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Introduction
Neoadjuvant therapy is indicated for human epi-
dermal growth factor receptor 2 (HER2)-positive 
breast cancer (BC) and is an option even for early 
tumors. Trastuzumab plus neoadjuvant chemo-
therapy increases the pathologic complete response 
(pCR) rate compared with chemotherapy alone in 
women with HER2-positive BC1 and is correlated 
with longer survival.2

New therapeutic strategies have been developed 
to broaden the benefit of trastuzumab while  

maintaining the focus on blocking the HER2 path-
way, including the addition of pertuzumab with 
chemotherapy3 and the use of neratinib following 
standard adjuvant treatment with trastuzumab.4

The activated HER2 protein initiates several phos-
phorylation events, which leads to crosstalk of 
signaling pathways and constitutively stimulates 
tumor growth, invasiveness and cell survival.5 
These key pathways include the mitogen-activated 
RAS-RAF-protein kinase (MAPK), extracellular 
signal-regulated kinase (MEK)/ERK and the 

Neoadjuvant zoledronic acid for HER2-
positive breast cancer: the Zo-NAnTax trial
Susanne Crocamo , Renata Binato, Bruno de Paula, Giselle Vignal, Lídia Magalhães,  
Roberta Sarmento, Maria Theresa Accioly, Isabele Small, Sandra Gioia, Pedro Maroun,  
Pamela Moutinho, Vivianne Freitas , Karuline Catein and Eliana Abdelhay

Abstract
Background: Preclinical evidence suggests that zoledronic acid (ZOL) works synergistically 
with chemotherapy by enhancing anti-tumor activity. ZOL blocks the mevalonate pathway 
and may indirectly interact with human epidermal growth factor receptor 2 (HER2) pathway 
activation. The clinical efficacy and biological rationale of chemotherapy plus anti-HER2 
therapy and ZOL as a part of neoadjuvant therapy has not been previously tested.
Patients and methods: We conducted a phase II clinical trial to evaluate the efficacy and safety 
of ZOL as part of a neoadjuvant treatment in patients with HER2-positive breast cancer (BC). 
The protocol consisted of four cycles of doxorubicin/cyclophosphamide with ZOL, followed 
by four cycles of docetaxel with trastuzumab and ZOL prior to surgery. The primary endpoint 
was the pathologic complete response (pCR) rate. Secondary endpoints were safety and the 
identification of clinicopathological characteristics associated with pCR.
Results: A total of 71 patients with stage IIA to IIIB BC were included, with 60 eligible for the 
safety assessment and 58 for the efficacy analysis. Overall, the pCR rate was 42%, with higher 
rates in hormone receptor (HR)-positive tumors (40%), which contrasts with the results of 
pivotal trials. The most commonly observed grade 3 and 4 events were febrile neutropenia 
(grade 3, 20%; grade 4, 3%) and diarrhea (grade 3, 12%).
Conclusions: The addition of ZOL as a repositioning drug in neoadjuvant treatment was an 
effective and well-tolerated therapy. This drug combination might overcome endocrine and 
anti-HER2 resistance. The higher pCR rates in the HR-positive subgroup deserve further 
translational investigation.

Keywords: HER2-positive/HR-positive breast cancer, neoadjuvant therapy, pathological 
complete response, trastuzumab, zoledronic acid

Received: 18 October 2018; revised manuscript accepted: 17 April 2019.

Correspondence to: 
Susanne Crocamo 
Department of Clinical 
Research in Breast 
Cancer, Cancer Hospital 
III/NCI, Rua Visconde de 
Santa Isabel no 274, Vila 
Isabel, Rio de Janeiro, 
Brazil 
crocamo@inca.gov.br

Renata Binato 
Bruno de Paula 
Giselle Vignal 
Lídia Magalhães 
Roberta Sarmento 
Maria Theresa Accioly 
Isabele Small 
Sandra Gioia 
Pedro Maroun 
Pamela Moutinho 
Vivianne Freitas 
Karuline Catein 
Eliana Abdelhay 
National Cancer Institute 
(INCA), Rio de Janeiro, 
Brazil

853971 TAM0010.1177/1758835919853971Therapeutic Advances in Medical OncologyS Crocamo, R Binato
research-article20192019

Original Research

https://journals.sagepub.com/home/tam
https://uk.sagepub.com/en-gb/journals-permissions
https://uk.sagepub.com/en-gb/journals-permissions
mailto:crocamo@inca.gov.br
http://crossmark.crossref.org/dialog/?doi=10.1177%2F1758835919853971&domain=pdf&date_stamp=2019-05-31


