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Objectives: The combination of trastuzumab and chemotherapy has
been the standard neoadjuvant treatment for HER2 positive stages
IIA–IIIC breast cancer. However, recent clinical trials support the
neoadjuvant use of pertuzumab combined with trastuzumab in con-
junction with chemotherapy to improve pathological complete re-
sponse (pCR) rates. Our main objective was to determine whether
the trastuzumab-pertuzumab dual blockade in neoadjuvant HER2-
positive breast cancer patients achieves higher rates of pCR rela-
tive to patients where only trastuzumab was used. Methods: This
was a prospective cohort study in patients at San Pedro's Hospital in
Logroño (Spain) with HER2 positive breast cancer who were candi-
dates for neoadjuvant therapy. 39 patients received dual block treat-
ment and were compared with a non-concurrent (retrospective) con-
trol group of 39 patients receiving single block treatment. Results: Ac-
cording to the logit model, the coefficient that relates the probability
that the pathological response is complete in the case of dual block-
ade was positive (2.272) and significant at 1% (p-value less than 0.01).
The correlation coefficient between radiological and pathological re-
sponse was 0.87 when we consider dual block treatment. Mucositis
was the most frequent adverse effect (29.49% of the sample). There
were 3 cardiac events in the single block group and none in the dual
block group. Conclusions: The pCR was greater in the dual block group
than in the single block group (69.23% versus 25.64%). There was a
greater correlation between radiological and pathological response
in dual blockade patients. Safety profile was similar in both groups.
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1. Introduction
Breast cancer is the most prevalent in women worldwide,

representing 30% of tumors in women [1]. Approximately
15–20% of breast cancer patients present with overexpression
of the HER2 protein (human epidermal growth factor recep-
tor 2) [2] mediated by the HER2 gene. Cases of breast cancer
with HER2 gene amplification or HER2 protein overexpres-
sion are called HER2 positive and have been associated with
an aggressive form of the disease, reduced responses to tra-
ditional therapies, and lower survival [3, 4]. The main prog-
nostic factors in localized breast cancer are lymph node in-

volvement and tumor size when considering high risk stage
II and III tumors (tumor size >2 cm and/or lymph node in-
volvement) [5].

Fortunately, the prognosis for HER2 positive breast can-
cer patients has markedly improved following the develop-
ment of a number of anti-HER2 targeted therapies including
trastuzumab, pertuzumab, lapatinib and trastuzumab emtan-
sine all of them in combination with chemotherapy [4]. The
clinical guidelines define HER2 positive tumors at stages IIA
to IIIC as candidates for anti-HER2 neoadjuvancy [4].

In neoadjuvant treatment, the use of trastuzumab in com-
bination with chemotherapy has resulted in an improve-
ment in disease-free survival (DFS) and overall survival
(OS), as well as a higher rate of pathological complete re-
sponses (pCR) [3–8], defined as the total absence of infiltra-
tive component of the tumor in pathology analysis after post-
neoadjuvant surgery (T0N0) [9]. pCR is also considered if
there is only in situ component. The classification used to
define pCR is that of Miller and Payne [10]:

Degree of local response:
• Grade 1 (pNR): no response.
• Grade 2 (pPR): minor reduction (less than 30%).
• Grade 3 (pPR): some reduction (between 30 and 90%).
• Grade 4 (almost pCR): marked reduction (greater than

90%).
• Grade 5 (pCR): absence of residual infiltrating cancer.

There may be carcinoma in situ.
Degree of regional response:
• A: negative lymph nodes with no changes attributable to

chemotherapy.
• B: positive lymph nodes with no post-chemotherapy

changes.
• C: positive lymph nodes with evidence of partial re-

sponse to chemotherapy.
• D: lymph nodes with post-chemotherapy changes and no

residual involvement.
In recent years, most neoadjuvant clinical trials have used

pCR as the primary endpoint of the study, demonstrating
a statistically significant association between pCR and long-
term prognosis: disease free survival (DFS) and overall sur-
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vival (OS) [11]. Although the final diagnosis of pCR af-
ter neoadjuvant treatment is anatomopathological, control
imaging tests prior to surgery provide information about
the radiological response, with Nuclear Magnetic Resonance
(MRI) being the preferred modality [11]. It is important to
know if there is a correlation between the radiological re-
sponse and pCR. The radiological classification used is the
GEICAM group one [12]:

• NR (No Response): when no changes are observed or
progression is observed.

• Minor PR (Minor Partial Response): reduction in tumor
size less than 50%.

