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Introduction. Breast cancer is the most common type of cancer and the leading cause 
of death by cancer in women in Colombia. Approximately 15 to 20% of breast cancers 
overexpress HER2. 
Objective. To analyze the relationship between multiple clinical and histological variables 
and pathological complete response in patients with HER2-positive breast cancer 
undergoing neoadjuvant therapy in a specialized cancer center in Colombia.
Materials and methods. We performed a retrospective analysis of non-metastatic HER2-
positive breast cancer patients who received neoadjuvant therapy between 2007 and 2020 at 
the Instituto de Cancerología Las Americas Auna (Medellín, Colombia). Assessed parameters 
were tumor grade, proliferation index, estrogen receptor, progesterone receptor, HER2 status, 
type of neoadjuvant therapy, pathologic complete response rates, and overall survival. 
Results. Variables associated with low pathologic complete response rates were tumor 
grades 1-2 (OR = 0.55; 95% CI = 0.37-0.81; p = 0.03), estrogen receptor positivity (OR = 
0.65; 95%; CI = 0.43-0.97; p=0.04), and progesterone receptor positivity (OR = 0.44; 95% 
CI = 0.29-0.65; p = 0.0001). HER2 strong positivity (score 3+) was associated with high 
pathological complete response rates (OR = 3.3; 95% CI = 1.3-8.35; p=0.013). Five-year 
overall survival was 91.5% (95% CI = 82.6-95.9) in patients with pathological complete 
response and 73.6% (95% CI = 66.4-79.6) in patients who did not achieve pathological 
complete response (p = 0.001). Additionally, the pathological complete response rate was 
three times higher in patients receiving combined neoadjuvant chemotherapy with anti-
HER2 therapy than in those with chemotherapy alone (48% versus 16%).
Conclusion. In patients with HER2-positive breast cancer, tumor grade 3, estrogen 
receptor negativity, progesterone receptor negativity, strong HER2 positivity (score 3+), and 
the use of the neoadjuvant trastuzumab are associated with higher pathological complete 
response rates. 

Keywords. Breast neoplasms; neoadjuvant therapy; Colombia.

Respuesta patológica completa de pacientes con cáncer de mama HER2 positivo 
tratadas con quimioterapia neoadyuvante en Colombia

Introducción. El adenocarcinoma de seno es el tipo de cáncer más frecuente y con mayor 
tasa de mortalidad asociada en mujeres en Colombia. Aproximadamente entre el 15 al 20 % 
de estos cánceres sobreexpresan el gen HER2. 
Objetivo. Analizar las asociaciones existentes entre múltiples variables clínicas e 
histológicas con respecto a la respuesta patológica completa en pacientes con cáncer de 
mama HER2 positivo que fueron tratadas con quimioterapia neoadyuvante en un centro 
especializado en el tratamiento del cáncer en Colombia. 
Materiales y métodos. Se realizó un análisis retrospectivo de las pacientes con cáncer de 
mama HER2 positivo, no metastásicas, que recibieron quimioterapia neoadyuvante entre el 
2007 y el 2020 en el Instituto de Cancerología Las Américas Auna (Medellín, Colombia). Se 
evaluaron los parámetros de grado tumoral, índice de proliferación, estatus de receptores 
de estrógeno y de progesterona, tipo de quimioterapia neoadyuvante recibida, tasas de 
respuesta patológica completa y supervivencia global. 
Resultados. Las variables asociadas con tasas de respuesta patológica completa más 
bajas fueron grados tumorales 1-2 (OR = 0,55; IC 95% = 0,37-0,81; p= 0,03), positividad 
de receptores de estrógeno (OR = 0,65; IC 95 % = 0,43-0,97; p = 0,04) y positividad de 
receptores de progesterona (OR = 0,44; IC 95 % = 0,29-0,65; p = 0,0001). La positividad 
fuerte para HER2 (puntaje 3+) se asoció a tasas de respuesta patológica completa más 
altas (OR = 3.3; IC 95 % = 1,3-8,35; p = 0,013). La supervivencia global a cinco años fue 
del 91,5 % (IC 95 % = 82,6-95,9) en pacientes con respuesta patológica completa y del 
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73,6 % (IC 95 % = 66.4-79.6) en pacientes sin respuesta patológica completa (p = 0.001). 
La tasa de respuesta patológica completa fue tres veces mayor en los pacientes que 
recibieron quimioterapia neoadyuvante con terapia anti-HER2 comparado con aquellos que 
recibieron quimioterapia sola sin agentes anti-HER2 (48 % versus 16 %).
Conclusión. En pacientes con cáncer de mama con sobreexpresión de HER2, grado 
tumoral tres, receptores de estrógeno y progesterona negativos, positividad fuerte para 
HER2 (puntaje 3+) y uso de quimioterapia neoadyuvante con trastuzumab se asociaron 
con mayores tasas de respuesta patológica completa. 

