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A B S T R A C T   

Background: Pathologic complete response (pCR) rates in early stage HER2-positive breast cancer improved after 
pertuzumab was added to neoadjuvant treatment. However, survival benefit is less-well established and seems 
mostly limited to node-positive patients. We used national cancer registry data to compare outcomes of patients 
treated with and without pertuzumab. 
Methods: We identified stage II-III HER2-positive breast cancer patients treated with neoadjuvant trastuzumab- 
based chemotherapy between November 2013 until January 2016 from the Netherlands Cancer Registry. Dur
ing that period pertuzumab was only available in the 37 hospitals that participated in the TRAIN-2 study. Missing 
grade and pCR-status were obtained from the Dutch Pathology Registry (PALGA) and cause of death from Sta
tistics Netherlands. We used multiple imputation to impute missing data, multivariable logistic regression to 
evaluate the association between pertuzumab and pCR (ypT0/is, ypN0) and multivariable Cox regression models 
for overall survival and breast cancer specific survival (BCSS). 
Results: We identified 1124 patients of whom 453 received pertuzumab. Baseline characteristics were compa
rable, although tumor grade was missing more often in patients treated without pertuzumab (12% vs. 2%). 
Pertuzumab improved pCR rates (41% vs 65%, adjusted odds ratio [aOR] 2.91; 95% CI:2.20–3.94). After a 
median follow-up of 6.0 years, 5-year BCSS rates were 95% and 98% respectively (adjusted hazard ratio [aHR]: 
0.58; 95% CI:0.36–0.95). Younger patients derived more benefit from pertuzumab, but no other significant in
teractions were found. 
Conclusion: These results support earlier data of a small survival benefit with the addition of pertuzumab to 
trastuzumab-based neoadjuvant chemotherapy which is most meaningful in younger patients.  

Abbreviations: Adj, adjuvant; aHR, adjusted hazard ratio; ALD, axillary lymph node dissection; aOR, adjusted Odds ratio; BCS, breast conserving surgery; BCSS, 
breast cancer specific survival; CBS, Statistics Netherlands; cN, clinical lymph node status; cT, clinical tumor stage; EMA, European Medicines Agency; EFS, even-free 
survival; ER, estrogen receptor; US Food and Drug Administration, (FDA); HER2, human epidermal growth factor receptor 2; HR, hormone receptor; MARI, marking 
axillary lymph nodes with radioactive iodine seeds; NCR, Netherlands Cancer Registry; Neo-Adj, neoadjuvant; NST, invasive carcinoma of no special type; OS, overall 
survival; PALGA, Dutch Nationwide Pathology Databank; pCR, pathologic complete response; PR, progesterone receptor; SNP, sentinel node procedure; T-DM1, 
trastuzumab emtansine. 
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1. Introduction 

Pertuzumab is a monoclonal antibody directed to the extracellular 
domain of the human epidermal growth factor receptor 2 (HER2). The 
addition of pertuzumab to neoadjuvant trastuzumab-based chemo
therapy for stage II and III HER2-positive breast cancer is based on the 
results of the NeoSphere trial, which showed improvement in patho
logical complete response (pCR) rate from 29% to 46% [1]. Subsequent 
clinical trials in which patients were treated with neoadjuvant trastu
zumab, pertuzumab and different chemotherapy backbones showed 
comparable results [2–4]. Another study evaluated the effect of 
combining pertuzumab and trastuzumab in the adjuvant setting for the 
duration of one year and found a small invasive disease-free survival 
benefit and no overall survival (OS) benefit after six years of follow up 
[5,6]. Long term benefit of pertuzumab seems modest and most pro
nounced in patients with a higher risk of breast cancer recurrence [6,7]. 
Therefore, the current international guidelines state that pertuzumab 
may be added to neoadjuvant treatment as standard of care especially in 
lymph node positive and/or estrogen receptor negative patients [8,9]. 
However, if pertuzumab should be added to the treatment of clinical 
stage II, lymph node negative and hormone receptor positive patients 
remains unclear. 

In the Netherlands, pertuzumab was first added to the neoadjuvant 
treatment of HER2-positive breast cancer in 2014 in the TRAIN-2 trial in 
which 37 hospitals participated [4]. Patients participating in TRAIN-2 
were randomized to receive dual HER2-blockade with either an 
anthracycline-containing or an anthracycline-free chemotherapy regime 
of the same duration [4]. Since pertuzumab was not reimbursed outside 
the study until January of 2016, most patients who were treated in 
hospitals that did not participate in the study received chemotherapy 
and trastuzumab only. This provided an opportunity to evaluate path
ological complete response rate and five-year survival in early stage 
HER2-positive breast cancer patients treated with trastuzumab-based 
chemotherapy with or without pertuzumab in a quasi-experimental 
setting. 