• Major PR (Major Partial Response): reduction in tumor
size greater than 50%.

• CR (Complete Response): absence of residual tumor.
Several clinical trials such as NeoSphere, TRYPHAENA,

KRISTINE or PAMELA have shown that neoadjuvant treat-
ment has a similar efficacy to adjuvant treatment in terms of
EFS and OS [8]. However, the administration of chemother-
apy and anti-HER2 therapy prior to surgery has multiple ben-
efits including facilitating surgical resection and the aesthetic
result of surgery, increasing the rate of breast-conserving
surgeries, evaluating tumor chemosensitivity in vivo, identi-
fying predictive response biomarkers and carrying out early
treatment on micrometastases. Studies indicate that pCR also
has prognostic value, being an indicator of long-term survival
[8, 13].

Of interest to us in the present study is evidence from
phase II clinical trials which supports the neoadjuvant use
of the combination of pertuzumab and trastuzumab added to
chemotherapy to improve the rates of pCR [14]. NeoSphere,
TRYPHAENA and other trials concluded that the adminis-
tration of pertuzumab as part of the neoadjuvant treatment
of localized or locally advanced HER2-positive breast cancer
achieved a higher rate of pCR. There are no conclusive data
on long-term DFS and OS results [7, 8, 10, 12].

The main objective of the present study was to anal-
yse whether the trastuzumab-pertuzumab dual blockade,
used as neoadjuvant therapy in patients with HER2-positive
breast cancer (stages IIA–IIIC), shows an improved pCR
(T0N0) relative to patients receiving a single blockade with
trastuzumab. Taking into account the characteristics of the
patient, neoadjuvant treatment patterns and types of surgery,
additional objectives consisted in evaluating the correlation
between pCR and radiological response for the two treat-
ments, evaluating adverse effects and the safety profile and
calculating added cost.

2. Material andmethods
2.1 Study design and population

A prospective cohort study group consisted of patients at
San Pedro’s Hospital in Logroño (La Rioja, Spain) diagnosed
with HER2 positive breast cancer. The patients were candi-
dates for the dual trastuzumab/pertuzumab dual block neoad-
juvant therapy treatment program initiated in May 2017,

with patients recruited until May 2020. The patients received
chemotherapy, mainly with anthracyclines and taxanes. The
control group was derived retrospectively from patients with
HER2 positive breast cancer who had neoadjuvant therapy
with single block trastuzumab added to chemotherapy with
anthracyclines or taxanes from the period prior to instituting
the dual block treatments (prior to May 2017).

The inclusion criteria were: patients over 18 years of age
with HER2 positive breast cancer, diagnosed at San Pedro’s
Hospital during the years 2008–2020, stages IIA–IIIC (FIGO),
candidates for neoadjuvant therapy and with available data
on the evaluation of the response. The main exclusion crite-
ria were: pluripathological patients not candidates for com-
plementary chemotherapy (denied by Oncology Service), pa-
tients older than 90 years, patients with a LVEF less than 52%,
patients with bilateral breast cancer and relapses of breast
cancer prior to the period studied.

The research was conducted in accordance with Good
Clinical Practice standards and the current revision of the
Declaration of Helsinki. There was no financial compensa-
tion for the participants or funding for the research team.
The study was approved by the Research Ethics Committees
of La Rioja, Spain (CEImLAR) with the study reference code
EPA SP 108. Written informed consent was provided to all
patients.

2.2 Sample size and sampling procedure

All patients that met the inclusion criteria were collected
consecutively from May 2017 (start of the dual block pro-
gram) and throughout the data collection period without
sampling. Deceased patients were also eligible, to avoid se-
lection bias in the study findings. An initial sample size of 60
patients was anticipated while 78 were eventually included
in the study (39 dual block and 39 controls with single block).
The control group was also selected without sampling, retro-
spectively in a retrograde manner from patients treated prior
to the initiation of the double block program.

2.3 Statistical analysis

Data was collected in accordance to privacy policies. IBM
Corp. Released 2017. IBM SPSS Statistics for Windows,
Version 25.0. (IBM Corp, Armonk, NY, USA) was used for
further statistical analysis. In all statistical tests, p< 0.05 was
considered as the reference value of significance.

For the descriptive analysis, the categorical variables were
expressed with their frequencies and percentages. The cor-
relation study was made of Pearson correlation.

