumab’s mode of action as well [11, 73]. Based on the results of the phase III 

randomized Cleopatra trial, dual HER2-blockade with the addition of pertuzumab to 

trastuzumab has received FDA (2012) and EMA approval (2013) for use as first-line 

therapy in the metastatic setting [74, 75]. Patients treated with docetaxel, trastuzumab 

and pertuzumab showed an improvement in progression-free survival of 6.3 months and 

in OS of 15.7 months when compared to docetaxel, trastuzumab and placebo [75]. Of 

relevance, the addition of pertuzumab did not increase the incidence of cardiotoxicity 

[76]. The efficacy of pertuzumab in the neoadjuvant setting has been assessed in the 

Neosphere trial and neoadjuvant pertuzumab use received accelerated approval by the 

FDA and EMA in 2013 and 2015, respectively [77]. Docetaxel plus dual HER2-blockade with 

trastuzumab plus pertuzumab was significantly superior to mono-blockade with either 

trastuzumab or pertuzumab alone with pCR rates of 46% compared to 29% and 24%, 

respectively. Notably, 17% of patients treated with trastuzumab plus pertuzumab without 

chemotherapy achieved a pCR [77]. 
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Chapter 1 

 

 

More recently, the survival results were published, which showed a numerically better 

efficacy of dual blockade with a 5-year progression-free survival (PFS; definition equivalent 

to EFS) of 86% compared to 81% with trastuzumab alone (hazard ratio 0.69, 95% 

confidence interval 0.34-1.40), although this did not reach statistical significance [85]. 

Three other neoadjuvant trials, without a comparative arm with trastuzumab alone, 

exploring the trastuzumab-pertuzumab combination with different polychemotherapy 

backbones showed pCR rates ranging from 55-66% [86-88]. 

Lapatinib is an orally available reversible inhibitor of the tyrosine kinase activity of the 

HER1- and HER2-receptor. It has been evaluated extensively in the metastatic as well as 

the neoadjuvant and adjuvant setting. Currently, lapatinib is FDA (2007) and EMA (2008) 

approved for the use in the metastatic setting, but not in early breast cancer [89-91]. In 

metastatic breast cancer patients, the addition of lapatinib to capecitabine or endocrine 

therapy significantly improved time to progression and PFS, respectively, compared to 

these therapies alone [89, 90]. However, a significant improvement in OS with the 

addition of lapatinib was not demonstrated [89, 91]. Dual HER2-blockade with 

trastuzumab plus lapatinib did result in an OS benefit compared to lapatinib alone in 

metastatic breast cancer patients who already had received a median of three 

trastuzumab-containing regimens for their metastatic disease (median OS 14 months 

versus 9.5 months; hazard ratio 0.74, 95% confidence interval 0.57-0.97, p=0.03) [92]. In 

early breast cancer six of seven neoadjuvant trials comparing trastuzumab plus lapatinib 

to trastuzumab alone showed an increased pCR rate with dual HER2-blockade [78-84]. 

These trials reported absolute increases in pCR rate with dual blockade ranging from 8-

27% and pCR rates of 47-60% [78-80, 82-84]. A meta-analysis found an overall absolute 

improvement with lapatinib plus trastuzumab in pCR rate (with different definitions used 

across trials) of 13% with dual blockade compared to trastuzumab alone [93]. Trials 

including a lapatinib only arm showed lower pCR rates compared to trastuzumab, with in 

general also a less favorable toxicity profile [80, 81, 83, 84, 94, 95]. The NeoAltto trial 

reported long-term results as well, but the increased pCR rate seen with dual HER2-

blockade did not translate into a significant improvement in survival at three years (EFS 

84% with dual blockade versus 76% with trastuzumab alone; hazard ratio 0.78, 95% 

confidence interval 0.47-1.28, p=0.33) [96]. The adjuvant equivalent of this trial, the Altto 

trial, did not demonstrate a significant survival benefit of the trastuzumab-lapatinib 

combination over trastuzumab alone either after a median follow-up of 4.5 years (4-year 

DFS 88% versus 86%, respectively; hazard ratio 0.84, 97.5% confidence interval 0.70-1.02, 

p=0.05) [97]. An update with 6-year survival results were presented for both studies at the 
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American Society of Clinical Oncology (ASCO) annual meeting 2017 and findings were in 

line with the primary results with similar hazard ratios [98, 99]. 

Taken these data together, dual HER2-blockade increases the pCR rate compared to single 

HER2-blockade and a numerical, but not significant improvement in EFS has been 

observed as well with follow-up of neoadjuvant trials (absolute crude benefit of 5% at 5 

years in Neosphere and of 7% at 6 years in NeoAltto). Therefore, neoadjuvant 

chemotherapy with dual HER2-blockade including trastuzumab plus pertuzumab is the 

current standard of care for early HER2-positive breast cancer patients with a high risk of 

recurrence (i.e., stage II-III, indicating primary tumors of more than two centimeters 

and/or positive lymph nodes) [100]. Administration of dual HER2-blockade with 

pertuzumab in the adjuvant setting awaited the results of the randomized Aphinity trial. 

The results of this trial with 4806 patients have recently been presented at the 2017 ASCO 

annual meeting and showed a small but statistically significant 1.7% increase in 4-year 

invasive DFS with the addition of pertuzumab (92% with pertuzumab versus 91% without; 

hazard ratio 0.81, 95% confidence interval 0.66-1.00, p=0.05) [101, 102]. Subgroup 

analyses suggested a larger benefit of pertuzumab in node-positive disease (absolute 

benefit 3.2%) and HR-negative tumors (absolute benefit 2.3%), although the 

corresponding interaction tests were non-significant. The routine use of adjuvant 

pertuzumab is therefore still topic of debate and needs careful consideration [103].  

In the era of dual HER2-blockade, an important remaining question in the (neo)adjuvant 

setting is the optimal chemotherapy backbone. The neoadjuvant Tryphaena trial 

evaluated the cardiac tolerability of a carboplatin-docetaxel regimen and two sequential 

epirubicin-taxane regimens in the presence of trastuzumab and pertuzumab. The 

incidence of cardiac adverse events was similar in the two anthracycline-containing arms 

and the anthracycline-free arm. This study was neither powered nor designed to evaluate 

a difference in efficacy between the arms as the primary endpoint was cardiac safety [86]. 

Results of randomized trials aiming to directly compare the efficacy of anthracycline-

containing regimens with anthracycline-free regimens in the presence of dual HER2-

blockade are lacking. Therefore, we performed the neoadjuvant TRAIN-2 study that was 

specifically designed to assess the relative efficacy of an anthracycline-containing 

compared to an anthracycline-free regimen in patients with stage II-III disease 

(NCT01996267). Safety results of the first 110 patients (chapter 6) and the efficacy and 

overall safety results of all 438 included patients are described in thesis (chapter 7). 
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Chapter 1  

Aim and outline of this thesis 

The overall aim of this thesis is to optimize the systemic treatment of patients with early 

HER2-positive breast cancer. We addressed several specific research questions, which are 

outlined below.  

In the first part, response evaluation using imaging during and after neoadjuvant 

treatment is discussed. Chapter 2 reports on response evaluation during neoadjuvant 

therapy by positron emission tomography combined with computed tomography with 

radiolabelled fluor-18-deoxyglucose. The main question addressed in this chapter is if 

response evaluation of both the breast and axillary lymph nodes has added value 

compared to response evaluation of the breast alone in predicting achieving a pathologic 

complete response in breast and axilla after completion of neoadjuvant therapy.  

Chapter 3 assesses the agreement between a radiologic complete response of the breast 

tumor on MRI after neoadjuvant treatment and pathologic complete response of the 

breast at time of surgery. In chapter 4 we describe the results of a nation-wide cohort 

study to assess whether patients with stage I HER2-positive breast cancer benefit from 

adjuvant trastuzumab-based chemotherapy in terms of overall and breast-cancer-specific 

survival. Chapter 5 describes the results of the phase 2 TRAIN-1 study on the efficacy and 

safety of an anthracycline-free regimen consisting of weekly paclitaxel, carboplatin, and 

trastuzumab. Chapter 6 reports the safety results of the first 110 patients treated within 

the subsequent randomized TRAIN-2 study, which directly compared the efficacy and 

safety of the paclitaxel-carboplatin regimen to an anthracycline-containing regimen, with 

concurrent dual HER2-blockade including trastuzumab and pertuzumab in both arms. The 

efficacy results of the TRAIN-2 study and the safety data of all 438 included patients are 

described in chapter 7. Chapter 8 summarizes and chapter 9 discusses the content of this 

thesis including future perspectives. Chapter 10 provides a Dutch summary. 
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Abstract 

 

Purpose 18F-FDG PET/CT can monitor metabolic activity in early breast cancer during 

neoadjuvant systemic therapy (NST), but it is unknown if the metabolic breast and axillary 

response differ. We evaluated the correlation between metabolic breast and axillary 

response at various time points during NST. Furthermore, we analyzed if the combined 

metabolic response improves pathologic complete response (pCR) prediction compared to 

using the metabolic breast response alone. 

 

Methods 18F-FDG PET/CT was performed at baseline (PET1), 2-3 weeks (PET2), and 6-8 

weeks (PET3) of NST in patients with triple-negative (TN) and HER2-positive node-positive 

breast cancer. SUVmax and ∆SUVmax were determined separately for breast and axilla. 

Spearman’s correlation coefficients (r) between both localizations were calculated. The 

accuracy of pCR total (ypT0/is,ypN0) prediction using the metabolic response in breast, 

axilla or both was examined using logistic regression analysis.  

 

Results Hundred-five patients were included: 45 TN and 60 HER2-positive tumors. The 

metabolic response in breast and axilla correlated moderately in TN tumors (r=0.57) using 

∆SUVmax between PET1-PET3 and poorly in HER2-positive tumors (r=0.49) using SUVmax 

at PET2. In TN tumors, metabolic breast response predicted pCR well without 

improvement after adding axillary response (c-index 0.82 versus 0.85, p=0.63). In HER2-

positive tumors, metabolic breast response predicted pCR poorly with improvement after 

adding axillary response (c-index 0.64 versus 0.72, p=0.06).  

 

Conclusions 18F-FDG PET/CT response during NST differs between breast and axilla. In TN 

tumors, pCR total prediction can be made independent of metabolic axillary response. In 

HER2-positive tumors, axillary response may improve pCR total prediction. These findings 

may help guide PET/CT-response-based changes during NST. 
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Introduction 

Neoadjuvant systemic treatment (NST) is increasingly used in early breast cancer to allow 

down-staging of the primary tumor to facilitate breast-conserving surgery [1]. Initially 

tumor-positive lymph nodes may convert into tumor-negative lymph nodes during NST 

which permits less aggressive treatment of the axilla as well [2]. In vivo response 

monitoring and adapting ineffective therapy regimens may become important additional 

assets of a neoadjuvant approach [3, 4]. 

Magnetic resonance imaging (MRI) is increasingly used as standard of care for response 

evaluation in the breast during NST in the Netherlands. Functional imaging with 

radiolabeled fluor-18-deoxyglucose (18F-FDG) positron emission tomography combined 

with computed tomography (PET/CT) can visualize the glucose metabolism in the primary 

tumor and affected lymph nodes. Furthermore, detection of changes in tumor glucose 

metabolism in response to treatment enables early response monitoring [5]. Optimal long-

term outcome is seen after pathologic complete response in breast and axilla (pCR total) 

[6] but the sensitivity to NST may differ between both sites [7, 8]. Nevertheless, most 

previous neoadjuvant PET/CT studies focused on the metabolic response of the breast 

alone [9-15]. Substantially fewer studies evaluated the early metabolic response of the 

axilla [8, 16-18], the combined response in breast and axilla [7, 9, 19, 20] or the agreement 

between both [21]. 

Therefore, the aim of our study, performed in HER2-positive and triple-negative (TN) 

breast cancer patients, was twofold. First, we assessed the correlation between the 

metabolic response in breast and axilla. Second, we evaluated the additional value of 

incorporating the metabolic axillary response over the breast response alone in predicting 

pCR total. 
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Methods 

We performed a prospective single-center study with sequential PET/CT scanning before 

and during NST in women with primary stage II-III HER2-positive or TN breast cancer. 

Patients were included from September 2008 until June 2014. The institutional review 

board approved the study protocol and all included patients provided written informed 

consent. Only patients with a visible primary tumor and affected lymph nodes at baseline 

PET/CT were included in this analysis. Forty-five of these patients were included in a 

previous report [19]. 

  

Pathological evaluation 

At baseline, core biopsies were obtained from the primary tumor for pathologic diagnosis 

and estrogen receptor, progesterone receptor, and HER2-status, according to Dutch 

national guidelines (www.oncoline.nl). A marker was placed at the primary tumor site to 

guide surgery and pathologic evaluation. Breast conserving surgery or a mastectomy was 

performed based on tumor characteristics, and patient’s preference. Baseline nodal status 

was assessed by physical, ultrasound, and PET/CT examination with cytological evaluation 

by fine needle aspiration of suspicious lymph nodes. Biopsies of the primary tumor and 

fine needle aspiration of the lymph nodes were aimed to be obtained prior to baseline 

PET/CT. Patients with clinical node-negative disease underwent a sentinel node procedure 

(SNP) either before or after NST. In case of node-positive disease at baseline a level I-II 

axillary lymph node dissection was performed or the initially positive marked lymph 

node(s) was removed guided by marking the dominant axillary node(s) with radioactive 

iodine seeds (MARI-procedure) [2]. PCR was assessed by experienced breast pathologists, 

and was defined as no residual invasive tumor cells irrespective of in-situ lesions [6]. PCR 

breast, pCR axilla, and their combination (pCR total) were determined.  

 

Treatment 

Patients with TN tumors received three cycles dose-dense doxorubicin/cyclophosphamide 

(AC) followed by MRI-evaluation. Patients with an unfavorable MRI response, defined as 

<25% reduction of the largest diameter of late enhancement, switched to three cycles 

capecitabine/docetaxel [CD] or three cycles carboplatin/paclitaxel [CP] [22]. Patients with 

a favorable response were randomized between three additional cycles of AC or CD/CP. 

Patients with homologous recombination deficient (HRD) tumors were randomized 

between three cycles CD/CP or an additional AC-cycle followed by intensified alkylating 

chemotherapy consisting of cyclophosphamide/thiotepa/carboplatin (CTC). Patients with 
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HER2-positive tumors received 24 cycles weekly paclitaxel/trastuzumab/carboplatin (PTC) 

with trastuzumab only in weeks 7, 8, 15, 16, 23, and 24 [23]. In case of an unfavorable MRI 

response after eight weeks of NST patients switched to four cycles 5-

fluorouracil/epirubicin/cyclophosphamide/trastuzumab (FEC-T). 

 

PET/CT procedures 

A PET/CT was performed at baseline (PET1), after two to three weeks of treatment (PET2), 

and after six to eight weeks (PET3). Patients were instructed to fast for six hours prior to 

the scan and blood glucose levels were required to be <10mmol/L. Based on the patient’s 

body mass index 180-240MBq 18F-FDG was administered intravenously and 10mg 

diazepam was given orally to reduce 18F-FDG-uptake by brown fat. Following a resting 

period of 60 ± 10 minutes, in accordance with EANM procedure guidelines, a PET-scan 

(3.00 min per bed position and image reconstruction to 2x2x2mm voxels) of the thorax 

was performed according to the hanging breast protocol, using a whole-body scanner 

(Gemini TF; Philips, Cleveland, OH) [24]. A low-dose CT-scan (2mm slices) without 

intravenous contrast preceded the PET acquisition for anatomical localization. In order to 

be able to make a valid comparison between scans within an individual and between 

individuals the same imaging system and protocol including the target time interval 

between 18F-FDG injection and PET acquisition were used throughout the study. At 

baseline a standard supine whole-body PET/CT was performed as well as part of disease 

staging. 

 

Image reading 

The acquired PET/CT images were evaluated by a panel of experienced reviewers (BK, 

MvR, ST), supervised by two nuclear medicine specialists (RVO, WV). All baseline scans 

were qualitatively assessed for sufficient 18F-FDG-uptake of the primary tumor and lymph 

node metastases, defined as the ability to visually distinguish known tumor locations from 

adjacent non-malignant tissue (i.e., pathological versus physiological uptake, respectively) 

with an estimated ratio of >2.0, to allow subsequent quantitative response evaluation. 

Quantitative 18F-FDG-uptake of the primary tumor and the most active level I-II axillary 

lymph node was measured as the maximum standardized uptake value (SUVmax) within a 

3D region of interest (ROI). Level III lymph nodes were not included, as these are not 

routinely resected during axillary clearance. If the automated ROI generation was 

unreliable due to a low tumor-to-background ratio, the ROI was manually drawn. In case 
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of a complete metabolic response on the subsequent scans the baseline ROI localization 

was used for calculation of the SUVmax. 

  

Statistical Analyses 

All analyses were performed separately for TN and HER2-positive tumors. Descriptive 

statistics were used to outline patient, tumor, and treatment characteristics. For response 

analyses the most active axillary lymph node was included. The absolute SUVmax values at 

the different time points and the relative percentage changes in SUVmax (hereafter 

referred to as SUVmax and ∆SUVmax respectively) were determined in breast and axilla, 

and their association was calculated using Spearman’s correlation coefficient (r). The 

association of the various PET/CT parameters at different time points with pCR was tested 

using logistic regression analyses and presented as the c-index (equivalent of the area 

under the curve [AUC] in ROC analyses). Correlation and c-index results were interpreted 

according to previously described classifications [25, 26]. The change in c-index when 

adding axillary response to a model including breast response alone was tested for 

significance based on the algorithm proposed by DeLong and colleagues [27]. 

Data were analyzed using SPSS version 22.0 (SPSS Inc. Chicago, USA) and STATA (version 

13; StataCorp, College Station, TX, USA). P-value of <0.05 was considered statistically 

significant. No adjustment for multiple testing was made. 
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Results 

Baseline and treatment characteristics 

In total 169 patients were included. Sixteen were ineligible because of stage I disease 

(n=5), stage IV disease (n=3), missing baseline PET/CT (n=4), or no trastuzumab use in case 

of HER2-positive disease (n=4). Of the remaining 153 patients, 105 had a primary tumor 

and positive axillary lymph nodes, both pathologically proven and visible on PET/CT. Forty-

five patients had TN and 60 HER2-positive disease (supplementary figure 1). Positive nodal 

status was pathologically proven in all but one patient by fine needle aspiration (table 1). 

In this one patient lymph node metastases were detected by a pre-treatment SNP, 

however one positive axillary lymph node remained in-situ and showed 18F-FDG-uptake on 

PET/CT. Nineteen patients changed treatment after six to eight weeks of therapy (i.e., 

after PET3). In the TN subgroup, six patients changed because of insufficient MRI response 

and none of them achieved a pCR breast or pCR axilla. Eleven patients switched therapy 

according to study protocol (ten with an HRD tumor, and one without), and one patient 

switched because of patient’s preference. Of these twelve patients eight achieved pCR 

breast and six pCR axilla and pCR total. In the HER2-positive subgroup one patient changed 

treatment based on an insufficient MRI response. Neither pCR breast nor pCR axilla was 

achieved. 

 

Surgery and pathologic response 

With the exception of one patient with progressive disease during chemotherapy who 

refused further treatment, all patients underwent surgery. This patient was classified as 

having no pCR. Thus, 104 patients underwent breast surgery: 66 breast conserving surgery 

and 38 a mastectomy. Pathologic axillary lymph node response was assessed by axillary 

lymph node dissection in 89, MARI-procedure in 13, and post-treatment SNP in two 

patients.  

In TN tumors pCR breast was achieved in 53% (24/45), pCR axilla in 47% (21/45), and pCR 

total in 40% (18/45). In the HER2-positive subgroup the rate of pCR breast was 65% 

(39/60), pCR axilla 75% (45/60), and pCR total 57% (34/60). In total 25 patients had a 

discrepant pathologic response of the breast and axilla: 11 pCR breast/no pCR axilla, and 

14 pCR axilla/no pCR breast. 
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Table 1 Baseline and treatment characteristics according to subtype. 

    TN   HER2+   All 
    (n=45)   (n=60)   (n=105) 
    n (%)   n (%)   n (%) 
Age (years) 

         Median (IQR) 
 

50 (36-55) 
 

45 (37-52) 
 

47 (37-54) 
Tumor size on MRI (mm) 

         Median (IQR) 
 

31 (22-45) 
 

38 (22-60) 
 

33 (22-50) 
Disease stage 

         II 
 

19 (42%) 
 

26 (43%) 
 

45 (43%) 
III 

 
26 (58%) 

 
34 (57%) 

 
60 (57%) 

Baseline axillary staging method 
         Positive, pre-SNP* 

 
1 (2%) 

 
0 (0%) 

 
1 (1%) 

Positive, FNA 
 

44 (98%) 
 

60 (100%) 
 

104 (99%) 
Grade 

         1-2 
 

13 (29%) 
 

25 (42%) 
 

38 (36%) 
3 

 
16 (36%) 

 
14 (23%) 

 
30 (29%) 

Unknown 
 

16 (36%) 
 

21 (35%) 
 

37 (35%) 
Histology 

         Ductal 
 

43 (96%) 
 

55 (92%) 
 

98 (93%) 
Lobular 

 
0 (0%) 

 
4 (7%) 

 
4 (4%) 

Other 
 

2 (4%) 
 

1 (2%) 
 

3 (3%) 
HR-status 

         ER- and PR- 
 

45 (100%) 
 

29 (48%) 
 

74 (71%) 
ER+ and/or PR+ 

 
0 (0%) 

 
31 (52%) 

 
31 (30%) 

Treatment 
         AC† 
 

45 (100%) 
 

0 (0%) 
 

45 (43%) 
PTC‡ 

 
0 (0%) 

 
60 (100%) 

 
60 (57%) 

PET assessment 
         PET1 performed 
 

45 (100%) 
 

60 (100%) 
 

105 (100%) 
PET2 performed 

 
35 (78%) 

 
45 (75%) 

 
80 (76%) 

PET3 performed   38 (84%)   47 (78%)   84 (80%) 
                    

TN, triple-negative; HER2+, HER2-positive; n, number of patients; mm, millimeter; PA, pathology; SNP, sentinel 
node procedure; FNA, fine needle aspiration; ER, estrogen receptor; PR, progesterone receptor; AC, 
doxorubicin/cyclophosphamide; PTC, paclitaxel/trastuzumab/carboplatin 
*SNP performed before PET1, but remaining positive axillary lymph node in situ outside surgical region 
†Nineteen patients switched treatment after PET3: six to capecitabine/docetaxel, ten to high-dose 
carboplatin/thiotepa/cyclophosphamide, three to paclitaxel (+/- carboplatin) 
‡Two patients received paclitaxel/trastuzumab/carboplatin plus pertuzumab, and one patients switched to  
5-fluorouracil/epirubicin/cyclophosphamide plus trastuzumab after PET3 
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Triple-negative disease 

Baseline PET/CT was performed in all 45 patients with TN disease, PET2 in 35, and PET3 in 

38. Thirty-two patients underwent three PET/CT-scans. The median time between last 

chemotherapy and PET2 was 13 days (interquartile range [IQR] 13-14), and between last 

chemotherapy and PET3 seven days (IQR 7-8). The median SUVmax and ∆SUVmax at the 

different time points are summarized in table 2, including correlation coefficients between 

metabolic response in breast and axilla. The best correlation between metabolic response 

in breast and axilla was found with ∆SUVmax between PET1-PET3, and although all 

patients showed a decrease in ∆SUVmax in both locations at PET3 the correlation was 

moderate (r=0.57) (supplementary figure 2a). 

PCR breast prediction was most accurate using ∆SUVmax breast between PET1-PET3 (c-

index 0.85) (supplementary table 1). Likewise, ∆SUVmax axilla between PET1-PET3 was 

best for pCR axilla prediction (c-index 0.82). The metabolic breast response, using 

∆SUVmax between PET1-PET3, was well predictive for pCR total and the addition of 

metabolic response in the axilla using ∆SUVmax between PET1-PET3 did not further 

improve pCR total prediction (c-index 0.82 versus 0.85, p=0.63) (table 3). 

 
Table 2 Correlation coefficients between the metabolic response in breast and axilla with different 

SUVmax variables according to subtype. 

    TN    HER2+ 
    (n=45)    (n=60) 
    median (IQR) r   median (IQR) r 
SUVmax PET1               

 
Breast 10.7 (6.5 - 16.5) 0.42 

 
6.8 (4.7 - 9.3) 0.38 

 
Axilla 8.0 (4.9 - 13.8) 

  
5.3 (3.3 - 7.6) 

 SUVmax PET2  
       

 
Breast 7.9 (5.1 - 10.0) 0.36 

 
2.8 (2.2 - 3.6) 0.49 

 
Axilla 4.2 (3.1 - 7.2) 

  
2.1 (1.7 - 2.5) 

 SUVmax PET3  
       

 
Breast 3.5 (2.5 - 5.0) 0.33 

 
2.0 (1.5 - 2.4) 0.14 

 
Axilla 2.1 (1.3 - 3.6) 

  
1.7 (1.3 - 2.4) 

 ΔSUVmax (%) PET1-PET2  
       

 
Breast -32% (-49 - -16) 0.49 

 
-56% (-68 - -47) 0.30 

 
Axilla -33% (-58 - -13) 

  
-56% (-70 - -38) 

 ΔSUVmax (%) PET1-PET3  
       

 
Breast -67% (-77 - -49) 0.57 

 
-69% (-78 - -52) 0.27 

 
Axilla -70% (-84 - -48) 

  
-66% (-79 - -50) 

                   
TN, triple-negative; HER2+, HER2-positive; n, number of patients; IQR, interquartile range; r, Spearman’s 
correlation coefficient 
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Table 3 C-indices (95% confidence interval) for the prediction of pathologic complete response by 

metabolic response in TN and HER2-positive breast cancer. 

  Pathologic complete response 
  Breast Axilla Total 
TN: ΔSUVmax PET1-PET3    
Breast 0.85 (0.72 - 0.98) 0.83 (0.69 - 0.98) 0.82 (0.66 - 0.98) 
Axilla 0.82 (0.68 - 0.95) 0.82 (0.68 - 0.97) 0.83 (0.67 - 0.98)  
Breast + axilla 0.86 (0.74 - 0.98) 0.86 (0.72 - 0.99) 0.85 (0.69 - 1.00) 
p-value* 0.78 0.60 0.63 
HER2-positive: SUVmax PET2    
Breast 0.62 (0.44 - 0.81) 0.65 (0.47 - 0.84) 0.64 (0.47 - 0.81) 
Axilla 0.68 (0.52 - 0.84) 0.77 (0.62 - 0.92) 0.67 (0.51 - 0.83) 
Breast + axilla 0.72 (0.56 - 0.89) 0.78 (0.63 - 0.92) 0.72 (0.57 - 0.88) 
p-value* 0.11 0.06 0.06 

*p-value for the improvement in c-index by the addition of metabolic response in the axilla 

 

HER2-positive disease 

Baseline PET/CT was performed in all 60 patients with HER2-positive disease, PET2 in 45, 

and PET3 in 47. Forty patients underwent three PET/CT-scans. The median time between 

last chemotherapy and PET2 was six days (IQR 5-7), and between last chemotherapy and 

PET3 12 days (IQR 8-14). The best correlation between metabolic response in breast and 

axilla was found with SUVmax at PET2, although poor (r=0.49) (supplementary figure 2b). 

In addition, an inverse response in terms of an increase in SUVmax in one location and a 

decrease or no difference in the other was observed in four patients at time of PET2. 

The metabolic response in the breast poorly discriminates patients who will achieve a pCR 

breast from patients who will not. The difference in SUVmax (∆SUVmax) in the breast 

between PET1-PET2 had the best discriminating performance of all PET-parameters 

assessed (c-index 0.64), although absolute SUVmax in the breast at PET2 showed an 

almost similar performance (c-index 0.62) (supplementary table 2). In the axilla, SUVmax 

at PET2 had the best discriminating performance to predict pCR axilla (c-index 0.77). 

Prediction of total pCR by SUVmax in the breast at PET2 was poor but improved to fair, 

although not statistically significant, when both the metabolic breast and axillary response 

using SUVmax at PET2 were included (c-index 0.64 versus 0.72, p=0.06) (table 3). 
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Discussion 

This study shows that the correlation between 18F-FDG PET/CT responses during NST in 

breast and axillary lymph nodes is moderate in triple-negative and poor in HER2-positive 

breast cancer. In TN disease, PET/CT response can be used to predict pCR and the breast 

response alone suffices to predict pCR total. Conversely, in HER2-positive disease, the 

accuracy of PET/CT to predict pCR is limited, while incorporating the metabolic response 

of both the breast and axilla may improve pCR total prediction.  

Lymph node involvement at baseline and after NST is an important prognostic factor in 

non-metastatic breast cancer [28, 29]. Furthermore, pCR defined as no invasive tumor 

cells in breast and axilla is best related to long-term outcome [6]. Despite this knowledge, 

many previous PET/CT studies evaluated the metabolic response of the breast alone to 

predict pCR total, without examining if the metabolic response of the primary tumor and 

lymph nodes is the same [4, 11-15]. Adding information about the metabolic response of 

axilla may aid to predict pCR total. Studies, that did evaluate the metabolic response in 

breast and axilla, used different strategies to combine response information of both 

locations to predict pCR total. Some evaluated the response of the baseline lesion with 

highest FDG-uptake alone [9, 30, 31] and others used ∆SUVmax between the lesion with 

the highest FDG-uptake at baseline and at the subsequent scan [32, 33]. However, 

information may be missed if the response differs between both sites or may result in 

comparing a breast lesion with an axillary lymph node or vice versa if the lesion with the 

highest FDG-uptake changes during treatment. Dalus and colleagues found different 

SUVmax measurements for breast and lymph nodes, possibly reflecting a different 

biological behavior in these two sites which may relate to selection of a sub-clone of 

tumor cells that spreads to the lymph nodes. Therefore, they proposed to evaluate the 

response of the primary tumor and axilla separately [21]. We agree with this proposal 

until a valid combined variable has been established. Only a few studies have described 

the metabolic response in breast and axilla separately and its respective association with 

pCR breast and pCR axilla within the same cohort [7, 34]. These studies did not evaluate 

the correlation between the metabolic response in both locations. Therefore our study is 

unique and provides important new insights for PET/CT interpretation. 

We found a moderate correlation between the metabolic breast and axillary response in 

TN breast cancer (r=0.57) without significant improvement in pCR total prediction with 

adding the metabolic axillary response to the breast response alone. This suggests that 

chemotherapy sensitivity in breast and axilla corresponds well. Therefore, the metabolic 

breast response alone suffices to guide NST decisions. In accordance with this, Groheux 
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and colleagues did not find a better prediction of pCR total in TN disease if the axillary 

response was incorporated in addition to the breast response [9, 31]. Koolen and 

colleagues previously described a part of our study population and found the strongest 

association between the combined metabolic breast and axillary response and pCR total 

with an AUC of 0.93 versus 0.87 for breast response alone [19]. The statistical significance 

of this improvement was not tested. With the inclusion of additional patients in the 

current analysis, the association between the combined metabolic response and pCR total 

was somewhat weaker, although still good with a non-significant improvement using the 

combination over the breast alone (c-index 0.85 versus 0.82, p=0.63) [19]. 

In HER2-positive breast cancer the metabolic responses in breast and axilla correlate 

poorly (r=0.49). The ability to predict pCR breast, and pCR total by the metabolic breast 

response was poor (c-index 0.62, and 0.64, respectively). The addition of metabolic 

response in the axilla improved the pCR total prediction compared to the use of breast 

response alone, which was statistically near-significant (c-index 0.64 versus 0.72, p=0.06). 

Lack of statistical significance despite a relatively large increase in c-index, might be 

attributable to the small sample size, and larger studies are needed to determine the 

added value of including the metabolic response in both locations for pCR total prediction 

in this subtype. In line with our results, Groheux and colleagues found an improvement in 

pCR total prediction in node-positive patients if the axillary response was included [30]. 