Therapeutic Advances in Medical Oncology 11

2 journals.sagepub.com/home/tam

phosphatidylinositol 3-kinase (PI3K)/PTEN-AKT 
pathways.6 For oncogenic activity, RAS proteins 
depend on interprotein interactions and post-
translational processing by isoprenoid precursors 
produced in the mevalonate pathway that enable 
attachment to cellular membranes.6

Bisphosphonates inhibit mevalonate metabolism 
and thus also inhibit prenylation of the RAS 
superfamily of GTPases,7 which provides a molec-
ular rational for a potential synergistic action with 
the HER2 pathway. Zoledronic acid (ZOL), a 
third-generation bisphosphonate, has been evalu-
ated in adjuvant studies with variable results.8,9 
Notably, survival improvement in BC was only 
demonstrated in the Early Breast Cancer Trialists’ 
Collaborative Group meta-analysis10 for postmen-
opausal women with HR-positive/HER2-negative 
tumors. These trials largely excluded women with 
HER2-positive BC, so there is no information on 
this subgroup.8–10

In preclinical studies using HER2-negative cell 
lines, ZOL demonstrated inhibition of tumor cell 
proliferation, induction of apoptosis, inhibition of 
angiogenesis, reduction of tumor cell invasion 
and migration, activation of specific cellular anti-
tumor immune responses and a synergistic/addi-
tive anti-tumor effect with anthracycline and 
paclitaxel.11

However, the effectiveness of ZOL combined 
with chemotherapy and anti-HER2 therapy has 
not yet been analyzed. Thus, in our study we 
evaluated the effect of ZOL added to a neoadju-
vant regime of doxorubicin/cyclophosphamide 
followed by docetaxel/trastuzumab in women 
with HER2-positive BC. The outcome was meas-
ured using the pCR rate as the primary endpoint. 
Secondarily, we evaluated safety and clinico-
pathological characteristics in order to identify 
predictive factors of pCR.

Patients and methods

Recruitment criteria
This was a neoadjuvant, prospective, single-
center, open-label, phase II clinical trial con-
ducted in patients with HER2-positive BC. This 
study was undertaken in accordance with the 
Declaration of Helsinki, following the guide-
lines and approval of the local Ethics Committee, 
the National Ethics Commission for Research 
Ethics and the National Health Surveillance 

Agency. All participants signed informed con-
sent forms.

The inclusion criteria were age 18 years or older, 
HER2-positive, stage IIA to IIIB, and Eastern 
Cooperative Oncology Group performance status 
⩽2. Patients were required to have adequate organ 
function, left ventricular ejection fraction (LVEF) 
>50%, a negative serum test for pregnancy and 
the ability to understand and adhere to treatment. 
Exclusion criteria were previous history of malig-
nant neoplasm, active infection, peripheral neu-
ropathy grade ⩾2, uncompensated comorbidity, 
bilateral BC or lactation. Distant metastases were 
excluded by thoraco-abdomin-pelvic tomography 
and bone scintigraphy. Cardiac function was mon-
itored at baseline, after anthracycline, after taxane 
and every 3 months during adjuvant trastuzumab 
therapy. Fertile women were required to use non-
hormonal contraceptives.

Procedure to assess efficacy
Clinical variables collected from patients 
included race, age, menopausal status, family 
history of cancer, clinical stage at diagnosis and 
histopathological and immunohistochemical 
tumor characteristics.

Core biopsies from the tumor and nontumoral 
areas were performed by guided ultrasonogra-
phy. The decision between breast-conserving 
surgery and mastectomy or sentinel lymph node 
biopsy and axillary lymph node dissection was 
decided according to institutional guidelines. 
For both tissue samples, one part was paraffin-
embedded for histological and immunohisto-
chemistry (IHC) analysis, and the rest was frozen 
and stored at −80°C.

Histopathology and IHC analyses were per-
formed pre (core biopsy) and post-chemotherapy 
(surgical part material) by two experienced and 
blinded BC pathologists from our institution. 
Definition of pCR was absence of infiltrating car-
cinoma in the breast and axilla.