2. Materials & methods 

2.1. Patient and data collection 

Patient data was obtained from the Netherlands Cancer Registry 
(NCR). The NCR has nationwide coverage in all Dutch hospitals and data 
is collected by trained and experienced data managers. We identified all 
patients with clinical stage II and III HER2-positive breast cancer who 
received neoadjuvant treatment with chemotherapy plus trastuzumab 
with or without pertuzumab during the inclusion period of the TRAIN-2 
study (November 2013 until January 2016). All patients included in the 
TRAIN-2 study received pertuzumab as part of their neoadjuvant trial 
regimen. Completing one year of HER2-blockade with trastuzumab was 
standard of care for patients treated within and without the TRAIN-2 
study. Patient and tumor characteristics, neoadjuvant treatment 
schedule, pathological stage at surgery, adjuvant treatment, survival 
status, and date of last follow-up are all part of standard data collected 
by the NCR. Breast cancer specific survival (BCSS) was obtained by 
linking the data to cause of death data by Statistics Netherlands (CBS). 
For missing pathology data (tumor grade, ER and/or PR, pT-status and 
pN-status we linked the data with the nationwide network and registry 
of histo- and cytopathology in the Netherlands (PALGA) [10]. Cases with 
missing tumor grade of which a baseline biopsy was available were 
scored by a dedicated breast pathologist (JS). We defined estrogen re
ceptor (ER) and progesterone receptor (PR) positivity as at least 10% 
positive nuclear staining as stated in the Dutch National Guidelines [11]. 
HER2-positivity was defined as an immunohistochemistry score of 3+, 
or 2+ with amplification by in situ hybridization. Pathology findings 
were not centrally reviewed. 

2.2. Endpoints 

Pathological complete response was defined as complete disappear
ance of all invasive tumor cells of the breast and axilla (ypT0/is, N0), 
with either presence or absence of ductal or lobular carcinoma in situ. 
BCSS was defined time from diagnosis of primary breast cancer until 
death from breast cancer or censoring other causes of death. OS was 
defined as the time between the date of diagnosis of primary breast 
cancer until the date of death from any cause or last follow-up date. 
Patients who were alive were censored at time of last follow-up visit. 
Breast cancer recurrences are not standardly registered in the NCR 
registration and therefore not available for other time-to-event analysis. 

2.3. Statistical analyses 

Missing data was imputed using multiple imputation with ten im
putations based on the maximum percentage missing data (10%). More 
details can be found in the supplements (p.2). Results based on the 
imputed data set are presented in the main text, but complete case 
analysis results are available in the supplements. Univariable logistic 
regression was used to identify potential associations between patient 
and tumor characteristics and pCR. Factors that were identified to be 
associated with pCR or survival in previous studies were included in the 
multivariate model, as were factors with P < 0.05 in univariable anal
ysis. To evaluate differential treatment benefit between subgroups, 
pairwise interactions with pertuzumab were included in the regression 
models. OS and BCSS were estimated with the Kaplan Meier method. 
Cause-specific Cox proportional hazard regression models were used for 
survival analyses. An univariable sensitivity analysis was performed 
treating for death from other causes as competing risk. We considered P 
values of <0.05 as statistically significant. All tests were two-sided. 
Statistical analyses were performed with SPSS 25.0 (IBM Corp., 
Armonk, NY, USA) and R version 4.0. 

3. Results 

We identified 1124 patients who received neoadjuvant trastuzumab- 
based chemotherapy for stage II and III HER2-positive breast cancer 
between November 2013 and January 2016 from the Netherlands 

Fig. 1. Flow diagram of included patients. Abbreviations: Neo-Adj, neo
adjuvant; pCR, pathological complete response; BCSS, breast cancer specific 
survival; OS, overall survival. 
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Cancer Registry (Fig. 1). Patient characteristics are summarized in 
Table 1. Four hundred fifty-three patients received pertuzumab as part 
of their neoadjuvant regimen while 671 did not. The vast majority of 
patients (423 of 453) receiving pertuzumab participated in the TRAIN-2 
study. Ten percent of patients participating in TRAIN-2 were treated in 
non-teaching hospitals. No statistically significant differences between 
the two cohorts were found for age, clinical tumor stage, clinical nodal 

stage and hormone receptor status. However, since more participating 
centers were open for enrollment in the TRAIN-2 study in 2015 date of 
diagnosis differs between the groups. Also, tumor grade was missing in 
more patients in the group that did not receive pertuzumab as this was 
routinely registered within the trial. Additionally, more patients treated 
with pertuzumab received an anthracycline-free chemotherapy regimen 
as per the design of the TRAIN-2 study [4]. 