Palabras clave. Neoplasias de la mama; terapia neoadyuvante; Colombia.

Breast cancer is the most common type of cancer and the leading cause 
of death by cancer in women in Colombia. Approximately, 13,000 new cases 
and 3,700 deaths are reported annually nationwide (1-3). Data from the 
Antioquia population cancer registry shows that breast cancer represents 17 
% of the total cancer cases in this Colombian region. It is the type of cancer 
with the highest prevalence and accounts for 13.5 % of mortality by cancer, 
only superseded by lung cancer (4-7).

North American data shows significantly improved overall survival and 
disease-free survival of breast cancer in the last decade, likely due to better 
treatment strategies guided by immunohistochemical subclassification (8,9). 
Using immunohistochemical for estrogen receptor, progesterone receptor, 
human epidermic growth factor receptor 2 (HER2), and Ki-67 (proliferation 
rate), breast cancer can be divided into the following subtypes (10,11):

• Luminal A: estrogen receptor positive, progesterone receptor positive, 
HER2 negative, and low Ki-67. 

• Luminal B1: estrogen receptor positive, HER2 negative, and 
progesterone receptor negative or high Ki-67.

• Luminal B2: estrogen receptor positive and HER2 positive, regardless 
of progesterone receptor or Ki-67.

• HER2 enriched: HER2 positive and estrogen receptor negative. 
• Triple-negative: estrogen receptor negative, progesterone receptor 

negative, and HER2 negative.

Notably, approximately 15 to 20% of breast cancers overexpress HER2.

The standard treatment worldwide is the administration of neoadjuvant 
chemotherapy or targeted anti-HER2 therapy in the following cases (12): 

1. Patients with locally advanced disease: N+ (independent of tumor 
stage) or higher than T3 independent of the immunohistochemical 
subgroup.

2. Patients with tumor stage higher than T1c triple negative or HER2 
positive cancer (13).

3. Patients with a high tumor-to-breast volume ratio, with possible future 
breast-conserving surgery.

Neoadjuvant therapy in HER2-positive tumors has the benefit of increased 
rates of breast-conserving surgery without compromising (14) or even 
improving long-term oncological outcomes such as overall survival and 
recurrence (15,16). Adding anti-HER2 antibody therapies, such as trastuzumab, 
to neoadjuvant chemotherapy not only doubles pathological complete response 
rates but is also associated with improved disease-free survival (17,18). 
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The pattern of response to neoadjuvant therapy is also important. The 
CTNeoBC study showed that pathological complete response in the breast 
and axillae was related with increased disease-free survival and overall 
survival compared to pathological complete response in the breast only. This 
association was strongest in triple-negative and HER2-enriched groups, 
decreasing the probability of death by 84% and 71%, respectively (19).

In Colombia, there is not sufficient data regarding the pathological 
complete response of HER2-positive breast cancer after neoadjuvant therapy.

This study aimed to analyze the relationship between multiple clinical and 
histologic variables and pathological complete response status in patients 
with HER2-positive breast cancer undergoing neoadjuvant therapy in a 
specialized cancer center in Colombia. 

Materials and methods

We performed a retrospective analysis of 467 non-metastatic HER2-
positive breast cancer patients who received neoadjuvant therapy between 
2007 and 2020 at the Instituto de Cancerología Las Américas Auna (Medellín, 
Colombia). 

Data was obtained from the institutional cancer registry RIC REDCAP. The 
exclusion criteria were age under 14 or above 75 years, the presence of a 
second primary malignancy in the last five years (except for non-melanoma 
skin cancer), less than six months of life expectancy after initiation of 
neoadjuvant therapy, and patients missing 25% or more data.

Pathological complete response was defined as the absence of invasive 
carcinoma in the breast and lymph nodes after neoadjuvant therapy. Overall 
survival was defined as the percentage of patients who are still alive after a 
period of five years, and disease-free survival was defined as the length of 
time after treatment that the patient survives without any signs or symptoms 
of breast cancer. 