These and our findings suggest that if PET/CT is used for response monitoring in HER2-

positive breast cancer, it should evaluate both breast and axilla, and we recommend 

separate evaluation of both sites rather than an unconfirmed combined parameter as 

described above. The use of targeted therapy in HER2-positive tumors may explain why 

the different response according to tumor location was more pronounced in this subtype, 

as it may differentially affect sub-clones with varying HER2-expression. Also, we cannot 

exclude that in selected cases non-specific 18F-FDG uptake related to regional 

inflammatory processes or tissue sampling may have contaminated the pathological 

uptake. Although we recognize this as a limitation of our study the impact on our results 

will be limited, especially after FNA. Furthermore, non-specific 18F-FDG uptake is likely to 

have affected both subtypes equally. Lastly, with the relatively small sample size we 

cannot exclude that the poor and moderate correlation of metabolic responses between 

locations is due to chance rather than a biological finding. However, despite only four 

inverse responses in the HER2-positive subtype, in relative terms, this constitutes 9% of 

HER2-positive cases with a PET2. Additionally, the poor correlation between metabolic 

and axillary response despite a decrease in both locations seems relevant as it may have 
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implications for defining metabolic responders with different thresholds for different 

localizations.  

In accordance with the literature we found that the best prognostic PET/CT response 

parameter for both pCR breast and pCR axilla is ∆SUVmax between baseline PET/CT and 

PET/CT after six weeks in TN tumors and the absolute SUVmax value at PET/CT after three 

weeks of therapy in HER2-positive tumors [9, 12, 30, 31, 35].  

Our data reinforce that it is important to describe results according to breast cancer 

subtype due to different tumor behavior. Subgroup analysis based on hormone receptor 

status within the HER2-positive cohort would have been valuable, but was not feasible 

due to the limited number of patients. 

The inclusion of patients with sufficiently high baseline FDG-uptake for response 

evaluation, may have led to selection of relatively aggressive tumor types and an 

associated higher response rate reflecting the high pCR rate in our study. Nevertheless, 

sufficient baseline activity is required for PET/CT-evaluation and thus this selection reflects 

daily practice. Furthermore, a substantial number of patients with TN tumors switched 

therapy, and PET/CT-scans were only performed during the initially applied regimen. 

However, switches based on insufficient MRI response are assumed to have had little 

impact on our results as all these patients remained a pathological non-responder despite 

the change in treatment and it is unlikely that they would have achieved total pCR if they 

had continued their initially applied regimen. 

Clear definitions of responders and non-responders will aid the clinical use of PET/CT 

during neoadjuvant breast cancer treatment. The optimal cut-off value depends on 

several factors as described by others including treatment regimen, timing of evaluation, 

breast cancer subtype, and mainly depends on the purpose of the response evaluation: 

identifying non-responders to change ineffective treatment or identifying responders to 

reduce overtreatment [35].  

Several PET-parameters exist but no superiority of one over the other has been 

established so far. This study started in 2008 and we used the region with the highest 

metabolic activity (i.e., SUVmax) instead of the entire metabolically active tumor volume 

which has been introduced more recently. However, SUVmax has important benefits as it 

is convenient to use and has good reproducibility [9, 32]. 

PET/CT for response evaluation during NST in breast cancer is not the current standard of 

care and probably awaits a direct comparison with other imaging modalities. In the 

current study we focused on the use of PET/CT only and how to optimally use this to 

predict pCR total. Therefore, we cannot make a statement about the relative value of 
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PET/CT compared to other imaging modalities, but this has been described by others [36, 

37]. Nowadays, trastuzumab-labelled PET/CT scans are available with visualization of 

HER2-positive lesions. This modality may improve selection of patients for anti-HER2 

treatment, but its role in monitoring response is undetermined [38]. Furthermore, trials to 

confirm the benefit of PET/CT-response-based treatment adaptations in terms of outcome 

are needed [3, 4]. 

 

Conclusion 

Our study demonstrates that the correlation between metabolic response in the breast 

and axilla is moderate in TN and poor in HER2-positive breast cancer. Furthermore, 18F-

FDG PET/CT can be used to evaluate the response to neoadjuvant chemotherapy in TN 

disease. The metabolic breast response alone, using ∆SUVmax between PET/CT at 

baseline and after six weeks treatment, predicts pCR total well and adding metabolic 

axillary response has no additional value. In HER2-positive tumors, pCR total prediction by 

the metabolic breast response alone, using SUVmax at PET/CT after three weeks 

treatment, is poor. This may be improved by evaluating both the primary tumor and 

axillary lymph node metabolic response in this subtype, and separate evaluation is 

recommended. 
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Supplementary table 1. SUVmax variables according to pCR breast and pCR axilla and their 

prognostic value in triple negative breast cancer. 

  no pCR breast    pCR breast      
  n median (IQR)   n median (IQR) 

 
c-index (95%CI) 

Breast                   
SUVmax PET1 21 9.3 (7.6 - 15.7) 

 
24 11.4 (7.3 - 17.8) 

 
0.44 (0.27 - 0.62) 

          SUVmax PET2 17 6.9 (5.1 - 14.2) 
 

18 8.0 (4.7 - 8.8) 
 

0.57 (0.37 - 0.76) 

          SUVmax PET3 18 4.2 (3.4 - 10.0) 
 

20 3.3 (1.9 - 4.3) 
 

0.77 (0.62 - 0.92) 

          ΔSUVmax PET1-PET2 17 -25% (-45 - -9) 
 

18 -38% (-50 - -19) 
 

0.63 (0.44 - 0.82) 

          ΔSUVmax PET1-PET3 18 -51% (-64 - -36) 
 

20 -76% (-81 - -68) 
 

0.85 (0.72 - 0.98) 
  no pCR axilla   pCR axilla      
  n median (IQR)   n median (IQR) 

 
c-index (95%CI) 

Axillary LNNs               
SUVmax PET1 24 7.5 (4.5 - 11.8) 

 
21 8.0 (5.2 - 16.7) 

 
0.43 (0.26 - 0.60) 

          SUVmax PET2 19 6.0 (3.4 - 11.7) 
 

16 3.5 (2.7 - 5.4) 
 

0.72 (0.56 - 0.89) 

          SUVmax PET3 21 2.8 (1.8 - 6.1) 
 

17 1.6 (1.1 - 2.2) 
 

0.74 (0.58 - 0.90) 

          ΔSUVmax PET1-PET2 19 -20% (-39 - -12) 
 

16 -57% (-66 - -33) 
 

0.81 (0.66 - 0.96) 

          ΔSUVmax PET1-PET3 21 -52% (-70 - -41) 
 

17 -84% (-86 - -73) 
 

0.82 (0.68 - 0.97) 
                    

pCR, pathologic complete response; n, number of patients; IQR, interquartile range; 95%CI, 95% confidence 
interval; LNNs, lymph nodes 
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Supplementary table 2. SUVmax variables according to pCR breast and pCR axilla and their 

prognostic value in HER2-positive breast cancer. 
  no pCR breast    pCR breast      
  n median (IQR)   n median (IQR)   c-index (95%CI) 
Breast                   
SUVmax PET1 21 7.5 (5.1 - 9.9) 

 
39 6.6 (4.4 - 8.8) 

 
0.58 (0.43 - 0.74) 

          SUVmax PET2 15 3.2 (2.5 - 4.5) 
 

30 2.7 (2.2 - 3.2) 
 

0.62 (0.44 - 0.81) 

          SUVmax PET3 15 2.1 (1.4 - 2.9) 
 

32 2.0 (1.5 - 2.3) 
 

0.60 (0.41 - 0.79) 

          ΔSUVmax PET1-PET2 15 -52% (-61 - -9) 
 

30 -64% (-68 - -49) 
 

0.64 (0.47 - 0.82) 

          ΔSUVmax PET1-PET3 15 -68% (-78 - -42) 
 

32 -70% (-80 - -52) 
 

0.57 (0.40 - 0.75) 
  no pCR axilla   pCR axilla      
  n median (IQR)   n median (IQR)   c-index (95%CI) 
Axillary LNNs               
SUVmax PET1 15 6.2 (2.8 - 7.6) 

 
45 5.2 (2.7 - 7.6) 

 
0.51 (0.33 - 0.69) 

          SUVmax PET2 10 2.4 (2.2 - 3.6) 
 

35 1.9 (1.6 - 2.3) 
 

0.77 (0.62 - 0.92) 

          SUVmax PET3 10 1.9 (1.0 - 2.8) 
 

37 1.7 (1.3 - 2.4) 
 

0.51 (0.27 - 0.75) 

          ΔSUVmax PET1-PET2 10 -44% (-60 - -13) 
 

35 -57% (-74 - -39) 
 

0.65 (0.47 - 0.84) 

          ΔSUVmax PET1-PET3 10 -59% (-85 - -52) 
 

37 -67% (-77 - -46) 
 

0.45 (0.23 - 0.67) 
                    

pCR, pathologic complete response; n, number of patients; IQR, interquartile range; 95%CI, 95% confidence 
interval; LNNs, lymph nodes 
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Supplementary figure 1. CONSORT diagram. 

 
TN, triple-negative; HER2+, HER2-positive; n, number of patients; T+N+, primary tumor and positive lymph nodes
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Supplementary figure 2. Correlation between the metabolic response in breast and axilla in (a) 
triple-negative tumors (n=38; ΔSUVmax PET1-PET3) and (b) HER2-positive tumors (n=45; SUVmax 
PET2). 

 
  
LNNs, lymph nodes; pCR total, pathologic complete response in breast and axilla 
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MRI predicts pathologic complete response in HER2-positive breast 
cancer after neoadjuvant chemotherapy  
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Abstract 

 

Background Neoadjuvant treatment of HER2-positive breast cancer frequently leads to a 

pathologic complete response (pCR), which is associated with favorable long-term 

outcome. Treatment regimens typically consist of 6-9 cycles of trastuzumab-based 

chemotherapy, although many patients achieve early radiologic complete response (rCR). 

If rCR accurately predicts pCR, the number of chemotherapy cycles can possibly be 

reduced.  

 

Methods We performed a diagnostic accuracy study to determine the association 

between rCR and pCR in patients with stage II-III HER2-positive breast cancer treated with 

neoadjuvant trastuzumab-based chemotherapy at the Netherlands Cancer Institute. RCR 

was defined as the disappearance of pathologic contrast enhancement in the original 

tumor region on repeated magnetic resonance imaging (MRI). PCR was defined as the 

absence of invasive tumor cells in the resected breast specimen (ypT0/is). Diagnostic 

accuracy was estimated in the overall population and in subgroups based on hormone 

receptor (HR) status. The prognostic value of rCR for recurrence-free interval was 

evaluated as an exploratory analysis.  

 

Results We identified 296 eligible patients with 297 HER2-positive tumors (154 HR-

negative and 143 HR-positive) treated with neoadjuvant trastuzumab-based 

chemotherapy between 2004 and 2016. Overall, the rCR rate was 69% (206/297) and the 

pCR rate was 61% (181/297). Among 206 patients with rCR, 150 also had pCR (negative 

predictive value [NPV] =150/206 =73%). Among 91 patients without rCR, 60 had residual 

tumor at pathology (positive predictive value [PPV] =60/91 =66%). The NPV was better in 

HR-negative compared to HR-positive tumors (88% versus 57%), while the PPV was better 

in HR-positive tumors (50% versus 78%). Achieving rCR was associated with a 5-year 

recurrence-free interval of 88% compared to 68% without rCR (hazard ratio 0.34, 95% 

confidence interval 0.17-0.65, p=0.001). 

 

Conclusion Achieving rCR corresponds well with pCR in HER2-positive breast cancer, 

particularly in the HR-negative subgroup. RCR is also associated with improved long-term 

outcome.   
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Introduction  

Neoadjuvant treatment regimens in HER2-positive breast cancer often result in a 

pathologic complete response (pCR) [1], which is associated with favorable long-term 

outcome [2, 3]. Currently used chemotherapy regimens combine dual HER2-blockade 

using trastuzumab and pertuzumab with FEC followed by a taxane or carboplatin 

concurrent with a taxane [1]. The duration of neoadjuvant regimens ranges between 12-

24 weeks and a longer duration is generally associated with higher pCR rates [4]. 

Nevertheless, pCR has been observed after only 10-12 days of treatment with biologicals 

alone, suggesting a significant overtreatment in at least some patients [5]. 

An important advantage of neoadjuvant therapy is the possibility to monitor the response 

to treatment using imaging modalities. If imaging can reliable identify pCR during 

neoadjuvant treatment, studies that evaluate image-guided de-escalation of treatment 

duration may become feasible. For this purpose, a high negative predictive value (NPV) is 

required reflecting the proportion of patients with a radiologic complete response (rCR) 

that indeed have a pCR.  

Several studies have evaluated the accuracy of magnetic resonance imaging (MRI) to 

identify pCR in neoadjuvant treated breast cancer patients. However, these studies 

included only small numbers of HER2-positive cases (i.e., <60) [6-10] or did not stratify by 

breast cancer subtype at all [11, 12], despite well-known differences in response and 

imaging characteristics [10, 13]. The largest study, including 249 HER2-positive tumors of 

whom 194 received trastuzumab, describes a NPV in this subgroup ranging from 38-62% 

depending on hormone receptor (HR) status and neoadjuvant trastuzumab use [14]. This 

was a retrospective multicenter study without central review of MR images.  

We assessed the agreement between rCR and pCR in patients receiving neoadjuvant 

trastuzumab-based chemotherapy for HER2-positive breast cancer in the Netherlands 

Cancer Institute. 
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Methods 

We identified all patients with HER2-positive breast cancer treated with neoadjuvant 

trastuzumab-based chemotherapy between January 2000 and March 2016 in the 

Netherlands Cancer Institute from our institutional cancer registry. Medical charts were 

reviewed for patient, tumor and treatment characteristics, including MRI evaluations and 

follow-up data. Eligibility criteria included primary non-metastatic HER2-positive breast 

cancer, neoadjuvant trastuzumab-based chemotherapy, evaluable contrast-enhanced 

breast MRI at baseline and after neoadjuvant treatment, and available pathology 

assessment based on surgery. 

Procedures 

Pre-treatment ultrasound-guided tumor biopsies were taken for pathological diagnosis 

and evaluation of HER2, estrogen, and progesterone receptor. HER2-status was assessed 

according to ASCO guidelines applicable at time of diagnosis [15]. HR-positive tumors were 

defined as ≥10% estrogen receptor expression and/or progesterone receptor expression. 

Before start of treatment, a marker was placed at the tumor site. Systemic treatment was 

administered within the context of a clinical trial, which had been approved by the 

institutional review board or at the discretion of the treating physician. Most frequently 

used regimens were a sequential anthracycline-taxane combination or an anthracycline-

free regimen consisting of paclitaxel and carboplatin. Since December 2013 patients could 

receive pertuzumab. An MRI was performed before and after treatment and assessed by 

dedicated breast radiologists. Surgery type depended on patient and tumor 

characteristics, and patients’ preference. Dedicated breast pathologists evaluated the 

pathologic response. For this analysis, pCR was defined as the absence of invasive tumor 

cells in the breast irrespective of remaining in situ lesions (ypT0/is). Adjuvant 

radiotherapy, trastuzumab and endocrine therapy were given according to national 

guidelines.  

 

MRI evaluation  

MRI technique and protocols were described previously by Loo and colleagues [16]. In 

brief, a 1.5 T Magnetom Vision scanner with a dedicated bilateral phased array breast coil 

(Siemens, Erlangen, Germany) was used until April 2007, and thereafter a 3.0 T Achieva 

scanner with a dedicated 7-element sense breast coil was used (Philips Medical Systems, 

Best, The Netherlands). Images were acquired with the patient in prone position with both 

breasts imaged at the same time. First, an unenhanced coronal 3D fast field echo (FFE) 
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(thrive) sense T1-weighted sequence was performed. Subsequently, contrast containing 

gadolinium (0.1 mmol/kg) was administered intravenously followed by dynamic imaging in 

five consecutive series at 90-s intervals with voxel size 1.21 × 1.21 × 1.69 mm3 (1.5 T) or 

1.1 × 1.1 × 1.2 mm3 (3.0 T). Images were evaluated as part of routine clinical practice and 

the rCR classification was abstracted from the radiology report. A dedicated breast 

radiologist (C.L.) revised ambiguous reports. RCR was defined as the absence of pathologic 

(i.e., non-physiological) contrast enhancement in the original tumor region. Remaining 

minimal contrast enhancement in the tumor bed similar to (or less than) surrounding or 

contralateral normal breast tissue was considered physiological. The presence of 

pathological enhancing small foci in the original tumor bed was recorded as no rCR. 

Complete resolution of the mass was not required for rCR, because a remaining mass 

without pathologic enhancement likely reflects treatment-induced fibrosis or necrosis 

rather than remaining invasive tumor.  

 

Statistics 

Descriptive statistics were used to summarize baseline characteristics. PCR of the breast 

was used as the gold standard. The NPV, positive predictive value (PPV), specificity, 

sensitivity, and overall accuracy were calculated (for definitions see table 2). True 

negatives were defined as both rCR and pCR while true positives were defined as no rCR 

and no pCR. With these definitions the NPV reflects the proportion of tumors with pCR 

within all rCR cases. The performance of MRI was evaluated for the overall cohort and 

according to HR-status. Furthermore, stratified analyses were performed based on type of 

neoadjuvant treatment, tumor grade, age, and histology to test the influence of these 

factors on the rCR-pCR agreement. Additionally, MRI performance with an alternative pCR 

definition (ypT0) was assessed and presented as supplementary data. Lastly, as an 

exploratory analysis the prognostic value of rCR was evaluated using Kaplan-Meier 

statistics for survival estimates and Cox proportional hazard analyses for hazard ratios 

with their corresponding 95% confidence intervals. Recurrence-free interval (RFI) was 

calculated as the time between date of surgery and date of first RFI-event: invasive loco-

regional recurrence, distant recurrence or breast-cancer-related death. Patients who died 

due to other causes and patients alive at last follow-up were censored at the 

corresponding dates. For comparison, we also assessed RFI according to pCR breast 

(ypT0/is) and pCR breast and axilla (ypT0/is, ypN0), the most widely used surrogate 

endpoints for long-term outcome. Statistical analyses were performed using SPSS 

Statistics, version 22.0 (Chicago, IL). 
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Results 

Patients 

We identified 331 HER2-positive tumors in 330 patients treated with neoadjuvant 

trastuzumab-based chemotherapy. One patient had bilateral HER2-positive breast cancer 

and therefore registered twice in the database and counted as two throughout the 

manuscript, but was included only once in the survival analyses. Thirty-four patients were 

ineligible because of missing baseline MRI (5), occult primary tumor on MRI (1), no 

evaluable MRI before surgery (19), no breast surgery (8), or receiving additional 

neoadjuvant radiotherapy (1) (supplementary figure 1). Therefore, 296 patients with 297 

tumors diagnosed between 2004 and 2016 were included in this study. Table 1 

summarizes baseline and treatment characteristics.  

 

MRI response 

Median time between last MRI and surgery was three weeks (interquartile range [IQR] 2-4 

weeks). Sixty-nine percent (206/297) of tumors showed an rCR, which was numerically but 

not significantly more common in HR-negative compared to HR-positive tumors (72% 

versus 67%, p=0.38).  

 

Pathologic response 

The breast pCR rate was 61% (181/297). PCR rate was higher in HR-negative compared to 

HR-positive tumors (78% versus 45%, p<0.001).  

 

Radiologic and pathologic response agreement 

Table 2 summarizes the accuracy parameters for all patients and by subgroups based on 

HR-status. Among 206 patients with rCR, 150 also had pCR (NPV=73%). Among 91 patients 

without rCR, 60 had residual tumor in the resection specimen (PPV=66%). In-situ lesions 

were seen in 16 of 31 cases with a pCR (ypT0/is) without rCR to explain part of the false-

positive cases. NPV was better in HR-negative tumors (88% versus 57%, p<0.001), while 

PPV was better in HR-positive tumors (50% versus 78%, p=0.007). 

Supplementary table 1 summarizes the diagnostic performance of MRI according to 

several patient, tumor and treatment variables. Variations were seen, but none was 

statistically significant. Supplementary table 2 shows accuracy results of MRI if pCR was 

defined as ypT0.  
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Table 1. Baseline characteristics. 

 n=297* 
  n (%) 

Age (years) 
  Median (IQR) 47 (40-55) 

Tumor size on MRI (mm) 
  Median (IQR) 35 (25-54) 

Clinical nodal stage 
  Negative 80 (27) 

Positive 217 (73) 
Clinical disease stage 

  I 8 (3) 
II 162 (55) 
III 127 (43) 
HR-status (biopsy) 

  Negative 143 (48) 
Positive 154 (52) 
Tumor grade (biopsy) 

  I-II 134 (45) 
III 145 (49) 
Unknown 18 (6) 
Tumor histology (biopsy) 

  Ductal 270 (91) 
Lobular 17 (6) 
Other 10 (3) 
Chemotherapy regimen 

  Anthracycline/taxane-based 64 (22) 
Taxane-based 232 (78) 
Vinorelbine 1 (0) 
Neoadjuvant pertuzumab 

  No 220 (74) 
Yes 77 (26) 
      

n, number of tumors; IQR, interquartile range; mm, millimeter; HR, hormone receptor 
*297 tumors, 296 patients 

 

Radiologic response and long-term outcome 

At a median follow-up of 38 months (IQR 14-72) 36 RFI events had occurred. Patients with 

rCR had a 5-year RFI of 88% compared to 68% for patients without rCR (hazard ratio 0.34, 

95% confidence interval 0.17-0.65, p=0.001) (figure 1). When comparing the hazard ratios, 

the association of rCR with RFI is numerically greater than that of pCR with RFI 

(supplementary table 3).  

  

62



MRI predicts pathologic complete response after neoadjuvant chemotherapy 

 

The association between rCR and RFI seemed more pronounced in patients with HR-

positive tumors with 5-year RFI estimates of 89% versus 66% (hazard ratio 0.27, 95% 

confidence interval 0.11-0.68, p=0.005), than for patients with HR-negative tumors with a 

5-year RFI of 88% versus 72% (hazard ratio 0.43, 95% confidence interval 0.16-1.15, 

p=0.09), although no evidence of rCR-by-HR interaction (p=0.53) was found. 

 
Table 2. Crosstab for calculations of MRI performance, definitions (a), and within the overall 

cohort (b), HR-negative subgroup (c), and HR-positive subgroup (d). 

       
a Definitions   True condition   

 
NPV = TN/(TN+FN) 

 
 

  no pCR pCR Total  PPV = TP/(TP+FP) 
 Predicted condition no rCR TP FP    Specificity = TN/(TN+FP) 
 

 
rCR FN TN   Sensitivity = TP/(TP+FN) 

   Total       
 

Accuracy = (TP+TN)/total 
 

       b Overall   True condition   
 

NPV = 73% 
 

 
  no pCR pCR Total  PPV = 66% 

 Predicted condition no rCR 60 31 91  Specificity = 83% 
 

 
rCR 56 150 206  Sensitivity = 52% 

   Total 116 181 297 
 

Accuracy = 71% 
 

       c HR-negative   True condition   
 

NPV = 88% 
 

 
  no pCR pCR Total  PPV = 50% 

 Predicted condition no rCR 20 20 40  Specificity = 82% 
 

 
rCR 12 91 103  Sensitivity = 63% 

   Total 32 111 143 
 

Accuracy = 78% 
 

       d HR-positive   True condition   
 

NPV = 57% 
 

 
  no pCR pCR Total  PPV = 78% 

 Predicted condition no rCR 40 11 51  Specificity = 84% 
 

 
rCR 44 59 103  Sensitivity = 48% 

   Total 84 70 154 
 

Accuracy = 64% 
        

pCR, pathologic complete response (ypT0/is); rCR, radiologic complete response; NPV, negative predictive 
value; PPV, positive predictive value; TP, true positive; FP, false positive; FN, false negative; TN, true negative; 
HR, hormone receptor 
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Figure 1. RFI in the overall cohort according to rCR (a) and pCR breast and axilla (b), in the HR-

negative subgroup according to rCR (c) and pCR (d), and in the HR-positive subgroup according to 

rCR (e) and pCR (f). 

  
RFI, recurrence-free interval; rCR, radiologic complete response; pCR, pathologic complete response (ypT0/is); 
95%CI, 95% confidence interval 
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Discussion 

A complete radiologic response on MRI after neoadjuvant trastuzumab-based 

chemotherapy for HER2-positive breast cancer corresponds to a complete pathologic 

response in 73% of all patients. This percentage is even higher in HR-negative tumors 

(88%) and somewhat lower in HR-positive tumors (57%). Given the association between 

pCR and long-term outcome, correctly identifying pCR with MRI can provide opportunities 

to reduce the number of chemotherapy cycles in patients who achieve rCR early. To 

reduce the number of chemotherapy cycles a high NPV is required. 

In literature a wide spread of NPV’s have been described in the HER2-positive subtype 

ranging from 0-95% in studies providing clear definitions of accuracy measurements and 

including ≥25 patients [6, 7, 9, 10, 14, 17, 18]. This variation can be explained by 

differences in neoadjuvant trastuzumab use, stratification by HR-status, pCR rates, and 

definitions of rCR and pCR. We found a significantly higher NPV and lower PPV in HR-

negative compared to HR-positive tumors. Therefore HR-status should be considered in 

MRI-based decision making. The better NPV in HR-negative tumors is not surprising as the 

chance of false-negative results is lower if the pCR rate is higher [1, 4]. Likewise, the better 

PPV in HR-positive tumors might be attributed to the higher chance of residual disease in 

this subgroup. Another explanation for the difference seen between HR-negative and HR-

positive tumors lies in the more commonly observed non-mass or diffuse enhancement on 

MRI in HR-positive disease. This feature may challenge interpretation of response on MRI 

possibly resulting in poorer accuracy [19-22]. The same applies to lobular breast cancer 

histology that is usually HR-positive, and more difficult to interpret on MRI. Enhancement 

patterns (mass or non-mass) could not be reliable retrieved from the radiology reports, 

therefore we did not asses the influence of this feature. Furthermore, with only 17 lobular 

carcinomas the impact of histology on the rCR-pCR agreement could not be reliable 

assessed. The better performance of MRI to detect pCR in HR-negative tumors has also 

been described by others [8, 10, 13, 14, 17, 19]. 

We did not find a significant influence of grade, histology, age and type of neoadjuvant 

therapy on the NPV in the overall cohort. Numbers in these subgroups may have been too 

small to detect subtle influences. 

Interestingly, we found an absolute 5-year RFI benefit of 20% for patients with rCR 

compared to those without rCR with a hazard ratio of 0.34 (95% confidence interval 0.17-

0.65). Our findings are supported by results of the I-SPY study, showing an association 

with tumor volume at end-of-treatment MRI and recurrence-free survival [23]. The 
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prognostic value of rCR is an exploratory finding and must be confirmed in independent 

series. 

We focused on the radiologic response of the breast alone because the axillary region 

could not always be assessed, due to the limited field of view and the range of the breast 

coil. In our cohort, 16 of 178 (9%) cases with a pCR of the breast and pathologic response 

assessment of the axilla after treatment did not achieve a pCR of the axilla. This suggests 

that we cannot rely solely on the response in the breast in all patients. To date no imaging 

technique has convincingly shown to be accurate in predicting a pCR of the axillary lymph 

nodes after neoadjuvant treatment [24]. Hence, it is important to develop new MR 

protocols or imaging techniques or to combine imaging with fine needle aspiration in 

selected cases to overcome this deficiency.  

Although limited by its retrospective nature, to the best of our knowledge, this is the 

largest HER2-positive cohort published so far on the agreement between radiologic and 

pathologic complete response after neoadjuvant treatment. We acknowledge the lack of 

reviewing all MR images as a limitation. However, as this study was performed in a 

national cancer institute, dedicated breast radiologists already evaluated all images. 

Furthermore, two different scanners were used through the years, although the majority 

(88%) was evaluated with the most recent scanner. Lastly, this was a single-center 

experience and standardized protocols and definitions are needed for multicenter 

implementation.  

The observed NPV of 73% in our study, and especially the NPV of 88% in the HR-negative 

subgroup, seems promising and worthwhile to further explore the principle of response-

guided de-escalation of treatment using MRI. Future studies, however, are required to 

reveal whether discontinuation of neoadjuvant chemotherapy in case of an early rCR 

affects long-term outcome. A NPV of <100% in this setting may be acceptable given the 

opportunity to administer remaining chemotherapy cycles post-surgery as adjuvant 

treatment if radiologic and pathologic findings are discordant.  

A possible further step towards treatment de-escalation is to omit surgery in case a pCR 

can reliably be anticipated. For this purpose, however, a higher NPV than 73% is needed. 

Furthermore, eradication of both invasive and in-situ lesions is desired if surgery is to be 

omitted. Using a pCR definition that also excludes in-situ lesions (ypT0), reduced the NPV 

to 47% (supplementary data). This drop in NPV suggests that MRI cannot well distinguish 

in-situ-carcinoma from normal breast tissue in the HER2-positive subtype after 

chemotherapy. On the other hand, residual enhancement was seen (no rCR) in 16 cases 

with residual in-situ lesions only without invasive disease. Taking additional biopsies in rCR 
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cases after chemotherapy before surgery may improve the identification of pCR. This 

strategy is currently evaluated in ongoing clinical trials as a minimal invasive alternative 

for surgery (NTR6120, NCT02455791).  

In conclusion, we found that rCR on MRI corresponds to pCR in 73% of tumors, which 

increased to 88% in the HR-negative subgroup. This may provide important opportunities 

to study de-escalation protocols for chemotherapy and surgery in HER2-positive breast 

cancer.  
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Supplementary figure 1. CONSORT diagram. 

 
n, number of tumors; MRI, magnetic resonance imaging; HR, hormone receptor 
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Supplementary table 1. Diagnostic performance of MRI before surgery to predict pCR in HER2-

positive breast cancer patients according to different subgroups. 