The Logit model is a non-linear model which was used
in the regression analysis. It indicates the probability that an
event will occur (indicated by the dependent variable) when
the explanatory variables increase by one unit. It is expressed
by a logistic regression function to analyse the probability
when we have dependent and categorical variables without
normal distribution. As the dependent variable (pathological
response) is categorical, we have to use the Logit model for
the analysis of the relationship of dual block treatment with
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a pCR. It takes a value of “1” if there is a pathological com-
plete response, that is, absence of residual infiltrating cancer
(Grade 5-pCR) and a value of “0” in the case of no response
(Grade 1-pNR).

We used the study group and control group as the inde-
pendent variables of interest indicating the specific treatment
that each patient has received. It takes a value of “1” if they
have received dual block (PT) and a value of “0” in the case of
single block (T).

In addition, we also included other control variables such
as age, hormonal treatment, type of surgery, development or
not of menopause, and family history. Not all the variables
collected were included to avoid problems of multicollinear-
ity (variables that explain the same thing) or endogeneity
(independent variables that explain each other). Our Logit
model could be formulated mathematically in the following
way:

Prob (ResponseAP = 1) = F (β0 + β1 × T/PT + βjZj)
(1)

In this mathematical formula, “T/PT” is the treatment vari-
able (variable of interest) and “Zj” is the set of control vari-
ables. Furthermore, F = exp (β)

1+exp (β) where “β” is the set of es-
timated coefficients. This formula was used to estimate the
probabilities.

If the estimated coefficients (“β”) are positive, the prob-
ability that the answer is complete increases. Furthermore,
to avoid biases, we carried out a robust estimation of het-
eroscedasticity, in such a way that the coefficients were not
affected by heteroscedasticity or autocorrelation problems.

To calculate the additional costs to implementing the dual
block neoadjuvant therapy was necessary to take a standard
65 kg patient for. Treatment with trastuzumab alone in-
volved 18 cycles in total, the first being at a dose of 8 mg/kg
and the remaining 17 at intervals of 21 days at a dose of 6
mg/kg.

Table 1. Patient demographic andmedical data.

Characteristic
Single T block Dual TP block

n (%) n (%)

Median age 51.71 52.76
Median tumor size 4.99 4.31
Family history of breast cancer 9 (23.07%) 17 (43.58%)
Caucasian 33 (84.61%) 33 (84.61%)
Smoking habits 4 (10.25%) 4 (10.25%)
Premenopausal 12 (30.77%) 9 (23.07%)
Median age of menarche 12.56 12.71
Hormonal treatment 14 (35.89%) 14 (35.89%)
Breastfeeding 24 (61.53%) 23 (58.97%)
Without concomitant diseases 21 (53.84%) 15 (28.46%)
Cardiovascular events 11 (28.20%) 14 (35.89%)

3. Results
3.1 Descriptive analysis

Table 1 shows the characteristics of the study group (dual
TP block) and the control group (single T block). Regarding
the stage, the most prevalent was IIB in control group and the
mode in the study group was IIA stage.

Table 2. Study details and treatment responses.
Single Block Dual PT block

n (%) n (%)

Radiological response
No response 4 (10.25%) 0
Minor partial response 9 (23.07%) 0
Major partial response 12 (30.76%) 19 (48.71%)
Full response 14 (35.89%) 20 (51.28%)
Total 39 (100%) 39 (100%)

Anatomopathological response
Grade 1. No response 7 (17.94%) 1 (2.56%)
Grade 2. Reduction less than 30% 5 (12.82%) 0
Grade 3. Some reduction 8 (20.51%) 4 (10.25%)
Grade 4. Marked reduction 9 (23.07%) 7 (17.94%)
Grade 5. Pathological complete response 10 (25.64%) 27 (69.23%)
Total 39 (100%) 39 (100%)

Miller and Payne
1B 7 (17.94%) 1 (2.56%)
2B 1 (2.56%) 0
2C 2 (5.12%) 0
2D 2 (5.12%) 0
3A 2 (5.12%) 0
3B 1 (2.56%) 1 (2.56%)
3C 3 (7.69%) 3 (7.69%)
3D 3 (7.69%) 0
4A 0 1 (2.56%)
4C 5 (12.82%) 1 (2.56%)
4D 3 (7.69%) 5 (12.82%)
5A 0 11 (28.20%)
5C 2 (5.12%) 2 (5.12%)
5D 8 (20.51%) 14 (35.89%)
Total 39 (100%) 39 (100%)

Surgery
Tumorectomy + sentinel ganglion 1 (2.56%) 11 (28.20%)
Mastectomy + sentinel ganglion 4 (10.25%) 3 (7.69%)
Tumorectomy + axillary lymphadenectomy 15 (38.46%) 16 (41.02%)
Mastectomy + axillary lymphadenectomy 19 (48.71%) 9 (23.07%)
Total 39 (100%) 39 (100%)