Quantitative variables were presented as mean and standard deviation 
(SD) or interquartile range (IQR). Categorical variables were presented as 
absolute values or percentages. The Kolmogorov-Smirnov test was used 
to examine normality. Bivariate analysis of continuous and categorical 
variables was performed using t test, Mann Whitney U, and chi square test, 
as appropriate, and associations were measured with odds ratios (OR). A 
p-value less than or equal to 0.05 was considered statistically significant. 
Differences in overall survival were assessed using the Kaplan-Meier method 
and compared with the log-rank test. All analyses were performed with Stata, 
version 12 software (StataCorp, College Station, TX, USA).

This study received approval from the institutional review board of Instituto 
de Cancerología Las Américas Auna and was conducted following the 1964 
Helsinki Declaration and its later amendments.

Results

A cancer registry review yielded 467 patients that met the study criteria. 
Demographic, clinical, and histologic characteristics of the study population 
are summarized in table 1. The mean age was 50 years, the mean body 
mass index was 26.9, and the mean size of the lesion before neoadjuvant 
therapy was 48 mm. A total of 43.5% of patients had a family history of breast 
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cancer. The most common stage at presentation was stage III, with 54.2% of 
patients, followed by stage II (34.9%) and stage I (7.5%). Axillary lymph node 
dissection was performed in 69% of patients, sentinel lymph node biopsy in 
31%, mastectomy in 66%, and breast-conserving surgery in 34% (figure 1). 

The associations of different clinical and histological variables with 
pathological complete response status are shown in table 2. Variables 
associated with low pathological complete response rates were tumor grades 
1-2 (OR=0.55; 95% CI=0.37-0.81; p=0.03), estrogen receptor positivity 
(OR=0.65; 95% CI=0.43-0.97; p=0.04), and progesterone receptor positivity 
(OR=0.44; 95% CI=0.29-0.65; p=0.0001). In contrast, strong HER2 positivity 
(score 3+) was associated with high pathological complete response rates 
(OR=3.3; 95% CI=1.3-8.35; p=0.013). 

Table 1. Demographic, clinical, and histological 
characteristics of the studied population

QR: Interquartile range; T: Tumour size; N: Lymph node; 
ER: Estrogen receptor; PR: Progesterone receptor; pCR: 
Pathological complete response

Variable
Number
(N=467)

Age (years), mean (IQR)
Weight (kg), mean (IQR)
Body Mass Index, n (%)

Mean 
<20
21-25
26-30
>30

T status
T1 
T2 
T3
T4 

N status
N0 
N1
N2
N3

ER (n=421)
Positive
Negative

PR (n=418)
Positive
Negative

HER2 (n=378)
3+
2+ (FISH +)

Ki67 (n=342)
<20
≥20

Histological grade (n=459)
1
2
3

Lymphovascular invasion (n=467)
Yes
No

pCR, n (%) (n=467)
Yes
No

  50 (22-75)
  65.7 (35-114)

  26.9
  11 (24)
167 (35.8)
173 (37)
113 (24.2)

  45 (9.6)
173 (37)
  82 (17.6)
166 (35.5)

138 (29.6)
241 (51.6)
  73 (15.6)
    9   (1.9)

270 (64.1)
151 (35.9)

232 (55.5)
186 (44.5)

350 (92.6)
  28   (7.4)

  38 (11.1)
304 (88.8)

  44   (9.6)
163 (35.5)
252 (54.9)

  72 (15.4)
395 (84.6)

184 (39)
283 (61)
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The average five-year overall survival was 79.1% (95% CI=73.5-83.6), 
with a median follow-up of 35 months. In the group that achieved pathological 
complete response, 168 patients (91.5%; 95% CI=82.6-95.9) were alive after 
five years, compared with 208 patients (73.6%; 95% CI=66.4-79.6) in the 
non-pathological complete response group (figure 2). This difference was 
statistically significant (p=0.001). 