3.1. Pathologic complete response 

Pathological complete response rates according to treatment group 
and hormone receptor status are shown in Fig. 2. Overall, 551 of 1104 
(49.9%) patients reached a pCR after neoadjuvant systemic treatment. 
Of the patients treated without pertuzumab, 269 of 660 (40.7%) reached 
a pCR, versus 282 of 432 (65%) patients treated with pertuzumab 
(adjusted odds ratio (aOR) 2.91; 95% CI 2.20–3.84). This difference was 
more pronounced in hormone-receptor negative patients (aOR 4.27, 
95% CI 2.57–7.11) compared to hormone-receptor positive patients 
(aOR 2.30. 95% CI 1.63–3.25, p for interaction = 0.005). Analyses in 
other subgroups are presented in the supplements in which no formal 
interaction was identified although patients with tumor grade 3 more 
often reach a pCR numerically (p.4). Odds ratio’s across other subgroups 
as age and clinical disease stage indicate no clear benefit differences. 

3.2. Breast cancer specific survival and overall survival 

During a median follow-up of 6.0 years, 90 patients had died of 
breast cancer, 11 patients died of other causes and 2 patients of un
known causes. Kaplan-Meier plots for lymph node negative and positive 
patients are presented in Fig. 3. Kaplan-Meier plots for OS and BCSS 
overall are presented in the supplements (p.5). BCSS rate after five years 
was 92% in patients treated with trastuzumab–based chemotherapy and 
95% when pertuzumab was added (adjusted hazard ratio [aHR] 0.58; CI 
95% 0.36–0.95). This was confirmed in a competing risk analysis, which 
showed a similar hazard ratio (0.57; CI 95% 0.36–0.90). Subgroup an
alyses showed a greater BCSS benefit for pertuzumab in patients 
younger than 50 years (aHR 0.34; CI 95% 0.15–0.75, p for interaction =
0.04) (Fig. 4). No statistically significant interaction was found across 
other subgroups and adjusted hazard ratios showed overlapping CIs. 
However, pertuzumab benefit is numerically more evident in lymph 
node positive disease and even more pronounced in stage III patients 
(Fig. 3 and supplements, p.5). Five-year OS was 90% (95% CI 88.2%– 
92.7%) in patients treated without and 95% (95% CI, 92.5%–96.6%) in 

Table 1 
Patient and treatment characteristics.   

No Pertuzumab 
(n = 671) 

Pertuzumab (n 
= 453)  

n % n % 

Age     0.18 
≤50 363 54.1% 264 58.3%  
>50 308 45.9% 189 41.7%  
Year of diagnosis     <0.001 
2013 64 9.5% 5 1.1%  
2014 310 46.2% 136 30.0%  
2015a 297 44.3% 312 68.9%  
WHO-performance status      
0 313 46.6% 272 60.0% <0.001 
1 46 6.9% 33 7.3%  
2 1 0.1% 1 0.2%  
4 1 0.1% 0 0.0%  
Unknown 310 46.2% 147 32.5%  
Clinical tumor stage     0.98 
cT0-2 469 69.9% 317 70.0%  
cT3-4 202 30.1% 136 30.0%  
Clinical nodal stage     0.70 
N0 217 32.3% 157 34.7%  
N+ 450 67.1% 293 64.7%  
Unknown 4 0.6% 3 0.7%  
Hormone receptor status     0.65 
Positive (ER or PR ≥ 10%) 421 62.7% 273 60.3%  
Negative (ER and PR < 10%) 249 37.1% 180 39.7%  
Unknown 1 0.1% 0 0%  
Tumor grade     <0.001 
Grade 1-2 216 32.2% 217 47.9%  
Grade 3 376 56.0% 225 49.7%  
Unknown 79 11.8% 11 2.4%  
Histology     0.47 
NST 640 95.4% 433 95.6%  
Lobular 27 4.0% 19 4.2%  
Other 4 0.6% 1 0.2%  
Neo-Adj chemotherapy      
Anthracycline based 530 79.0% 238 52.5% <0.001 
Anthracycline free 141 21.0% 215 47.5%  
Breast Surgery     0.001 
BCS 353 52.6% 253 55.8%  
Mastectomy 318 47.4% 192 42.4%  
None 0 0% 8 1.8%  
Axillary staging     <0.001 
SNP/MARI 186 27.7% 215 47.5%  
ALD 251 37.4% 120 26.5%  
Unknown method 209 31.7% 95 21.0%  
None 25 3.7% 23 5.1%  
Radiotherapy     0.70 
Yes 549 81.8% 366 80.8%  
No 122 18.2% 87 19.2%  
Adj. chemotherapy     0.82 
Yes 13 1.9% 7 1.5%  
No 658 98.1% 446 98.5%  
Endocrine therapy (overall)     0.36 
Yes 381 56.8% 244 53.9%  
No 290 43.2% 209 46.1%  
Endocrine therapy (HRþ)     1.00 
Yes 375 89.1% 243 89.0%  
No 46 10.9% 30 11.0%  