Histological type
Ductal infiltrating 37 (94.87%) 37 (94.87%)
Lobulillar infiltrating 2 (5.12%) 0
Inflammatory 0 1 (2.56%)
Mucinous infiltrating 0 1 (2.56%)
Total 39 (100%) 39 (100%)

The study details and treatment responses when compar-
ing the dual TP block group and the single T block group are
presented in Table 2. If we look at the radiological response,
in single T block group 35.89% presented a full response and
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51.28% in the case of dual PT block. A greater partial response
(tumor reduction more than 50%) was produced 30.76% in
the first group and in the last group it was a 48.71%.

On the other hand, in the case of the anatomopathological
response, 25.64% of the patients of the single T block group
presented a grade of 5, that is, absence of residual infiltrat-
ing cancer. While both the single block and the dual block
provide a treatment for this type of tumor, the rate of pCR
in the dual block group was 69.23% and in the single block
group 25.64%. From this we can conclude that, in the dual
treatment group, for more than half of the patients, the tu-
mor disappeared completely.

Greater variability is observed in the Miller and Payne
classification variable, although we observed that between
20–30% obtained a “5-D” score in both groups, which rep-
resents a complete local and regional response (tumor and
lymph node).

The most performed surgery in the single T block group
was mastectomy with axillary lymphadenectomy (48.71%)
and, in the dual PT block group it was the tumorectomy with
axillary lymphadenectomy (41.02%), leaving the performance
of selective sentinel lymph node biopsies for axillary staging
in the background. This shows the possibility to increas-
ingly perform conservative breast surgery by doing dual block
instead of single block, although the axillary lymphadenec-
tomy still continues to be necessary. 94.87% of the sample
presented infiltrating ductal histology and 60.96% were hor-
monal receptor positive (Luminal B-like molecular subtype)
and 39.04% of the sample was hormonal receptor negative
(pure overexpressed HER2 neu).

The most frequent adverse effects were asthenia, mucosi-
tis, nausea, vomiting and gastroesophageal reflux, with com-
binations of these in most patients.

Regarding survival, 80.77% of the sample met criteria for
disease-free survival greater than 6 months after completing
treatment, and 10.26% had died from breast cancer, none of
them in dual PT block.

3.2 Correlations
In Table 3 we show the correlation matrix between all

of the more relevant variables. It should be noted that the
Pearson correlation coefficient between the radiological re-
sponse and the pathological response for the combined pa-
tient groups is 0.67 representing the highest correlation co-
efficient observed among all the variables. The relationship
between these responses is high, and since the coefficient is
positive, both variables respond in the same direction. That
is, a positive radiological response would be associated with
a positive anatomopathological response, and vice versa.

The correlation coefficient between the radiological re-
sponse and the pathological response increases to 0.87 when
we consider only the dual-block treatment instead of the en-
tire sample as a whole. With this we ratify the first of the
specific objectives: there is a greater correlation between ra-
diological and pathological response in dual block group.

It should also be noted the positive correlation coefficients

of both responses with the treatment, which would indicate
a certain relationship between the type of treatment and the
response. We will check this next through a regression anal-
ysis.
3.3 Regression analysis

We can verify, as shown in Table 4, that the estimated co-
efficient is positive (2.272) and significant at 1% (p-value less
than 0.01). This indicates that dual-block treatment increased
the probability that the response would be complete, that is,
that the cancer would disappear completely. In this way, we
were able to achieve the main objective of this study: to de-
termine whether the trastuzumab-pertuzumab dual blockade
used as a neoadjuvant in patients with HER2-positive breast
cancer (stages IIA–IIIC) achieved a greater pathological com-
plete response (T0N0). In addition, we observed that the
probability of a complete response with dual blockade is 0.98,
while the probability with single blockade is 0.91, making a
complete response more likely when dual blockade is admin-
istered.

To complete our study, we introduced the radiological re-
sponse into the regression to verify that there is a positive
relationship between the two, as indicated by the correlation
coefficients.

As shown in Table 5, the estimated coefficient of radiolog-
ical response is significant at 1% and positive. This confirms
that a complete radiological response increased the probabil-
ity that there was also a pathological complete response.

Regarding the control variables, it should be noted that
having received some type of hormonal treatment, hav-
ing a family history of breast cancer, breastfeeding and
mastectomy-type surgery with axillary lymphadenectomy
also increased the probability that the response to treatment
would be complete and would demonstrate statistical signif-
icance (Table 6).
3.4 Safety profile

Table 7 details the frequency of adverse effects according
to the type of treatment.