Ninety patients were initially classified as HER2-negative based on biopsy 
results and were later classified as HER2-positive based on examination 
of the resection specimen. Combined neoadjuvant chemotherapy and anti-
HER2 therapy (trastuzumab) were administered to 345 patients (74% of 
the total), while the remaining 122 (26%) patients received neoadjuvant 
chemotherapy alone (figure 3). The latter included those 90 patients whose 
initial biopsy was HER2-negative, and the patients who received their first 
and second chemotherapy cycles at other healthcare institutions. None of 
the patients received neoadjuvant radiotherapy. The pathological complete 
response rate was three times higher in patients receiving combined 

Table 2. Associations of clinical and histologic variables with pCR status

Figure 1. Number of patients by type of axillary surgery 

ER: Estrogen receptor; PR: Progesterone receptor; pCR: Pathological complete response; OR: Odds ratio

ALND: Axillary lymph node dissection; SLNB: Sentinel lymph 
node biopsy

Variable pCR (n) Non pCR (n) Total (n) OR (95% CI) p value

Age (years)
<40
>40

Histologic grade
1 and 2
3

Ki 67
<20
≥ 20

ER
Positive
Negative

PR
Positive
Negative

HER2
3+
2+ (FISH +)

Surgery window time (days)
<15
16-45
46-90
91-180
>180

26
158

65
114

14
147

104
74

79
100

166
6

7
70
84
21
0

51
232

142
138

24
157

166
77

153
86

184
22

10
91

127
31
12

77
390

207
252

38
304

270
151

232
186

350
28

17
161
211
52
12

0.74 (0.44-1.25)

0.55 (0.37-0.81)

0.62 (0.31-1.25)

0.65 (0.43-0.97)

0.44 (0.29-0.65)

3.30 (1.30-8.35)

1.00
0.91
1.05
1.03

0.32

0.0003

0.24

0.47

0.0001

0.013

0.07
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neoadjuvant chemotherapy with anti-HER2 therapy than in those with 
chemotherapy alone (48% versus 16%). 

Ethical approval

This study was performed in line with the principles of the Declaration of 
Helsinki. Approval was granted by the Ethics Committee of the Instituto de 
Cancerología Las Américas Auna. 

Figure 2. Survival analysis based on pathologic complete response status

Figure 3. Number of patients by type of neoadjuvant therapy and rates

pCR: Pathological complete response

pCR: Pathological complete response; HER2: Human epidermal growth factor receptor 2 

All patients
(N = 467)

Neo chemo with
anti-HER2
345 (74%)

pCR
165 (48%)

pCR
19 (16%)

Non pCR
180 (52%)

Non pCR
103 (84%)

Neo chemo without
anti-HER2
122 (26%)
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Discussion

The most used pathological complete response definition is the absence 
of residual invasive cancer in the breast and lymph nodes after neoadjuvant 
therapy (20,21). In our study, tumor grade 3, estrogen receptor negativity, 
progesterone receptor negativity, HER2 strong positivity (score 3+), and the 
use of neoadjuvant trastuzumab were associated with higher pathological 
complete response rates. Unsurprisingly, a significantly increased overall 
survival was observed in patients with pathological complete response. The 
findings of this study are of particular importance for the Colombian population 
since oncological guidelines and protocols employed in this country have been 
largely based on studies conducted elsewhere. However, our findings agree 
with the international literature and confirm previously reported results.

It has been well documented that anti-HER2 monoclonal antibodies 
(e.g., trastuzumab) improve overall survival (primary goal) and pathological 
complete response rates (surrogate result) in patients with luminal B2 or 
HER2-enriched breast cancers (22). Based on our data, the number needed 
to treat with trastuzumab, to achieve pathological complete response, 
was three (16% versus 48% pathological complete response rate). This 
agrees with results from the phase 3 trial NOAH (18), which reported a 
38% pathological complete response rate in patients receiving combined 
neoadjuvant chemotherapy with trastuzumab, compared with a 19% 
pathological complete response rate in patients with chemotherapy alone 
(number needed to treat of five, p=0.001). Results from this trial also showed 
increased five-year overall survival and disease-free survival in the combined 
chemotherapy with trastuzumab group (overall survival 74% versus 63%; 
hazard ratio=0.66; p=0.055). In a pooled analysis by Petrelli et al. (23), the 
addition of trastuzumab to neoadjuvant chemotherapy decreased the relapse 
rate from 20 to 12% and increased the pathological complete response rate 
from 20 to 43% (risk ratio=2.07; 95% CI=1.41-3.30; p=0.0002). Similarly, 
other studies have demonstrated that adding trastuzumab to neoadjuvant 
chemotherapy in HER2-positive breast cancer patients was associated with a 
threefold increase in pathological complete response rates (24,25).