 NPV PPV Specificity Sensitivity Accuracy 
Subgroup  n of patients/total n (%) 
Overall  150/206 (73) 60/91 (66) 150/181 (83) 60/116 (52) 210/297 (71) 

           HR-status 
          Negative 91/103 (88) 20/40 (50) 91/111 (82) 20/32 (63) 111/143 (78) 

Positive 59/103 (57) 40/51 (78) 59/70 (84) 40/84 (48) 99/154 (64) 
Age 

          Age <50 years 90/127 (71) 32/49 (65) 90/107 (84) 32/69 (46) 122/176 (69) 
Age ≥50 years 60/79 (76) 28/42 (67) 60/74 (81) 28/47 (60) 88/121 (73) 
Histology 

          Ductal carcinoma only 141/187 (75) 54/83 (65) 141/170 (83) 54/100 (54) 195/270 (72) 
Grade 

          Grade 1-2 65/93 (70) 24/41 (59) 65/82 (79) 24/53 (46) 89/134 (66) 
Grade 3 77/99 (78) 33/46 (72) 77/90 (86) 33/55 (60) 110/145 (76) 
Neoadjuvant pertuzumab 

         No 101/145 (70) 52/75 (69) 101/124 (81) 52/96 (54) 153/220 (70) 
Yes 49/61 (80) 8/16 (50) 49/57 (86) 8/20 (40) 57/77 (74) 
Neoadjuvant anthracyclines 

         No 118/163 (72) 44/70 (63) 118/144 (82) 44/89 (49) 162/233 (70) 
Yes 32/43 (74) 16/21 (76) 32/37 (86) 16/27 (59) 48/64 (75) 
                      

NPV, negative predictive value; PPV, positive predictive value; n, number of tumors; HR, hormone receptor 
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Supplementary table 2. Crosstab for calculations of MRI performance with pCR breast defined as 

no remaining invasive disease and no in-situ lesions (ypT0), definitions (a), and within the overall 

cohort (b), HR-positive subgroup (c), and HR-negative subgroup (d). 

       
a Definitions   True condition   

 
NPV = TN/(TN+FN) 

 
 

  no pCR pCR Total  PPV = TP/(TP+FP) 
 Predicted condition no rCR TP FP    Specificity = TN/(TN+FP) 
 

 
rCR FN TN   Sensitivity = TP/(TP+FN) 

   Total       
 

Accuracy = (TP+TN)/total 
 

       b Overall   True condition   
 

NPV = 47% 
 

 
  no pCR pCR Total  PPV = 84% 

 Predicted condition no rCR 76 15 91  Specificity = 87% 
 

 
rCR 109 97 206  Sensitivity = 41% 

   Total 185 112 297 
 

Accuracy = 58% 
 

  
    

 c HR-negative   True condition   
 

NPV = 57% 
 

 
  no pCR pCR Total  PPV = 80% 

 Predicted condition no rCR 32 8 40  Specificity = 88% 
 

 
rCR 44 59 103  Sensitivity = 42% 

   Total 76 67 143 
 

Accuracy = 64% 
 

       d HR-positive   True condition   
 

NPV = 37% 
 

 
  no pCR pCR Total  PPV = 86% 

 Predicted condition no rCR 44 7 51  Specificity = 84% 
 

 
rCR 65 38 103  Sensitivity = 40% 

   Total 109 45 154 
 

Accuracy = 53% 
        

pCR, pathologic complete response (ypT0); rCR, radiologic complete response; NPV, negative predictive value; 
PPV, positive predictive value; TP, true-positive; FP, false-positive; FN, false-negative; TN, true-negative; HR, 
hormone receptor 
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Supplementary table 3. Recurrence-free interval according to radiologic and pathologic complete 

response in the overall cohort and in subgroups. 

    n=296   Events   5-yrs RFI   Univariable 

    n (%)   n   estimate   
hazard 
ratio (95%CI) p 

rCR                       
Overall 

           no rCR 
 

91 (31) 
 

21 
 

68% 
 

1 (ref) 
  rCR 

 
205 (69) 

 
15 

 
88% 

 
0.34 (0.17-0.65) 0.001 

HR-negative 
           no rCR 
 

40 (28) 
 

8 
 

72% 
 

1 (ref) 
  rCR 

 
102 (72) 

 
8 

 
88% 

 
0.43 (0.16-1.15) 0.09 

HR-positive 
           no rCR 
 

51 (33) 
 

13 
 

66% 
 

1 (ref) 
  rCR 

 
103 (67) 

 
7 

 
89% 

 
0.27 (0.11-0.68) 0.005 

pCR breast (ypT0/is)                   
Overall 

           no pCR  
 

116 (39) 
 

22 
 

73% 
 

1 (ref) 
  pCR 

 
180 (61) 

 
14 

 
88% 

 
0.44 (0.22-0.86) 0.02 

HR-negative 
           no pCR  
 

32 (23) 
 

6 
 

74% 
 

1 (ref) 
  pCR  

 
110 (78) 

 
10 

 
86% 

 
0.55 (0.20-1.51) 0.24 

HR-positive 
           no pCR  
 

84 (55) 
 

16 
 

73% 
 

1 (ref) 
  pCR  

 
70 (45) 

 
4 

 
90% 

 
0.29 (0.10-0.87) 0.03 

pCR breast & axilla                 
Overall 

           no pCR  
 

132 (45) 
 

24 
 

75% 
 

1 (ref) 
  pCR  

 
161 (54) 

 
12 

 
88% 

 
0.48 (0.24-0.97) 0.04 

unknown 
 

3 (1) 
 

- 
 

- 
 

- - - 
HR-negative 

           no pCR 
 

38 (27) 
 

7 
 

76% 
 

1 (ref) 
  pCR  

 
101 (71) 

 
9 

 
86% 

 
0.58 (0.22-1.56) 0.28 

unknown 
 

3 (2) 
   

- 
 

- - - 
HR-positive 

           no pCR  
 

94 (61) 
 

17 
 

74% 
 

1 (ref) 
  pCR  

 
60 (39) 

 
3 

 
91% 

 
0.31 (0.09-1.04) 0.06 

                        
n, number of patients; RFI, recurrence-free interval; 95%CI, 95% confidence interval; p, p-value; rCR, 
radiologic complete response; ref, reference; HR, hormone receptor; pCR, pathologic complete response 
 

73



 

 
 

 



 
 

 

 

Chapter 4 

The effect of trastuzumab-based chemotherapy in small node-negative 
HER2-positive breast cancer 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Mette S van Ramshorst, Margriet van der Heiden-van der Loo, Gwen M Dackus,  

Sabine C Linn, Gabe S Sonke 

 

Breast Cancer Res Treat 2016;158:361-71  



 
 

 



 
 

 

Abstract 

 

Background The prognosis of patients with stage II-III Human Epidermal growth factor 

Receptor 2 (HER2) positive breast cancer has significantly improved since the addition of 

trastuzumab to (neo-)adjuvant chemotherapy. Several reports have shown that small 

(≤2cm), node-negative, HER2-positive tumors have a relatively poor prognosis and these 

patients increasingly receive trastuzumab-based chemotherapy. We aimed to provide 

evidence for this approach in a population-based cohort. 

 

Methods All T1N0M0 HER2-positive breast cancer patients diagnosed between 2006 and 

2012 were identified from the Netherlands Cancer Registry. Patient, tumor, and treatment 

characteristics were recorded. Kaplan-Meier statistics were used for overall survival (OS) 

and breast-cancer-specific survival (BCSS) estimations overall and in T1a, T1b, and T1c 

tumors separately. Cox regression analyses were performed to account for imbalances in 

baseline characteristics between treated and untreated patients. 

 

Results A total of 3,512 patients were identified: 385 with T1a, 800 with T1b, and 2,327 

with T1c tumors. Forty-five percent of patients received chemotherapy and/or 

trastuzumab: 92% received both. Chemotherapy and/or trastuzumab significantly 

improved 8-year OS (95% versus 84%; hazard ratio 0.29; 95% confidence interval [CI] 0.21-

0.41, p<0.001). The effect remained significant in multivariable analyses (hazard ratio 0.35; 

95%CI 0.23-0.52, p<0.001). BCSS was also improved with systemic treatment in univariable 

(96% versus 92%; hazard ratio 0.41; 95%CI 0.27-0.63, p<0.001) and multivariable analyses 

(hazard ratio 0.31; 95%CI 0.19-0.53, p<0.001). Treatment effect on OS and BCSS was 

similar in T1a, T1b, and T1c tumors.  

 

Conclusion Chemotherapy and/or trastuzumab improves OS and BCSS and can be 

considered in all patients with small node-negative HER2-positive breast cancer.  
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Introduction 

The outcome of patients with human epidermal growth factor receptor 2 (HER2) positive 

breast cancer has significantly improved since the introduction of trastuzumab as part of 

(neo-)adjuvant systemic treatment. Five randomized trials showed a reduction in breast 

cancer mortality in stage II-III disease by more than a third with the addition of 

trastuzumab to chemotherapy, leading to an absolute 10-year disease-free survival (DFS) 

benefit of 11.5% and a 10-year overall survival (OS) benefit of 8.8% [1-4].  

Patients with stage I disease were mostly excluded from the trastuzumab trials and 

evidence for benefit of trastuzumab-based chemotherapy in these patients is therefore 

limited [1-4]. Several studies have shown that patients with stage I HER2-positive tumors 

have a relatively poor outcome in the absence of systemic treatment [5-11]. The 5-year 

distant-recurrence-free-survival (DRFS) ranges from 86-96% across these studies, a 5-year 

recurrence-free-interval (RFI) of 95% has been reported, and OS rates of 93-100% at 5 

years and 71% at 10 years are described [5-10, 12]. These publications have led to an 

increased use of trastuzumab-based adjuvant treatment in patients with small node-

negative tumors [10]. The evidence to support this approach is limited, however, since 

previous studies investigating the effect of adjuvant trastuzumab-based therapy in stage I 

HER2-positive breast cancer mainly investigated the addition of trastuzumab to 

chemotherapy, were limited by a small sample size, or excluded T1c tumors [10, 12-20].  

We aimed to provide evidence for offering trastuzumab-based adjuvant chemotherapy to 

patients with stage I HER2-positive breast cancer in a nationwide population-based 

cohort.
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Methods 

We identified all patients aged 18 years or above diagnosed with T1N0M0 HER2-positive 

invasive breast cancer between 2006 and 2012 from the Netherlands Cancer Registry 

(NCR). The NCR registers all Dutch cancer patients since 1989 and has almost 100% 

nationwide coverage [21]. Trained registration clerks collect detailed patient, tumor, and 

treatment characteristics from the original hospital records. Recurrence data are not 

systematically recorded, but overall survival data are available and disease-specific 

survival data are added by linkage with CBS Statistics Netherlands. CBS receives a death 

certificate of each deceased individual who is registered in a municipality in the 

Netherlands. Causes of death are recorded by CBS according to the World Health 

Organization International Classification of diseases-10. 

HER2-positive tumors were defined as tumors with a 3+ immunohistochemistry score or a 

positive result on in-situ hybridization [22]. The hormone receptor (HR) status was 

considered positive if the estrogen receptor (ER) and/or progesterone receptor (PR) were 

positive (≥10% positive tumor cells) according to Dutch national guidelines 

(www.oncoline.nl). Systemic treatment was defined as chemotherapy and/or 

trastuzumab, irrespective of endocrine therapy. Overall survival (OS) was calculated as 

time from date of diagnosis to date of death (irrespective of cause) or censored at the 

date of last follow-up. Breast-cancer-specific survival (BCSS) was calculated as time from 

date of diagnosis to date of death due to breast cancer or censored at date of last follow-

up. Deaths due to other causes were censored at date of death.  

Differences in patient and tumor characteristics between the treated and untreated group 

were evaluated using the chi-square test for categorical variables and Mann-Whitney U 

test for continuous variables. Survival curves were generated using the Kaplan-Meier 

method and differences in survival between the treatment and non-treatment group were 

evaluated for significance using the log-rank test. Multivariable cox regression survival 

analyses were performed to correct for imbalances in prognostic characteristics at 

baseline between the two treatment groups. Analyses were also performed stratified by 

HR-status and by tumor size: pT1a (≤0.5cm), pT1b (>0.5 to ≤1cm), and pT1C (>1 to ≤2cm), 

including interaction terms. 

Statistical analyses were performed with SPSS statistics version 22 (SPSS Inc., Chicago, 

USA). All reported p-values were two-sided and a p-value of <0.05 was considered 

statistically significant.  
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Results 

We identified 3,512 patients with stage I HER2-positive breast cancer diagnosed between 

January 2006 and December 2012 in 91 different hospitals across the Netherlands. 

Baseline characteristics are described in table 1. All but ten patients were female. Three-

hundred-and-eighty-five (11%) patients had a T1a tumor (including 54 with micro-invasive 

disease (≤0.1cm)), 800 patients (23%) had a T1b tumor, and 2,327 (66%) had a T1c tumor. 

All patients were node-negative, although 226 patients (6%) had isolated tumor cells (ITCs) 

in the lymph nodes [23]. 

 
Table 1. Characteristics of all stage I HER2-positive breast cancer patients (n=3,512). 

  Total No systemic  Systemic    
      therapy therapy   
  n=3,512 n=1,936 n=1,576   
  n (%) n (%) n (%) p 
Age (years) 

      
<0.001 

Median (range) 57 (19-90) 62 (26-90) 52 (19-75) 
 Pathologic tumor stage 

      
<0.001 

T1a* 385 (11) 357 (18) 28 (2) 
 T1b 800 (23) 650 (34) 150 (10) 
 T1c 2,327 (66) 929 (48) 1,398 (89) 
 Pathologic nodal stage 

      
0.003 

Negative 3,286 (94) 1,833 (95) 1,453 (92) 
 Isolated tumor cells 226 (6) 103 (5) 123 (8) 
 Grade 

      
<0.001 

I 295 (8) 267 (14) 28 (2) 
 II 1,426 (41) 954 (49) 472 (30) 
 III 1,632 (46) 599 (31) 1,033 (66) 
 unknown 159 (5) 116 (6) 43 (3) 
 Hormone receptor status 

     
<0.001 

Negative 1,083 (31) 529 (27) 554 (35) 
 Positive 2,407 (69) 1,394 (72) 1,013 (64) 
 Unknown 22 (1) 13 (1) 9 (1) 
 Systemic therapy 

      
- 

Chemotherapy and trastuzumab 1,453 (41) 0 (0) 1,453 (92) 
 Chemotherapy only 75 (2) 0 (0) 75 (5) 
 Trastuzumab only 48 (1) 0 (0) 48 (3) 
 No chemotherapy, no trastuzumab 1,936 (55) 1,936 (100) 0 (0) 
 Endocrine therapy 

      
<0.001 

No 2,188 (62) 1,475 (76) 713 (45) 
 Yes† 1,324 (38) 461 (24) 863 (55) 
                 

*Including 54 patients with micro-invasive disease only 
†11 patients with HR-negative status received endocrine therapy and 2 patients with HR-status unknown 
Totals may not sum up to 100% due to rounding 
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Breast-conserving therapy was performed in 2,161 patients (62%) and 98% of them 
received radiotherapy. Forty-five patients received radiotherapy after ablative surgery. In 
90% of patients the axillary stage was based on a sentinel node procedure and seven 
percent underwent an axillary node dissection. The axillary staging method was unknown 
in the remaining three percent. A total of 1,576 patients (45%) received systemic therapy 
(chemotherapy and/or trastuzumab) with the majority (92%) receiving both: 48 patients 
(3%) received trastuzumab only and 75 patients (5%) received chemotherapy only. Among 
patients with HR-positive disease, 54% (1,311/2,407) received endocrine therapy. 
The use of systemic therapy in stage I HER2-positive breast cancer increased significantly 
over time, from 32% in 2006 to 56% in 2012, p<0.001. Significant differences in the use of 
systemic treatment were also observed between individual hospitals, ranging from 17% to 
75% (p<0.001; figure 1). In addition, patients receiving systemic treatment were 
significantly younger, had higher tumor grade, larger tumors, more often ITCs in the lymph 
nodes and a negative HR-status. Patients who received trastuzumab/chemotherapy were 
also more likely to receive endocrine therapy if HR-positive (table 1 and supplementary 
table 1).  
 
Figure 1. Differences in systemic therapy use in stage I HER2-positive breast cancer in the 

Netherlands between 2006-2012 a) over time and b) according to hospital of care.  

 
 
Overall survival  
Median follow-up was 61 months (interquartile range [IQR] 42-81 months). During follow-
up 237 patients died: 197 in the untreated and 40 in the treated group. Chemotherapy 
and/or trastuzumab significantly improved OS at eight years (95% versus 84%; hazard ratio 
0.29; 95% confidence interval [CI] 0.21-0.41, p<0.001; figure 1). When corrected for 
imbalances in baseline characteristics (age, pathologic tumor stage, pathologic nodal 
stage, tumor grade, HR-status, endocrine therapy) the effect remained statistically 
significant (hazard ratio 0.35; 95%CI 0.23-0.52, p<0.001; table 2).  
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Figure 2. Overall survival curves according to systemic therapy in a) T1N0 patients, b) T1aN0 

patients, c) T1bN0 patients, d) T1cN0 patients in the Netherlands between 2006-2012. 

 
 
Breast-cancer-specific survival  
Causes of death could be retrieved in 99% (235/237) of cases. During follow-up 129 out of 
237 deaths were breast cancer related (54%). Systemic treatment significantly reduced 
breast-cancer mortality at eight years follow-up, although the absolute difference was 
modest (96% versus 92%; hazard ratio 0.41; 95%CI 0.27-0.63, p<0.001; figure 2). When 
corrected for imbalances in baseline characteristics the effect of systemic treatment on 
BCSS in the whole cohort was more pronounced (hazard ratio 0.31; 95%CI 0.19-0.53, 
p<0.001; table 3). 
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Table 2. Univariable and multivariable overall survival analyses (Cox regression) in stage I HER2-

positive breast cancer patients (n=3,512). 

    Univariable   Multivariable   
    hazard ratio (95%CI) p hazard ratio (95%CI) p 
Systemic therapy 

       No 
 

1 (ref) 
  

1 (ref) 
  Yes 

 
0.29 (0.21-0.41) <0.001 0.35 (0.23-0.52) <0.001 

Age (years) 
       per unit 
 

1.07 (1.06-1.09) <0.001 1.05 (1.04-1.07) <0.001 
Pathologic tumor 
stage 

       T1a 
 

0.82 (0.52-1.30) 0.40 0.58 (0.34-0.97) 0.04 
T1b 

 
0.75 (0.54-1.05) 0.09 0.55 (0.39-0.79) 0.001 

T1c 
 

1 (ref) 
  

1 (ref) 
  Pathologic nodal stage 

       Negative 
 

1 (ref) 
  

1 (ref) 
  Isolated tumor cells 

 
0.59 (0.31-1.16) 0.13 0.79 (0.40-1.54) 0.49 

Grade 
       I 
 

0.73 (0.43-1.25) 0.26 0.54 (0.30-0.97) 0.04 
II 

 
0.96 (0.73-1.25) 0.75 0.73 (0.55-0.99) 0.04 

III 
 

1 (ref) 
  

1 (ref) 
  Hormone receptor status 

     Negative 
 

1 (ref) 
  

1 (ref) 
  Positive 

 
0.66 (0.51-0.85) 0.002 0.70 (0.50-0.99) 0.05 

Endocrine therapy 
       No 
 

1 (ref) 
  

1 (ref) 
  Yes 

 
0.74 (0.55-0.98) 0.04 0.89 (0.61-1.30) 0.54 

                
 
The treatment benefit was similar in all three tumor size groups with eight-year BCSS 
estimates of: 100% versus 95% in T1a (hazard ratio 0.05; 95%CI 0-8.81x103, p=0.62), 99% 
versus 94% in T1b (hazard ratio 0.25; 95%CI 0.03-1.88, p=0.18), and 96% versus 90% in T1c 
tumors (hazard ratio 0.34; 95%CI 0.22-0.52, p<0.001). Again, no evidence for 
heterogeneity of treatment effect was found with tumor size (p-value for interaction 
0.95).  
In the HR-positive subgroup the BCSS rates by treatment status were 97% versus 93% 
(hazard ratio 0.41; 95%CI 0.23-0.73, p=0.002), and in the HR-negative subgroup 94% 
versus 89% (hazard ratio 0.38; 95%CI 0.20-0.70, p=0.002; supplementary figure 1). No 
heterogeneity of treatment benefit was seen with HR status (p-value for interaction 0.86).  
Multivariable analyses for BCSS for the subgroups were not performed due to the low 
number of events.  
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Figure 3. Breast-cancer-specific survival curve according to systemic therapy in a) T1N0 patients, b) 

T1aN0 patients, c) T1bN0 patients, d) T1cN0 patients. 

 
 
Cardiovascular mortality 
Cardiovascular disease was the cause of death in 48 out of 237 deaths (20%). Eight of 
these patients had breast cancer as concomitant cause of death. Two cardiovascular 
deaths had occurred in the treated group: defined as cardiomyopathy due to drugs and 
other external agents in one patient and unspecified intracerebral hemorrhage in the 
other patient.  
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Table 3. Univariable and multivariable breast-cancer-specific survival analyses (Cox regression) in 

stage I HER2-positive breast cancer patients (n=3,512). 

  Univariable     Multivariable   
  hazard ratio (95%CI) p   hazard ratio (95%CI) p 
Systemic therapy 

       No 1 (ref) 
   

1 (ref) 
  Yes 0.41 (0.27-0.63) <0.001 

 
0.31 (0.19-0.53) <0.001 

Age (years) 
       per unit 1.04 (1.02-1.06) <0.001 

 
1.02 (1.00-1.03) 0.08 

Pathologic tumor stage 
       T1a 0.71 (0.37-1.36) 0.30 

 
0.39 (0.18-0.83) 0.02 

T1b 0.78 (0.50-1.21) 0.26 
 

0.49 (0.30-0.80) 0.004 
T1c 1 (ref) 

   
1 (ref) 

  Pathologic nodal stage        Negative 1 (ref) 
   

1 (ref) 
  Isolated tumor cells 1.11 (0.56-2.19) 0.76 

 
1.40 (0.70-2.76) 0.34 

Grade 
       I 0.43 (0.17-1.07) 0.07 

 
0.25 (0.10-0.65) 0.004 

II 0.93 (0.65-1.33) 0.69 
 

0.65 (0.43-0.97) 0.03 
III 1 (ref) 

   
1 (ref) 

  Hormone receptor 
status 

       Negative 1 (ref) 
   

1 (ref) 
  Positive 0.67 (0.47-0.96) 0.03 

 
0.82 (0.52-1.29) 0.39 

Endocrine therapy 
       No 1 (ref) 

   
1 (ref) 

  Yes 0.62 (0.42-0.94) 0.02 
 

0.63 (0.38-1.05) 0.08 
                

 

  

85



Chapter 4 

 

Discussion 
This study demonstrates an OS and BCSS benefit with adjuvant chemotherapy and/or 
trastuzumab in patients with stage I HER2-positive breast cancer. This effect appears to 
exist in T1a, T1b, and T1c tumors alike. Systemic therapy may thus be considered in all 
these patients, although the absolute reduction in breast cancer mortality is modest. 
To date, the rationale for offering stage I HER2-positive breast cancer patients systemic 
treatment is based on data showing a relative poor prognosis of these patients (5-year 
DRFS rate ranging from 86-96%) compared to their HER2-negative counterparts, and 
extrapolation of the chemotherapy/trastuzumab combination benefit seen in more 
advanced tumor stages [1-7, 10, 11]. The supposed chemotherapy/trastuzumab treatment 
benefit in stage I disease has not been clearly demonstrated and no randomized trial has 
been performed to answer this question. Previous studies analyzing the impact of 
systemic treatment on outcome in stage I HER2-positive breast cancer had their 
limitations as described above [12-19]. The recent meta-analysis of randomized trial data 
by O’Sullivan and colleagues demonstrated a DFS and OS benefit with the addition of 
trastuzumab to chemotherapy in patients with small HER2-positive tumors. This study 
included 4,220 patients with tumors sized ≤2cm of whom 2,132 had no or one positive 
lymph node. Since the number of patients with node-negative disease comprised less than 
25% of their study population and originated almost exclusively from the Hera-trial, a 
subgroup-analysis in stage I disease was not feasible [20]. In a series from Northern 
California of 234 small (≤1.0cm) node-negative HER2-positive tumors, of whom 19 
received trastuzumab, an absolute benefit in invasive RFI with trastuzumab-based therapy 
ranging from 3 to 11% was reported depending on the subgroup evaluated [12]. The 
relatively large prospectively collected registry by Vaz-Luis and colleagues included 520 
patients with small (≤1.0cm) node-negative HER2-positive tumors who were treated at a 
National Comprehensive Cancer Network academic center. Fifty-one percent received 
chemotherapy of whom 63% received both chemotherapy and trastuzumab. Survival 
analyses were performed stratified by tumor stage and HR-status, but additional 
multivariable analyses were not feasible within these subgroups due to low number of 
events. The 5-year BCSS and OS was numerically better (1-5% and 4-7% respectively) in 
the treated subgroups, except within the HR-negative T1bN0 subgroup. A possible 
explanation for the lack of treatment benefit in the latter subgroup could be the small 
number of patients in the untreated group (n=17) and the fact that only 55% received 
trastuzumab in the treated group [10]. Furthermore, it could be attributable to 
confounding by indication with patients with more aggressive tumors having received 
systemic therapy [12].  
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We found a benefit of around 5% BCSS improvement associated with systemic treatment 
in T1N0 HER2 positive breast cancer. The effect appeared numerical similar in each of the 
three tumor size subgroups T1a, T1b, and T1c, although the confidence interval within 
each subgroup was wide due to the very low number of events among patients that 
received systemic treatment. Nevertheless, the non-significant test for interaction, which 
evaluates heterogeneity of treatment effect between the tumor size groups, and the very 
similar survival curves clearly suggest a benefit for systemic treatment regardless of tumor 
size. This finding is in line with subgroup analyses of two large randomized trastuzumab 
trials that revealed that trastuzumab benefit was independent of nodal involvement and 
tumor size [2, 24]. Based on these and our results, we suggest that the same treatment 
options should be considered for all stage I HER2-positive breast cancer patients, 
regardless of tumor size. An improved OS and BCSS was seen with systemic treatment in 
both the HR-negative and HR-positive subgroup with a relative risk reduction in the same 
range and accordingly no heterogeneity of treatment effect with HR-status, but the 
absolute benefit was smaller in the HR-positive subgroup. The absolute benefit in OS 
found in our study is greater than found by O’Sullivan and colleagues. This difference can 
be explained by the fact that O’Sullivan and colleagues compared chemotherapy plus 
trastuzumab versus chemotherapy alone, whereas we compared chemotherapy plus 
trastuzumab versus no treatment [20].  
Treatment guidelines in the Netherlands have long been restrictive regarding the use of 
systemic treatment (including endocrine therapy) in stage I HER2-positive breast cancer, 
although substantial variation between individual hospitals exists. Forty-five percent of 
patients with stage I HER2-positive breast cancer diagnosed between 2006-2012 in the 
Netherlands received chemotherapy and/or trastuzumab, and 15% of patients with a 
T1aN0 or T1bN0 tumor. This percentage is substantially lower compared to the same 
patient population in older studies from other countries: 66-71% in T1N0 tumors and 27-
74% in sub-centimeter tumors [10, 12, 14, 17, 18, 25-27]. The Dutch guideline 
recommends endocrine therapy only if systemic therapy in general (chemotherapy, 
trastuzumab) is indicated. This is reflected by our findings with 54% of all HR-positive 
patients receiving endocrine therapy, 84% in the treated versus 33% in the untreated 
group. The observed increase in systemic treatment administration in patients with stage I 
HER2-positive breast cancer patients in the Netherlands is in line with findings of studies 
from other countries and in accordance with changes in treatment guidelines [10, 14, 28]. 
The largest increase was seen in 2009, when the paper of Gonzalez-Angulo and colleagues 
was published [5].  
Our study was limited by its observational design and imbalances in baseline 
characteristics between the treated and non-treated group. Patients in the untreated 
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group were significantly older and inherently had a shorter life expectancy. Nevertheless, 
the survival benefit with treatment persisted after correction for age in multivariable 
analyses. In the absence of comorbidity data, BCSS analyses were performed and also 
showed improved outcome with systemic treatment, suggesting that comorbidity was 
only in part responsible for the improved OS effect. It seems plausible that patients who 
were not treated adjuvant because of comorbidity would not have received systemic 
therapy either if they experienced a recurrence which then could have influenced BCSS 
estimates. The size of this effect is unknown as we cannot retrieve the selection criteria 
for treatment use. Not treating a small node-negative tumor in the adjuvant setting, 
however, does not necessarily imply that a recurrence would not be treated with systemic 
therapy, as the basis for both decisions differs substantially. Lastly, significantly more 
patients in the treatment group received endocrine therapy and this might have 
contributed to the better survival seen in this subgroup. However, the effect of systemic 
treatment on survival remained highly significant in multivariable analysis including 
endocrine therapy, and was also observed in the HR-negative subgroup. Other imbalances 
between the treatment groups were compatible with a higher risk profile in the treated 
group. Although we corrected for these imbalances in multivariable analyses, residual 
confounding may exist. It is likely that the presence of residual confounding by indication 
results in an underestimation of the true systemic treatment effect, as it is expected that 
patients perceived to be at high risk were more likely to have received systemic 
treatment. Other potential limitations of the present study include the categorization of 
the treatment and non-treatment group to a never/ever principal, not accounting for 
patients discontinuing treatment prematurely. In addition, within the treated group 
different chemotherapy schedules were administered and type of chemotherapy was only 
known for patients diagnosed from 2011 onwards (85% received an anthracycline-taxane 
regimen). Furthermore, the treated group was relatively small in the T1a and T1b 
subgroup. Recurrence data were not available, but we were able to provide OS and BCSS 
estimates. The reliability of death certificates may vary between persons completing the 
form, depending on their awareness of the health status of the deceased.  
Our study is the largest nationwide cohort study performed to date and demonstrates an 
OS and BCSS benefit with systemic treatment in patients with stage I HER2-positive breast 
cancer. We included 3,512 patients and all data were prospectively collected by the NCR 
and subjected to stringent quality assurance with almost 100% coverage across the 
country [21]. Our study contributes substantially to current available data regarding the 
question whether or not to administer systemic treatment in this subgroup of patients, 
which seems especially relevant in the light of the increased incidence of small tumors 
over the last years [19, 26]. Future randomized trials providing level I evidence are 
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unattractive to perform, therefore, our study likely presents the best available evidence 
possible on this issue. 
Our results suggest an improved survival for patients with stage I HER2-positive breast 
cancer after systemic treatment with chemotherapy and/or trastuzumab. This improved 
survival comes at the price of risking significant toxicity. Less toxic regimens, such as a 
taxane-trastuzumab only regimen, will shift the risk/benefit ratio in a more favorable 
direction [29]. In addition, the Neosphere study showed a promising pathologic complete 
response rate of 17% (27% in HR-negative and 6% in HR-positive tumors) in stage II-III 
HER2-positive patients treated with trastuzumab and pertuzumab only [30]. This finding 
supports further studies into a chemotherapy-free approach in a subset of HER2-positive 
breast cancer patients. Molecular profiles such as the 70-gene signature may aid decision-
making as it has shown to accurately discriminate good from poor prognosis in HER2-
positive breast cancer [31].  
We should keep in mind that a significant relative reduction in mortality risk could 
translate into a small absolute risk reduction in an individual patient if the baseline risk is 
low. While no absolute threshold can be defined, an absolute reduction in 10-year 
mortality of 5% or more is generally considered to be an indication for systemic 
(neo)adjuvant treatment in current clinical practice. The unadjusted absolute 8-year OS 
benefit of 11% and BCSS benefit of 4% obtained by systemic therapy in our analyses 
should be carefully discussed by the oncologist and each individual patient and balanced 
against the potential side effects. 
In conclusion, our study demonstrates an OS and BCSS benefit with systemic treatment in 
all patients with stage I HER2-positive breast cancer, regardless of tumor size, and 
systemic treatment can thus be considered in this patient population. 
 
 
Acknowledgments 
We thank the Comprehensive Cancer Centre Netherlands for the collection of data in the 
Netherlands Cancer Registry. In particular, we would like to thank Sabine Siesling, 
Annemarie Eeltink-Conijn, and Reini Bretveld for their assistance in gathering the clinical 
data. Furthermore, we thank Statistics Netherlands for the provision of the disease-
specific survival data. Lastly, we thank Katarzyna Jozwiak and Erik van Werkhoven of the 
Netherlands Cancer Institute for their support with the statistical analyses. 
 
Conflict of interest statement 
The authors declare that they have no competing interests.  

89



Chapter 4 

 

Relevant financial activities outside the submitted work and other relationships or 
activities that readers could perceive to have influenced, or that give the appearance of 
potentially influencing: 
GSS has received institutional research support funding from Roche. 
SCL has received institutional research support funding from AstraZeneca, Genentech, and 
Roche. SCL is an advisory board member for Cergentis, Novartis, Roche, and Philips health 
BV.  
  

90



 Trastuzumab-based chemotherapy in small node-negative tumors 

 

References 
[1] Joensuu H, Bono P, Kataja V, et al. 

Fluorouracil, epirubicin, and 
cyclophosphamide with either docetaxel 
or vinorelbine, with or without 
trastuzumab, as adjuvant treatments of 
breast cancer: final results of the FinHer 
Trial. J Clin Oncol 2009;27:5685-92. 

[2] Slamon D, Eiermann W, Robert N, et al. 
Adjuvant trastuzumab in HER2-positive 
breast cancer. N Engl J Med 
2011;365:1273-83. 

[3] 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;32:3744-52. 

[4] Goldhirsch A, Gelber RD, Piccart-Gebhart 
MJ, et al. 2 years versus 1 year of adjuvant 
trastuzumab for HER2-positive breast 
cancer (HERA): an open-label, randomised 
controlled trial. Lancet 2013;382:1021-8. 

[5] Gonzalez-Angulo AM, Litton JK, Broglio 
KR, et al. High risk of recurrence for 
patients with breast cancer who have 
human epidermal growth factor receptor 
2-positive, node-negative tumors 1 cm or 
smaller. J Clin Oncol 2009;27:5700-6. 

[6] Livi L, Meattini I, Saieva C, et al. 
Prognostic value of positive human 
epidermal growth factor receptor 2 status 
and negative hormone status in patients 
with T1a/T1b, lymph node-negative 
breast cancer. Cancer 2012;118:3236-43. 

[7] Theriault RL, Litton JK, Mittendorf EA, et 
al. Age and survival estimates in patients 
who have node-negative T1ab breast 
cancer by breast cancer subtype. Clin 
Breast Cancer 2011;11:325-31. 

 
[8] Joensuu H, Isola J, Lundin M, et al. 

Amplification of erbB2 and erbB2 
expression are superior to estrogen 
receptor status as risk factors for distant 
recurrence in pT1N0M0 breast cancer: a 
nationwide population-based study. Clin 
Cancer Res 2003;9:923-30. 

[9] Chia S, Norris B, Speers C, et al. Human 
epidermal growth factor receptor 2 
overexpression as a prognostic factor in a 
large tissue microarray series of node-
negative breast cancers. J Clin Oncol 
2008;26:5697-704. 

[10] Vaz-Luis I, Ottesen RA, Hughes ME, et al. 
Outcomes by tumor subtype and 
treatment pattern in women with small, 
node-negative breast cancer: a multi-
institutional study. J Clin Oncol 
2014;32:2142-50. 