We can see that the side effects were fairly similar in the
two treatment groups, although we note some difference.
Mucositis and nausea, vomiting and gastroesophageal reflux
were more frequent in patients with dual blockade, while car-
diac events and febrile neutropenia were more frequent with
single blockade. Patients tended to exhibit combinations of
adverse effects and an analysis of this feature is presented in
Fig. 1.

Notably, there are three adverse effects that have not ap-
peared in any of the patients in the sample: reduced platelet
count, anemia and hypokalemia.

With this we can affirm that the safety profile is quite sim-
ilar in both groups, both types of treatment being generally
well tolerated.
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Table 3. Correlationmatrix.
T/PT Group Age Family history Tobacco Lactation Hormonal treatment Menopause Tumor size RX response AP response Surgery

T/PT group 1.0000

Age 0.0689 1.0000

Family history 0.2176 −0.0291 1.0000

Tobacco 0.1383 −0.0752 0.1590 1.0000

Lactation −0.0342 −0.0076 −0.1530 −0.0051 1.0000

Hormonal treatment −0.0000 0.2878 −0.1512 −0.1987 0.1820 1.0000

Menopause −0.0177 0.1838 −0.0250 0.2006 −0.1074 −0.1607 1.0000

Tumor size −0.1588 −0.0285 0.0208 −0.0702 0.2530 0.0496 −0.1476 1.0000

RX response 0.3502 −0.3504 0.0108 0.1238 −0.2007 −0.1237 0.1936 −0.0861 1.0000

AP response 0.4690 −0.0499 0.1827 0.1897 −0.1573 −0.0246 −0.0279 −0.2346 0.6702 1.0000

Surgery −0.3607 0.0840 −0.0528 0.0039 −0.0387 0.1795 −0.0864 0.4404 −0.2562 −0.2817 1.0000
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Table 4. Logit regression results for dual block PT and single
block T (*** p< 0.01).

pCR Odds ratio p-value

T/PT 2.272*** 0.002
(0.744)

Constant −2.153
(1.419)

Control variables YES
Patients (n) 78

Table 5. Relationship between radiological and pathological
response (*** p< 0.01).

pCR Odds ratio p-value

T/PT 2.369*** 0.004
(0.831)

RX response 2.854*** 0.002
(0.942)

Control variables YES
Patients 78

Table 6. Control variables and response to treatment.
Variables pCR

Trastuzumab/pertuzumab-trastuzumab 2.272***
(0.744)

Family history of breast cancer 1.522**
(0.772)

Concomitant diseases −0.117
(0.786)

Breast feeding 1.385*
(0.842)

Hormone treatment 1.700*
(0.936)

Menopause 0.537
(1.050)

Tumor size −0.196
(0.181)

Molecular type −2.616***
(0.883)

Mastectomy + axillary lymphadenectomy 3.214**
(1.399)

Constant −2.153
(1.419)

Patients (n) 78

Robust standard errors (***p < 0.01, **p < 0.05, *p <

0.1).

3.5 Treatment costs
Calculating that 150 mg of trastuzumab costs €507.30,

the total cost of treatment with 18 cycles for a patient was
€24,181.30. By comparison, treatment with trastuzumab-
pertuzumab also involved a total of 18 cycles. In the first

Table 7. Percentage of adverse effects according to
treatment.
Single block (%) Dual block (%)

Febrile neutropenia 33.34% 25.64%
Neutropenia 23.08% 15.38%
Asthenia 46.16% 41.20%
Diarrhea 33.32% 33.34%
Cardiac event 7.70% 0.00%
Mucositis 41.02% 58.98%
Nausea, vomiting 30.78% 38.46%
Neurotoxicity 15.38% 12.82%

4 cycles performed in neoadjuvant treatment both com-
pounds were given, costing €4579 for the first cycle of per-
tuzumab (840 mg) and €2289.5 for the remaining three cy-
cles (420 mg). Following this, 14 more cycles with only
trastuzumab at a dose of 6 mg/kg were administered. The
total cost of the treatment of 18 cycles of dual blockade (4 cy-
cles of trastuzumab-pertuzumab and 14 subsequent cycles of
trastuzumab) amounted to €35,189.14.

4. Discussion
The pathological complete response in the dual block

group was higher than in the single block group (69.23%
versus 25.64%), indicating the addition of pertuzumab to be
more effective in the neoadjuvant treatment of HER2 posi-
tive breast cancer.