For patients who did not obtain pCR, the residual 
breast cancer burden (RCB) was calculated and 
classified through the MD Anderson calculator 
(www3.mdanderson.org/app/medcalc/index.
cfm?pagename=jsconvert3) according to the  
following scale: RCB 0 (pCR), I (minimal resid-
ual disease), II (moderate residual disease) and 
III (extensive residual disease). The optimal 
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pathological response was considered to be RCB 
0 and RCB I.

Histopathology evaluation was performed on hema-
toxylin and eosin stained slides to determine the his-
tological classification,12 histological tumor grade,13 
lymphovascular invasion (LVI),13 necrosis,13 and 
stromal lymphocytic infiltration (sTIL).14

The results from LVI, sTIL and necrosis analyses 
were classified as present or absent.

For immunohistochemistry analysis, staining was 
performed on 3-μm-thick tissue sections prepared 
on polarized slides. Positive controls for each anti-
body were utilized according to the manufactur-
er’s instructions. Sections were incubated with 
estrogen receptor (ER), progesterone receptor 
(PgR), Ki-67 labeling index, p53, HER2, 
E-cadherin (E-CAD) or beta catenin (B-CAT) 
antibodies overnight at dilutions of 1:1600 ER 
(clone 1D5), 1:1600 PR (clone PR-636), 1:600 
KI67 (clone MIB-1) and 1:200 P53 (clone 
DO-7) supplied by the DAKO Corporation® 
(Santa Clara, CA, USA). The 1:500 anti-HER2 
(clone SP2) was supplied by Cell Marque™ 
(Rocklin, CA, USA). The 1:1200 E-CAD  
(clone SPM471) and 1:100 B-CAT (clone E-5) 
were supplied by Santa Cruz Biotechnology 
(Hortolândia, SP, Brazil). The staining was visual-
ized using an optical microscope.

The cut-off value for ER and PgR positivity was 
1% positive tumor cells with nuclear staining.15 
Ki-67 expression was considered high when 
⩾20% of cells were stained.16 HER2 status was 
defined according to the American Society of 
Clinical Oncology (ASCO) and the College of 
American Pathologists (CAP) guidelines from 
2007 and 2013.17

A positive nuclear staining visual score of 10% or 
greater for invasive cancer cells was considered 
p53-positive.18

Immunopositivity to E-CAD was determined by 
comparing the labeling of tumor cells with adja-
cent normal epithelial cells. Strong tumor cell 
staining consistent with adjacent normal epithe-
lial cells was considered positive, while negative 
epithelial cells had weak or no staining.19

The staining intensity for B-CAT was determined 
by comparing the labeling of tumor cells with 
adjacent normal epithelial cells and classified as 

strong expression (>90%), moderate expression 
(⩾10% ⩽90%) or weak expression (<10%).20

Therapeutic procedures
Patients received four 3-week cycles of 60 mg/m2 
doxorubicin and 600 mg/m2 cyclophosphamide 
(AC) followed by four 3-week cycles of 100 mg/m2 
docetaxel (DOC) with 6 mg/kg trastuzumab every 
3 weeks (8 mg/kg as a loading dose). Overall, eight 
cycles of 4 mg/dose ZOL were given, the first cycle 
concomitant with AC and subsequent cycles 
1 week after each chemotherapy’s cycle (AC × 4 + 
ZOL × 4 → DOC × 4 + trastuzumab × 4 + ZOL 
× 4) every 3 weeks, followed by surgery.

Granulocyte-colony stimulating factor was 
administered in cases of febrile or afebrile grade 3 
or 4 neutropenia and then continued for each 
consecutive cycle. Cycle delays and 25% dose 
reduction of chemotherapy were permitted when 
toxicity was greater than grade 2. Patients could 
be discontinued from chemotherapy due to 
chemotoxicity and continue treatment with tras-
tuzumab and ZOL or referred for surgery.

After surgery, radiotherapy was delivered accord-
ing to institutional guidelines, and trastuzumab 
was continued as a single agent for 1 year or com-
bined with adjuvant endocrine therapy when 
indicated.

Study endpoints
The primary endpoint was the pCR rate. Secondary 
endpoints evaluated safety, and an exploratory 
analysis was conducted to examine the correlation 
between clinicopathological features and pCR. For 
the safety evaluation, adverse events (AEs) were 
collected at each visit and graded according to the 
Common Terminology Criteria for Adverse Events 
version 4.0. Patients who underwent breast sur-
gery were included in the efficacy analysis and 
those who received at least one course of chemo-
therapy were included in the safety analysis.