[11] Joerger M, Thurlimann B, Huober J. Small 
HER2-positive, node-negative breast 
cancer: who should receive systemic 
adjuvant treatment? Ann Oncol 
2011;22:17-23. 

[12] Fehrenbacher L, Capra AM, Quesenberry 
CP, Jr., et al. Distant invasive breast 
cancer recurrence risk in human 
epidermal growth factor receptor 2-
positive T1a and T1b node-negative 
localized breast cancer diagnosed from 
2000 to 2006: a cohort from an integrated 
health care delivery system. J Clin Oncol 
2014;32:2151-8. 

[13] Kiess AP, McArthur HL, Mahoney K, et al. 
Adjuvant trastuzumab reduces 
locoregional recurrence in women who 
receive breast-conservation therapy for 
lymph node-negative, human epidermal 
growth factor receptor 2-positive breast 
cancer. Cancer 2012;118:1982-8. 

91



Chapter 4 

 

[14] Olszewski AJ, Migdady Y, Boolbol SK, et al. 
Effects of adjuvant chemotherapy in 
HER2-positive or triple-negative pT1ab 
breast cancers: a multi-institutional 
retrospective study. Breast Cancer Res 
Treat 2013;138:215-23. 

[15] Rodrigues MJ, Peron J, Frenel JS, et al. 
Benefit of adjuvant trastuzumab-based 
chemotherapy in T1ab node-negative 
HER2-overexpressing breast carcinomas: 
a multicenter retrospective series. Ann 
Oncol 2013;24:916-24. 

[16] Vici P, Pizzuti L, Natoli C, et al. Outcomes 
of HER2-positive early breast cancer 
patients in the pre-trastuzumab and 
trastuzumab eras: a real-world 
multicenter observational analysis. The 
RETROHER study. Breast Cancer Res Treat 
2014;147:599-607. 

[17] Tognela A, Beith J, Kiely B, et al. Small 
HER2-positive breast cancer: should size 
affect adjuvant treatment? Clin Breast 
Cancer 2015;15:277-84. 

[18] Gori S, Inno A, Fiorio E, et al. The Promher 
study: an observational Italian study on 
adjuvant therapy for HER2-positive, pT1a-
b pN0 breast cancer. PLoS One 
2015;10:e0136731. 

[19] Musolino A, Boggiani D, Sikokis A, et al. 
Prognostic risk factors for treatment 
decision in pT1a,b N0M0 HER2-positive 
breast cancers. Cancer Treat Rev 
2016;43:1-7. 

[20] O'Sullivan CC, Bradbury I, Campbell C, et 
al. Efficacy of adjuvant trastuzumab for 
patients with human epidermal growth 
factor receptor 2-positive early breast 
cancer and tumors ≤ 2 cm: a meta-
analysis of the randomized trastuzumab 
trials. J Clin Oncol 2015;33:2600-8. 

[21] Schouten LJ, Hoppener P, van den Brandt 
PA, et al. Completeness of cancer 

registration in Limburg, the Netherlands. 
Int J Epidemiol 1993;22:369-76. 

[22] Wolff AC, Hammond ME, Schwartz JN, et 
al. American Society of Clinical 
Oncology/College of American 
Pathologists guideline recommendations 
for human epidermal growth factor 
receptor 2 testing in breast cancer. J Clin 
Oncol 2007;25:118-45. 

[23] van der Heiden-van der Loo M, 
Schaapveld M, Ho VK, et al. Outcomes of 
a population-based series of early breast 
cancer patients with micrometastases and 
isolated tumour cells in axillary lymph 
nodes. Ann Oncol 2013;24:2794-801. 

[24] Piccart-Gebhart MJ, Procter M, Leyland-
Jones B, et al. Trastuzumab after adjuvant 
chemotherapy in HER2-positive breast 
cancer. N Engl J Med 2005;353:1659-72. 

[25] McArthur HL, Mahoney KM, Morris PG, et 
al. Adjuvant trastuzumab with 
chemotherapy is effective in women with 
small, node-negative, HER2-positive 
breast cancer. Cancer 2011;117:5461-8. 

[26] Schroeder MC, Lynch CF, Abu-Hejleh T, et 
al. Chemotherapy use and surgical 
treatment by receptor subtype in node-
negative T1a and T1b female breast 
cancers, Iowa SEER registry, 2010- to 
2012. Clin Breast Cancer 2015;15:e27-34. 

[27] Curigliano G, Viale G, Bagnardi V, et al. 
Clinical relevance of HER2 
overexpression/amplification in patients 
with small tumor size and node-negative 
breast cancer. J Clin Oncol 2009;27:5693-
9. 

[28] Seferina SC, Lobbezoo DJ, de Boer M, et 
al. Real-life use and effectiveness of 
adjuvant trastuzumab in early breast 
cancer patients: a study of the southeast 
Netherlands Breast Cancer Consortium. 
Oncologist 2015;20:856-63. 

92



 Trastuzumab-based chemotherapy in small node-negative tumors 

 

[29] Tolaney SM, Barry WT, Dang CT, et al. 
Adjuvant paclitaxel and trastuzumab for 
node-negative, HER2-positive breast 
cancer. N Engl J Med 2015;372:134-41. 

[30] Gianni L, Pienkowski T, Im YH, et al. 
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 
2012;13:25-32. 

[31] Knauer M, Cardoso F, Wesseling J, et al. 
Identification of a low-risk subgroup of 
HER-2-positive breast cancer by the 70-
gene prognosis signature. Br J Cancer 
2010;103:1788-93. 

 
 

93



Chapter 4 

 

Supplementary table 1. Factors associated with systemic therapy use in stage I HER2-positive 

breast cancer (n=3,512) in the Netherlands between 2006-2012. 

  Univariable      multivariable   
  OR 95%CI p   OR 95%CI p 
Age (years) 

       Per unit 0.91 (0.91-0.92) <0.001 
 

0.86 (0.85-0.87) <0.001 
Pathologic tumor stage 

       T1a 0.05 (0.04-0.08) <0.001 
 

0.01 (0.01-0.02) <0.001 
T1b 0.15 (0.13-0.19) <0.001 

 
0.10 (0.07-0.13) <0.001 

T1c 1 (ref) 
   

1 (ref) 
  Pathologic nodal stage 

       Negative 1 (ref) 
   

1 (ref) 
  Isolated tumor cells 1.51 (1.15-1.98) 0.003 

 
1.39 (0.91-2.13) 0.13 

Grade 
       I 0.06 (0.04-0.09) <0.001 

 
0.04 (0.02-0.06) <0.001 

II 0.29 (0.25-0.33) <0.001 
 

0.25 (0.20-0.32) <0.001 
III 1 (ref) 

   
1 (ref) 

  Hormone receptor status 
      Negative 1 (ref) 
   

1 (ref) 
  Positive 0.69 (0.60-0.80) <0.001 

 
0.17 (0.12-0.23) <0.001 

Endocrine therapy 
       No 1 (ref) 

   
1 (ref) 

  Yes 3.87 (3.35-4.47) <0.001 
 

5.08 (3.81-6.78) <0.001 
Incidence year (years) 

       Per unit 1.21 (1.17-1.26) <0.001 
 

1.63 (1.54-1.73) <0.001 
Region of care 

       a 1 (ref) 
   

1 (ref) 
  b 1.07 (0.83-1.38) 0.60 

 
1.03 (0.70-1.53) 0.88 

c 1.36 (1.02-1.80) 0.03 
 

0.91 (0.59-1.40) 0.66 
d 1.35 (1.04-1.76) 0.03 

 
0.98 (0.65-1.47) 0.91 

e 0.94 (0.71-1.23) 0.63 
 

0.53 (0.34-0.82) 0.004 
f 1.04 (0.75-1.43) 0.82 

 
1.08 (0.64-1.80) 0.78 

g 1.40 (1.11-1.78) 0.005 
 

1.36 (0.93-1.97) 0.11 
h 0.79 (0.57-1.10) 0.17 

 
0.67 (0.40-1.11) 0.12 

i 1.15 (0.85-1.56) 0.38 
 

0.75 (0.47-1.20) 0.23 
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Supplementary figure 1. Overall survival curves according to systemic therapy in patients with a) 

HR-positive tumors, b) HR-negative tumors, and breast-cancer-specific survival curves according to 

systemic therapy in patients with c) HR-positive tumors, d) HR-negative tumors. 
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Abstract 

 

Aim To determine the efficacy and safety of an anthracycline-free neoadjuvant regimen 

consisting of weekly paclitaxel, carboplatin and trastuzumab in HER2-positive breast 

cancer. 

 

Patients and methods Patients with stage II or III HER2-positive breast cancer received 

weekly paclitaxel ([P], 70mg/m2), trastuzumab ([T], 2mg/kg, loading dose 4mg/kg) and 

carboplatin ([C], AUC = 3mg·ml-1·min) for 24 weeks. In weeks 7, 8, 15, 16, 23 and 24 

trastuzumab was administered without chemotherapy. The primary endpoint was 

pathologic complete response (pCR) in the surgical resection specimen, defined as the 

absence of invasive tumor cells in breast and axilla. 

 

Results One hundred and eleven patients were included in the study, and 108 were 

evaluable for the primary endpoint. The pCR rate was 43% (95% confidence interval [CI] 

33-52). Median follow-up was 52 months and the 3-year event-free survival was 88% 

(95%CI 82-94) and the 3-year overall survival was 92% (95%CI 88-98). The most common 

grade 3-4 adverse events were neutropenia (67%) and thrombocytopenia (43%). Less than 

five percent of patients experienced febrile neutropenia. No symptomatic left ventricular 

systolic dysfunction was observed during neoadjuvant treatment. 

 

Conclusion An anthracycline-free neoadjuvant regimen of weekly paclitaxel, trastuzumab 

and carboplatin is highly effective in HER2-positive breast cancer with manageable 

toxicity.
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Introduction 

The (neo)adjuvant treatment of HER2-positive breast cancer patients with trastuzumab 

plus chemotherapy is highly effective [1-4]. Commonly used trastuzumab-based 

(neo)adjuvant chemotherapy regimens with comparable efficacy in large randomized trials 

include four cycles doxorubicin/cyclophosphamide followed by four cycles docetaxel or 12 

weeks weekly paclitaxel with trastuzumab (AC-TH or AC-PH), and six cycles 

docetaxel/carboplatin/trastuzumab (TCH) [1, 2, 5]. However, the toxicity profile of these 

regimens differs: anthracyclines are cardiotoxic, cyclophosphamide most prominently 

reduces fertility, and both increase the risk of secondary malignancies [1, 6, 7]. Therefore, 

anthracycline/cyclophosphamide-free regimens may be preferable. 

Compared with three-weekly docetaxel in the TCH regimen, weekly paclitaxel has 

potential advantages. First, Sparano and colleagues reported improved disease-free and 

overall survival for adjuvant weekly paclitaxel compared to both weekly and three-weekly 

docetaxel [8], although, the effect was less pronounced with longer follow-up [9]. Second, 

weekly paclitaxel resulted in a significantly higher pathologic complete response (pCR) 

rate compared to a three-weekly schedule in HER2-positive tumors [10]. Third, the toxicity 

profile of weekly paclitaxel compares favorably to three-weekly docetaxel [11-13]. Fourth, 

paclitaxel conveys a platelet-sparing effect in combination with carboplatin [14]. 

We report the efficacy and toxicity of weekly paclitaxel-trastuzumab-carboplatin (PTC) as 

neoadjuvant treatment in patients with stage II or III HER2-positive breast cancer.  
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Methods 

Study design and patients 

The TRAIN-study was a single-arm, multicenter, phase II, neoadjuvant trial in HER2-

positive breast cancer (clinical trials.gov NCT00768859). Eligible patients had pathological 

confirmed infiltrating stage II or III HER2-positive breast cancer. Other eligibility criteria 

included age ≥18 years, no previous radiation or systemic therapy, World Health 

Organization performance status of ≤1, baseline left ventricular ejection fraction (LVEF) of 

≥50%, adequate bone marrow, liver and renal function, no current pregnancy or 

breastfeeding, and no prior malignancy. All patients provided written informed consent. 

The study protocol was approved by the Institutional Review Board of all nine 

participating centers. 

 

Procedures 

Before start of treatment, core biopsies were taken from the primary tumor for 

pathological diagnosis, including evaluation of estrogen receptor (ER), progesterone 

receptor (PR) and HER2. HER2-status was considered positive if 3+ with 

immunohistochemistry or positive by in situ hybridization [15]. Hormone receptor (HR) 

positivity was defined as ≥10% expression of ER and/or PR according to Dutch national 

guidelines (www.oncoline.nl). A marker was placed at the site of the primary tumor during 

biopsy to facilitate identification of the tumor localization at surgery and pathologic 

evaluation. Nodal status was assessed by physical examination and ultrasound in all 

patients and suspicious lymph nodes were assessed by fine needle aspiration. A sentinel 

node procedure (SNP) was performed in case of clinical node-negative disease, either pre- 

or post-chemotherapy. Every course of chemotherapy was preceded by clinical 

examination, hematology and biochemistry checks and toxicity evaluation (registered 

according to Common Toxicity Criteria version 3.0). LVEF was measured every 3 months or 

more frequently if indicated. All patients underwent magnetic resonance imaging (MRI) of 

the breast at baseline, in week 9, and before surgery. 

 

Treatment schedule 

Patients received weekly paclitaxel ([P], 70mg/m2), trastuzumab ([T], 2mg/kg, loading dose 

4mg/kg), and carboplatin ([C], AUC = 3mg·ml-1·min) for 24 weeks. In weeks 7, 8, 15, 16, 23 

and 24 trastuzumab was administered without chemotherapy [13]. Optionally, a 3-week 

dose trastuzumab was given in week 6, 14 and 22 (supplementary figure 1). Dose 

adjustment criteria are summarized in supplementary table 1. Patients did not receive 
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granulocyte colony-stimulating (G-CSF) support. Treatment was discontinued early in case 

of progressive disease or unacceptable toxicity. 

 

Local and adjuvant therapy 

Surgery consisted of breast conserving therapy or mastectomy, depending on tumor and 

patient characteristics and patients’ preference. Patients underwent axillary lymph node 

dissection (ALND) unless the SNP was negative. Patients received adjuvant radiotherapy, 

endocrine therapy and trastuzumab according to Dutch national guidelines. 

 

Evaluation of efficacy 

The primary study endpoint was pCR defined as the absence of invasively growing tumor 

cells in both the breast and axillary lymph nodes at microscopic examination, irrespective 

of remaining in situ lesions (ypT0/is,ypN0) [16]. Pathologic response was evaluated 

according to Dutch national guidelines [17]. Central revisions were performed by breast 

pathologists from the Netherlands Cancer Institute in the context of regular revisions for 

general clinical practice in the Netherlands. Overall survival (OS) and event-free survival 

(EFS) were evaluated as secondary efficacy endpoints.  

 

Statistical analysis 

Using a Fleming’s one-stage design with one-sided α=0.05 and power 0.90, 86 evaluable 

patients were required to enter the study to detect sufficient activity of the PTC regimen 

to warrant further studies. Anticipating a possible loss of evaluable patients during study, 

a total of 111 patients were enrolled. PCR rates were estimated and reported with 95% 

confidence intervals (CIs).Baseline characteristics were tested for their association with 

pCR in univariable and multivariable analysis. Survival probability estimates were 

calculated using the Kaplan-Meier procedure. OS was calculated from date of registration 

to date of death from any cause, and for EFS to progression resulting in inoperability, loco-

regional recurrence (after neoadjuvant treatment), distant metastasis, or death from any 

cause. Patients alive without a pre-specified event were censored at date of last follow-up 

[18]. All statistical calculations were made using R (www.r-project.org) and statistical 

significance was defined as p<0.05. 
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Results 

The TRAIN-study enrolled 111 women between 2008 and 2011. Two patients were 

excluded from the analyses: one patient withdrew informed consent during treatment, 

and one patient received previous chemotherapy. The remaining 109 patients were 

evaluable for pathologic response in the breast, and 108 were evaluable for pathologic 

response in breast and axilla. Baseline characteristics are described in table 1. 

 

Local treatment 

Surgery was performed in 98% of patients. One patient in the study had clinical 

progressive disease and decided to stop all further treatment after 13 weeks. Another 

patient with a cT4b tumor had a partial response after neoadjuvant treatment, but a large 

ulcerating tumor remained and therefore surgery was not performed. This patient was 

treated with local radiotherapy, hormonal treatment, and trastuzumab. Both patients 

were included for evaluation of pCR and were categorized as no pCR. The breast-

conserving surgery rate was 63% in patients with stage II disease and 32% in stage III 

disease (p=0.002). Nineteen patients underwent pre-chemotherapy SNP and 11 patients 

underwent post-chemotherapy SNP. Eight patients had a positive pre-SNP: six patients 

underwent an ALND at time of surgery with residual axillary disease in two of them, and 

two patients received axillary radiotherapy and no ALND and were therefore not evaluable 

for axillary response. One patient with clinical N3 disease at baseline did not undergo 

surgical resection of the lymph nodes but received radiotherapy only and was classified as 

not evaluable for pCR axilla. 

 

Pathologic complete response rate 

Forty-three percent (95%CI: 33-52) of patients achieved a pCR in breast and axilla, and 

50% (95%CI: 40-59) achieved a pCR in the breast. Sensitivity analyses revealed similar pCR 

rates in breast and axilla if patients with a positive pre-SNP were excluded or classified as 

no pCR (data not shown).  

Table 2 contains the pCR rate according to different patient and tumor characteristics. 

Patients with HR-negative tumors were more likely to achieve a pCR (53% versus 34%, 

p=0.08). In multivariate analysis, no significant prognostic factors were identified. 

Supplementary table 2 shows the pCR rate according to different pCR definitions.  
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Table 1. Baseline and local treatment characteristics. 

 n=109 
 n (%, IQR) 
Age (years)   
<50 53 (49) 
≥50 56 (51) 
Menopausal status   
Pre-menopausal 52 (50) 
Peri- or post-menopausal 53 (50) 
NA 4 - 
Performance status   
WHO 0 99 (95) 
WHO 1 5 (5) 
NA 5 - 
Clinical tumor stage   
T1-2 64 (59) 
T3-4 45 (41) 
Clinical nodal stage   
Negative 22 (20) 
Positive 87 (80) 
Clinical disease stage   
II 61 (56) 
III 48 (44) 
Histology   
Ductal 102 (94) 
Lobular 5 (5) 
Other 2 (2) 
Hormone receptor status   
ER- and PR- 48 (44) 
ER+ and/or PR+ 61 (56) 
Breast surgery*   
Breast-conserving 53 (50) 
Ablative 54 (50) 
None 2 - 
Axillary surgery*   
ALND 87 (82) 
SNP, pre 13 (12) 
SNP, post 6 (6) 
None 3 - 
      

n, number of patients; IQR, interquartile range; NA, not available; WHO, World 
Health Organization; ER, estrogen receptor; PR, progesterone receptor; ALND, 
axillary lymph node dissection; SNP, sentinel node procedure. 
Percentages may not sum up to 100 due to rounding. 
*Most radical surgery counted only. 
 

104



Neoadjuvant weekly paclitaxel, trastuzumab and carboplatin: the TRAIN-study 

 
Table 2. Pathologic complete response rate in breast and axilla with 95%  

confidence intervals, overall and according to different baseline characteristics. 

  n=108 
  % (95% CI) p 
Overall  43 (33-52) - 

    
Age (years)   0.57 
<50 40 (26-54)  
≥50 45 (32-59)  
Clinical tumor stage   0.84 
T1-2 44 (31-57)  
T3-4 41 (26-57)  
Clinical nodal stage   1.00 
Negative 41 (21-64)  
Positive 43 (32-54)  
Clinical disease stage   1.00 
II 43 (30-56)  
III 43 (28-58)  
Histology   0.83 
Ductal 42 (32-52)  
Lobular 60 (15-95)  
Other 50 (1-99)  
Hormone receptor status   0.08 
ER- and PR- 53 (38-68)  
ER+ and/or PR+ 34 (23-48)  
        

n, number of patients; pCR, pathologic complete response; 95% CI, 95% confidence 
interval; p, p-value; ER, estrogen receptor; PR, progesterone receptor 
 

Survival 

Median follow-up was 52 months (interquartile range [IQR] 43-59). Two patients who did 

not receive surgery died due to breast cancer after 12 and 15 months, respectively. In the 

remaining patients, five loco-regional recurrences occurred, four of whom had 

synchronous distant metastasis. Nine other patients developed distant metastasis without 

loco-regional recurrence. Nine patients died due to breast cancer (eight of them had not 

achieved a pCR), and one patient died unrelated to breast cancer (this patient had 

achieved a pCR). The 3-year EFS was 88% (95%CI: 82-94), and the 3-year OS was 92% 

(95%CI: 88-98). Figure 1 presents the EFS-curves according to pCR in the overall cohort 

and in subgroups by HR-status and disease stage. 
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Figure 1. Event-free survival by (a) pCR in the overall cohort (p=0.10); (b) by pCR in the HR-positive 

group (p=0.25) and HR-negative group (p=0.11); (c) by pCR in stage II disease (p=0.18) and in stage 

III disease (p=0.24).  

 
pCR, pathologic complete response; ER, estrogen receptor; PR, progesterone receptor.  

 

Toxicity and dose modifications 

Neutropenia grade 3 occurred in 49% and grade 4 in 19% of patients. Less than five 

percent (5/109) of patients experienced febrile neutropenia. Other grade 3-4 bone-

marrow toxicities were thrombocytopenia (43%) and anemia (15%). Seven patients 

experienced grade 2 neuropathy, and one patient experienced grade 3 neuropathy.  
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The most relevant grade 3-4 toxicities reported during neoadjuvant treatment are 

summarized in table 3. During neoadjuvant treatment no symptomatic left ventricular 

systolic dysfunction was observed, and median lowest measured LVEF was 62% (IQR 57-

67). Although asymptomatic, nine patients (8%) experienced an absolute decrease in LVEF 

from baseline of ≥10% points and three patients (3%) of ≥15% points, but in all of them, 

LVEF remained ≥50%. Chemotherapy dose modifications were implemented in 56% of 

patients, and at least one chemotherapy dose was skipped in 67% of patients. One patient 

switched from paclitaxel to docetaxel after three doses because of an allergic reaction. 

The median relative total dose intensity for paclitaxel was 78% (IQR: 68-89), for 

carboplatin 78% (IQR: 66-92) and for both drugs 78% (IQR: 66-90) as well [19]. Five 

patients who had not achieved a pCR received doxorubicin with cyclophosphamide post-

surgery.  

 
Table 3. Most relevant grade ≥3 toxicities by worst Common Toxicity Criteria (CTC) version 3.0 

reported during the neoadjuvant treatment period (n=109). 

  Grade 3 Grade 4 
  n (%) n (%) 
Hematologic     
Neutropenia 53 (49) 21 (19) 
Thrombocytopenia 35 (32) 12 (11) 
Anemia 16 (15)   
Febrile neutropenia 5 (5)   
Other     
Fatigue 18 (17)   
Anorexia 6 (6)   
Infection 6 (6)   
Aminotransferases increase 5 (5)   
Diarrhea 4 (4)   
Gamma-GT increase 3 (3)   
Hearing loss 3 (3)   
Vomiting 3 (3)   
Dyspnea 2 (2)   
Nausea 2 (2)   
Neuropathy* 1 (1)   
     

n, number of patients 
*Seven patients experienced grade 2 neuropathy 
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Discussion 

The TRAIN-study establishes weekly PTC as a highly effective neoadjuvant regimen in 

patients with stage II and III HER2-positive breast cancer. Bone-marrow toxicity was 

common but manageable. 

The 43% pCR rate in our study with PTC is similar to rates in two studies employing dual 

HER2-blockade in combination with a taxane [20, 21]. The high pCR rate in our study 

without dual blockade can be explained by three reasons. First, we used a longer 

treatment duration (24 compared to 12 weeks), which has been reported to increase pCR 

rates especially in the HR-positive subgroup [22]. This duration of treatment, however, is 

similar to the commonly used AC-TH/AC-PH schedule. Second, paclitaxel was administered 

weekly, which appears the most active mode of taxane delivery [8, 10]. We used paclitaxel 

70mg/m2 according to the regimen used by Burris and colleagues [13] with carboplatin 

increased to AUC 3 because we observed hardly any bone-marrow toxicity with AUC 2 in a 

small pilot study. However, nowadays paclitaxel 80mg/m2 and carboplatin AUC 2 are the 

most commonly used doses for weekly administrations. Third, carboplatin was 

incorporated in our treatment schedule, which was shown to act synergistically with 

trastuzumab in preclinical studies [23]. The addition of carboplatin also improved 

response in some [24], but not all previous studies [25]. The added effect of platinum 

compounds may be particularly prominent in anthracycline-free regimens as both classes 

of agents cause double stranded DNA-breaks and are relatively cell-cycle independent. 

In accordance with previous studies, the highest pCR rate was seen in patients with HR-

negative tumors [20, 21]. In breast cancers expressing HER2 and HR, both pathways drive 

proliferation and when the HER2-pathway is blocked, the alternative route could become 

more prominent and might be used as an escape growth-signaling pathway [26]. Another 

possible explanation is a difference in immune response: more extensive lymphocyte 

infiltration is seen in HR-negative compared to HR-positive tumors [27] and the presence 

of tumor lymphocyte infiltration is associated with an increased response to neoadjuvant 

trastuzumab-based chemotherapy [28]. Although, conflicting results have been published 

about the presence of an immune response and the benefit of trastuzumab-based 

chemotherapy [29, 30]. 

Bone-marrow toxicity was frequently seen, but febrile neutropenia was rare. Toxicity was 

well manageable with dose reductions, and high pCR rates were observed despite reduced 

dose density. The systemic exposure to drugs differs between patients, and adapting 

chemotherapy doses based on the toxicity experienced by the individual patient may 

reduce overtreatment while maintaining efficacy [31]. G-CSF support was not used in the 
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study but may further improve tolerability. The cardiac safety profile was excellent with 

no reported systolic dysfunction or symptomatic LVEF decrease during the study.  

The weekly PTC schedule results in a high pCR rate and demonstrates promising long-term 

outcome results within the same range as those observed with adjuvant anthracycline-

based trastuzumab regimens (3-year OS 92% versus 94-96%) [1-4]. Many previous studies 

established the correlation between pCR in the breast and axilla and long-term outcome in 

HER2-positive breast cancer, most strikingly in the HR-negative subgroup [18, 32]. It is not 

well established, however, which degree of improvement in pCR rate is required to 

translate into long-term survival benefit [21, 33]. Long-term follow-up of neoadjuvant 

trials are therefore necessary to confirm improvements seen in pCR rate.  

Resistance to trastuzumab and/or to the chemotherapeutic agents used in this study 

could be responsible for patients not achieving pCR. Identifying predictive biomarkers will 

aid to reduce overtreatment and optimize response. Finding biomarkers remains a 

challenge, however, considering the heterogeneity of HER2-positive tumors and the 

multiple mechanisms of action of trastuzumab [34, 35]. Molecular analyses of tumor 

samples from patients included in this article will be performed in an attempt to identify 

potential markers for PTC sensitivity. 

The high pCR rate found in our study suggests that weekly PTC is an excellent alternative 

for a trastuzumab-anthracycline-based treatment. This hypothesis is supported by the 

earlier findings of the adjuvant BCIRG006-trial [1] and the neoadjuvant Tryphaena trial [5]. 

In addition, we found similar results in a real-life population cohort consisting of 72 

patients treated with the same PTC regimen outside the setting of a clinical trial (results 

are described in the appendix). Tolaney and colleagues assessed an anthracycline-free 

regimen consisting of trastuzumab plus weekly paclitaxel only in node-negative patients 

with mainly stage I disease (91%) and reported a 3-year recurrence-free survival rate of 

99% [36]. Whereas in patients with less advanced disease, this is an excellent treatment 

regimen, in patients with more advanced disease stages, like our study population, the 

addition of carboplatin and prolonged treatment seems warranted. 

The relative efficacy of weekly PTC treatment compared to an anthracycline-taxane-

trastuzumab regimen can only be concluded from direct comparison in a randomized trial. 

A small Chinese study reported statistically similar efficacy of both regimens [37]. The 

currently running randomized TRAIN-2 study will answer this question in the setting of 

dual HER2-blockade with pertuzumab (clinical trials.gov NCT01996267). 
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In conclusion, a weekly neoadjuvant PTC regimen has a high pCR rate in breast and axilla 

of 43% with manageable toxicity in patients with stage II and III HER2-positive breast 

cancer. 
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Supplementary figure 1. Schematic overview of study design. 

 
 

Supplementary table 1. Dose adjustment criteria. 

Toxicity   Action 
      
• Absolute neutrophil count 

<1.0 x 109/L  
• Skip doses* of carboplatin and paclitaxel and 25% dose 

reduction for subsequent doses† 
• Platelet count <75 x 109/L   

Neuropathy ≥ grade 2  
• Other non-hematological 

toxicity ≥ grade 3  
      
• LVEF decrease of >15% 

points from baseline  
• Retain trastuzumab and repeat LVEF measurement after 

4 weeks (resume if criteria for continuation are met) 
• LVEF decrease of ≥10% 

points with an LVEF below 
LNN  

      
LVEF, left ventricular ejection fraction; LLN, lower limit of normal  
*Skipped doses are not gained up afterwards; †Early surgery in case of >2 dose reductions or a 
treatment hold of >2 weeks. 

 
Supplementary table 2. Pathologic complete response rate according to different pathologic 

complete response definitions and patient population. 

    Study   Additional    All  
    patients    cohort    patients 
    % (95%CI)   % (95%CI)   % (95%CI) 
pCR breast (ypT0) 

 
36% (27–46) 

 
33% (23–45) 

 
35% (28–42) 

pCR breast (ypT0/is) 
 

50% (40–59) 
 

58% (46–70) 
 

53% (45–60) 
pCR breast and axilla (ypT0/isN0)   43% (33–52)   51% (39–64)   46% (39–54) 
                    

pCR, pathologic complete response; ypT0, no invasive and no non-invasive tumor cells in the breast; ypT0/is, no 
invasive tumor cells in the breast, irrespective of non-invasive lesions; ypT0/isN0, no invasive tumor cells in the 
breast, irrespective of non-invasive lesions and no invasive tumor cells in the lymph nodes. 
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Appendix - Efficacy results in the additional cohort 

The additional cohort consisted of 72 patients diagnosed between 2011 and 2014. All 

patients underwent surgery and were evaluable for pathologic response in the breast and 

70 patients were evaluable for response in breast and axilla. None of the patients in this 

cohort showed progressive disease during neoadjuvant treatment. Baseline characteristics 

were largely similar for patients in the study and the additional cohort (table 1 of this 

appendix), except for more T1-T2 tumors in the additional patients (p<0.0001). All 

additional patients underwent surgery and the breast-conserving surgery rate was 54% in 

stage II disease versus 50% in stage III disease (p=0.80). Ten patients underwent pre-

chemotherapy SNP and 13 patients underwent post-chemotherapy SNP. Two patients 

with a positive pre-chemotherapy SNP received axillary radiotherapy and no ALND and 

were therefore not evaluable for axillary response. Sixteen patients underwent the MARI-

procedure. Three patients in the additional cohort switched to 5-

fluorouracil/epirubicin/cyclophosphamide and trastuzumab (FEC-T) during the 

neoadjuvant period because of insufficient tumor response on MRI in week nine. Five 

patients without a pCR received adjuvant anthracycline-based chemotherapy. 

In the additional cohort the pCR rate in breast and axilla was 51% (95%CI 39-64) and the 

pCR in the breast was 58% (95%CI 46-70). Patients with HR-negative tumors were more 

likely to achieve a pCR (69% vs. 34% p=0.008; table 2 of this appendix).  

In the combined cohort the pCR rate in breast and axilla was 46% (95%CI 39-54) and the 

pCR in the breast was 53% (95%CI 45-60). Patients with HR-negative tumors were more 

likely to achieve a pCR (60% vs. 34%, p<0.001). The median follow-up for the combined 

population was 41 months (IQR 20-53), and the 3-year EFS and OS were 89% (95%CI 84-

95) and 94% (95%CI 90-98), respectively. In the combined analysis of the study population 

and the additional cohort, it should be noted that the study population included more T3-

T4 tumors than the additional cohort. This difference may account for the numerically 

higher pCR rate in the additional cohort, although tumor size, nodal status and disease 

stage were evenly distributed. 
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Appendix table 1. Baseline and local treatment characteristics of study population, additional 

cohort, and all patients together. 