In a pooled analysis of almost 6,500 patients with breast cancer receiving 
neoadjuvant therapy (13), pathological complete response was associated 
with increased disease-free survival (hazard ratio=0.446), and this correlation 
was greater in patients with triple-negative or HER2-positive breast cancers. 
The CTNeoBC study, including almost 12,000 patients, showed that 
pathological complete response in the breast and axillae was associated with 
increased disease-free survival and overall survival compared to pathological 
complete response only in the breast (19). The NeoSphere trial reported 
a five-year disease-free survival of 75% in non-pathological complete 
response patients compared with 85% in pathological complete response 
patients receiving neoadjuvant dual HER2 blockade (22). These results 
were confirmed by the phase 2 TRYPHAENA trial, which demonstrated that 
neoadjuvant chemotherapy combined with dual HER2 blockade (trastuzumab 
+ pertuzumab) was associated with increased pathological complete 
response rates, from 55 to 64%, compared to neoadjuvant chemotherapy plus 
trastuzumab only (26,27). This effect was greater in patients with estrogen 
receptor-negative disease (27,28).

Based on the data above, recommendations from the St. Gallen and 
ESMO guidelines (11,29) include neoadjuvant chemotherapy plus HER2 
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blockade in patients with HER2-positive breast cancer. Trastuzumab use 
should be continued for one year after surgery (adjuvant therapy). Following 
the KATHERINE trial (14), emtansine (T-DM1) use should be considered in 
patients who fail to achieve a pathological complete response. This phase 
3 trial compared 14 cycles of either T-DM1 or trastuzumab as adjuvant 
therapy in patients with residual invasive disease following trastuzumab-
based neoadjuvant therapy. They found a reduced risk of invasive and distant 
recurrence and an increased invasive-disease-free survival at three years, 
from 77.0 to 88.3% (hazard ratio = 0.50; p<0.001). The St. Gallen and ESMO 
guidelines also recommend using dual HER2 blockade in the neoadjuvant 
setting and for one year as adjuvant therapy. 

In our study, an unexpectedly large number of patients (approximately 
20%) were deemed HER2-negative at initial diagnosis based on biopsy 
results. Previous studies suggest that around 3% of patients initially classified 
as HER2-negative are later diagnosed as HER2-positive following surgical 
resection (30). Our findings may be explained by possible technical issues 
in the staining procedure or the interpretation of HER2 and suggest that 
tissue handling and biopsy review by specialized pathology practices must be 
warranted before making treatment decisions. 

This study has several limitations. One of the major disadvantages is 
the observational and retrospective nature of the study because, despite 
the size of the sample (one of the most extensive series documented in 
this population), the results cannot be generalized to all of Colombia due to 
the biases it could have. In addition, pathological complete response was 
used as the primary outcome, but its definition is not universal. Furthermore, 
pathological complete response has emerged as an early endpoint for 
clinical trials investigating novel approaches to decrease the time needed to 
evaluate these therapies, and it is a well-known surrogate result for long-term 
outcomes. In a future analysis, we plan to report the association of specific 
chemotherapeutic agents with long-term outcomes, such as overall survival, 
disease-free survival, and pathological complete response. 

In summary, our study shows that patients with HER2-positive breast 
cancer, tumor grade 3, estrogen receptor negativity, progesterone negativity, 
strong HER2 positivity (score 3+), and the use of neoadjuvant trastuzumab 
have higher pathological complete response rates. Pathological complete 
response is associated with increased overall survival.

 Acknowledgments

Special thanks to Héctor García and all the Epidemiology Department of 
the Instituto de Cancerología Clínica Las Américas AUNA for the assistance 
in the statistical analysis.

References

1. Ministerio de Salud y Protección Social. Boletín del aseguramiento en salud. Boletín No. 01 - 
Primer trimestre 2017. Accessed: February 10, 2022. Available in: https://www.minsalud.gov.
co/sites/rid/Lists/BibliotecaDigital/RIDE/VP/DOA/boletin-aseguramiento-i-trimestre-2017.pdf. 

2. Pardo C, de Vries E, Buitrago L, Gamboa O. Atlas de mortalidad por cáncer en Colombia. 
Cuarta edición. Bogotá, D. C.: Instituto Nacional de Cancerología; 2017. p. 124.