Statistical analysis
Statistical analyses were performed using SPSS 
version 18 (SPSS, Chicago, IL, USA). With a sig-
nificance level of 0.1% and 80% power using a 
one-stage Fleming method, a total of 56 patients 
were needed to detect a pCR rate between 0.22 
and 0.35. Responses were calculated as percent-
ages of all patients who underwent surgery after 
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neoadjuvant treatment. Baseline patient charac-
teristics and AEs are presented as percentages, 
medians and ranges. Associations between clin-
icopathological features and pCR were calculated 
by Pearson’s Chi-squared test or Fisher’s exact 
test according to the statistical assumptions.

Results

Patient characteristics
From November 2012 to July 2016, 71 patients 
with HER2-positive BC stage IIA–IIIB signed the 
informed consent form (ICF), and 60 were eligible 
and treated in NCI-Brazil. The two patients who 
had a complete clinical response refused to undergo 
surgery at the end of neoadjuvant treatment and 
were excluded from the efficacy analysis.

Baseline characteristics of the patients are sum-
marized in Table 1. The median age was 54 years 
with a range of 26–74 years, and the tumors were 
large with a median size of 61 mm. A total of 38 
patients (63%) were postmenopausal. Most 
patients had stage IIB (37%), tumor grade 2 
(52%) and were ER or PgR-positive (73%). A 
total of 31 patients had a family history of breast/
ovarian cancer and 42% were white.

Efficacy data
All the patients who accepted the breast operation, 
after the treatment, were able to undergo surgery. 
pCR (RCB 0) was achieved in 24 (42%) and mini-
mal residual disease (RCB I) was achieved in 15%, 
generating an optimal pathological response (RCB 
0 plus RCB I) of 57%. We explored the pCR in 
different subgroups as shown in Table 2.

There was a significantly higher pCR rate in 
patients with nuclei/cytoplasmic β-catenin expres-
sion (p = 0.030). None of the other clinicopatho-
logical variables evaluated in the study showed an 
association with pCR (Table 3). Although numer-
ically higher, pCR in HR-negative = 0.44 [0.31; 
0.56] was not statistically significant compared 
with HR-positive = 0.40 [0.27; 0.52] BC.

Safety data
For the safety evaluation, 60 patients were 
included, as shown in Table 4. The most frequent 
AEs were gastrointestinal grade 1 and 2. A total of 
17 (28%) patients had possible ZOL-related AEs; 
29% had grade 1 myalgia (3) and fever (2) and 

71% had grade 2 myalgia (6), arthralgia (4), and 
fever (2). No cardiac dysfunction or osteonecrosis 
of the jaw was reported as a grade 5 adverse event. 
Overall, 3 patients (5%) had grade 4 events and 
39 (65%) had grade 3 events.

Discussion
The current trial is the first to our knowledge to 
evaluate the in vivo benefit of ZOL in a neoadjuvant 
setting, combined with chemotherapy and HER2-
targeted therapy for women with HER2-positive 
tumors and high tumor burden (median tumor size 
of 61 mm). This study met its primary endpoint of 
therapeutic efficacy, with an overall pCR rate of 
42% and showed that pCR rates according to HR 
status were similar between HR-positive and 
HR-negative subgroups (40% versus 44%).

HER2-positive BC is a heterogeneous disease; 
some studies even report that almost two-thirds 
are HR-positive. There is preclinical and clinical 
evidence to suggest bidirectional crosstalk between 
the HER2 and ER pathways, which can lead to 
endocrine and anti-HER2 therapy resistance.21 
This evidence is supported by the significantly 
lower pCR rate of HR-positive/HER2-positive BC 
compared with HR-negative/HER2-positive BC 
demonstrated in the neoadjuvant trials22–26 (Table 
5). Although direct comparisons with other trials 
are not appropriate, the pCR rates in our trial for 
HR-positive tumors were higher than seen in some 
studies22–26 (Table 5). These results seem to pro-
vide clinical evidence that ZOL might have a role 
in reverting resistance of anti-HER2 agents in 
HR-positive/HER2-positive tumors.