The main objective of this work was to analyse whether
the trastuzumab-pertuzumab dual block used as neoadju-
vant treatment in patients with HER2-positive breast cancer
(stages IIA–IIIC) achieved a better pathological complete re-
sponse (T0N0) than in those patients receiving single block
treatment with trastuzumab. A literature review of related
studies using HER2 dual block indicated higher pCR rates:
58.5% compared to 49.2% achieved with other treatments
(single block, taxanes and dual block or only taxanes) [4, 8].

Our study suggests that the regimen that includes dual
blockade in neoadjuvant treatment with trastuzumab and
pertuzumab added to chemotherapy with anthracyclines
and taxols, is the most effective treatment for HER2 pos-
itive breast cancer, producing a better pathological com-
plete response than achieved in the main TRYPHAENA
study, KRISTINE, NeoSphere, PAMELA, Opti-Her HEART,
BERENICE and NEOPETRA [4–6, 8, 15–17]. The pCR
rate obtained in our study in patients with single block
was 26.01%, but that obtained in the dual block cohort was
69.23%, higher than that reported in the aforementioned
clinical trials where the pCR rate is between 40–60%.

Most studies have identified a correlation between radio-
logical and pCR similar in either dual blockade or single block
cases [11–14]. We evaluated this in our study as one of the
stated objectives. We found the correlation coefficient, tak-
ing into account the entire sample of 78 patients, was posi-
tive at a value of 0.67. However, based only on the patients
treated with dual blockade the correlation coefficient reached
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Fig. 1. Combinations of adverse effects.

0.87. Thus, there was a higher correlation between radiolog-
ical and pathological response in the dual blockade group.

Regarding the safety profile, among the 78 recruited pa-
tients, only 3 cases of cardiac events were observed, none of
them belonging to the dual block group. The left ventricular
ejection fraction (LVEF) was not altered in any patient, re-
maining above 52% in both treatment groups. This observa-
tion is contrary to a number of other studies of dual block in-
cluding TRYPHAENA, BERENICE and OPTI-HER HEART.
where the cardiac event rate although low was still present
[4, 15, 16].

The frequency of other adverse effects agrees with those
reported in these trials [15, 16, 18], the most frequent be-
ing asthenia, mucositis, nausea and vomiting. These results
suggest that the safety profile of dual blockade is very similar
to that of single block. Thus, we achieved improved efficacy
without adding significant adverse effects.

The last specific objective was intended to estimate treat-
ment cost increase for the dual block procedure. Treat-
ment with trastuzumab-pertuzumab adds approximately
€11,788.84 per person making the dual block treatment
45.52% more expensive than the single block. We believe that
the increased cost of treatment with the use of dual blockade
is justified since the pathological complete response rate is 2.7
times higher than in single block and this implies increased
survival without causing serious side effects. However, due to
its high price, dual block might be appropriate in cases where
maximum benefit will be obtained.

The small population base in La Rioja and the requirement
of the patients to meet a number of inclusion and exclusion
criteria, including HER2 positivity, led to a relatively small
study population for the study and is one of the limitations

of this investigation. Nonetheless a strength of this study is
that our pCR rate of 69.23% is higher than that observed in
the main trials in the literature [4–6, 8, 15–17] and the re-
sults achieved statistical significance. We plan to continue
our surveillance of the patients in this study with a goal of
obtaining medium- and long-term survival statistics and fur-
ther evaluating the cost effectiveness of the treatments.

5. Conclusions
The pathological complete response was greater in the

dual block group than in the single block group (69.23% ver-
sus 25.64%), indicating this treatment to be more effective
in the neoadjuvant treatment of HER2 positive breast can-
cer. Besides this, the correlation between radiological and
pathological response was higher in patients with dual block-
ade, reaching a Pearson correlation coefficient of 0.87. Safety
profile was similar in both groups, with no incidence of seri-
ous cardiac events and the additional cost with the use of dual
blockade seems justified by the significantly higher pCR.

It would be necessary to expand the sample size and
increase the study time to perform an adequate cost-
effectiveness and survival analysis.

Author contributions
ACRP, BDE, SMA and MJPM designed the research

study. ACRP performed the research. MJPM provided
help and advice on the experiments. ACRP, MLO and
CFG analyzed the data. ACRP, BDE and SMA wrote the
manuscript. All authors contributed to editorial changes in
the manuscript. All authors read and approved the final
manuscript.