Abbreviations: ER, estrogen receptor; PR, progesterone receptor; NST, invasive 
carcinoma of no special type; Neo-Adj, neoadjuvant; BCS, breast conserving 
surgery; SNP, sentinel node procedure; MARI, marking axillary lymph nodes 
with radioactive iodine seeds; ALD, axillary lymph node dissection; Adj, adju
vant; HR+, hormone receptor positive. 

a Includes January 2016. 

Fig. 2. Bar chart of pCR with adjusted odds ratios for pCR – overall and ac
cording to hormone receptor status. Abbreviations: pCR, pathological complete 
response; HR-positive, hormone receptor positive; HR-negative, hormone re
ceptor negative; aOR, adjusted odds ratio: analyzed in multiple imputated data 
set and adjusted for age, clinical tumor stage, clinical nodal status, tumor grade, 
anthracyclines (yes/no), histology and in case of all patients: hormone recep
tor status. 
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patients treated with pertuzumab (aHR: 0.51, 95% CI 0.32–0.82). Re
sults for complete cases and subgroup analyses for OS are presented in 
the supplements (p.6-7). 

4. Discussion 

We evaluated pCR rates, BCSS and OS in patients treated with and 
without neoadjuvant pertuzumab in a nationwide cohort. Patients 
treated with pertuzumab had higher pCR rates, BCSS and OS. Increase in 
pCR rate was largest in hormone receptor negative patients, while long 
term benefit seemed independent of hormone receptor status. Overall, 
younger patients and with lymph node positive breast cancer seem to 
benefit most of dual HER2-blockade with pertuzumab with regard to 
BCSS. 

Our findings are in line with the results of previous clinical trials and 
the current international breast cancer guidelines. In the NeoSphere 
study, 5-year progression-free survival was 86% in patients treated with 
trastuzumab plus pertuzumab in combination with docetaxel, versus 
81% in patients treated without pertuzumab. Since this study was 
powered for pCR as primary endpoint the event-rate was too low for 
formal comparison between treatment arms [7]. In the APHINITY trial, a 
small improvement in invasive-disease free survival was observed with 
the addition of pertuzumab to adjuvant trastuzumab-containing 
chemotherapy after six years of follow-up (91% vs 88%). This effect 
was most pronounced in the lymph node positive subgroup. No overall 
survival benefit has been demonstrated so far [6]. Other clinical trials in 
which pertuzumab was added to various chemotherapy backbones had 
3-year event free-survival (EFS)-rates ranging from 92 to 94% and 
5-year EFS ranging from 82% to 94% [12–15]. Previously published 

comparative real world studies only evaluated pCR or only assessed 
recurrence-rates in patients achieving a pCR [16–19]. 

PCR is approved by the European Medicines Agency (EMA) and US 
Food and Drug Administration (FDA) as surrogate endpoint in early 
breast cancer trials. The prognostic value of pCR is found across breast 
cancer subtypes, but is highest in triple negative and HER2-positive 
breast cancer [20–22]. However, a large and more recent published 
meta-analysis including 54 randomized trials did not find a strong as
sociation between pCR and disease-free survival [23]. Although the 
analysis was not based on individual patient data and results were not 
stratified within HER2-positive subgroups the findings stress the need 
for supportive real-world evidence of survival benefit for agents 
approved and widely prescribed following trials powered for surrogate 
endpoints. 

So, real-world data are important to assess the validity of clinical 
trial results in clinical practice. However, analyses of treatment effects 
based on real-world data suffer from bias including confounding-by- 
indication. A strength of our study is that use of pertuzumab was 
largely based on whether a hospital participated in the TRAIN-2 trial, 
rather than on individual patient characteristics. This design reduces 
bias resulting from confounding-by-indication. Residual confounding 
was addressed in multivariable analyses adjusting for differences in 
baseline characteristics. Importantly, patients treated with and without 
pertuzumab were diagnosed in the same time period, precluding 
changes in treatment guidelines over time to influence the results. 
Another strength of our study is the prospectively defined dataset 
routinely collected by the nationwide Netherlands Cancer Registry. 