ZOL inhibits farnesyl pyrophosphate synthase, a 
crucial enzyme for mevalonate pathway integrity, 
which promotes a post-translational modification 
of GTPases, such as RAS, RHO and RAC, which 
integrate with the HER2 pathway. These mole-
cules are involved in cellular proliferation, cell 
survival, formation of intracytoplasmic vesicles 
and plasma membrane rearrangement,6 thus 
molecularly supporting the interaction between 
HER2 blockade therapy and ZOL.

The synergistic effect of chemotherapy and ZOL 
has been explored in clinical trials. In the AZURE 
adjuvant study, an exploratory, retrospective anal-
ysis among the subgroups of patients who under-
went neoadjuvant chemotherapy with or without 
ZOL showed that patients who received the com-
bination had lower residual disease (median of 

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


S Crocamo, R Binato et al.

journals.sagepub.com/home/tam 5

Table 1. Patients and disease characteristics at baseline.

Characteristics n = 60

N0 %

Age, years  

 Median 54  

 Range 26–74  

Breast primary tumor size, mm  

 Median 61  

 Range 15–120  

Serum menopausal status  

 Premenopausal 22 37

 Postmenopausal 38 63

Clinical nodal stage  

 cN0 29 48

 cN1 + cN2 31 52

Clinical stage*  

 IIA 11 18

 IIB 22 37

 IIIA 10 17

 IIIB 17 28

Tumor type  

 Invasive ductal 60 100

 Invasive lobular 0  

 Other 0  

Tumor grade†  

 2 31 52

 3 28 47

Missing 1 2

Ki67 labeling index§  

 <20 5 9

 ⩾20 53 91

Steroid receptor status  

 ER or PgR-positive 44 73

 (Continued)
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Table 2. Pathological response rate.

Characteristic n = 58

n %

Complete response: RCB 0  

 ypT0N0 12 21

 ypT0/isN0 12 21

Total 24 42

Partial response  

 RCB I 9 15

 RCB II 20 34

 RCB III 5 9

Total 34 58

Optimal response  

 RCB 0 + RCB I 33 57

IS, in situ; RCB, residual cancer burden.

Characteristics n = 60

N0 %

 ER and PgR-negative 16 27

HER2  

 Positive by IHQ/FISH 60 100

Family history of cancer  

 Any type of cancer 13 22

 Breast/ovarian cancer 16 27

 No family history 31 52

Race  

 White 25 42

 Black 12 20

 Other 23 38

ER, estrogen receptor; FISH, fluorescence in situ hybridization; HER2, human epidermal growth factor receptor 2; IHC, 
immunohistochemistry; PgR, progesterone receptor.
*TNM classification according to the International Union Against Cancer.
†Grading according to Bloom–Richardson.
§Immunohistochemistry was performed according to International guidelines.

Table 1. (Continued)

15.5 mm and 27.4 mm respectively) and higher 
pCR rate (17.7% and 6.9%, respectively).27 In 
2016, a meta-analysis of four trials (NEOZOTAC, 
AZURE, JONIE and Aft and colleagues)28 was 
published and revealed the absence of impact in 
pCR when ZOL was combined with chemother-
apy, despite some benefit in postmenopausal 
patients. There were more than 750 patients 
included in this meta-analysis, with only 58 (7.7%) 
being HER2-positive. Therefore, no conclusions 
were reported in the HER2-positive population.28

Most studies that have attempted to identify pre-
dictive factors of complete pathological response 
in HER2-positive BC patients are retrospective.29 
In our prospective study, only nuclei/cytoplasmic 
β-catenin expression was associated with a higher 
rate of pCR after neoadjuvant treatment with 
ZOL (Table 3). This finding is different from the 
findings of Elsamany and colleagues in 2016; 
their retrospective study found that membrane β-
catenin expression was associated with higher rate 
of pCR.30 Because our study included only a few 
tumors harboring nuclei/cytoplasmic β-catenin 
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Table 3. Association between pathological response and baseline clinicopathological features.