  Study population   Additional cohort      All patients 
  (n=109)   (n=72)     (n=181) 
  n (%, IQR)    n (%, IQR)  p   n (%, IQR)  
Age (years) 

     
0.23 

   <50 53 (49) 
 

42 (58) 
  

95 (52) 
≥50 56 (51) 

 
30 (42) 

  
86 (48) 

Menopausal status 
     

0.76 
   Pre-menopausal 52 (50) 

 
37 (53) 

  
86 (48) 

Peri- or post-menopausal 53 (50) 
 

33 (47) 
  

89 (49) 
NA 4 - 

 
2 - 

  
6 (3) 

Performance status 
     

- 
   WHO 0 99 (95) 

 
- - 

  
99 (55) 

WHO 1 5 (5) 
 

- - 
  

5 (3) 
NA 5 - 

 
72 (100) 

  
77 (43) 

Clinical tumor stage 
     

<0.0001 
   T1-2 64 (59) 

 
62 (86) 

  
126 (70) 

T3-4 45 (41) 
 

10 (14) 
  

55 (30) 
Clinical nodal stage 

     
0.37 

   Negative 22 (20) 
 

19 (26) 
  

41 (23) 
Positive 87 (80) 

 
53 (74) 

  
140 (77) 

Clinical disease stage  
     

0.09 
   II* 61 (56) 

 
50 (69) 

  
111 (61) 

III 48 (44) 
 

22 (31) 
  

70 (39) 
Histology 

     
0.11 

   Ductal 102 (94) 
 

69 (96) 
  

171 (94) 
Lobular 5 (5) 

 
0 (0) 

  
5 (3) 

Other 2 (2) 
 

3 (4) 
  

5 (3) 
Hormone receptor status 

     
0.45 

   ER- and PR- 48 (44) 
 

36 (50) 
  

84 (46) 
ER+ and/or PR+ 61 (56) 

 
36 (50) 

  
97 (54) 

Breast surgery† 
     

0.76 
   Breast-conserving 53 (50) 

 
38 (53) 

  
91 (51) 

Ablative 54 (50) 
 

34 (47) 
  

88 (49) 
None 2 - 

 
0 - 

  
2 - 

Axillary surgery† 
     

<0.0001 
   ALND 87 (82) 

 
35 (49) 

  
122 (69) 

SNP, pre 13 (12) 
 

7 (10) 
  

20 (11) 
SNP, post 6 (6) 

 
13 (18) 

  
19 (11) 

MARI 0 (0) 
 

16 (23) 
  

16 (9) 
None 3 - 

 
1 - 

  
4 - 

                    
n, number of patients; IQR, interquartile range; p, p-value; NA, not available; WHO, World Health Organization; 
ER, estrogen receptor; PR, progesterone receptor; ALND, axillary lymph node dissection; SNP, sentinel node 
procedure; MARI, marking the axillary lymph nodes with radioactive iodine 125I seeds 
*One patient in the additional cohort had stage I disease; †Most radical surgery counted only 
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Appendix table 2. Pathologic complete response rate in breast and axilla with 95% confidence 

intervals, overall and according to different baseline characteristics in the additional cohort and in 

all patients combined. 
    Additional cohort   All patients  
    (n=70)   (n=178)  
    % (95% CI) p  % (95% CI) p 
Overall  

 
51 (39-64) -  46 (39-54) - 

         
Age (years) 

   0.81    0.65 
<50 

 
50 (34-66)   44 (34-55)  

≥50 
 

54 (34-72)   48 (37-59)  
Clinical tumor stage 

 
  1.00    0.62 

T1-2 
 

52 (38-65)   48 (39-57)  
T3-4 

 
50 (19-81)   43 (29-57)  

Clinical nodal stage 
   0.11    0.29 

Negative 
 

68 (43-87)   54 (37-69)  
Positive 

 
45 (31-60)   44 (35-53)  

Clinical disease stage 
   0.80    1.00 

II* 
 

50 (36-65)   46 (36-56)  
III 

 
55 (32-76)   46 (34-59)  

Histology 
   0.61    0.89 

Ductal 
 

52 (40-65)   46 (38-54)  
Lobular 

 
0 -   60 (15-95)  

Other 
 

33 (1-91)   40 (5-85)  
Hormone receptor status 

   0.008    <0.001 
ER- and PR- 

 
69 (51-83)   60 (48-70)  

ER+ and/or PR+ 
 

34 (19-52)   34 (25-45)  
                  

n, number of patients; 95%CI, 95% confidence interval; p, p-value; ER, estrogen receptor; PR, progesterone 
receptor 
*One patient in the additional cohort had stage I disease 

 

117



  

 



 
 

 

 

Chapter 6 

Toxicity of dual HER2-blockade with pertuzumab added to anthracycline 
versus non-anthracycline containing chemotherapy as  

neoadjuvant treatment in HER2-positive  

breast cancer: the TRAIN-2 study  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Mette S van Ramshorst, Erik van Werkhoven, Ingrid A Mandjes, Margaret Schot,  

Jelle Wesseling, Marie-Jeanne T Vrancken Peeters, Jetske M Meerum Terwogt,  

Monique E Bos, Rianne M Oosterkamp, Sjoerd Rodenhuis, Sabine C Linn, Gabe S Sonke 

 

Breast 2016;29:153-9  



 
 



 
 

Abstract 

 

Background The addition of pertuzumab to neoadjuvant trastuzumab-based 

chemotherapy improves pathologic complete response rates in HER2-positive breast 

cancer. However, increased toxicity has been reported with the addition of pertuzumab, 

and this may differ between various chemotherapy backbone regimens. We evaluated 

toxicities of pertuzumab when added to either FEC-T (5-fluorouracil, epirubicin, 

cyclophosphamide, trastuzumab) or weekly paclitaxel, trastuzumab, carboplatin (PTC). 

 

Methods The TRAIN-2 study is a neoadjuvant randomized controlled trial in stage II and III 

HER2-positive breast cancer (NCT01996267). Patients are randomly assigned to receive 

either three cycles of FEC-T plus pertuzumab or three cycles of PTC plus pertuzumab, 

followed by six cycles of PTC plus pertuzumab in both arms. Toxicities are described per 

treatment arm according to the Common Toxicity Criteria for Adverse Events version 4.03. 

 

Results This analysis includes 110 patients balanced over both treatment arms. 

Neutropenia was the most common hematologic toxicity, with grade 3-4 occurring in 53% 

in the FEC-T-arm and in 51% in the PTC-arm. Febrile neutropenia occurred in 9% in the 

FEC-T arm and did not occur in the PTC-arm. Secondary G-CSF prophylaxis was used in 35-

40% of patients. Asymptomatic ejection fraction decrease grade 2 was observed in 24% in 

the FEC-T-arm and 11% in the PTC-arm. The most common grade 3-4 non-hematologic 

toxicity was diarrhea (5% in the FEC-T-arm and 18% in the PTC-arm).  

 

Conclusions Pertuzumab in combination with FEC-T mostly causes neutropenia, and when 

added to PTC mostly causes diarrhea. Significant cardiac toxicity is rare with both 

regimens, and toxicity is overall well manageable.  
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Introduction 

Trastuzumab-based (neo)adjuvant chemotherapy is the standard of care for patients with 

stage II and III human epidermal growth factor receptor 2 (HER2) positive breast cancer 

[1]. The addition of pertuzumab to trastuzumab-based chemotherapy almost doubles the 

pathologic complete response (pCR) rate (from 22% to 39%) and has recently been 

registered for use in the neoadjuvant setting [1, 2]. However, important toxicity has been 

reported as well, which may differ between various chemotherapy regimens. Thus, the 

optimal chemotherapy backbone for dual HER2-blockade is unknown, both from an 

efficacy and from a toxicity point-of-view. In particular, it is uncertain whether 

anthracyclines and cyclophosphamide should be part of the optimal chemotherapy 

regimen. Anthracyclines and cyclophosphamide are associated with severe long-term 

toxicities including cardiotoxicity, secondary malignancies, and infertility [3-5]. Therefore, 

regimens without these two agents might be preferable if the same efficacy can be 

achieved [3, 6]. In the TRAIN-study we evaluated a trastuzumab-containing regimen with 

weekly paclitaxel and carboplatin and this regimen showed a promising high pCR rate (van 

Ramshorst et al. submitted), within the same range as observed with regimens including 

dual HER2-blockade [2, 7]. Subsequently, the TRAIN-2 study was designed to compare the 

efficacy and safety of six cycles of weekly paclitaxel, carboplatin, trastuzumab plus 

pertuzumab preceded by three cycles of weekly paclitaxel, carboplatin, trastuzumab plus 

pertuzumab or three cycles of 5-fluorouracil, epirubicin, cyclophosphamide, trastuzumab 

plus pertuzumab. Here, we report the toxicity analyses of the first 110 patients treated in 

the TRAIN-2 study. 
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Methods 

Study design and patients 

The TRAIN-2 study is a randomized, open-label, multicenter trial designed to compare the 

efficacy and safety of dual HER2-blockade with trastuzumab plus pertuzumab in 

combination with anthracycline-containing combination chemotherapy versus a non-

anthracycline chemotherapy regimen in newly diagnosed stage II and III HER2-positive 

breast cancer patients (NCT01996267). Eligible patients were 18 years or older, treatment-

naïve, and had no history of prior malignancy. Other eligibility criteria included a WHO 

performance status 0-1, a baseline left ventricular ejection fraction (LVEF) of ≥50%, 

adequate liver, renal, and bone marrow function, and no current pregnancy or 

breastfeeding. All patients gave written informed consent. The medical ethics committee 

of the Netherlands Cancer Institute approved the study protocol and any modifications 

thereof. The primary endpoint of the study is the percentage pCR. Safety was a key 

secondary endpoint, defined as the percentage patients with grade ≥3 toxicity, and grade 

≥2 for cardiotoxicity and neuropathy. Toxicities were recorded according to Common 

Toxicity Criteria for Adverse Events (CTCAE) version 4.03. This pre-specified safety analysis 

was performed after the first 110 patients had completed neoadjuvant treatment and had 

undergone surgery, which comprises 25% of the total planned accrual (n=437). 

 

Treatment schedule 

Patients were randomly assigned to receive three cycles of three-weekly paclitaxel 

(80mg/m2 day 1 and 8), trastuzumab (6mg/kg, loading dose 8mg/kg), carboplatin 

(AUC=6mg·min/ml) [PTC] plus pertuzumab (420mg, loading dose 840mg) or three cycles of 

three-weekly 5-fluoruoracil (500mg/m2), epirubicin (90mg/m2), cyclophosphamide 

(500mg/m2) and trastuzumab [FEC-T] plus pertuzumab, followed by six additional cycles of 

three-weekly PTC plus pertuzumab in both arms (supplementary figure 1). Physical 

examination, hematologic and biochemical investigations, and toxicity evaluation were 

completed before every chemotherapy cycle. LVEF measurements were repeated every 

three months or more often if indicated. Criteria for dose adjustments are summarized in 

table 1. 

Surgery was performed within six weeks of last chemotherapy and pathologic response 

was evaluated according to Dutch national guidelines, with pCR defined as the absence of 

any residual invasive tumor cell in the breast and axilla. After surgery adjuvant 

trastuzumab was continued to complete one year of treatment. Further adjuvant 

treatment was applied according to local guidelines.  
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Statistical analysis 

Descriptive statistics of baseline, treatment, and toxicity data are reported according to 

treatment arm. Differences in treatment intensity and toxicity between the arms were 

tested for significance using the Wilcoxon rank sum test for continuous variables and the 

two-sided Fisher’s exact test for categorical variables. All statistical calculations were 

made using R (www.r-project.org) and statistical significance was defined as p<0.05. 

 
Table 1. Toxicity-based dose adjustments. 

Toxicity Action 
Hematological toxicity Delay treatment cycle until recovery*, with a maximum 

of 2 weeks†  
• Isolated neutropenia • Start G-CSF support (continue until last course) 
 (absolute neutrophil count <1.0 x 

109/L) 
• During G-CSF support: 25% dose reduction of 

chemotherapy 

  • Isolated thrombocytopenia • FECT-arm: 25% dose reduction of FEC 
 (platelet count <75 x 109/L)  • PTC-arm: 25% dose reduction of carboplatin 

  • Neutropenia and thrombocytopenia • FECT-arm: 25% dose reduction of FEC 

 

• PTC-arm: start G-CSF support and 25% dose 
reduction of carboplatin 

Non-hematological toxicity Delay treatment cycle until recovery‡, with a maximum 
of 2 weeks†  

• Non-hematological toxicity ≥ grade 3 • FECT-arm: 25% dose reduction of FEC$ 

 

• PTC-arm: 25% dose reduction of paclitaxel and 
carboplatin$ 
 

• Neuropathy ≥ grade 2 • FECT-arm: 25% dose reduction of FEC$ 

 

• PTC-arm: 25% dose reduction of paclitaxel and 
carboplatin$ 

Cardiotoxicity   
• LVEF decrease of >15% points from 

baseline 
• Retain trastuzumab and pertuzumab and repeat 

LVEF after 3 weeksǁ 
• LVEF decrease of ≥10% points with 

LVEF below LLN (resume if criteria for continuation are met) 
    

G-CSF, granulocyte-colony stimulating factor; FECT, 5-fluorouracil, epirubicin, cyclophosphamide, trastuzumab 
PTC, paclitaxel, trastuzumab, carboplatin; LVEF, left ventricular ejection fraction; LLN, lower limit of normal 
*Hematological recovery is defined as absolute neutrophil count ≥1.0 x 109/L and platelet count ≥75 x 109/L 
†In case of a treatment delay of >2 weeks (i.e., consecutive or segregated) discuss individual patient management 
with study team 
‡Non-hematological recovery is defined as maximum grade 2 toxicity, and for Neuropathy maximum grade 1 
$Unless the toxicity can unambiguously be related to a specific agent, then specific dose adjustments may be 
applied 
ǁPermanently discontinue trastuzumab and pertuzumab if 2 consecutive holds or a total of 3 holds occur
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Results 

Between December 2013 and November 2014, 110 patients were included. All patients 

were female and median age was 47 years (range 32-73). Sixty-three percent of patients 

had stage II disease, and 63% had a hormone-receptor-positive tumor. Baseline 

characteristics are summarized in table 2. 

 
Table 2. Baseline characteristics according to treatment arm. 

    FECT-Ptz   PTC-Ptz   Total 
    (n=55)   (n=55)   (n=110) 
    n (%)   n (%)   n (%) 
Age 

         Median (range) 
 

48 (32-65) 
 

47 (32-73) 
 

47 (32-73) 
Primary tumor size 

         Median (range) 
 

39 (10-95) 
 

37 (12-120) 
 

38 (10-120) 
Performance status 

         WHO 0 
 

51 (93) 
 

49 (89) 
 

100 (91) 
WHO 1 

 
3 (5) 

 
6 (11) 

 
9 (8) 

Unknown 
 

1 (2) 
 

0 (0) 
 

1 (1) 
Clinical N-stage 

         Negative 
 

19 (35) 
 

16 (29) 
 

35 (32) 
Positive 

 
36 (65) 

 
39 (71) 

 
75 (68) 

Disease stage 
         II 
 

23 (60) 
 

36 (65) 
 

69 (63) 
III 

 
28 (40) 

 
19 (34) 

 
41 (37) 

Grade 
         1 
 

0 (0) 
 

2 (4) 
 

2 (2) 
2 

 
15 (27) 

 
13 (24) 

 
28 (25) 

3 
 

22 (40) 
 

18 (33) 
 

40 (36) 
Unknown 

 
18 (33) 

 
22 (40) 

 
40 (36) 

Histology 
         Ductal 
 

45 (82) 
 

51 (93) 
 

96 (87) 
Lobular 

 
4 (7) 

 
2 (4) 

 
6 (5) 

Mixed 
 

3 (5) 
 

1 (2) 
 

4 (4) 
Other 

 
3 (5) 

 
1 (2) 

 
4 (4) 

Hormone-receptor status 
         ER- and PR- 
 

20 (36) 
 

21 (38) 
 

41 (37) 
ER+ and/or PR+ 

 
35 (64) 

 
34 (62) 

 
69 (63) 

                    
n, number of patients; WHO, World Health Organization; N-stage, nodal stage; ER, estrogen receptor; PR, 
progesterone receptor  
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Treatment intensity 

Eighty-two percent of patients in the FEC-T-arm received all nine courses of treatment 

compared with 80% in the PTC-arm (supplementary figure 2 contains a consort flow 

diagram). Chemotherapy dose was reduced in five patients (9%) in each arm during the 

first three treatment courses. During the subsequent six courses at least one dose 

reduction was implemented in 45% (25/55) of patients in the FEC-T-arm and in 56% 

(30/54) in the PTC-arm. The median number of received courses per drug and the 

administered cumulative dose as a percentage of the expected cumulative dose per drug 

are shown in table 3. 

 
Table 3. Treatment intensity according to treatment arm per drug (median number of received 

courses and administered cumulative dose as percentage of the expected cumulative dose). 
    FEC-T-Ptz   PTC-Ptz 
    (n=55)   (n=55) 
    median (range)   median (range) 
Trastuzumab 

      Number of courses  
 

9 (4-9) 
 

9 (2-9) 
Received cumulative dose of expected (%) 

 
100 (47-100) 

 
99 (27-100) 

Pertuzumab 
      Number of courses 
 

9 (4-9) 
 

9 (2-9) 
Received cumulative dose of expected (%) 

 
100 (50-100) 

 
100 (30-100) 

Paclitaxel 
      Number of courses 
 

6 (1-6) 
 

9 (2-9) 
Received cumulative dose of expected (%) 

 
94 (8-100) 

 
93 (16-100) 

Carboplatin* 
      Number of courses 
 

6 (0-6) 
 

9 (2-9) 
Received cumulative dose of expected (%) 

 
90 (0-100) 

 
89 (43-100) 

5-Fluorouracil† 
      Number of courses 
 

3 (2-3) 
 

- - 
Received cumulative dose of expected (%) 

 
99 (60-100) 

 
- - 

Epirubicin† 
      Number of courses 
 

3 (2-3) 
 

- - 
Received cumulative dose of expected (%) 

 
99 (50-100) 

 
- - 

Cyclophosphamide† 
      Number of courses 
 

3 (2-3) 
 

- - 
Received cumulative dose of expected (%) 

 
99 (58-100) 

 
- - 

              
n, number of patients 
*One patient in the FEC-T arm did not receive carboplatin because of ototoxicity after FEC-T 
†One patient in the FEC-T arm received only 2 cycles FEC-T because of elevated transaminases, but did receive the 
subsequent PTC-Ptz cycles. 
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Hematological adverse events 

Grade 3-4 neutropenia occurred at a similar rate in both arms (53% vs 51%), although 

grade 4 neutropenia was more common with FEC-T (16% vs 4%; p=0.06; table 4). Febrile 

neutropenia was seen in five patients (9%) in the FEC-T-arm and in none in the PTC-arm 

(p=0.06). G-CSF support was initiated following grade ≥3 neutropenia according to 

protocol in 40% of patients in the FEC-T-arm and in 35% of patients in the PTC-arm 

(p=0.69), and prevented further grade ≥3 neutropenia in all but four patients. As described 

in table 1, G-CSF support was not indicated if neutropenia occurred simultaneously with 

thrombocytopenia in the FEC-T arm.  

 
Table 4. Hematological toxicities grade ≥3. 

    FEC-T-Ptz (n=55)   PTC-Ptz (n=55)     
    Grade 3 Grade 4   Grade 3  Grade 4     
    n (%) n (%)   n (%) n (%)   p* 
Overall                         
Anemia  14 (25) 0 (0)  7 (13) 0 (0)  0.14 
Neutropenia  20 (36) 9 (16)  26 (47) 2 (4)  1.00 
Thrombocytopenia  7 (13) 3 (5)  6 (11) 1 (2)  0.60 
Febrile neutropenia  5 (9) 0 (0)  0 (0) 0 (0)  0.06 
During cycle 1-3                         
Anemia  0 (0) 0 (0)  1 (2) 0 (0)  1.00 
Neutropenia  11 (20) 7 (13)  7 (13) 1 (2)  0.04 
Thrombocytopenia  0 (0) 0 (0)  2 (4) 0 (0)  0.50 
Febrile neutropenia  4 (7) 0 (0)  0 (0) 0 (0)  0.12 
During cycle 4-9†                         
Anemia  14 (25) 0 (0)  7 (13) 0 (0)  0.14 
Neutropenia  21 (38) 2 (4)  25 (46) 1 (2)  0.57 
Thrombocytopenia  7 (13) 3 (5)  5 (9) 1 (2)  0.42 
Febrile neutropenia  1 (2) 0 (0)  0 (0) 0 (0)  1.00 
                          

n, number of patients 
*p-value for difference in incidence of grade ≥3 toxicity between both arms 
†In the PTC-arm only 54 patients started the 4th cycle 

 

Grade 3-4 thrombocytopenia was seen in ten patients in the FEC-T-arm and in seven in the 

PTC-arm, but was exclusively seen during the PTC cycles in both arms. 
One patient was diagnosed with acute myeloid leukemia (AML) after three cycles FEC-T 

plus pertuzumab and two cycles PTC plus pertuzumab, which was considered possibly 

related to treatment, although the interval since start of chemotherapy was very short. 

However, cytogenetic analysis revealed a chromosome 16 inversion, which is described in 

association with topoisomerase II inhibitors like anthracyclines [8].  
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Cardiac toxicity 

Cardiac toxicity was rare in both treatment arms. The lowest measured LVEF per patient 

ranged between 45%-76% in the FEC-T-arm and 32%-72% in the PTC-arm. One patient 

with multiple pre-existing cardiovascular risk factors in the PTC-arm suffered an acute 

myocardial infarction with subsequent drop in LVEF to 32% (grade 3 ejection fraction 

decrease). One month later the same patient suffered a stroke. Further neoadjuvant 

treatment was discontinued and early surgery was performed. This was the only patient 

experiencing symptomatic left ventricular dysfunction, and no other grade ≥3 

cardiotoxicity was observed. Twenty-four percent (95%CI 13-37%) of patients in the FEC-T-

arm and 11% (95%CI 4-22%) in the PTC-arm (p=0.21) experienced asymptomatic grade 2 

LVEF decrease (LVEF 50-40% or LVEF decrease 10-19%). Of the seven patients with an 

LVEF below 50% during treatment, three remained below 50% at the last LVEF 

measurement before surgery (LVEF of 46% in two patients, and LVEF of 32% in one patient 

who experienced a myocardial infarction). One patient, in the PTC-arm, attended the 

hospital because of palpitations with a supraventricular tachycardia, which converted to a 

sinus rhythm after adenosine. This episode was reported to be unlikely related to study 

drugs. 

 

Non-hematological adverse events 

Diarrhea was the most common grade 3-4 non-hematological adverse event, occurring in 

5% of patients in the FEC-T-arm and 18% in the PTC-arm (p=0.07). Diarrhea occurred early 

during treatment with 5% of patients experiencing grade≥ 3 diarrhea after the first course. 

Diarrhea grade ≥3 did not result in less administered therapy, as both patients with and 

without diarrhea received similar doses of therapy (data not shown). Dehydration was 

reported in one patient in each arm, both grade 3. Other non-hematological toxicities 

grade ≥3 observed in at least two patients in the same treatment arm are summarized in 

table 5. Grade 3 peripheral neuropathy was reported in two patients (4%) in the FEC-T-

arm and in three patients (5%) in the PTC-arm, and grade 2 was described in 14 patients 

(25%) and in 15 patients (27%) respectively. Neuropathy was almost exclusively seen in a 

later phase of the treatment. In total 26 patients (24%) experienced one or more serious 

adverse events (SAEs) requiring hospital admission, and were well balanced between both 

treatment arms. Most SAEs were related to febrile neutropenia or diarrhea. 
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Table 5. Non-hematological toxicities grade ≥3 occurring in at least two patients in the same 

treatment arm. 
    FEC-T-Ptz (n=55)   PTC-Ptz (n=55)     
    Grade 3 Grade 4   Grade 3  Grade 4     
    n (%) n (%)   n (%) n (%)   p* 
Overall                         
ALAT/ASAT elevated  3 (5) 0 (0)  5 (9) 0 (0)  0.72 
Allergic reaction  0 (0) 0 (0)  2 (4) 0 (0)  0.50 
Diarrhea  3 (5) 0 (0)  10 (18) 0 (0)  0.07 
Ejection fraction decreased†  0 (0) 0 (0)  1 (2) 0 (0)  1.00 
Electrolyte disturbances‡  1 (2) 0 (0)  3 (5) 1 (2)  0.36 
Fatigue  2 (4) 0 (0)  4 (7) 0 (0)  0.68 
Infection (any site)$  4 (7) 0 (0)  2 (4) 0 (0)  0.68 
Peripheral neuropathy  2 (4) 0 (0)  3 (5) 0 (0)  1.00 
Syncope  0 (0) 0 (0)  4 (7) 0 (0)  0.12 
During cycle 1-3                         
ALAT/ASAT elevated  1 (2) 0 (0)  3 (5) 0 (0)  0.62 
Allergic reaction  0 (0) 0 (0)  2 (4) 0 (0)  0.50 
Diarrhea  3 (5) 0 (0)  6 (11) 0 (0)  0.49 
Electrolyte disturbances‡  1 (2) 0 (0)  0 (0) 0 (0)  1.00 
Fatigue  1 (2) 0 (0)  2 (4) 0 (0)  1.00 
Infection (any site)$  2 (4) 0 (0)  0 (0) 0 (0)  0.50 
Peripheral neuropathy  0 (0) 0 (0)  0 (0) 0 (0)  1.00 
Syncope  0 (0) 0 (0)  0 (0) 0 (0)  1.00 
During cycle 4-9ǁ                         
ALAT/ASAT elevated  2 (4) 0 (0)  2 (4) 0 (0)  1.00 
Allergic reaction  0 (0) 0 (0)  0 (0) 0 (0)  1.00 
Diarrhea  1 (2) 0 (0)  5 (9) 0 (0)  0.11 
Electrolyte disturbances‡  0 (0) 0 (0)  3 (6) 1 (2)  0.06 
Fatigue  1 (2) 0 (0)  4 (7) 0 (0)  0.21 
Infection (any site)$  2 (4) 0 (0) 

 
1 (2) 0 (0)  1.00 

Peripheral neuropathy  2 (4) 0 (0)  3 (6) 0 (0)  0.68 
Syncope  0 (0) 0 (0)  4 (7) 0 (0)  0.06 
                          

n, number of patients; ALAT, alanine aminotransferase; ASAT, aspartate aminotransferase  
*p-value for difference in incidence of grade ≥3 toxicity between both arms 
 †Ejection fraction was measured every three months during therapy, thus first time was during the 4-9th cycle 
unless indicated earlier 
 ‡Electrolyte disturbances consisting of: 1 hypocalcemia, 1 hypokalemia, 1 hypomagnesemia, 1 hyponatremia, 1 
hypophosphatemia 
 $Infection sites: 1 lower respiratory tract, 1 upper respiratory tract, 1 tooth, 1 urinary tract, 1 infection with 
unspecified site 
 ǁIn the PTC-arm only 54 patients started the 4th cycle 
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Discussion 

In this safety analysis of the TRAIN-2 study, pertuzumab in combination with FEC-T and 

PTC was well tolerated as neoadjuvant treatment in patients with stage II-III HER2-positive 

breast cancer. Over 80% of patients in both arms completed all planned treatment cycles. 

The most common grade 3-4 toxicity was neutropenia, occurring at similar rates in both 

arms. Febrile neutropenia was very rare (<5%), with secondary G-CSF prophylaxis used in 

35-40% of patients. Cardiac tolerability of both regimens was good, and only one patient 

(<1%), with pre-existing cardiovascular risk factors, experienced left ventricular 

dysfunction. Most common non-hematological toxicity was diarrhea and was well 

manageable in almost all patients.  

Previous studies reported neutropenia rates similar to what we found [2, 3 , 9]. In our 

study, the severity of neutropenia was worse with FEC-T compared with PTC, with more 

grade 4 neutropenia and more febrile neutropenia, possibly attributable to the use of 

three instead of two chemotherapeutics in the FEC-T-arm and the particular 

myelosuppressive effect of anthracyclines and cyclophosphamide [10]. The TRAIN-2 study 

was designed before the publication of the GIM-2 study results, which show similar 

efficacy of FEC versus EC. Therefore, 5-fluorouracil was incorporated in our study regimen, 

and may have contributed to additional toxicity, which can be avoided in the future by 

using EC [11]. In contrast to our results, similar rates were reported in both arms receiving 

six cycles of pertuzumab in the Tryphaena trial: in the arm receiving three times FEC-T plus 

pertuzumab followed by docetaxel/trastuzumab plus pertuzumab, and the arm receiving 

six cycles TCH plus pertuzumab neutropenia grade ≥3 was reported in 47% and 46% 

respectively, and febrile neutropenia in 18% and 17% respectively [9]. In the Neosphere 

study neutropenia grade ≥3 occurred in 45% and febrile neutropenia in 8% of patients 

receiving dual HER2-blockade with trastuzumab plus pertuzumab combined with 

docetaxel [2]. In a retrospective study of 70 patients treated with TCH plus pertuzumab 

and who received primary G-CSF prophylaxis, febrile neutropenia was observed in 3% of 

patients [12]. The results of the BCIRG-006 trial, the first study comparing trastuzumab-

based chemotherapy with and without the anthracycline/cyclophosphamide combination, 

are in line with our findings with significantly more grade ≥3 neutropenia in the 

anthracycline-containing arm with four cycles of doxorubicin/cyclophosphamide followed 

by four cycles of docetaxel/trastuzumab ([AC-TH], 72%) compared to the anthracycline-

free arm with six cycles of docetaxel/carboplatin/trastuzumab ([TCH], 66%) [3]. In 

addition, a more recent neoadjuvant trial of 100 patients randomized to either 

paclitaxel/carboplatin/ trastuzumab or 5-fluorouacil/epribucin/trastuzumab found 
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neutropenia grade ≥3 neutropenia in 56% and 70% respectively, and febrile neutropenia 

in 8% and 14% respectively [13]. However, both these studies were performed before the 

pertuzumab era. G-CSF was not administered as primary prophylaxis in our study, but was 

prescribed according to protocol at first occurrence of grade ≥3 neutropenia or febrile 

neutropenia for all subsequent cycles, but without implementation of a dose reduction at 

first instance. After initiation of G-CSF only four more instances of neutropenia occurred. 

Primary G-CSF prophylaxis does not seem warranted based on the observed febrile 

neutropenia rate below 10%, and secondary prophylaxis should be implemented 

according to protocol or supportive treatment guidelines [14]. Thrombocytopenia was 

seen at a similar rate in both arms (18% versus 13%), but occurred exclusively during the 

PTC-cycles of the treatment, probably related to the known toxicity profile of carboplatin 

[3, 15]. Grade ≥3 thrombocytopenia occurred in 6% of patients treated with TCH in the 

BCIRG-006 trial, and in 12% of patients treated with TCH plus pertuzumab in the 

Tryphaena trial [3, 9].  

Asymptomatic grade 2 LVEF decrease, defined as LVEF 40%-50% or an absolute decline of 

10-19% compared to baseline, was observed in 24% of patients in the FEC-T-arm and in 

11% of patients in the PTC-arm. In the Tryphaena trial, 5% of patients receiving 

anthracyclines and 4% of patients on an anthracycline-free regimen experienced an LVEF-

decline of ≥10% from baseline to <50%. LVEF had recovered to ≥50% at data cut-off in all 

these patients. In our study, one patient (2%) in the FEC-T-arm and two patients (4%) in 

the PTC-arm experienced an LVEF-decline of ≥10% from baseline to <50%. In the BCIRG-

006 trial a sustained LVEF-decrease of >10% at last follow-up evaluation (48 months since 

randomization) was seen in 19% in the AC-TH-group and in 9% in the TCH-group [3]. This 

LVEF decline continued to exist with ten year follow-up [16]. Longer follow-up is required 

to evaluate sustained cardiac toxicity in the TRAIN-2 study. Symptomatic cardiotoxicity 

occurred in 2% in the AC-TH-group and in 0.4% in the TCH-group of the BCIRG-006 trial, 

and in 3% in one of the anthracycline-containing arms of the Tryphaena study [3, 9]. A 

recently published large retrospective study confirmed the highest cumulative incidence 

of symptomatic cardiotoxicity in patients treated with anthracyclines plus trastuzumab, 

but reported a considerable higher rate (6.6%; event rate 22.1 per 1000 patient-years) 

than found in clinical trials. The incidence was also substantial in patients treated with 

trastuzumab-based chemotherapy without anthracyclines (5.1%; event rate 17.0 per 1000 

patient-years) [17]. This discrepancy in results might be related to a different baseline 

cardiovascular risk in patients in clinical trials compared to patients in daily clinical 

practice. One patient in our study, receiving PTC-pertuzumab, developed clinically 
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manifest heart failure subsequent to a myocardial infarction. This patient exhibited 

several pre-existing cardiovascular risk factors, but was considered eligible for study 

participation. Cardiac ischemia is not associated with trastuzumab, but is occasionally 

described in relation to paclitaxel and platinum drugs [18]. Lastly, the addition of 

pertuzumab to trastuzumab does not increase cardiotoxicity [19].  