Some limitations need to be acknowledged. First, residual con
founding still exists, as in any observational study despite the unique 

Fig. 3. Kaplan-Meier curves for breast cancer specific survival by lymph node status. A. Breast cancer specific survival per treatment group in clinical lymph node 
negative (cN0) patients; B. Breast cancer specific survival per treatment group in clinical lymph node positive (cN+) patients. 

Fig. 4. Forest Plot for Breast Cancer Specific Survival overall and within subgroups. Abbreviations: HR-positive, hormone receptor positive; HR-negative, hormone 
receptor negative; cT, clinical tumor stage; cN, clinical lymph node status; aHR, adjusted hazard ratio. 
ꝉTx patients are also included in cT0-2. #aHR for complete case analysis 
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setting and adjustment for baseline characteristics. Although the ma
jority of eligible patients in the participating centers were included in 
the trial, we have limited information on why some patients did not 
participate. Importantly, for these analyses we only used data that was 
extracted from the Netherlands Cancer Registry rather than the TRAIN-2 
trial database. This resulted in a substantial percentage of missing data 
on important prognostic factors as tumor grade and performance-status. 
Secondly, we do not have information on breast cancer recurrence as 
this was not routinely registered in the NCR. Third, differences in 
chemotherapy backbone and duration exist between patients treated 
with or without pertuzumab, as anthracycline-free schedules were 
largely restricted to patients treated in the TRAIN-2 trial with pertuzu
mab. In addition, the anthracycline-free regimen within the trial con
sisted of nine cycles taxane-carboplatin and was generally of longer 
duration than anthracycline-containing schedules used outside the study 
[4]. Finally, adjuvant treatment with T-DM1 was not yet incorporated in 
guidelines during the study and this may limit the extrapolation of the 
long-term survival results to current day practice. 

Our study confirms previous findings that pertuzumab improves pCR 
and long-term survival in patients with stage II and III HER2-positive 
breast cancer. The 25% increase in pCR rate and 5% increase in 5- 
year BCSS must be weighed against the well-known safety profile of 
pertuzumab. The most limiting side effect is diarrhea, which is seen in 
up to 46% of patients when combined with docetaxel and trastuzumab. 
This can be burdensome and may lead to dehydration, electrolyte im
balances and sometimes hospitalization [1,24]. In addition, the costs of 
pertuzumab increase health care expenses [25]. Therefore, a high need 
remains to select patient in whom pertuzumab can be omitted. The 
Adapt trial successfully showed that patients with small lymph node 
negative disease treated with only trastuzumab and taxanes have 
excellent survival rates [26]. In addition, translational studies on mo
lecular subtype suggest that HER2-enriched subtype or IHC 3+ tumors 
are most sensitive to dual HER2-blockade whereas basal-like tumors do 
not seem to benefit at all [27–29]. Further studies are needed to confirm 
these findings. 

Also, patients who have excellent response to (dual) HER2-blockade 
could be excellent candidates for chemotherapy de-escalation to avoid 
toxicity even more. In Neosphere 11% of patients treated with only 
trastuzumab and pertuzumab reached a pCR. Therefore multiple 
chemotherapy de-escalation studies are executed. In PHERGAIN pa
tients received trastuzumab and pertuzumab and chemotherapy was 
only added if the response was less than a reduction in maximum 
standardized uptake value of 40% from baseline after cycle two. The 
corresponding pCR rate in responders, thus not receiving neoadjuvant 
chemotherapy, was 38%. Early response defined as ≥30% Ki-67 
decrease or <500 invasive tumor cells in biopsy after three weeks 
resulted in a pCR rate of 45% in HR-negative patients treated with tar
geted treatment only in the WSG-ADAPT-HER2+/HR– [30]. In the 
multicenter phase 2 TRAIN-3 trial (NCT03820063) patients are treated 
with chemotherapy plus trastuzumab and pertuzumab and response is 
monitored by MRI every three cycles. In case of a radiologic complete 
response on MRI breast patients are referred for early surgery. 

In conclusion, our data supports the current international treatment 
guidelines to add pertuzumab to trastuzumab-based neoadjuvant 
chemotherapy in patients with stage II and III HER2-positive breast 
cancer in both hormone receptor-positive and hormone receptor- 
negative patients. Younger patients and those with a higher risk of 
breast cancer recurrence seem to benefit most from pertuzumab. More 
research on predictive biomarkers is needed to further investigate if 
there is a subgroup of patients in whom pertuzumab can be safely 
omitted. Great responders to HER2-directed therapy could be candidates 
for chemotherapy-free treatment regimens. 
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