Pathological response All 
 

p valueª

 Complete pCR
(RCB 0)

Partial
(RCB I, II and III)

 n % n % n %

Variable 24 (42) 34 (58) 58 (100) NA

Serum menopausal status  

 Premenopausal 5 (21) 15 (44) 20 (34) 0.119

 Postmenopausal 19 (79) 19 (56) 38 (66)  

Nodal, clinical status  

 N0 14 (58) 14 (41) 28 (48) 0.198

 N1 + N2 10 (42) 20 (59) 30 (52)  

Clinical stage*  

 IIA + IIB 15 (63) 17 (50) 32 (55) 0.346

 IIIA + IIIB 9  (37) 17 (50) 26 (45)  

Tumor grade†  

 2 13 (54) 18 (53) 31 (53) 0.927

 3 11 (46) 16 (47) 27 (47)  

Hormone receptor§  

ER or PgR positive 17 (71) 25 (74) 42 (72) 0.821

ER and PgR negative 7 (29) 9 (26) 16 (28)  

Lymphovascular invasion  

 Present 1 (4) 2 (6) 3 (5) 1.000

 Absent 23 (96) 32 (94) 55 (95)  

Necrosis  

 Present 5 (21) 6 (18) 11 (19) 0.760

 Absent 19 (79) 28 (82) 47 (81)  

Lymphocytic infiltrate  

 Present 15 (63) 19 (56) 34 (59) 0.614

 Absent 9 (37) 15 (44) 24 (41)  

Ki67 labeling index§  

 <20 0 (0) 5 (15) 5 (9) 0.070

 ⩾20 24 (100) 29 (85) 53 (91)  

p53 (n = 56) ‡, §  

 <10 7 (30) 16 (48) 23 (41) 0.177

 ⩾10 16 (70) 17 (52) 33 (59)  

β-catenin (n = 56)‡, §  

 Plasma membrane positive 17 (71) 30 (94) 47 (84) 0.030

 Nuclei/cytoplasm positive 7 (29) 2 (6) 9 (16)  

 (Continued)
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Table 4. Most common adverse events* (reported in ⩾20% of patients).

Adverse events Grade 1 Grade 2 Grade 3 Grade 4 All grade

n (%) n (%) n (%) n (%) n (%)

Alopecia 0 60 (100) - - 60 (100)

Nausea§ 23 (38) 23 (38) 1 (2) 0 47 (78)

Myalgia 12 (20) 32 (53) 0 0 44 (73)

Mucositis§ 23 (38) 18 (30) 1 (2) 0 42 (70)

Fatigue 18 (30) 20 (33) 4 (7) 0 42 (70)

Diarrhea§ 12 (20) 15 (25) 7 (12) 0 34 (57)

Constipation§ 18 (30) 11 (18) 0 0 29 (48)

Arthralgia 11 (18) 17 (28) 0 0 28 (46)

Vomit§ 14 (23) 10 (17) 1 (2) 0 25 (42)

Fever 17 (28) 4 (7) 1 (2) 0 22 (37)

Skin and subcutaneous tissue 
disorders&

10 (17) 11 (18) 0 0 21 (35)

Respiratory and thoracic disordersϮ 13 (22) 5 (8) 0 0 18 (30)

Infections and inflammations** 8 (13) 6 (10) 3 (5) 0 17 (28)

Febrile neutropenia 0 2 (3) 12 (20) 2 (3) 16 (26)

Anemia 2 (3) 14 (23) 0 0 16 (26)

Anorexia 6 (10) 7 (12) 0 0 13 (22)

Cardiac dysfunctionØ 0 0 0 0 0

Jaw osteonecrosisØ 0 0 0 0 0

*Evaluated in 60 patients.
§Gastrointestinal events included nausea, mucositis, vomiting, diarrhea, constipation, stomach pain and abdominal pain.
&Skin and subcutaneous tissue disorders included erythema, pruritus, acne, and nail changes.
ϮRespiratory and thoracic disorders included bronchial asthma, definite dry cough, sore throat and allergic rhinitis.
**Infections and inflammations included infections and inflammations of skin or teeth (without jaw osteonecrosis), urinary 
infection, pneumonia, tonsillitis and upper respiratory infection.
ØIncidence <20%, but adverse events of special interest.

Pathological response All 
 

p valueª

 Complete pCR
(RCB 0)

Partial
(RCB I, II and III)

 n % n % n %

E-cadherin (n = 56)‡, §  

 Positive 23 (96) 33 (97) 56 (100) NA.

 Negative 0 (0) 0 (0) 0 (0)  

ER, estrogen receptor; PgR, progesterone receptor; pCR, pathological complete response; RCB, residual cancer burden.
*TNM classification according to the International Union Against Cancer, †Grading according to Bloom–Richardson, 
§Immunohistochemistry was performed according to local practice.
‡n = 56 because the material was consumed in two patients.