The most common non-hematological toxicity was diarrhea, which is a known side-effect 

of pertuzumab [2, 20-23]. Grade 3 diarrhea was more frequently seen in the PTC-arm 

(18%) than in the FEC-T-arm (5%), and grade 4 diarrhea was not observed. The higher 

incidence of diarrhea in the PTC-arm could be related to cumulative gastro-intestinal 

toxicity of pertuzumab, a taxane and carboplatin [9 , 15, 24]. Similar results were found in 

the Tryphaena trial, which reported grade ≥3 diarrhea in 4-5% of patients in the FEC-T-

arms and 12% in the TCH-arm [9]. In the Neosphere study, grade ≥3 diarrhea was only 

seen in patients receiving docetaxel, but the incidence was substantially lower (1-2%) than 

seen in our study, possibly due to the addition of carboplatin in the PTC-regimen as 

mentioned before [2]. In concordance with other studies, diarrhea occurred early during 

treatment and one could speculate that it may be related to the loading dose of 

pertuzumab at the first cycle [21, 23, 25]. However, the dose-finding studies of 

pertuzumab monotherapy do not support this hypothesis, as no increase in diarrhea 

incidence was seen with escalating doses [26, 27]. No prophylactic anti-diarrheal therapy 

was used in our study, but loperamide treatment was advised if diarrhea occurred. Anti-

diarrheal therapy should be initiated early during therapy in combination with adequate 

fluid intake according to supportive therapy guidelines to prevent dehydration and 

possible subsequent renal toxicity [28].  

Neuropathy is an important and potentially irreversible, dose-dependent side-effect of 

paclitaxel and carboplatin [29, 30]. Grade ≥2 neuropathy was reported in 29% and 33% of 

patients in the FEC-T-arm and PTC-arm respectively. Remarkably, neuropathy was not 

described in the Tryphaena and the primary publication of the Neosphere trial [2, 9]. In 

the recent update of the Neosphere trial, sensory neuropathy grade ≥2 was reported in 

10-15% of patients across the four arms [31]. In the BCIRG-006 study sensory neuropathy, 

any grade, was reported in 36% in the TCH-arm receiving six courses and in 49% in the 

anthracycline-containing arms with four cycles docetaxel [3]. Nevertheless, in the absence 

of prevention and treatment modalities it is important to recognize Neuropathy early and 

adapt treatment accordingly [29, 32].  

Besides neutropenia and diarrhea, rash has also been described with the addition of 

pertuzumab [21, 23, 33]. The incidence of rash grade ≥2 was seven percent in the FEC-T-
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arm and 13% in the PTC-arm, with only one grade 3 and no grade 4 rash reported. This is 

similar to rates observed in other pertuzumab trials, with rash (any grade) seen in 11-37% 

of patients [2, 33].  

In conclusion, both regimens in the TRAIN-2 study are associated with expected and 

manageable bone marrow toxicity and are well tolerable with dose adjustments and G-

CSF support. A regimen consisting of nine cycles PTC plus pertuzumab has a more 

favorable hematological toxicity profile than a regimen with three cycles of FEC-T plus 

pertuzumab followed by six cycles of PTC plus pertuzumab, but is associated with more 

diarrhea. Clinical manifest cardiotoxicity was very rare with both regimens. Pending the 

efficacy results of the TRAIN-2 study, these toxicity data may help patients and physicians 

when choosing between one of these regimens.  
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Supplementary figure 1. Schematic study design. 

 

 
 

Supplementary figure 2. CONSORT Flow Diagram – Safety analysis TRAIN-2 first 110 patients. 
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Abstract 

 

Purpose The optimal chemotherapy backbone for dual HER2-blockade in the neoadjuvant 

setting is unknown. The randomized TRAIN-2 study evaluated whether anthracyclines 

would improve pathologic complete response (pCR) rate compared to a carboplatin-

taxane regimen (NCT01996267).  

 

Methods Patients with stage II-III HER2-positive breast cancer were randomized (1:1) to 

receive three cycles of three-weekly 5-fluoruoracil-epirubicin-cyclophosphamide followed 

by six three-weekly cycles of paclitaxel (administered at day 1 and 8) and carboplatin (arm 

A) or to receive nine cycles of paclitaxel and carboplatin (arm B). Both arms received 

trastuzumab and pertuzumab concurrently with all chemotherapy cycles. The primary 

endpoint was pCR in breast and axilla (ypT0/is,ypN0).  

 

Results Of the 438 included patients, 418 were evaluable for the primary endpoint (arm A 

212, arm B 206). The pCR rate was 67% (95% CI 60-73) in arm A and 68% (95% CI 61-74) in 

arm B (p=0.75). Significantly higher pCR rates were seen in hormone-receptor (HR) 

negative tumors (84-89%) than in HR-positive tumors (51-55%), but no differential 

treatment effect according to HR-status was found (p-value for interaction=0.32). Grade 

≥3 neutropenia and diarrhea, and grade ≥2 neuropathy were frequently seen at a similar 

rate in both arms. Febrile neutropenia and left ventricular ejection fraction (LVEF) decline 

grade ≥2 (defined as ≥10% decline from baseline or LVEF <50%) were significantly more 

common in arm A (10% versus 1%, p<0.0001 and 29% versus 17%, p=0.003, respectively). 

Symptomatic left ventricular systolic dysfunction was rare (<1%) in both arms. 

 

Conclusion Similar and high pCR rates are seen with and without anthracyclines in the 

presence of dual HER2-blockade. Febrile neutropenia and grade ≥2 LVEF decline were 

more frequent in the anthracycline-containing arm. Therefore, we currently favor a 

carboplatin-taxane based regimen. Follow-up is required to confirm these results with 

regard to long-term survival. 
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Introduction 

Neoadjuvant polychemotherapy plus trastuzumab and pertuzumab results in high 

pathologic complete response (pCR) rates in human epidermal growth factor receptor 2 

(HER2) positive breast cancer, but is not without toxicity [1, 2]. The optimal chemotherapy 

backbone with respect to both efficacy and safety has not been determined. Due to the 

overlap in cardiotoxicity of anthracyclines and trastuzumab, anthracycline-free regimens 

have been evaluated [3-6]. However, trials that directly compare anthracycline-containing 

regimens and anthracycline-free regimens are rare. In the presence of single HER2-

blockade, docetaxel, carboplatin and trastuzumab (TCH) showed similar survival rates but 

reduced acute and long-term toxicity compared to a sequential anthracycline-taxane 

regimen plus trastuzumab in the randomized adjuvant BCIRG-006 trial [5, 7]. This trial, 

however, was not designed to demonstrate a difference between the two trastuzumab-

containing regimens and the anthracycline-free arm had a shorter duration, which may 

have negatively affected its efficacy [8]. In contrast to the BCIRG-006 results, an 

observational study from MD Anderson Cancer Center found a significantly superior pCR 

rate and 3-year recurrence-free survival with a neoadjuvant sequential anthracycline-

taxane plus trastuzumab regimen compared to the TCH regimen [9]. In the presence of 

dual HER2-blockade a neoadjuvant anthracycline-containing and anthracycline-free 

regimen have been evaluated in one non-comparative randomized trial, thus precluding 

statements about their relative efficacy or safety [1]. In the adjuvant Altto and Aphinity 

trials regimens with and without anthracyclines were allowed as backbone for the 

comparison of single versus dual HER2-blockade [10-13]. Survival according to 

chemotherapy backbone was reported in the Aphinity trial and similar survival results 

were seen, but chemotherapy was not randomly assigned [12, 13]. Therefore, the role of 

anthracyclines in the era of dual HER2-blockade is unknown. 

We have previously reported promising results with a neoadjuvant anthracycline-free 

regimen consisting of weekly paclitaxel, trastuzumab and carboplatin (PTC) in the single 

arm TRAIN-study [14]. The use of weekly paclitaxel may improve efficacy and reduce 

hematological toxicity compared to three-weekly taxane administration [15-18]. The 

present TRAIN-2 study was designed to directly compare the efficacy and safety of three 

cycles 5-fluorouracil-epirubicin-cyclophosphamide followed by six cycles PTC to nine cycles 

PTC in the presence of trastuzumab and pertuzumab in both arms. Safety results of the 

first 110 patients have been reported previously and here we report the efficacy and 

safety results of all included patients [19]. 
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Methods 

Study design and patients 

The TRAIN-2 study is a randomized open-label multicenter trial comparing the efficacy and 

safety of an anthracycline-containing regimen with an anthracycline-free regimen of the 

same duration in combination with trastuzumab and pertuzumab in both arms 

(NCT01996267; supplementary figure 1). Treatment-naive patients with stage II or III 

HER2-positive breast cancer were eligible. Other key eligibility criteria were age ≥18 years, 

World Health Organization performance status ≤1, left ventricular ejection fraction (LVEF) 

≥50%, no concurrent second primary cancer, and adequate organ function. All included 

patients provided written informed consent. The medical ethics committee of the 

Netherlands Cancer Institute approved the study protocol and all amendments thereof. 

The primary endpoint of the study was the percentage pCR, defined as the absence of 

invasive tumor cells in breast and axilla (ypT0/is,ypN0). Pathologic response was locally 

assessed according to Dutch national guidelines [20]. Secondary endpoints included the 

percentage of patients experiencing grade ≥3 toxicity or grade ≥2 peripheral neuropathy 

and cardiotoxicity according to Common Toxicity Criteria for Adverse Events (CTCAE) 

version 4.03, percentage breast-conserving surgery, event-free survival, and overall 

survival. 

 

Procedures 

Core biopsies of the primary tumor were taken at baseline for histological diagnosis 

including determination of estrogen receptor (ER), progesterone receptor (PR), and HER2-

status. Tumors with ER and/or PR expression of ≥10% were defined as hormone-receptor 

(HR) positive. PR-positive but ER-negative tumors were considered HR-positive only if 

central review confirmed this result. HER2-status was considered positive if 3+ by 

immunohistochemistry or positive by in situ hybridization [21]. A marker was placed at the 

primary tumor site to guide surgery and pathologic response evaluation before start of 

systemic treatment. Baseline nodal status was assessed by physical examination and 

ultrasound assessment with fine needle aspiration (FNA) of suspicious lymph nodes. In 

case of clinical node-negative disease a sentinel node procedure (SNP) was performed, 

either before or after neoadjuvant therapy, according to local practice. All patients were 

screened for distant metastases at baseline using positron emission tomography 

combined with computed tomography with radiolabeled fluor-18-deoxyglucose (18F-FDG 

PET/CT) or using isotope bone-scan plus chest x-ray and liver ultrasound or CT of chest and 

abdomen. Every chemotherapy cycle was preceded by evaluation of toxicity, including 
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laboratory results for hematology and biochemistry. LVEF was measured three-monthly 

during trastuzumab therapy or more frequently if indicated, by echocardiography, 

multigated acquisition scan (MUGA) or magnetic resonance imaging (MRI). Imaging of the 

breast by MRI, unless precluded by local facilities, was performed at baseline, after three 

cycles and before surgery.  

 

Treatment 

Patients were randomly assigned to one of the two treatment arms. Patients in arm A 

received three cycles of three-weekly 5-fluoruoracil (500mg/m2), epirubicin (90mg/m2) 

and cyclophosphamide (500mg/m2) followed by six cycles of three-weekly paclitaxel 

(80mg/m2 day 1 and 8) and carboplatin (AUC=6mg·min/ml day 1 or optionally 

AUC=3mg·min/ml day 1 and 8). Patients in arm B received nine cycles of paclitaxel and 

carboplatin. Trastuzumab (6mg/kg, loading dose 8mg/kg) and pertuzumab (420mg, 

loading dose 840mg) were administered three-weekly concurrently with all chemotherapy 

cycles in both arms. Dose adjustment criteria were previously described [19]. In brief, 

chemotherapy was delayed and secondary granulocyte-colony-stimulating factor (G-CSF) 

prophylaxis was initiated if grade ≥3 neutropenia or febrile neutropenia occurred and was 

continued throughout all cycles. Chemotherapy interruption with a subsequent 25% dose 

reduction of all or one specific agent (e.g., carboplatin in case of thrombocytopenia, and 

paclitaxel in case of neuropathy) was implemented in case of (febrile) neutropenia grade 

≥3 despite G-CSF, thrombocytopenia grade ≥3, non-hematological toxicities grade ≥3 or 

neuropathy grade ≥2. Trastuzumab and pertuzumab were temporarily or permanently 

discontinued in case of predefined cardiotoxicity (LVEF decrease of >15% points from 

baseline or LVEF decrease ≥10% points with LVEF below the lower limit of normal) [19]. 

Neoadjuvant treatment was prematurely stopped in case of progressive disease or 

unacceptable toxicity. 

Patients underwent surgery within six weeks after last chemotherapy with evaluation of 

the primary endpoint. Choice between breast-conserving surgery or mastectomy 

depended on tumor and patient characteristics and patients’ preference. Patients with 

clinical node-positive disease underwent axillary lymph node dissection (ALND), SNP or 

selected removal of the initially positive and marked lymph node (MARI-procedure) [22]. 

Postoperative radiotherapy was given according to local guidelines. Adjuvant trastuzumab 

was continued to complete one year of treatment and endocrine therapy was prescribed 

in case of HR-positive tumors according to Dutch national guidelines (www.oncoline.nl). 
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Statistics 

Treatment was allocated by central randomization (1:1 ratio) with 100% minimization over 

the stratification factors including primary tumor stage (T0-2 versus T3-4), nodal stage 

(negative versus positive), ER-status (<10% versus ≥10%), and age (<50 versus ≥50 years). 

The sample size was set at 394 evaluable patients to have 80% power with a two-sided 

significance level of 0.05 to detect an absolute difference in pCR rate of 14% (from 44% 

without to 58% with anthracyclines). These expectations were based on the 18% increase 

in pCR rate with the use of anthracyclines (from 43% to 61%) described by Bayraktar and 

colleagues [9]. The expected pCR rate in the anthracycline-free arm was derived from our 

experience with a weekly PTC regimen and supported by similar pCR rates seen in the first 

neoadjuvant trials with a taxane plus dual HER2-blockade [14, 23-25]. To account for non-

evaluable patients, 438 patients were enrolled. 

Efficacy analyses included all randomized patients that were evaluable for the primary 

endpoint and was performed according to the allocated treatment. Patients with a pCR 

breast but no evaluation of the axilla or vice versa, were not evaluable for the primary 

endpoint. However, node-positive patients without a detectable primary breast tumor at 

baseline were evaluable for the primary endpoint based on the pathologic response of the 

axilla. 

PCR rates were estimated and reported with 95% confidence intervals (95%CIs) according 

to treatment arm and their difference was tested for significance using logistic regression 

analysis. Subgroup analyses were performed with tests for interaction by treatment. 

Univariable and multivariable logistic regression analyses were performed to identify 

factors associated with achieving pCR. For safety analyses all patients who received ≥1 

cycle of treatment were included and were analyzed according to the actual treatment 

received. Differences between the arms were tested using Fisher’s exact test. All statistical 

calculations were made using R (www.r-project.org). Statistical significance was defined as 

p<0.05. 
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Results 

From December 2013 to January 2016, 438 patients were enrolled across 37 centers with 

219 patients in each arm. Six protocol violations with regard to eligibility were identified 

after randomization and these patients were included in the analyses (figure 1). Baseline 

characteristics are summarized in table 1 and were well balanced across the treatment 

arms. 

 

Efficacy 

In total, 418 patients were evaluable for the primary endpoint (arm A 212, arm B 206; 

figure 1). No patient experienced progressive disease during neoadjuvant treatment. The 

pCR rate was 67% (95%CI 60-73) in arm A and 68% (95%CI 61-74) in arm B (p=0.75; figure 

2a). If non-evaluable patients were classified as no pCR similar results were observed with 

a pCR rate of 64% in both arms. PCR rates were significantly higher in HR-negative tumors 

compared to HR-positive tumors in both arms (arm A 89% versus 51%, p<0.0001 and arm 

B 84% versus 55%, p<0.0001; figure 2b). The treatment-by-HR interaction test was non-

significant (p=0.32). Further analyses showed internal consistency of the primary endpoint 

across subgroups (figure 3). Factors significantly associated with achieving pCR, beside HR-

negative tumors, were younger age, clinical node-negative disease and ductal histology. 

All, except for ductal histology remained significant in multivariate analysis (data not 

shown). Breast surgery was performed in 431 patients: 217 in arm A and 214 in arm B, of 

whom 57% and 62% underwent breast-conserving surgery, respectively (p=0.33). 

Treatment exposure 

Patients in both arms received a median number of nine cycles of treatment (range arm A 

3-9, range arm B 1-9). The most common reason for early treatment discontinuation was 

the occurrence of an adverse event (figure 1). At least one dose reduction was 

implemented in 60% of patients in arm A and in 68% of patients in arm B.
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Table 1. Baseline characteristics according to treatment arm. 

    arm A arm B 
    (n=219) (n=219) 
    n (%) n (%) 
Age      median (IQR)  49 (43-55) 48 (43-56) 
Performance status      WHO 0  202 (92) 204 (93) 
WHO 1  17 (8) 14 (6) 
unknown  0 (0) 1 (<1) 
Menopausal status      pre-menopausal  116 (53) 119 (54) 
peri-/post-menopausal  98 (45) 96 (44) 
unknown  5 (2) 4 (2) 
Clinical tumor stage      0-2  148 (68) 154 (70) 
3-4  71 (32) 65 (30) 
Clinical nodal stage      negative  83 (38) 76 (35) 
positive  136 (62) 143 (65) 
Disease stage      II*  141 (64) 151 (69) 
III  78 (36) 68 (31) 
Hormone receptor status      ER- and PR-  90 (41) 93 (42) 
ER+ and/or PR+  129 (59) 126 (58) 
Tumor grade (biopsy)      1  7 (3) 12 (5) 
2  93 (42) 99 (45) 
3  102 (47) 94 (43) 
unknown  17 (8) 14 (6) 
Histology (biopsy)      ductal  196 (89) 199 (91) 
lobular  11 (5) 6 (3) 
other  12 (5) 14 (6) 
        n, number of patients; IQR, interquartile range; WHO, World Health Organization; ER, estrogen 

receptor; PR, progesterone receptor 
*Includes one patient with stage I disease (arm B) and one patient with stage IV disease (arm A) 
Totals may not sum up to 100% due to rounding 
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Figure 2. PCR rate according to treatment arm and by hormone-receptor status. 

a 

 
b 

 
pCR, pathologic complete response; ER, estrogen receptor; PR, progesterone receptor 
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Figure 3. PCR rate according to treatment arm in different subgroups. 

 
n, number of patients; pCR, pathologic complete response; ER, estrogen receptor; PR, progesterone receptor; cT, 
clinical tumor stage; cN, clinical nodal status; 95%CI, 95% confidence interval 
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patient in arm B. The latter patient developed LVSD and later heart failure subsequent to 
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arrhythmias. In arm B one patient experienced grade 3 supraventricular tachycardia and 

one patient developed grade 3 acute coronary syndrome. 

The most common hematological toxicity grade ≥3 was neutropenia, occurring at a similar 

rate in both arms (table 2), but grade ≥4 was more common in arm A compared to arm B 

(18% versus 6%, p=0.0004). Febrile neutropenia grade ≥3 was seen at a significantly higher 

rate in arm A than in arm B (10% versus 1%, p<0.0001), with the majority occurring during 

the first three cycles. Secondary G-CSF prophylaxis was initiated in 30% of patients in arm 

A and in 31% in arm B. After G-CSF initiation, neutropenia grade ≥3 reoccurred in seven 

patients, including two patients who had not received G-CSF throughout all cycles as 

prescribed in the protocol. The overall incidence of thrombocytopenia was similar in both 

arms, but occurred almost exclusively during the PTC-cycles.  

Non-hematological toxicities grade ≥3 with an incidence rate of at least 5% of patients in 

either treatment arm are summarized in table 2. The most common non-hematological 

toxicity grade ≥3 was diarrhea, seen at a similar rate in both arms overall, but during the 

first three cycles diarrhea was significantly more frequent in arm B (4% versus 12%, 

p=0.001). Hypokalemia grade ≥3 was more common in arm A, but the difference in 

incidence was only seen after the first three cycles. Grade ≥2 peripheral neuropathy was 

reported in 30% of patients in arm A and in 31% of patients in arm B (p=0.92).  
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Table 2. Hematological and most common (incidence ≥5% in either treatment arm) non-

hematological grade ≥3 toxicities according to treatment arm. 

    arm A (n=220*)  arm B (n=218)       Grade 3 Grade 4  Grade 3 Grade 4   
    n (%) n (%)  n (%) n (%)  p† 
Hematological              
Neutropenia  90 (41) 39 (18)  103 (47) 14 (6)  0.34 
Anemia  43 (20) 1 (<1)  45 (21) 0 (0)  0.91 
Thrombocytopenia  31 (14) 7 (3)  34 (16) 7 (3)  0.71 
Febrile neutropenia  22 (10) 1 (<1)  3 (1) 0 (0)  <0.0001 
Non-hematological (incidence ≥5% in either treatment arm)        
Diarrhea  26 (12) 0 (0)  36 (17) 1 (<1)  0.14 
Peripheral neuropathy‡  12 (5) 0 (0)  15 (7) 0 (0)  0.56 
Hypokalemia  18 (8) 1 (<1)  7 (3) 0 (0)  0.02 
Fatigue  10 (5) 0 (0)  12 (6) 0 (0)  0.67 
ALAT increased  12 (5) 0 (0)  8 (4) 0 (0)  0.49 
                          

n, number of patients; ALAT, alanine aminotransferase  
*One patient randomized to arm B received treatment of arm A and was therefore analyzed according to arm A 
for safety analyses 
†p-value for difference in incidence of grade ≥3 toxicity between both arms 
 ‡Grade 2 neuropathy occurred in 25% of patients in arm A and in 24% in arm B 
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Discussion 

The aim of the TRAIN-2 study was to directly compare the efficacy and safety of a 

neoadjuvant anthracycline-containing chemotherapy regimen with an anthracycline-free 

regimen of the same duration in the presence of dual HER2-blockade. We did not find a 

significant increase in pCR rate with the use of anthracyclines. Instead, similar high pCR 

rates were seen with and without anthracyclines (67% versus 68%, respectively). The 

toxicity profile of the two regimens differed, however, with significantly more febrile 

neutropenia and grade ≥2 LVEF decline reported in the anthracycline-containing arm. 

A comparison of chemotherapy regimen with and without anthracyclines in the presence 

of dual HER2-blockade has not been the primary aim of prior randomized studies in early 

HER2-positive breast cancer patients. Nevertheless, several lines of evidence support our 

results that anthracycline-free regimens can be considered in these patients. The BCIRG-

006 trial reported similar disease-free and overall survival at 10-year follow-up with a 

carboplatin-docetaxel regimen compared to an anthracycline-based regimen in the 

presence of single HER2-blockade with trastuzumab [5, 7]. A small randomized Chinese 

study found no statistical significant difference in pCR rate with and without 

anthracyclines, and concluded that the regimens were similar, although an unexpected 

large effect of multivariable adjustment showed a significant association of anthracyclines 

and pCR [26]. In the non-comparative Tryphaena trial, pCR rates achieved with 

trastuzumab plus pertuzumab in the anthracycline-free arm and anthracycline-containing 

arms were within the same range [1]. In the adjuvant Aphinity trial, an anthracycline-free 

chemotherapy backbone was allowed according to physician’s choice and 22% of the 

patients indeed received an anthracycline-free regimen. The 3-year invasive disease-free 

survival was similar with and without the use of anthracyclines, irrespective of 

pertuzumab addition [12]. 

The finding of similar pCR rates between treatment arms in our study was consistent 

across the levels of various subgroups, including HR-status. Ideally, markers that predict 

anthracycline-benefit and/or (cardio)toxicity would guide the decision to administer these 

agents, but none has been identified or robustly proven to have predictive value, 

precluding their use in clinical practice [27-30]. 

The pCR rates found in our study were similar to those reported in other trials using 

polychemotherapy plus trastuzumab and pertuzumab ranging from 55% to 69% for 

anthracycline-containing regimens [1, 2] and ranging from 56% to 64% for a carboplatin-

docetaxel regimen [1, 31]. The number of pertuzumab administrations in these 

neoadjuvant trials ranged from three to eight, compared to nine in our study. There are no 

153



Chapter 7 

 

trials that have evaluated different pertuzumab durations and the optimal duration is 

therefore unknown. 

The anthracycline-free regimen in our study was associated with a favorable safety profile 

with less febrile neutropenia and grade ≥2 LVEF decline in this arm. In keeping with this, 

the BCIRG-006 trial demonstrated a clear benefit of the anthracycline-free regimen with 

significantly less acute and long-term toxicity, including secondary leukemia’s and 

asymptomatic and symptomatic cardiotoxicity [5, 7]. In contrast, cardiotoxicity and febrile 

neutropenia in the Tryphaena trial did not differ importantly across the treatment arms 

receiving six cycles pertuzumab [1]. Incidence of LVEF decline in the Tryphaena study was 

largely in line with our study if based on the same definition of a decrease of ≥10% to 

<50%. At time of the current analysis, follow-up data of LVEF measurements were not 

available and therefore precludes statements about the reversibility and clinical impact of 

the observed LVEF declines.  

Although the anthracycline-free regimen had a more favorable toxicity profile, there is still 

much to be gained in terms of toxicity with both regimens. In both arms of the study grade 

≥2 neuropathy was seen in a substantial proportion of patients. Neuropathy is an 

important and challenging toxicity of taxanes and platinum salts, which requires early 

recognition and adequate treatment adaptations [32]. Also, diarrhea is a common and 

cumbersome toxicity of pertuzumab and seems more pronounced when given 

concurrently with a taxane-carboplatin regimen. Secondary anti-diarrheal prophylaxis with 

loperamide was advised in our study and other strategies including primary prophylaxis 

with crofelemer, an agent that influences gastrointestinal chloride efflux, are being 

studied to overcome pertuzumab-related diarrhea [33].  

The observed pCR rates were higher than anticipated and the study was not powered to 

detect a subtle significant difference in pCR rates. As the study was designed as a 

superiority trial, non-inferiority of the anthracycline-free regimen cannot be claimed. 

Nevertheless, the almost equal pCR rates, the favorable toxicity profile of the 

anthracycline-free arm, and the results of prior non-comparative studies in this field 

support the use of an anthracycline-free regimen as an attractive option in the 

(neo)adjuvant treatment of early HER2-positive breast cancer in the presence of HER2-

blockade. Furthermore, weekly paclitaxel with administrations on day one and eight may 

be used as an alternative for three-weekly docetaxel as is used in the TCH-regimen. 

Long-term follow-up is needed to confirm the observed similar activity of both regimens in 

terms of event-free and overall survival. 
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With the observed high pCR rates with the use of dual HER2-blockade, especially in the 

HR-negative subgroup, and considerable treatment-related toxicity with current 

polychemotherapy regimens, the question arises if we can reduce chemotherapy while 

maintaining efficacy. The use of carboplatin in the anthracycline-containing arm of our 

study is not standard of care and the addition of carboplatin to an anthracycline-based 

regimen did not increase activity in HER2-positive breast cancer in the GeparSixto trial 

[34]. In line with this, the results of the GIM-2 study were also published during the 

enrollment period of the TRAIN-2 study and showed no survival benefit of the addition of 

5-flourouracil to epirubicin and cyclophosphamide [35]. Therefore, 5-fluorouracil and 

probably carboplatin can be omitted in the anthracycline-containing regimen used in our 

study with avoidance of unnecessary additional toxicity. Also, in the anthracycline-free 

arm one could question the need for carboplatin in all patients. In a lower risk population 

with mainly stage I disease weekly paclitaxel plus trastuzumab has shown excellent 

survival results [36, 37]. In addition, in the WSG-Adapt trial for HER2-positive/HR-negative 

tumors a pCR rate of 91% was reported in 42 patients treated with 12 weeks weekly 

paclitaxel plus trastuzumab and pertuzumab [38]. It should be noted, however, that 62% 

of these patients had node-negative disease compared to 35% of patients in our study. In 

patients with stage II and III disease, better reflecting our study population, a taxane-only 

regimen plus dual HER2-blockade resulted in pCR rates of 39-52% [24, 25, 39]. In subgroup 

analyses of the GeparSixto trial, HR-negative tumors tended to benefit more from 

carboplatin than HR-positive tumors, although this analysis was performed in the 

combined triple-negative and HER2-positive group [34]. Denkert and colleagues found a 

significant interaction between carboplatin benefit and lymphocyte-predominant tumors, 

making this a potential marker for selective carboplatin use [40]. However, validation of 

these findings is needed. PCR has also been observed without chemotherapy with the use 

of dual HER2-blockade only (plus/minus endocrine therapy) [25, 38, 41-43], even after 

only twelve days of treatment [44]. These findings suggest substantial overtreatment with 

current regimens in at least a proportion of patients. In the absence of markers to select 

patients for less intensive therapies upfront, response-based treatment de-escalation may 

be a good strategy to reduce the number of chemotherapy cycles. Alternatively, starting 

with reduced treatment (e.g., anthracycline-free, taxane-only or HER2-directed only 

therapy) and adding or switching therapy (e.g., anthracycline-containing treatment, 

carboplatin or chemotherapy) only in cases with insufficient responses seems a rational 

approach as well (e.g., NCT02789657, NCT03161353). Thus, in the era of highly effective 
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dual HER2-blockade studies that evaluate selective treatment de-escalation are eagerly 

awaited.  

In conclusion, we found similar and high pCR rates with and without the use of 

anthracyclines in the presence of trastuzumab and pertuzumab. Febrile neutropenia and 

ejection fraction decline were more common with the use of anthracyclines. Therefore, 

we currently favor a non-anthracycline regimen. Follow-up is needed to confirm the 

observed similar activity of both regimens used in this study in terms of long-term survival. 
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Summary 

 

About 10-20% of breast cancers are of the HER2-positive subtype, which is characterized 

by an aggressive course of disease in the absence of HER2-directed treatment [1-4]. The 

use of systemic treatment including the HER2-targeted antibody trastuzumab has 

improved the outcome of HER2-positive breast cancer patients substantially [5]. Systemic 

treatment for early breast cancer can be initiated before surgery (i.e., neoadjuvant) or 

after surgery (i.e., adjuvant). The neoadjuvant approach enables response monitoring and 

thereby the opportunity to adapt treatment. In addition, a neoadjuvant approach provides 

early surrogate endpoints to measure the activity of systemic treatment. The use of such 

an early surrogate endpoint shortens the duration of evaluating new treatments 

compared to the adjuvant setting with the use of survival endpoints. The most commonly 

used surrogate endpoint after completion of neoadjuvant therapy is the pathologic 

complete response (pCR), which is associated with long-term outcome [6-8].  

Despite substantial improvements in the treatment of early HER2-positive breast cancer 

gaps in knowledge remain as well as opportunities to further refine the systemic 

treatment of these patients. The aim of the studies described in this thesis is to further 

improve the systemic treatment of early HER2-positive breast cancer by addressing three 

different aspects. First, we describe response evaluation using imaging during and after 

neoadjuvant therapy and its implications for systemic treatment adaptation (chapter 2 

and 3). Second, we report on the benefit of trastuzumab-based chemotherapy in patients 

with small node-negative tumors (chapter 4). Third, we discuss the preferred 

chemotherapy backbone to use in combination with trastuzumab and pertuzumab 

(chapter 5, 6 and 7). 