Volume 42, Number 4, 2021 727



Ethics approval and consent to participate
This research work has been carried out in accordance

with the rules of good clinical practice with full acceptance
of current ethical standards (Declaration of Helsinki). This
work has the classification resolution of the Spanish Agency
for Medicines and Health Products (AEMPS) as “Prospective
Follow-up Post-Authorization Study” (EPA-SP) with code
MPM-PER-2019-01, as well as the approval of the La Rioja
Drug Research Ethics Committee (CEImLAR) with CEIm-
LAR EPA SP 108 reference. All subjects gave their informed
consent for inclusion before they participated in the study.

Acknowledgment
We wish to acknowledge the Gynaecology Service, for

their unconditional help, with special thanks to Dr. Puente,
Dr. Marín and Dr. Domínguez, for contributing the idea of
this project for practical assistance with the study. Thanks to
the Oncology Service, with special mention to Dr. Cebollero
for the explanations on the treatment schemes. Our appre-
ciation to all the individuals who make up the Breast Unit:
radiologists, oncologists, radiotherapists, nuclear medicine
physicians and pathologists without whom the exquisite
functioning of the Breast Cancer Protocol would be impossi-
ble. Our thanks also to Ascensión Alfaro Olea from the Phar-
macy Service for providing patient lists and drug prices, to
Lara García Álvarez for her entire disposition when deliver-
ing the documentation for the AEMPS and CEImLAR and to
Sofía Jiménez, a statistician at the University of Zaragoza, for
her help with statistics and mathematical calculations.

Finally, our respect and admiration go to all the patients
who participated in this study. We continue to fight together
to end this disease.

Funding
This research was funded by ROCHE FARMA and RIOJA

SALUD FUNDATION, grant number SP210414009.

Conflict of interest
The authors declare no conflict of interest.

Availability of data andmaterial
All data will be obtained retrospectively from the medical

electronic records of the patients thanks to the help of the
Pharmacy Service, who provided a list with all the patients
treated with pertuzumab (hospital dispensing medication).

Code availability
All data from the Electronic Health Record of the Selene

hospital computer program will be collected. All data will be
compiled in a data collection sheet.

These data will be analysed through a database using Mi-
crosoft Excel 2011 software and with the SPSS statistical pro-
gram.

References
[1] SEOM: Las Cifras Del Cáncer En España. 2018. Avaliable

at: https://seom.org/seomcms/images/stories/recursos/Las_Cif
ras_del_cancer_en_Espana2018.pdf (Accessed: 10 October 2020).

[2] Ayala de la Peña F, Andrés R, Garcia-Sáenz JA, Manso L, Margelí
M, Dalmau E, et al. SEOM clinical guidelines in early stage breast
cancer (2018). Clinical & Translational Oncology. 2018; 21: 18–
30.

[3] Gianni L, Eiermann W, Semiglazov V, Manikhas A, Lluch A, Tju-
landin S, et al. Neoadjuvant chemotherapy with trastuzumab fol-
lowed by adjuvant trastuzumab versus neoadjuvant chemotherapy
alone, in patients with HER2-positive locally advanced breast can-
cer (the NOAH trial): a randomised controlled superiority trial
with a parallel HER2-negative cohort. Lancet. 2010; 375: 377–384.

[4] Schneeweiss A, Chia S, Hickish T, Harvey V, Eniu A, Waldron-
Lynch M, et al. Abstract P4-21-02: Pertuzumab and trastuzumab
plus standard neoadjuvant anthracycline-containing and
anthracycline-free chemotherapy regimens in patients with
HER2-positive early breast cancer: Efficacy analysis of a phase II
cardiac safety study (TRYPHAENA). Cancer Research. 2017; 77:
P4-21-02.

[5] Hurvitz SA, Martin M, Symmans WF, Jung KH, Huang C,
Thompson AM, et al. Pathologic complete response (pCR) rates
after neoadjuvant trastuzumab emtansine (T-DM1 [K]) + per-
tuzumab (P) vs docetaxel + carboplatin + trastuzumab + P (TCHP)
treatment in patients with her2-positive (her2+) early breast can-
cer (EBC) (KRISTINE). Journal of Clinical Oncology. 2016; 34:
500.

[6] Gianni L, Pienkowski T, Im Y, Roman L, Tseng L, Liu M, 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 Oncology. 2012; 13: 25–32.

[7] Untch M, Jackisch C, Schneeweiss A, Conrad B, Aktas B, Denkert
C, et al. Nab-paclitaxel versus solvent-based paclitaxel in neoad-
juvant chemotherapy for early breast cancer (GeparSepto—GBG
69): a randomised, phase 3 trial. Lancet Oncology. 2016; 17: 345–
356.