Table 3. (Continued)

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


S Crocamo, R Binato et al.

journals.sagepub.com/home/tam 9

expression, these data need to be validated in a 
larger cohort of patients.

β-catenin is a multifunctional protein which has 
been evaluated as a predictor of pathological 
response in BC. It was originally identified as a 
component of cell–cell adhesion machinery. The 
protein β-catenin is an essential integral struc-
tural component of cadherin-based adherens 
junctions, and the key nuclear effector of canoni-
cal Wnt signaling in the nucleus. Imbalance in 
the structural and signaling properties of β-
catenin often results in disease and deregulated 
growth connected to cancer and metastasis. In 
HER2-positive BC the RAS/RAF/MEK/MAPK 
and the PI3K/AKT/mTOR pathway are highly 

deregulated and Akt represents a central hub in 
the Wnt/β-catenin and PI3K signaling path-
ways31 which in turn plays a role in resistance 
mediation to anti-HER2 therapies.32

Safety was an important outcome. The concur-
rent use of anthracycline and taxane with trastu-
zumab and ZOL in neoadjuvant therapy is well 
tolerated, and no grade 3 or higher AEs were 
found to be related to ZOL.

The findings of this study have to be seen in light of 
some limitations. It was performed in a single 
center due to resources limitations. The sample size 
was calculated based on a pCR rate in literature, 
however since this was a proof-of-concept study, it 

Table 5. Pathological complete response rates (ypT0/ypTis ypN0 or ypT0/ypTis) in neoadjuvant breast cancer 
trials with anti-HER2 blockade, according to the expression of the hormone receptors breast cancer.

Trials Chemotherapy 
before surgery

Randomization/
phase

Overall
pCR rate
(%)

HR-positive
pCR rate
(%)

HR-negative
pCR rate
(%)

NEOSPHERE22 DocTP RANDOMIZED/II 39.3& 26.0Ϯ 63.2Ϯ

DocT 21.5& 20.0Ϯ 36.8Ϯ

TP 11.2& 5.9Ϯ 27.3Ϯ

DocP 17.7& 17.4Ϯ 30.0Ϯ

NEOALTTO23 Pac*LT RANDOMIZED/III 46.8& 41.6Ϯ 61.3Ϯ

Pac*T 27.6& 22.7Ϯ 36.5Ϯ

Pac*L 20.0& 16.1Ϯ 33.7Ϯ

TRYPHAENA24 FECTP > DocTP RANDOMIZED/II 61.6Ϯ 41.1Ϯ 73.5Ϯ

FEC > DocTP 57.3Ϯ 45.7Ϯ 62.5Ϯ

DocCarbTP 66.2Ϯ 47.5Ϯ 81.1Ϯ

CALGB 4060125 Pac*LT RANZOMIZED/III 52.0& 41.0& 68.0&

Pac*T 44.0& 39.0& 50.0&

Pac*L 27.0& 26.0& 30.0&

TECHNOS26 EC > Pac**T SINGLE ARM/II 38.7& 35.4& 42.3&

ZO-NAnTax ACZOL > DocTZOL SINGLE ARM/II 42.0& 40.0& 44.0&

*Weekly paclitaxel.
**Paclitaxel every 3 weeks.
ϮpCR only in breast (ypT0/ypTis).
&pCR in breast and axilla (ypT0/ypTis ypN0).
AC, adriamicin/cyclophosphamide; Carb, carboplatin; Doc, docetaxel; EC, epirubicin/cyclophosphamide; FEC, fluorouracil/
epirubicin/cyclophosphamide; L, lapatinib; P, pertuzumab; Pac, paclitaxel; pCR, pathological complete response; T, 
trastuzumab; ZOL, zoledronic acid.
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was feasible not having a randomized-comparative 
arm. Additionally, prior research about prospec-
tively neoadjuvant chemotherapy plus ZOL in the 
HER2-positive population is lacking and we had to 
develop an entirely new research typology. Finally, 
results must be relativized to possible underpow-
ered associations between study variables.

Conclusion
The current trial results support a feasible, effec-
tive, affordable and well-tolerated alternative for 
neoadjuvant treatment in HER2-positive BC. 
ZOL should be encouraged as a possible reposi-
tioning drug in clinical trials. The better evalua-
tion of its potential role in overcoming endocrine 
and anti-HER2 resistance deserves attention.
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