 

Response evaluation using imaging (chapter 2 and 3) 

PCR, defined as the absence of invasive tumor cells in the breast and axilla, is a validated 

and widely used surrogate endpoint for treatment efficacy in breast cancer and is 

determined after the completion of neoadjuvant therapy [6-8]. It would be valuable, 

however, to identify patients during neoadjuvant therapy who will and will not achieve a 

pCR to allow for early treatment adaptations before all planned neoadjuvant treatment 

has been administered. Positron emission tomography combined with computed 

tomography (PET/CT) with radiolabeled fluor-18-deoxyglucose (18F-FDG) can visualize the 

glucose metabolism in the primary tumor and affected lymph nodes and may be used to 

evaluate the tumor response. It is unknown if the metabolic responses of the breast and 

axilla differ and if determining the metabolic response in breast and axilla rather than in 

the breast only helps to predict if pCR will be achieved in breast and axilla (i.e., pCR total). 
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To address these two questions we performed a study in 60 HER2-positive breast cancer 

patients with node-positive disease undergoing sequential PET/CT scans before and during 

neoadjuvant treatment. We found that the correlation between the metabolic response in 

the breast and axilla is poor in HER2-positive tumors. Furthermore, with regard to pCR 

prediction, we found that the metabolic breast response poorly predicts pCR total. Adding 

the metabolic axillary response improved the prediction from poor to fair. These findings 

may aid the use and interpretation of PET/CT responses with subsequent consequences 

for response-based treatment decisions.  

Next, we assessed contrast-enhanced magnetic resonance imaging (CE-MRI) and its ability 

to identify patients with a pCR in the breast after neoadjuvant therapy. We evaluated the 

agreement between radiologic complete response (rCR) and pCR. Two hundred ninety-six 

patients treated with neoadjuvant trastuzumab-based chemotherapy were identified from 

the tumor registry of the Netherlands Cancer Institute. A rCR was observed in 206 patients 

and 150 of them also had a pCR, resulting in a negative predictive value (NPV) of 73%. 

Conversely, 91 patients did not achieve a rCR of whom 60 had residual tumor at 

pathologic examination resulting in a positive predictive value (PPV) of 66%. The NPV was 

higher in hormone-receptor-negative compared to hormone-receptor-positive tumors and 

the PPV was higher in hormone-receptor-positive tumors. Trastuzumab-based 

neoadjuvant treatment typically takes 18-24 weeks and early rCR is frequently seen. Our 

findings provide a rationale to use repeated CE-MRI during neoadjuvant therapy in a trial 

setting to identify early rCR cases and to explore whether chemotherapy can then be 

stopped early in case of a rCR. The trial design may be comparable to the single arm study 

of Tolaney and colleagues of adjuvant paclitaxel plus trastuzumab in patients with small 

node-negative tumors [9]. 

 

Systemic treatment in small node-negative tumors (chapter 4) 

Adjuvant or neoadjuvant trastuzumab-based therapy is standard of care for stage II-III 

(tumor >2cm or positive lymph nodes) HER2-positive breast cancer. It is uncertain if 

patients with stage I disease (tumor ≤2cm and negative lymph nodes) benefit from 

trastuzumab-based chemotherapy as well because these patients were hardly included in 

the randomized trastuzumab trials. We do know that these patients have a worse 

outcome compared to patients with HER2-negative tumors in the absence of HER2-

directed therapy [10-13]. We conducted a nationwide cohort study and compared overall 

survival (OS) and breast-cancer-specific survival (BCSS) of patients with stage I HER2-

positive breast cancer who did or did not receive adjuvant trastuzumab-based 
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chemotherapy. A total of 3512 patients was identified from the Netherlands Cancer 

Registry of whom 45% had received chemotherapy and/or trastuzumab (92% received 

both). OS and BCSS at eight years were significantly higher in the treated compared to the 

untreated group (95% versus 84% and 96% versus 92%, respectively). The observed 

improvement in survival with treatment remained significant after adjusting for 

imbalances in baseline characteristics between the treatment groups. The treatment 

effect on survival was very similar for T1a, T1b and T1c tumors and for hormone-receptor-

positive and hormone-receptor-negative tumors. We concluded that patients with node-

negative HER2-positive breast cancer benefit from adjuvant trastuzumab-based 

chemotherapy regardless of the size of their tumor. The benefit of this treatment should 

be balanced against the potential side effects and needs careful discussion by the 

oncologist and individual patient. 

 

Chemotherapy backbone for HER2-directed treatment (chapter 5, 6 and 7) 

Anthracyclines are included in standard (neo)adjuvant chemotherapy regimens for early 

breast cancer [14, 15]. The introduction of trastuzumab resulted in the evaluation of 

anthracycline-free regimens because both anthracyclines and trastuzumab are associated 

with cardiotoxicity [16-19]. The first and most commonly studied anthracycline-free 

regimen in early HER2-positive breast cancer consists of three-weekly docetaxel, 

carboplatin and trastuzumab [5]. The use of weekly paclitaxel has shown great activity in 

both early and metastatic breast cancer, and has been associated with less hematological 

toxicity compared to three-weekly taxane administration [20-22]. Therefore, we evaluated 

the efficacy and safety of an anthracycline-free neoadjuvant regimen consisting of weekly 

paclitaxel and carboplatin plus trastuzumab in 108 patients with stage II-III HER2-positive 

breast cancer in the multicenter TRAIN-1 study (NCT00768859). This alternative 

anthracycline-free regimen was highly effective with 43% of patients achieving a pCR. In 

addition, no symptomatic left ventricular systolic dysfunction was observed during 

neoadjuvant treatment. In the subsequently designed randomized multicenter TRAIN-2 

study the relative efficacy and safety of the paclitaxel-carboplatin regimen was compared 

to an anthracycline-containing regimen, with concurrent dual HER2-blockade including 

trastuzumab and pertuzumab in both arms (NCT01996267). The safety results of the first 

110 patients were in line with the safety results of all 438 included patients, but reaching 

statistical significance only in the latter. In both analyses febrile neutropenia and left 

ventricular ejection fraction decline grade ≥2 (according to Common Terminology Criteria 

for Adverse Events version 4.03) were more frequently seen in the anthracycline-
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containing arm. Symptomatic left ventricular systolic dysfunction was rare in both arms in 

the first 110 patients and in the overall study population. The higher incidence of grade ≥3 

diarrhea observed in the anthracycline-free arm in the first analysis, was no longer seen in 

the final analysis of all included patients. With regard to efficacy, no difference in pCR rate 

between the arms was found with similar high pCR rates with and without the use of 

anthracyclines (67% and 68%, respectively). Although, the study was not powered to 

detect a subtle difference in pCR rate between the arms, the almost equal pCR rates and 

the favorable toxicity profile of the anthracycline-free arm do support the use of an 

anthracycline-free regimen as an excellent alternative regimen in the presence of dual 

HER2-blockade. Follow-up is needed to confirm the observed similar activity of both 

regimens in terms of long-term survival. 
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General discussion 

 

The studies described in this thesis aim to refine the systemic treatment of patients with 

early HER2-positive breast cancer by addressing three different aspects. The first aspect is 

response evaluation using imaging, the second is the use of trastuzumab-based 

chemotherapy in stage I disease, and the third is the chemotherapy backbone for HER2-

directed therapy. 

 

Response evaluation using imaging 

Imaging can be used to evaluate the tumor response during and after neoadjuvant 

therapy with possibilities for response-based treatment adaptations. Ideally, the final 

response is predicted early during neoadjuvant therapy to limit exposure to ineffective 

treatment and deploy alternative treatment options. In addition, early identification of 

very good responders may help to limit exposure to systemic therapy and thus reduce 

overtreatment. Evaluation of the response by imaging outperforms response evaluation 

by physical examination [1, 2]. The best imaging modality or combination of modalities for 

response evaluation during and after neoadjuvant treatment still needs to be determined. 

We evaluated response evaluation during neoadjuvant treatment using positron emission 

tomography combined with computed tomography (PET/CT) with radiolabeled fluor-18-

deoxyglucose (18F-FDG) and after completion of treatment using contrast-enhanced 

magnetic resonance imaging (CE-MRI). 

 

The response of the primary tumor in the breast has received most attention [3, 4], 

although the presence and response of lymph node metastases conveys important 

additional prognostic information [5, 6]. We observed that the metabolic response of the 

tumor in the breast correlates poorly with the metabolic response in the axilla during 

neoadjuvant therapy in HER2-positive breast cancer, including some cases with inverse 

responses (chapter 2). Also, we found that the metabolic breast response poorly 

discriminates patients who will and will not achieve a pathologic complete response (pCR) 

in breast and axilla (i.e., pCR total). These findings indicate that we cannot rely solely on 

the metabolic response of the breast tumor to predict pCR total. Indeed, we found that 

pCR total prediction improved numerically and near-significantly, by taking both the 

metabolic response of the breast and the axilla into account, although the AUC-value did 

not rise above 0.72. Based on our findings the metabolic response during neoadjuvant 

therapy as assessed by repeated 18F-FDG PET/CT evaluation to predict pCR seems limited 

in HER2-positive breast cancer, but other studies did find a significant association between 

the early metabolic response and pCR in this subtype [3, 7, 8]. In addition, studies 
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implementing thresholds to classify metabolic responders and metabolic non-responders 

found higher pCR rates in patients classified as metabolic responders [4, 9, 10]. We 

focused on the correlation between the metabolic response of the breast and axilla, in 

order to determine if response evaluation of the breast tumor is sufficient to predict pCR 

total and refrained from determining metabolic response thresholds. The variation in 

results found by different studies evaluating 18F-FDG PET/CT for early response evaluation 

can most likely be explained by differences in treatment regimens, timing of PET/CT, 

assessed PET-parameter, and definition of metabolic response and pCR. These differences 

in assessments underline the need for standardization of 18F-FDG PET/CT-procedures and 

evaluation, along with clearly defined uniform definitions, which are a prerequisite for the 

use of imaging as a biomarker. Taking these data together, 18F-FDG PET/CT is far from 

being validated for response evaluation during neoadjuvant treatment in routine clinical 

practice. 

A possible future step to enhance the visualization of tumors and their response to 

treatment is the use of more tumor-specific tracers like for example radiolabeled 

trastuzumab [11]. The use of molecular HER2-imaging has been evaluated in HER2-

positive metastatic breast cancer and seems a promising tool to evaluate heterogeneity of 

HER2-expression among different metastatic sites [12, 13]. Although PET/CT with 

zirconium-89 (89Zr) labeled trastuzumab may aid HER2-directed treatment selection, some 

patients with low or no 89Zr-trastuzumab uptake at baseline did show a response to 

trastuzumab-emtansine (T-DM1) and some with high uptake did not [12]. Data about 

sequential HER2-imaging to evaluate the response to HER2-directed therapy is scarce [13, 

14] and there is no data about its use as response monitoring tool in the neoadjuvant 

setting. Thus, the role of imaging with HER2-specific tracers in this setting is at present 

unexplored.  

More recently, we entered the era of so-called radiomics, in which a large amount of 

quantitative imaging features are extracted and analyzed to classify tumors according to 

different subgroups. Radiomics applied to pre-treatment 18F-FDG PET/CT and CE-MRI are 

subject of research to predict pCR and may show value in early response prediction in the 

future [15, 16]. 

 

Significant associations between imaging-based responses and pathologic tumor 

responses should be established as the initial step towards its potential use as biomarker 

and ideally correlation should be confirmed with survival endpoints. Subsequently, like for 

any other predictive biomarker, it should be demonstrated that using the image-based 
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response for treatment decisions improves patients’ clinical outcome, and is cost-effective 

[17]. If this is the case we would expect that neoadjuvant treatment will be superior to 

adjuvant treatment, which has not been demonstrated so far [18, 19]. The lack of clinical 

outcome improvement by neoadjuvant therapy up to now may be due to suboptimal 

response evaluation methods or the lack of good alternative (systemic) treatment options. 

In the Gepartrio trial patients were randomized to an alternative treatment regimen or 

continuation of the same regimen after evaluation of the response (primarily by 

ultrasound) after two neoadjuvant treatment cycles. In the group classified as non-

responders, pCR rates were similar between patients who had switched or continued their 

regimen (6% versus 5%), but significantly less toxicity was observed with the adapted 

treatment regimen [20]. Furthermore, at a median follow-up of 62 months a significant 

improvement in disease-free survival (DFS) was observed in the switched arm compared 

to the continuation arm (hazard ratio 0.59, 95% confidence interval 0.49-0.82, p=0.001), 

although this did not translate into an overall survival (OS) benefit [20, 21]. This study was 

performed in all breast cancer subtypes and patients with HER2-positive disease did not 

receive trastuzumab. Nevertheless, these results suggest that image-based response 

adaptations are beneficial at least in terms of reducing toxicity and hints towards 

improving long-term outcome. The Avataxher trial addressed the same question in HER2-

positive patients using 18F-FDG PET. After two cycles of three-weekly docetaxel plus 

trastuzumab the non-responders were randomized (2:1 ratio) to continue this regimen 

with or without bevacizumab. The pCR rate was 54% in early responders, 44% in non-

responders randomized to bevacizumab and 24% in non-responders who had not received 

bevacizumab [4]. Although promising, to be able to conclude that 18F-FDG PET aids 

selecting patients for bevacizumab treatment, randomization of the responders for 

bevacizumab would have been required as well, as the effect of bevacizumab may be 

similar in both response groups. Thus, well-designed trials are needed to validate imaging 

biomarkers and to demonstrate their prognostic and predictive value in guiding treatment 

decisions. Nevertheless, the benefit of response monitoring during neoadjuvant therapy 

with subsequent response-based treatment adaptations may not have been convincingly 

proven in terms of improved survival or pCR, stopping ineffective treatment inevitably 

reduces unnecessary toxicity, which is an important and recognized benefit. 

 

In HER2-positive breast cancer, CE-MRI is an established valuable imaging modality for 

assessment of the response of the primary breast tumor [22, 23]. In line with this, we 

found a good agreement between a radiologic complete response (rCR) of the breast as 
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assessed by CE-MRI after completion of neoadjuvant therapy and a pCR of the breast 

(chapter 3). We found that rCR corresponds to pCR in 73% of cases (reflecting the negative 

predictive value [NPV]) and that the agreement between rCR and pCR is especially good in 

hormone-receptor (HR) negative tumors (NPV 88%).  

In HER2-positive breast cancer high pCR rates are seen with currently available regimens 

with dual HER2-blockade, and pCR in the absence of chemotherapy has been observed 

[24-28]. Furthermore, early clinical and pathologic complete responses are seen [10, 24]. 

Especially noteworthy is the observed pCR breast rate of 11% after only 10-12 days of 

trastuzumab plus lapatinib [29]. Given the strong association between pCR and long-term 

outcome [30-32], these results suggest substantial overtreatment of at least a proportion 

of patients with current regimens. Consequently, the question arises if treatment de-

escalation is possible by selectively reducing or omitting chemotherapy. Thus, studies 

focusing on reducing treatment instead of intensifying treatment by adding drugs and 

prolonging treatment are warranted. Response-monitoring by imaging may be a suitable 

strategy to select patients for treatment de-escalation based on their response, as 

patients with a complete response early during treatment may not benefit from additional 

chemotherapy cycles. The association between rCR and pCR in our study provides a 

rationale to perform studies using sequential CE-MRI during neoadjuvant therapy to 

identify early complete responders. Subsequently, it can be evaluated whether premature 

discontinuation of neoadjuvant chemotherapy in these early rCR cases is feasible without 

jeopardizing outcome. We developed such a trial (i.e., TRAIN-3 study) during the 18th 

edition of the ECCO-AACR-EORTC-ESMO Workshop on Methods in Clinical Cancer 

Research and the proposed study design is illustrated in figure 1. The primary endpoint 

will be event-free survival (EFS) at three years of follow-up and the proposed trial design is 

similar to the single arm study of adjuvant paclitaxel plus trastuzumab in patients with 

small node-negative tumors [33, 34]. Of course a NPV of 100% would be ideal, but the 

observed NPV of 73% justifies the proposed design, and especially the NPV of 88% in the 

HR-negative subgroup, as missed neoadjuvant treatment cycles can be administered after 

surgery if pathologic examination does not confirm the observed rCR. Nevertheless, 

further improvement of imaging techniques to identify complete responders is preferred. 

Combining imaging with tumor biopsies in case of a rCR may be a strategy to increase the 

accuracy of pCR detection [35]. This approach is currently being studied as a minimal 

invasive alternative for surgery (NCT02455791, NTR6120). Starting with HER2-directed 

therapy (plus endocrine therapy in case of co-expression of hormone receptors) and 
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adding chemotherapy only in those cases with an insufficient response is another 

approach that deserves further exploration (NCT03161353) [36].  

 
Figure 1. Study design TRAIN-3  

 
 
We should keep in mind that pCR defined as the absence of invasive tumor in breast and 

axilla shows the best association with long-term outcome and is preferred over pCR of the 

breast alone [30, 31]. We observed that some patients did achieve a pCR breast, without a 

pCR axilla. Additionally, our study with 18F-FDG PET suggests that the correlation of the 

response in breast and lymph nodes is poor. Although different parameters are evaluated 

with 18F-FDG PET/CT and CE-MRI, this may also apply to responses observed by MRI and 

incorporating the response of both locations may therefore improve identification of pCR 

total. No imaging modality has been established to be the preferred method to identify 

the pathologic response in the axilla, and breast cancer subtype specific assessments are 

eagerly awaited [37, 38]. Thus, the development and examination of MRI-protocols or 

other (imaging) techniques to incorporate the evaluation of the axillary lymph node 

response is desired and may include alternative contrast agents to improve lymph node 

visualization [39]. One could also think of using so-called ‘liquid biopsies’ to evaluate 

circulating tumor cells, circulating tumor DNA or tumor-educated platelets to evaluate the 

response [40, 41]. These liquid biopsies may have the advantage of representing the 

entire tumor burden, irrespective of its location. However, these monitoring techniques 

are still subject of research. 
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To conclude, rCR of the breast as assessed by MRI after completion of neoadjuvant 

therapy corresponds well to pCR of the breast in HER2-positive breast cancer and 

therefore has the potential to identify early complete responders. Future studies, like the 

TRAIN-3 study, are warranted to evaluate if reducing treatment based on an early 

complete response is feasible to reduce toxicity while maintaining efficacy. Meanwhile, 

ongoing research to improve the identification of early complete responders with special 

focus on the response of axillary lymph nodes is desired. 

 

Systemic treatment in small node-negative tumors 

Uncertainty exists about whether the outcome of patients with stage I HER2-positive 

breast cancer improves with trastuzumab-based therapy, because these patients were 

mostly excluded from the randomized trastuzumab trials. In our nationwide cohort study, 

we found a significant improvement in OS and breast-cancer-specific survival (BCSS) with 

trastuzumab-based chemotherapy (chapter 4). In addition, no heterogeneity of treatment 

effect was observed according to tumor size or HR-status. Therefore, all patients with 

HER2-positive breast cancer may be considered for trastuzumab-based therapy, regardless 

of tumor size.  

The observational nature of our study has inherent limitations as discussed in detail in the 

corresponding chapter. Baseline characteristics differed between the treated and the 

untreated groups. In particular, untreated patients tended to be older and to have 

received less endocrine therapy as well and this may have resulted in an overestimation of 

the observed crude treatment benefit. Conversely, the treated group tended to have 

prognostic unfavorable breast cancer characteristics including larger tumor size, isolated 

tumor cells in the lymph nodes, higher tumor grade, and negative HR-status, and this may 

have resulted in an underestimation of the crude treatment effect. Correction for these 

imbalances and performing BCSS analyses provided most accurate estimations of the 

actual treatment effect, but residual confounding cannot be excluded. In addition, despite 

being the largest study performed in stage I HER2-positive breast cancer so far, even our 

study was hampered by relatively small sample sizes for subgroup analyses and especially 

by the low number of events. The low number of events in the treated groups, however, 

may be informative in itself. 

Most, but not all studies preceding ours showed at least a numerical improvement in 

outcome for patients with stage I disease with trastuzumab-based therapy, although 

limited by a small sample size or exclusion of T1c tumors (i.e., >1.0cm to 2.0cm) [42-47]. 

Current guidelines recommend considering trastuzumab-based therapy for node-negative 

182



General discussion 

 

disease in case of ≥T1b tumors (i.e. >0.5cm), but not for T1a tumors (i.e., ≤0.5cm) unless 

other risk factors are present (www.oncoline.nl) [48-50]. Thus, these recommendations 

assume a lower baseline risk for T1a tumors and/or a differential treatment effect 

according to primary tumor size. However, in accordance with our results, subgroup 

analyses of two randomized trastuzumab trials showed a similar benefit of trastuzumab 

irrespective of primary tumor size and nodal status [51, 52]. Although the observed 

beneficial effect of treatment in the T1a and T1b subgroups did not reach statistical 

significance, the divergence of the survival curves in the various subgroups is remarkable 

and we did not find heterogeneity of treatment effect according to primary tumor size. 

These results suggest that all HER2-positive tumors may benefit from trastuzumab-based 

chemotherapy. Of course, the risks and benefits of such treatment should be carefully 

discussed on an individual basis. Also, one should keep in mind that a large relative risk 

reduction may translate into a small absolute benefit in case the baseline risk is low. 

Over the years an increase in trastuzumab-based therapy administration in small node-

negative HER2-positive tumors has been observed by us and others [46, 53]. The rationale 

for this increase in use of treatment was presumably based on published data 

demonstrating a relative poor prognosis of these patients compared to their HER2-

negative counterparts and extrapolation of the benefit of trastuzumab-based 

chemotherapy seen in more advanced disease stages [51, 54-57]. With this in mind a 

randomized controlled trial including an arm without trastuzumab seems unethical and 

not feasible, and therefore level I evidence will most likely never be provided. 

Nevertheless, decisions regarding treatment have to be made in daily clinical practice and 

require guidance from the best available data. In the absence of a randomized clinical trial, 

we think that despite its observational nature, our large nationwide cohort study provides 

the best evidence to aid treatment decisions in stage I HER2-positive breast cancer. 

Moreover, as the nationwide coverage of the Netherlands Cancer registry reaches almost 

100%, external validity or generalizability of the results outperforms that of typical 

randomized trials [58]. This high quality registry database is extremely valuable and 

provides the opportunity to answer many unanswered questions not suitable for 

randomized trials. 

While we showed that systemic treatment improves outcome for patients with stage I 

HER2-positive breast cancer, a promising step forward is the evaluation of less aggressive 

treatment regimens than traditionally used to shift the risk/benefit ratio in a more 

favorable direction. In a recent update of their study results, Tolaney and colleagues 

reported an excellent 7-year BCSS of 99% with a regimen consisting of 12 weeks of weekly 
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paclitaxel plus trastuzumab in 406 patients with a tumor ≤3cm and without lymph node 

involvement in the majority of patients (99%) [33, 34]. Furthermore, as mentioned 

previously, pathologic complete responses have been reported with dual HER2-blockade 

without the use of chemotherapy in patients with stage II-III disease [24, 25, 28, 36, 59, 

60]. These data justify studies evaluating chemotherapy-free regimens in patients with 

stage I HER2-positive breast cancer. For example, dual HER2-blockade could be an option 

for HR-negative tumors, and endocrine therapy with either single or dual HER2-blockade 

may be an option in tumors with co-expression of hormone receptors (e.g., 

NCT02689921). When given in the neoadjuvant setting, response monitoring allows 

escalating treatment with chemotherapy in case of initial insufficient responses. Ideally, 

prognostic and predictive tools can identify patients beforehand who do not need 

systemic treatment, those who can be treated adequately with HER2-directed therapy 

alone, and those who do need chemotherapy plus HER2-directed therapy. An example of 

a well-studied and validated prognostic tool in HR-positive/HER2-negative breast cancer is 

the 70-gene expression profile or so-called ‘mammaprint’. This gene expression profile 

also demonstrated to aid treatment decisions regarding withholding chemotherapy for 

patients with T1-2 or operable T3 tumors with a maximum of three positive lymph nodes 

[61]. Its validity in HER2-positive breast cancer, however, is still subject of debate. The 

decision to start treatment in small HER2-positive breast cancer therefore requires careful 

weighing of potential risks and benefits and shared decision-making. If treatment is 

administered, weekly paclitaxel plus trastuzumab seems an excellent choice. Studies 

evaluating further treatment de-escalation in this patient population including 

chemotherapy-free regimens are warranted and results are eagerly awaited.  

 

Chemotherapy backbone for HER2-directed treatment 

Anthracyclines are a well-established and active component of the systemic treatment of 

breast cancer. Since the introduction of the highly effective HER2-directed antibody 

trastuzumab the search for equally effective anthracycline-free regimens started to 

prevent the overlapping cardiotoxic effects of trastuzumab and anthracyclines [62, 63]. In 

addition, anthracyclines are associated with an increased risk of secondary hematological 

malignancies, while cyclophosphamide, which is typically administered along with 

anthracyclines is most profoundly associated with a negative effect on fertility [64, 65]. 

The aim of the TRAIN-1 study (NCT00768859) was to evaluate the efficacy and toxicity of a 

neoadjuvant anthracycline-free regimen consisting of weekly paclitaxel, trastuzumab and 

carboplatin (PTC) in patients with stage II or III HER2-positive breast cancer (chapter 5). 
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We found a high pCR rate of 43% in the 108 evaluable patients in the TRAIN-1 study, 

which is similar to rates observed with a taxane plus dual HER2-blockade [24, 66]. Cardiac 

safety was excellent with no symptomatic decreases in left ventricular ejection fraction 

(LVEF) during the study. Furthermore, a similar pCR rate was seen in an additional cohort 

of 70 evaluable patients treated with the same regimen outside the context of the trial.  

Weekly paclitaxel has shown great activity [25, 33, 67-70] and improved outcomes 

compared to three-weekly administrations in early and advanced breast cancer [71-74]. 

The largest randomized study assessing different taxane and dosing regimens in early 

breast cancer is the four-armed adjuvant ECOG-E1199 trial [71]. In the first analysis 5-year 

DFS was significantly improved with three-weekly docetaxel and weekly paclitaxel 

compared to three-weekly paclitaxel, but only weekly paclitaxel was associated with a 

significant OS benefit. However, in the updated analysis with a median follow-up of 12 

years, the initially observed improved outcome with weekly paclitaxel was less 

pronounced [75]. The three-weekly paclitaxel arm was chosen as the reference group and 

a direct comparison between three-weekly docetaxel and weekly paclitaxel was not 

performed. Despite this, the data suggest at least similar activity of both regimens. 

Exploratory subgroup analyses did not identify a preferred taxane regimen in patients with 

HER2-positive tumors [71, 75]. Of note, trastuzumab was not administered in this trial and 

it is unknown if this would have influenced the results. In terms of toxicity, weekly 

administrations have a favorable hematological toxicity profile, but conflicting results have 

been reported with regard to the incidence of neuropathy with some reporting higher 

rates [71, 74] and other lower rates [72, 73] with the use of weekly dosing not exceeding 

80mg/m2. Neuropathy is an important and potentially chronic toxicity of both taxanes and 

carboplatin, which may have substantial impact on quality of life and is especially 

important considering the long life expectancy of these patients. Despite an active 

research field in finding markers for neurotoxicity predisposition, prevention and effective 

treatment strategies, major breakthroughs reaching clinical practice are lacking [76, 77]. T-

DM1 as substitute for paclitaxel or docetaxel plus trastuzumab may reduce neurotoxicity 

and is currently evaluated as an alternative after anthracycline-based therapy in the Kaitlin 

trial (NCT01966471). In the context of an anthracycline-free regimen, T-DM1 as substitute 

for the paclitaxel-trastuzumab combination is being studied in stage I disease 

(NCT01853748), but T-DM1 in combination with carboplatin is not being studied. PTC can 

be regarded as an adapted version of the well-established ‘TCH’ regimen, which consists 

of three-weekly docetaxel, carboplatin and trastuzumab. Bearing all limitations of cross-

study comparisons in mind, pCR rates (using the same pCR definition) in the same range 
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have been reported with TCH (range 43-48% [78, 79]) and weekly PTC (range 43-76% [68, 

80]). Thus a clear preference of one anthracycline-free regimen over the other cannot be 

concluded based on currently available data. 

A direct comparison of a regimen without anthracyclines with standard sequential 

anthracycline-taxane regimens is required to postulate an anthracycline-free regimen as a 

good alternative treatment option. The best available prospectively collected data 

comparing an anthracycline-containing with anthracycline-free regimen plus trastuzumab 

in early HER2-positive breast cancer come from the randomized BCIRG-006 trial [51, 81]. 

This large trial demonstrated similar 10-year survival rates with a sequential anthracycline-

taxane regimen plus trastuzumab and the anthracycline-free TCH regimen (DFS 75% 

versus 73% and OS 86% versus 83%). Importantly, symptomatic cardiotoxicity, sustained 

ejection fraction decreases and leukemia were significantly more common in the 

anthracycline-arm. These data support the use of anthracycline-free regimens as an 

attractive treatment option and may become a new standard. However, the study was not 

designed to demonstrate a difference between the two trastuzumab-containing regimens. 

The arm with anthracyclines had the potential advantage of a longer treatment duration 

than the anthracycline-free arm (24 versus 18 weeks), which has been associated with 

better responses in the neoadjuvant setting [82]. Some critics may argue that despite the 

substantial increase in relative risk of developing leukemia and cardiotoxicity with 

anthracyclines, the absolute risk remains low (e.g., five times increased risk of chronic 

heart failure, but absolute incidence of 2% with anthracyclines) and may offset the small 

but potentially relevant absolute benefit of anthracyclines in terms of survival (2% for DFS 

and 3% for OS) [81]. The true incidence of cardiotoxicity in an unselected non-trial 

population may be higher, however, especially in view of the unfavorable cardiovascular 

risk-profile of many patients related to an unhealthy lifestyle [63, 83, 84]. Furthermore, it 

is unknown what effect asymptomatic declines in ejection fraction or more subtle effects 

not measured by routine cardiac assessments will have on the reserves of cardiac function 

[85]. The long life expectancy of breast cancer survivors allows time to develop late-onset 

cardiotoxicity. Therefore, cardiotoxicity may become a substantial problem. There may be 

patients that specifically benefit from anthracyclines and patients that can be very well 

treated without these agents. Also, some patients may be at higher risk to develop 

cardiotoxicity than others. At this time, we are not able to distinguish these patients from 

each other upfront. Findings from earlier studies, without the use of trastuzumab, 

suggested that HER2-positivity was a potential marker for benefit of adjuvant 

administered anthracyclines [86]. However, this finding could not be confirmed in later 

186



General discussion 

 

trials and focus shifted to other markers of which topoisomerase II-alpha (TOP2α) has 

probably received the most attention [87-89]. TOP2α is considered one of the main 

targets of anthracyclines, although other mechanisms of action have been proposed [90, 

91]. The TOP2α gene is located in close proximity to the HER2-gene on the same 

chromosome (chromosome 17) and is co-amplified in around two-thirds of HER2-positive 

tumors [51, 90, 92]. The TOP2α-protein is involved in DNA replication and transcription 

and interfering with this enzyme results in DNA double strand breaks [90, 91]. Due to its 

design, tumor samples of patients enrolled in the BCIRG-006 study provided the ideal 

platform to study the association between TOP2α-amplification and outcome according to 

treatment with and without anthracyclines in HER2-positive tumors [51, 90]. The results 

showed that there is an anthracycline benefit with co-amplification of TOP2α in the 

absence of trastuzumab, but TOP2α-amplification does not convey an anthracycline-

benefit in the presence of trastuzumab [90]. In line with this, anthracycline-treated 

patients had an improved survival if the tumor had an amplification of the centromere of 

chromosome 17 (CEP17), another proposed candidate marker for anthracycline benefit, in 

the absence but not in the presence of trastuzumab [93].  

With regard to prediction of anthracycline-associated cardiotoxicity, the cumulative dose 

of anthracyclines remains the most important identified risk factor so far, and age may 

play a role as well [94, 95]. Several studies evaluated genetic predisposition to develop 

anthracycline-associated cardiotoxicity, but validation of identified variants is awaited 

[96]. A recent study identified the single nucleotide polymorphism rs28714259 on 

chromosome 15 in an intergenic region, to be a potential marker candidate for developing 

anthracycline-induced cardiotoxicity, with supportive findings in two other adjuvant 

breast cancer trials, although anthracycline-specificity and a predictive value cannot be 

claimed based on this study [97]. 