[8] Llombart-Cussac A, Cortés J, Paré L, Galván P, Bermejo B,
Martínez N, et al. Her2-enriched subtype as a predictor of patho-
logical complete response following trastuzumab and lapatinib
without chemotherapy in early-stage her2-positive breast can-
cer (PAMELA): an open-label, single-group, multicentre, phase
2 trial. Lancet Oncology. 2017; 18: 545–554.

[9] Parekh T, Dodwell D, Sharma N, Shaaban AM. Radiological and
Pathological Predictors of Response to Neoadjuvant Chemother-
apy in Breast Cancer: a Brief Literature Review. Pathobiology.
2015; 82: 124–132.

[10] Ogston KN, Miller ID, Payne S, Hutcheon AW, Sarkar TK, Smith
I, et al. A new histological grading system to assess response of
breast cancers to primary chemotherapy: prognostic significance
and survival. Breast. 2003; 12: 320–327.

[11] Dialani V, Chadashvili T, Slanetz PJ. Role of imaging in neoadju-
vant therapy for breast cancer. Annals of Surgical Oncology. 2015;
22: 1416–1424.

[12] Wittekind C, Hutter R, Greene FL, Klimpfinger M, Sobin LH.
Union for International Cancer Control (UICC). TNM Atlas. 5th
edn. NY: Springer. 2005.

[13] Mauri D, Pavlidis N, Ioannidis JPA. Neoadjuvant versus adjuvant
systemic treatment in breast cancer: a meta-analysis. Journal of
the National Cancer Institute. 2005; 97: 188–194.

[14] Cortazar P, Zhang L, Untch M, Mehta K, Costantino JP, Wol-
mark N, et al. Pathological complete response and long-term clini-
cal benefit in breast cancer: the CTNeoBC pooled analysis. Lancet.
2014; 384: 164–172.

[15] Gavilá J, Oliveira M, Pascual T, Perez-Garcia J, Gonzàlez X,
Canes J, et al. Safety, activity, and molecular heterogeneity fol-
lowing neoadjuvant non-pegylated liposomal doxorubicin, pacli-
taxel, trastuzumab, and pertuzumab in HER2-positive breast can-

728 Volume 42, Number 4, 2021

https://seom.org/seomcms/images/stories/recursos/Las_Cifras_del_cancer_en_Espana2018.pdf
https://seom.org/seomcms/images/stories/recursos/Las_Cifras_del_cancer_en_Espana2018.pdf


cer (Opti-HER HEART): an open-label, single-group, multicen-
ter, phase 2 trial. BMC Medicine. 2019; 17: 8.

[16] Swain SM, Ewer MS, Viale G, Delaloge S, Ferrero J, Verrill M,
et al. Pertuzumab, trastuzumab, and standard anthracycline- and
taxane-based chemotherapy for the neoadjuvant treatment of pa-
tients with her2-positive localized breast cancer (BERENICE):
a phase II, open-label, multicenter, multinational cardiac safety
study. Annals of Oncology. 2018; 29: 646–653.

[17] González-Santiago S, Saura C, Ciruelos E, Alonso JL, de la Morena
P, Santisteban Eslava M, et al. Real-world effectiveness of dual her2

blockade with pertuzumab and trastuzumab for neoadjuvant treat-
ment of her2-positive early breast cancer (the NEOPETRA Study).
Breast Cancer Research and Treatment. 2020; 184: 469–479.

[18] U.S. Department of Health and Human Services. National Insti-
tutes of Health (NIH). National Cancer Institute (NCI). Common
Terminology Criteria for Adverse Events (CTCAE) Version 4.0.
2010. Available at: https://ctep.cancer.gov/protocoldevelopmen
t/electronic_applications/docs/CTCAE_4.03.xlsx (Accessed: 14
June 2010).

Volume 42, Number 4, 2021 729

https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/CTCAE_4.03.xlsx
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/CTCAE_4.03.xlsx

	1. Introduction
	2. Material and methods
	2.1 Study design and population
	2.2 Sample size and sampling procedure
	2.3 Statistical analysis

	3. Results
	3.1 Descriptive analysis
	3.2 Correlations
	3.3 Regression analysis
	3.4 Safety profile
	3.5 Treatment costs

	4. Discussion
	5. Conclusions
	Author contributions
	Ethics approval and consent to participate
	Acknowledgment
	Funding
	Conflict of interest
	Availability of data and material
	Code availability
	References