In the era of dual HER2-blockade the efficacy of anthracycline-free regimens has not yet 

been defined. Only one randomized neoadjuvant trial has been performed with both a 

regimen with and without anthracyclines plus trastuzumab and pertuzumab [98]. The 

Tryphaena trial was a non-comparative three-armed trial, including two sequential 

anthracycline-taxane arms with anti-HER2 therapy initiation either at start of 

anthracycline administration or at start of taxane therapy, and one anthracycline-free 

arm. The pCR rate was 55-56% in the arms with anthracyclines and 64% in the non-

anthracycline-arm. Cardiac and overall safety was good in all three arms. Due to the 

design of the study no comparisons between the arms were made and superiority of one 

arm over the other could not be concluded. Thus, with the use of highly effective dual 
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HER2-blockade the role of anthracyclines is uncertain. Therefore, we performed the 

multicenter randomized TRAIN-2 study (NCT01996267) to directly compare an 

anthracycline-containing regimen with an anthracycline-free regimen of the same 

duration and in the presence of dual HER2-blockade with trastuzumab plus pertuzumab in 

both arms (chapter 6 and 7). The safety results of the first 110 included patients were in 

line with the safety results of all 438 included patients. Febrile neutropenia and grade ≥2 

LVEF decline (defined as a decrease of ≥10% or LVEF value <50%) were more common in 

the arm with anthracyclines compared to the arm without anthracyclines. Symptomatic 

left ventricular systolic dysfunction was rare in both arms. One patient randomized to the 

anthracycline-containing arm developed acute myeloid leukemia. With regard to efficacy, 

the observed pCR rates were similar and high in both arms, with 67% of patients achieving 

a pCR in the anthracycline-arm and 68% in the non-anthracycline arm. The observed pCR 

rate of 68% in the anthracycline-free arm is similar, but numerically higher, than 

previously reported pCR rates in trials applying a docetaxel-carboplatin regimen plus dual 

HER2-blockade (either pertuzumab or lapatinib) ranging from 52% to 64% [78, 98, 99]. 

Also, the pCR rate of 67% seen in the anthracycline-arm of the TRAIN-2 study is on the 

higher end of the range of pCR rates described so far with sequential anthracycline-taxane 

regimens with dual HER2-blockade (pCR rates ranging from 47-69%) [98, 100-105]. It has 

to be acknowledged that the study was powered to detect an absolute difference in pCR 

rate of 14% between the arms and was thus underpowered to detect a statistically 

significant subtle difference in pCR rate. Nevertheless, the almost equal pCR rates, the 

favorable toxicity profile of the anthracycline-free arm, and supportive findings of prior 

non-comparative trials do provide a rationale for the use of an anthracycline-free regimen 

as an excellent alternative regimen in the presence of dual HER2-blockade. Follow-up is 

needed to confirm the similar activity in terms of long-term survival. In the adjuvant 

Aphinity trial, 22% (n=1062) of patients received an anthracycline-free regimen as 

backbone for the comparison of single versus dual HER2-blockade and 3-year invasive DFS 

rates were similar with and without anthracyclines, however, chemotherapy regimen was 

not randomly assigned [106, 107]. With regard to the main objective of the Aphinity trial 

of assessing dual HER2-blockade with pertuzumab in the adjuvant setting, the results were 

disappointing despite being positive [106, 107]. As described in the introduction, a relative 

risk reduction of 19% was seen but with a small statistically significant absolute benefit in 

4-year invasive DFS of 1.7% with the addition of pertuzumab. Patients with node-positive 

disease or HR-negative tumors tended to benefit more from the addition of pertuzumab, 

but interaction tests were non-significant. The reported number needed to treat to 
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prevent one invasive DFS event was 112 in the overall group and decreased to 63 in the 

HR-negative subgroup and to 56 in the node-positive subgroup [107]. These results do not 

seem to justify (neo)adjuvant pertuzumab in all patients and its routine is a matter of 

debate, especially considering its high costs [108]. The large improvements in pCR with 

dual HER2-blockade compared to single blockade in the Neoaltto and Neosphere study, 

but modest improvements in survival in their adjuvant counterparts (Altto and Aphinity) is 

intriguing and questions the validity of translating results of neoadjuvant trials into the 

adjuvant setting [24, 66, 106, 107, 109-113]. The discrepancy in results can be explained 

by the difference in chemotherapy backbone: taxane only neoadjuvant versus 

polychemotherapy adjuvant, leaving less room for improvement in the adjuvant trials. 

Probably most important are the differences in eligibility criteria, with inclusion of more 

high-risk patients in the neoadjuvant studies. This risk difference is also reflected in the 

EFS results with follow-up of the neoadjuvant trials showing an absolute benefit of 5-7% 

after five to six years follow-up, albeit underpowered and therefore not significant [109, 

110, 113]. 

The survival benefit of one year pertuzumab in the adjuvant setting is too low and the 

number needed to treat to prevent one invasive DFS event is too high to warrant 

pertuzumab in all patients. Although invasive DFS is an internationally accepted endpoint 

[114], we want to prevent distant recurrences in particular, as these will mainly determine 

one’s prognosis. However, despite a similar hazard ratio for invasive DFS and distant 

recurrence-free interval, the latter did not differ significantly between the arms [106]. 

Again, biomarkers are paramount and should be developed. Meanwhile, it seems rational 

to restrict pertuzumab use to clinically high-risk patients, including those with node-

positive disease, to improve the cost/benefit ratio. In addition, pertuzumab may be 

stopped if pCR has been achieved after neoadjuvant therapy. Alternatively, a lower 

threshold for the use of pertuzumab may be considered if the price will drop and if it can 

be compensated by chemotherapy de-escalation, for example in combination with taxane-

only therapy instead of polychemotherapy. Future studies are needed to support these 

recommendations. 

 

Markers to predict therapy response to aid treatment selection 

As mentioned before, with the observed high pCR and survival rates achieved with current 

regimens plus HER2-blockade time seems to have come to shift our focus from escalating 

treatment to de-escalating treatment. Biomarkers to identify patients and tumors who are 

suitable for less versus more or other treatment are highly needed. The use of imaging as 
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a biomarker to guide treatment de-escalation has been described above. Alternatively, 

further molecular characterization may discriminate subgroups with different tumor 

biology, prognoses and hence different treatment needs and responses. Although, many 

attempts have been made to predict responses and outcome to HER2-directed therapies, 

HER2 is the only validated marker to predict response to date.  

Within the group of HER2-positive tumors at least two disease entities can already be 

distinguished based on routine assessment of the presence or absence of co-expression of 

hormone receptors [115]. Higher pCR rates are consistently found in HR-negative 

compared to HR-positive tumors with either single or dual HER2-blockade [24, 66, 98, 105, 

116]. Although triple-positive tumors express both HER2 and HR, the relative dependence 

on HER2 versus HR for cell proliferation and survival is unknown and may vary, between 

tumors but also over time and after treatment exposure. It is plausible that tumors are 

less likely to respond to HER2-directed therapy if HER2 is not the predominant signaling 

pathway in that tumor. Another possible explanation is that HR-positive tumors use the 

HR-pathway as an escape growth-signaling pathway when HER2 is blocked [117]. Based on 

this hypothesis, a neoadjuvant randomized trial was performed to evaluate the addition of 

concurrent endocrine therapy to chemotherapy plus dual HER2-blockade. While a 

statistically significant improvement in pCR rate was not shown (46% with versus 41% 

without), a detrimental effect, which has long been assumed to exist for combined 

chemo-endocrine therapy, was also not observed [27]. An additional hypothesis is the 

difference in immune response according to HR-status, with more lymphocyte infiltration 

seen in HR-negative tumors, which may influence response rates, as will be discussed 

below [115]. With the large difference seen in pCR rate between HR-positive and HR-

negative subgroups of HER2-positive tumors, probably reflecting different tumor biology, 

future trials should consider this difference regarding selection of therapies and for 

statistical assumptions. With regard to the latter, it is also important to note that the 

impact of achieving pCR is different according to HR-status and may thus influence the 

choice of the preferred primary endpoint [30-32].  

As briefly mentioned in the introduction, at least five molecular (or so-called ‘intrinsic’) 

breast cancer subtypes can be distinguished based on gene expression profiles and these 

subtypes have been associated with different outcomes [118, 119]. All five molecular 

subtypes have been identified within HER2-positive tumors, although the majority falls in 

the category of either the HER2-enriched or luminal subtype [120-122]. The highest pCR 

rates with chemotherapy plus HER2-directed treatment are observed in patients with 

HER2-enriched tumors and although lower, still considerable pCR rates are seen in the 
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other subtypes [120, 121, 123]. Tumors of the intrinsic basal-like subtype showed lack of 

trastuzumab benefit in terms of RFS in one study [122] and were associated with lack of 

pertuzumab benefit in terms of pCR in another study [123]. In contrast, others found that 

all intrinsic subtypes benefitted from adjuvant trastuzumab, including the basal-like 

subtype [124]. It has to be noted that the basal-like subgroup was small in all three studies 

(n=45-97) [122-124]. Thus, based on these findings we cannot exclude an intrinsic subtype 

for HER2-directed therapy or recommend HER2-directed therapy only for tumors of the 

HER2-enriched subtype.  

Probably most research aiming to identify markers for benefit of or resistance to 

trastuzumab (or other HER2-directed therapies) focused on the phosphoinositide 3-kinase 

(PI3K) pathway. Activating mutations in the PIK3CA gene, encoding the p110α catalytic 

subunit of PI3K, or loss of the tumor suppressor gene phosphatase and tensin homolog 

may result in a constitutive active PI3k-pathway independent of HER2-signalling and has 

been associated with trastuzumab resistance [125]. Despite a good rationale for 

involvement of this pathway in resistance to HER2-targeted therapies and an abundant 

number of studies performed, results are conflicting and it has not been validated as a 

predictive marker. In the neoadjuvant setting, lower pCR rates after trastuzumab-based 

therapy with or without lapatinib and pertuzumab have been observed in case of a PIK3CA 

mutation or an activated PI3K pathway measured otherwise compared to wild-type [121, 

126-128]. However, reported interaction tests between treatment and PIK3CA mutation 

status were non-significant [127, 129]. In line with findings in the neoadjuvant setting, no 

differential effect of HER2-directed therapy was reported according to PIK3CA mutation 

status in the adjuvant setting, but in contrast no prognostic value could be identified 

either [124, 130]. Thus, PIK3CA mutations do not seem to predict response to HER2-

diected therapy and its prognostic value is unclear.  

The presence of p95HER2, the truncated form of HER2 that lacks the antibody binding 

region seems a plausible marker for trastuzumab resistance [131]. Several neoadjuvant 

studies assessed the association between pCR and truncated HER2, but could not 

demonstrate a predictive role for this marker [132-134].  

The role of the immune system in predicting outcome has received much attention in 

recent years. With regard to trastuzumab and pertuzumab, the immune system is 

assumed to play a role in its mechanism of action by antibody-dependent-cellular-

cytotoxicity (ADCC), thus provides a rationale to assess immune features for predicting 

treatment efficacy. Trastuzumab-induced ADCC depends on interaction with FCγ receptors 

on immune cells, and therefore polymorphisms in the genes encoding FCγ receptors have 
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been studied in association with trastuzumab efficacy. One study reported a significant 

association between FCγR3A-158 genotype and trastuzumab benefit in early breast cancer 

[135], but two other studies did not observe this association [136, 137]. The presence of 

high levels of tumor-infiltrating lymphocytes (TILs) [138-140] or immune expression 

profiles [121, 140] in pre-treatment tumor samples have been associated with significantly 

higher pCR rates. A differential treatment effect with regard to HER2-directed therapy was 

not reported in these studies. However, a significant interaction was seen between 

treatment with carboplatin and TILs in one trial, making high TILs a potential predictive 

marker for response to carboplatin [140]. However, it could be that these high-TIL tumors 

are enriched for other characteristics, for example BRCA mutations, which are the 

underlying reason for the increased carboplatin benefit [141, 142]. Furthermore, in early 

breast cancer improved survival in case of high TIL levels has been demonstrated after 

chemotherapy treatment only [143, 144] and after chemotherapy plus HER2-directed 

therapy [139, 145]. In contrast, in another trial a worse outcome was found in patients 

with tumors with high baseline TILs treated with adjuvant chemotherapy only [145]. 

Promisingly, this trial reported a potential predictive role of TILs for trastuzumab benefit 

based on a significant interaction test, with trastuzumab benefit seen only in patients with 

tumors with high TILs [145]. This finding was confirmed by another study using gene 

expression analyses [146], but the opposite was found in a study evaluating TILs (i.e., only 

patients with tumors with low TILs benefitted from trastuzumab) [144]. Remarkable is the 

fact that patients included in the latter two translational studies originated from the same 

clinical trial. The discrepant results may be explained by a poor correlation between 

immune expression profiles and TILs as assessed histopathologically, although another 

study reported a positive correlation between immune-related genes and TILs [140]. 

Despite these mixed results, most studies hint towards a better outcome in trastuzumab-

treated patients with tumors with high TILs.  

Given the dynamic nature of tumors, existence of tumor heterogeneity, and multiple 

potential mechanisms of resistance plus the multiple mechanisms of action of applied 

therapies, it is likely that resistance to therapy cannot be explained by solely one marker. 

Therefore, combining several markers, performing pathway analyses or evaluating 

expression profiles may have more potential to become valid predictive aids [125, 128, 

147].  

 

With regard to patients that are not cured with current therapies, alternative or additional 

therapies should be explored. Neratinib, an orally available irreversible tyrosine kinase 
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inhibitor of the HER1, HER2 and HER4 receptor, may be a potential drug to improve 

outcome. In the Extenet trial, treatment with one year of neratinib after completion of 

standard (neo)adjuvant trastuzumab-based chemotherapy was evaluated in 2840 HER2-

positive early breast cancer patients. A significant improvement in invasive DFS was 

observed (hazard ratio 0.70, 95% confidence interval 0.50-0.98, p=0.04), although the 

absolute benefit at three years was only 2% [148, 149]. Instead of exposing all patients to 

additional therapies a more elegant approach is to evaluate alternative treatment options 

selectively, for example only in those patients with (extensive) residual disease after 

completion of standard neoadjuvant therapy. The randomized Katherine trial is an 

example of such a trial evaluating the relative efficacy of T-DM1 versus trastuzumab as 

adjuvant therapy in patients without a pCR (NCT01772472). Many more investigational 

drugs are currently being evaluated in HER2-positive breast cancer and will hopefully find 

their way into the clinic to improve outcome for patients. 

 

PCR as surrogate endpoint 

Some final words regarding pCR as surrogate endpoint for survival. With the use of pCR as 

surrogate endpoint for long-term survival we assume that the local response of the 

primary tumor (and lymph nodes) to therapy represents the response of micro-metastatic 

disease, that is held responsible for the development of distant recurrences. However, if 

the tumor cell population differs between the primary tumor and micro-metastases or 

micro-metastases were not present in the first place, discordant results may be seen. In 

these cases, patients achieving pCR may develop a recurrence and patients not achieving 

pCR may remain recurrence-free, both of which translates into a less than perfect 

association of pCR with long-term survival [150]. 

One large meta-analysis, including 36 studies and representing 5768 patients, specifically 

assessed the prognostic value of pCR in patients with HER2-positive tumors [32]. This 

analysis demonstrated that pCR is associated with a prolonged EFS and OS on a patient 

level (hazard ratio 0.37, 95% confidence interval 0.32-0.43 and hazard ratio 0.34, 95% 

confidence interval 0.26-0.42, respectively). The impact of pCR on EFS did vary according 

to HR-status (hazard ratio 0.29, 95% confidence interval 0.24-0.36 for HR-negative and 

hazard ratio 0.52, 95% confidence interval 0.40-0.66 for HR-positive tumors), and 

according to the use of neoadjuvant HER2-directed therapy (hazard ratio 0.45, 95% 

confidence interval 0.35-0.57 without and hazard ratio 0.35, 95% confidence interval 0.30-

0.40 with HER2-directed therapy). The different prognostic impact according to HR-status 

is most likely attributable to the fact that patients with HR-positive tumors receive their 
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endocrine therapy in the adjuvant setting and information about the response to this 

treatment is therefore not covered by evaluation of pCR. This adjuvant therapy probably 

dilutes the association between pCR and survival, as the prognosis of patients without a 

pCR may approach that of patients with a pCR as a result of their response to endocrine 

therapy. This is different from the continued adjuvant trastuzumab administration to 

complete one year of treatment that all HER2-positive breast cancer patients receive, as 

trastuzumab is initiated neoadjuvant and information about the responsiveness of the 

tumor to this therapy is thus at least partly reflected by the pathologic response. Another 

reason for the less pronounced association between pCR and survival in the HR-positive 

subgroup may be insufficient follow-up time as we know that HR-positive tumors tend to 

recur later than HR-negative tumors [151, 152]. On a trial-level, however, it is unclear how 

large the increase in pCR rate should be to translate into a significant survival benefit. This 

is vital for statistical considerations of future trials and to determine if new therapies 

should be considered active or not. Neoadjuvant trials with sufficient follow-up are 

needed to elucidate this uncertainty. Also important to think of in future trials is the trend 

towards more conservative surgery of especially the axilla, precluding evaluation of pCR 

(in the axilla) and may therefore limit its use as surrogate endpoint [153]. PCR is the most 

widely used pathologic surrogate endpoint for survival, but other evaluation measures 

have been studied as well. These alternative scoring systems have the potential advantage 

over the binary pCR classification of distinguishing several subgroups within the ‘no pCR’ 

group, which represents a heterogeneous group ranging from near pCR to no response at 

all [154-156].  

 

In conclusion, currently available treatment regimens including HER2-directed therapy 

result in a good prognosis in the majority of patients with early HER2-positive breast 

cancer. Given the good outcome, an opportunity to optimize systemic therapy for these 

patients is reducing treatment, while maintaining efficacy. One such strategy is the early 

discontinuation of chemotherapy in case of a complete radiologic response. Another 

opportunity is the use of less intensive or less toxic treatment regimens, of which 

anthracycline-free regimens and single agent chemotherapy instead of polychemotherapy, 

and possibly regimens with targeted agents only are good examples. In light of patients 

that do develop recurrences despite the currently effective treatment regimens, 

techniques to identify these patients early are needed and alternative or additional 

therapies should be explored in selected patients rather than in the entire HER2-positive 

breast cancer population. An example of such a strategy is to evaluate additional therapies 
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only in patients with residual disease after neoadjuvant therapy. With the wide scale of 

effective systemic treatment options for HER2-positive early breast cancer these days, the 

identification of clinical, pathological, molecular and/or imaging biomarkers to select the 

most appropriate treatment for an individual patient is eagerly awaited to maximize the 

benefit while avoiding unnecessary toxicity and costs. 
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Ongeveer 10-20% van de borstkankers is van het HER2-positieve subtype, dat in de 

afwezigheid van HER2-gerichte therapie gekarakteriseerd wordt door een agressief 

ziektebeloop [1-4]. Het gebruik van systemische therapie inclusief het HER2-gerichte 

antilichaam trastuzumab heeft de overleving van patiënten met HER2-positieve 

borstkanker aanzienlijk verbeterd [5]. De systemische behandeling van vroegstadium 

borstkanker, dat wil zeggen dat er geen uitzaaiingen op afstand zijn, kan of vóór de 

operatie (neoadjuvant) of ná de operatie (adjuvant) gestart worden. De neoadjuvante 

benadering heeft als voordeel dat de response gedurende de behandeling geëvalueerd 

kan worden met de mogelijkheid om de behandeling aan te passen indien deze niet 

effectief genoeg is. Tevens kan bij de neoadjuvante strategie gebruik gemaakt worden van 

vroege surrogaat eindpunten om de effectiviteit van de systemische behandeling te 

beoordelen. Studies die nieuwe therapieën evalueren uitgevoerd in de neoadjuvante 

setting met het gebruik van deze vroege surrogaat eindpunten hebben een kortere duur 

dan studies uitgevoerd in de adjuvante setting die overleving als eindpunt hebben. Het 

meest gebruikte surrogaat eindpunt na afronding van neoadjuvante therapie is de 

pathologisch complete response (pCR) die geassocieerd is met lange termijn overleving [6-

8].  

Ondanks dat de behandeling van vroegstadium HER2-positieve borstkanker al enorm 

verbeterd is, zijn er nog resterende vragen en mogelijkheden om de systemische 

behandeling van deze patiënten verder te verbeteren. Het doel van de studies die 

beschreven staan in dit proefschrift is het optimaliseren van de systemische behandeling 

van vroegstadium HER2-positieve borstkanker door drie verschillende aspecten te 

onderzoeken. Als eerste beschrijven we de response evaluatie door gebruik te maken van 

beeldvormde technieken tijdens en na neoadjuvante therapie en de implicaties hiervan 

voor het aanpassen van systemische therapieën (hoofdstuk 2 en 3). Als tweede evalueren 

we de winst van trastuzumab-bevattende chemotherapie voor patiënten met kleine klier-

negatieve tumoren (hoofdstuk 4). Als derde bespreken we welk chemotherapieschema de 

voorkeur verdient in combinatie met trastuzumab en pertuzumab (hoofdstuk 5, 6 en 7). 

 

Response evaluatie met gebruik van beeldvorming (hoofdstuk 2 en 3) 

Het bereiken van pCR na afronding van de neoadjuvante therapie, gedefinieerd als de 

afwezigheid van invasieve tumorcellen in de borst en oksel, is een gevalideerd en 

veelgebruikt surrogaat eindpunt voor het beoordelen van de effectiviteit van de 

behandeling in borstkanker [6-8]. Het zou echter van toegevoegde waarde zijn om al 

tijdens de neoadjuvante behandeling patiënten te kunnen identificeren die wel of niet een 
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pCR zullen bereiken zodat de therapie tijdig aangepast kan worden voordat alle geplande 

neoadjuvante systemische therapie gegeven is. Positron emission tomography 

gecombineerd met computed tomography (PET/CT) en radioactief gelabeld fluor-18-

deoxyglucose (18F-FDG) kan het glucose metabolisme in de primaire tumor en in lymfeklier 

uitzaaiingen visualiseren en gebruikt worden om de tumor response te beoordelen. Het is 

onbekend of de metabole response in de borst en oksel verschilt en of het beoordelen van 

de metabole response in de borst en oksel in plaats van in de borst alleen leidt tot een 

verbetering in het voorspellen van het bereiken van een pCR in borst en oksel (totale pCR). 

Om deze twee vragen te beantwoorden hebben we een studie gedaan in 60 patiënten 

met HER2-positieve borstkanker en lymfeklier uitzaaiingen in de oksel die opeenvolgend 

een PET/CT hebben ondergaan voorafgaand en tijdens neoadjuvante therapie. We zagen 

dat de correlatie tussen de metabole response in de borst en oksel slecht is in HER2-

positieve tumoren. Met betrekking tot het voorspellen van pCR hebben we gevonden dat 

de metabole response in de borst slecht voorspelt of er een totale pCR bereikt zal worden. 

Het voorspellen van totale pCR verbeterde van slecht naar redelijk door de metabole 

response in de oksel toe te voegen aan de voorspelling. Deze bevindingen helpen bij het 

gebruik en de interpretatie van PET/CT responsen en de consequenties voor response-

gebaseerde beslissingen ten aanzien van de behandeling. Vervolgens hebben we gekeken 

naar contrast-enhanced resonance imaging (CE-MRI) om patiënten met een pCR in de 

borst te identificeren na afronding van neoadjuvante therapie. Hiervoor hebben we 

onderzocht of en hoe goed een radiologisch complete response (rCR) overeenkomt met 

een complete response bij pathologisch onderzoek. Tweehonderdzesennegentig 

patiënten die neoadjuvant behandeld waren met trastuzumab-bevattende chemotherapie 

konden geïdentificeerd worden uit de tumorregistratie van het Nederlands Kanker 

Instituut. Een rCR werd in 206 patiënten gezien en 150 van hen hadden ook een pCR, 

resulterend in een negatief voorspellende waarde (NVW) van 73%. Omgekeerd, hadden 

91 patiënten geen rCR van wie 60 resterend tumorweefsel hadden bij pathologische 

evaluatie, hetgeen zich vertaalt in een positief voorspellende waarde (PVW) van 66%. De 

NVW was hoger in hormoon-receptor-negatieve tumoren en de PVW was hoger in 

hormoon-receptor-positieve tumoren. Standaard trastuzumab-bevattende neoadjuvante 

behandelingen hebben een duur van 18-24 weken en een vroege rCR wordt vaak gezien. 

Onze bevindingen bieden een rationale om in studieverband herhaaldelijk een CE-MRI uit 

te voeren gedurende de neoadjuvante therapie om vroege rCR te identificeren en te 

onderzoeken of de chemotherapie vroegtijdig gestopt kan worden in geval van een rCR. 

De studieopzet zou vergelijkbaar kunnen zijn met die van de eenarmige studie van Tolaney 
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en collega’s waarin adjuvant paclitaxel plus trastuzumab onderzocht werd in patiënten 

met kleine, klier-negatieve tumoren [9].  

 

Systemische therapie in kleine klier-negatieve tumoren (hoofdstuk 4) 

Trastuzumab-bevattende therapie, in adjuvante of neoadjuvante setting, is onderdeel van 

de standaardbehandeling van stadium II-III (tumor >2cm of positieve lymfeklieren) HER2-

positieve borstkanker. Het is onzeker of patiënten met stadium I ziekte (tumor ≤2cm en 

negatieve lymfeklieren) eveneens voordeel hebben van trastuzumab-bevattende 

chemotherapie omdat deze patiënten nauwelijks geïncludeerd zijn in de gerandomiseerde 

trastuzumab studies. Wel weten we dat deze patiënten in afwezigheid van HER2-gerichte 

therapie een slechtere prognose hebben dan patiënten met HER2-negatieve tumoren [10-

13]. We hebben een landelijke cohort studie uitgevoerd waarin we de algehele overleving 

en de borstkanker-specifieke overleving hebben vergeleken van patiënten met stadium I 

HER2-positieve borstkanker die wel of niet trastuzumab-bevattende chemotherapie 

hebben gekregen. In totaal konden 3512 patiënten geïdentificeerd worden uit de 

Nederlandse Kanker Registratie van wie 45% behandeld was met chemotherapie en/of 

trastuzumab (92% met beide). Acht jaar na diagnose waren de algehele overleving en de 

borstkanker-specifieke overleving significant beter in de behandelde dan in de 

onbehandelde groep (95% versus 84% en 96% versus 92%, respectievelijk). De gevonden 

overlevingswinst met behandeling bleef significant na correctie voor verschillen in 

basiskarakteristieken tussen de twee behandelgroepen. Het effect van behandeling op 

overleving was gelijk voor T1a, T1b en T1c tumoren en voor hormoon-receptor-positieve 

en hormoon-receptor-negatieve tumoren. Onze conclusie was dat patiënten met klier-

negatieve HER2-positieve borstkanker voordeel kunnen hebben bij adjuvant trastuzumab-

bevattende chemotherapie ongeacht de grootte van de tumor. Het voordeel van deze 

behandeling moet afgewogen worden tegen de potentiele bijwerkingen en moet met de 

individuele patiënt besproken worden door de behandelend arts.  

 

Chemotherapieschema in combinatie met HER2-gerichte therapie (hoofdstuk 5, 6 en 7) 

Anthracyclines zijn een vast onderdeel van standaard (neo)adjuvante chemotherapie 

schema’s voor vroegstadium borstkanker [14, 15]. De introductie van trastuzumab heeft 

ertoe geleid dat anthracycline-vrije schema’s onderzocht zijn omdat zowel anthracyclines 

als trastuzumab geassocieerd zijn met cardiotoxiciteit [16-19]. Het eerste en meest 

gebruikte anthracycline-vrije schema voor vroegstadium HER2-positieve borstkanker 

bestaat uit driewekelijks docetaxel, carboplatin en trastuzumab [5]. Het gebruik van 
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wekelijks paclitaxel heeft laten zien erg effectief te zijn in zowel vroegstadium als 

uitgezaaide borstkanker en was geassocieerd met minder hematologische toxiciteit dan 

driewekelijkse taxaan toediening [20-22]. Om deze reden hebben we in de multicenter 

TRAIN-1 studie (NCT00768859) de effectiviteit en veiligheid onderzocht van een 

anthracycline-vrij schema bestaande uit wekelijks paclitaxel, carboplatin en trastuzumab 

in 108 patiënten met stadium II-III HER2-positieve borstkanker. Dit alternatieve 

anthracycline-vrije schema bleek zeer effectief in het bereiken van pCR met een pCR in 

43% van de patiënten. Bovendien werd er tijdens de neoadjuvante behandeling geen 

symptomatische systolische linker ventrikel disfunctie gezien. Daaropvolgend is de 

gerandomiseerde multicenter TRAIN-2 studie (NCT01996267) opgezet om de relatieve 

effectiviteit en veiligheid van het paclitaxel-carboplatin schema te onderzoeken in 

vergelijking met een anthracycline-bevattend schema in aanwezigheid van dubbele HER2-

blokkade bestaande uit trastuzumab en pertuzumab in beide armen. De 

toxiciteitsresultaten van de eerste 110 patiënten kwamen overeen met de 

toxiciteitsresultaten van alle 438 geïncludeerde patiënten, maar alleen in de 

laatstgenoemde werd statistische significantie bereikt. In beide analyses werd febriele 

neutropenie en linker ventrikel ejectie fractie daling graad ≥2 (volgens Common 

Terminology Criteria voor Adverse Events versie 4.03) vaker gezien in de anthracycline-

bevattende arm. Symptomatische systolische linker ventrikel disfunctie werd zelden 

gezien in beide armen in zowel de eerste 110 patiënten als in de gehele studiepopulatie. 

De aanvankelijk gerapporteerde hogere incidentie van graad ≥3 diarree in de 

anthracycline-vrije arm in de eerste analyse werd niet meer terug gezien in de 

uiteindelijke analyse met alle patiënten. Met betrekking tot de effectiviteit, werden hoge 

en vrijwel gelijke pCR percentages gevonden met en zonder het gebruik van 

anthracyclines (67% en 68%, respectievelijk). Alhoewel de studie niet genoeg power had 

om een subtiel verschil in percentage pCR tussen beide armen aan te tonen, 

ondersteunen de vrijwel identieke percentages pCR en het gunstigere bijwerkingenprofiel 

van de anthracycline-vrije arm, het gebruik van een anthracycline-vrij schema als een 

uitstekend behandelschema in de aanwezigheid van dubbele HER2-blokkade. Het is 

belangrijk om de patiënten in de studie te blijven volgen om zodoende de gelijke 

effectiviteit van beide behandelingen te bevestigen in termen van lange-termijn 

overleving.  
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hoog kwalitatief en klinisch relevant onderzoek. Dit in combinatie met je ongekende 

gedrevenheid en enthousiasme, vaak tot uiting komend in die geweldige schaterlach, 

vormen een enorme bron van inspiratie, dankjewel! 
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Lieve Carlijn, Leo en Sas, Japan, wat een reis! Zoveel indrukken en vooral wat een 

geweldige tijd samen. Het was de perfecte manier om nog even op te laden voor de 

laatste eindsprint voor de afronding van mijn promotie. Dankjulliewel voor jullie eeuwige 
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maar vooral ook voor al die gezellige en hilarische momenten samen tot op heden en in de 

toekomst! Ik prijs mezelf enorm gelukkig met zulke vriendinnen als jullie!  

Lieve Carlijn, wat een fijn idee dat jij naast me zal staan tijdens de verdediging van mijn 

proefschrift. Als ik van iemand altijd op aan kan, ben jij het! 

 

Dear Sara, thank you for your enthusiasm and interest in what I do and for your endless 

support including the grammar checks! 

 

Lieve schoonfamilie, Herman, Sylvia, Anton, Josephine, dank voor jullie eeuwige interesse 

in wat ik doe en wie ik ben en kleine Floris voor de vreugde die je brengt. Het is altijd een 

feestje om bij en met jullie te zijn! Herman, natuurlijk ook dank voor de regelmatig 

terugkerende bemoedigende woorden: ‘lijden hoort erbij, want als promoveren alleen 

maar leuk zou zijn, zou iedereen wel promoveren’.  

 

Lieve Alex, ik kan me geen fijnere zwager wensen dan jij! Altijd kan ik bij jou (en Welmoed) 

terecht voor een goed gesprek. Dank voor jouw rotsvaste vertrouwen in mij; jij wist altijd 

zeker dat ik dit proefschrift zou voltooien. 

Welmoed, liefste zus en life coach tegelijk, natuurlijk vroeg ik jou om mijn paranimf te zijn 

en zei je ‘ja’ nog voordat je wist wat het inhield. Dankjewel dat ik altijd op jou kan 

rekenen, zo ook tijdens dit traject van relativerende en opbeurende woorden die ik nodig 

had om nog even door te zetten tot aan last minute panty’s voor een congres! Je bent 

geweldig, dankjewel voor alles! 
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