3. Bravo LE, Muñoz N. Epidemiology of cancer in Colombia. Colomb Med. 2018;49:9-12. 
https://doi.org/10.25100/cm.v49i1.3877

https://www.minsalud.gov.co/sites/rid/Lists/BibliotecaDigital/RIDE/VP/DOA/boletin-aseguramiento-i-trimestre-2017.pdf. 
https://www.minsalud.gov.co/sites/rid/Lists/BibliotecaDigital/RIDE/VP/DOA/boletin-aseguramiento-i-trimestre-2017.pdf. 
https://doi.org/10.25100/cm.v49i1.3877


404

Rodríguez M, González DM, El-Sharkawy F, et al. Biomédica 2023;43:396-405

4. Brome-Bohórquez MR, Montoya-Restrepo DM, Amell L. Cancer incidence and mortality in 
Medellín-Colombia, 2010-2014. Colomb Med. 2018;49:81-8. 
https://doi.org/10.25100/cm.v49i1.3740

5. Registro Poblacional de Cáncer de Antioquia. Situación del cáncer, departamento de 
Antioquia. Año 2017. Accessed: February 10, 2022. Available in: https://www.dssa.gov.co/
images/estadisticas/cancer/Perfil_Epidemiologio_Cancer_Version28_Mayo2019_Definitivo.
pdf

6. Ossa CA, Gómez R, Ascuntar J, García H. Supervivencia global y libre de enfermedad 
según subtipo molecular intrínseco en una cohorte de 2.200 pacientes con cáncer de 
mama. Experiencia de un centro colombiano. Revista Médica Sanitas. 2015;18:122-32.

7. Egurrola-Pedraza JA, Gómez-Wolff LR, Ossa-Gómez CA, Sánchez-Jiménez V, Herazo-
Maya F, García-García HI. Diferencias en supervivencia debidas al aseguramiento en salud 
en pacientes con cáncer de mama atendidas en un centro oncológico de referencia en 
Medellín, Colombia. Cad Saúde Publica. 2018;34:e00114117. 
https://doi.org/10.1590/0102-311X00114117

8. Narod SA, Iqbal J, Miller AB. Why have breast cancer mortality rates declined? J Cancer 
Policy. 2015;5:8-17. https://doi.org/10.1016/j.jcpo.2015.03.002

9. Azamjah N, Soltan-Zadeh Y, Zayeri F. Global trend of breast cancer mortality rate: A 25-year 
study. Asian Pacific J Cancer Prev. 2019;20:2015-20. 
https://doi.org/10.31557/APJCP.2019.20.7.2015

10. Sotiriou C, Neo SY, McShane LM, Korn EL, Long PM, Jazaeri A, et al. Breast cancer 
classification and prognosis based on gene expression profiles from a population-based 
study. Proc Natl Acad Sci USA. 2003;100:10393-8. 
https://doi.org/10.1073/pnas.1732912100

11. Goldhirsch A, Winer EP, Coates AS, Gelber RD, Piccart-Gebhart M, Thürlimann B, et al. 
Personalizing the treatment of women with early breast cancer: Highlights of the St Gallen 
international expert consensus on the primary therapy of early breast cancer 2013. Ann 
Oncol. 2013;9:2206-23. https://doi.org/10.1093/annonc/mdt303

12. Wuerstlein R, Harbeck N. Neoadjuvant therapy for HER2-positive breast cancer. Rev 
Recent Clin Trials. 2017;12:81-92. https://doi.org/10.2174/1574887112666170202165049

13. Von Minckwitz G, Untch M, Blohmer JU, Costa SD, Eidtmann H, Fasching PA, et al. 
Definition and impact of pathologic complete response on prognosis after neoadjuvant 
chemotherapy in various intrinsic breast cancer subtypes. J Clin Oncol. 2012;30:1796-804. 
https://doi.org/10.1200/JCO.2011.38.8595

14. von Minckwitz G, Huang CS, Mano MS, Loibl S, Mamounas EP, Untch M, et al. 
Trastuzumab emtansine for residual invasive HER2-positive breast cancer. N Engl J Med. 
2019;380:617-28. https://doi.org/10.1056/NEJMoa1814017

15. Mieog JSD, van der Hage JA, van de Velde CJH. Preoperative chemotherapy for women 
with operable breast cancer. Cochrane Database Syst Rev. 2007;2:CD005002. 
https://doi.org/10.1002/14651858.CD005002.pub2

16. Asselain B, Barlow W, Bartlett J, Bergh J, Bergsten-Nordström E, Bliss J, et al. Long-term 
outcomes for neoadjuvant versus adjuvant chemotherapy in early breast cancer: Meta-
analysis of individual patient data from ten randomised trials. Lancet Oncol. 2018;19:27-39. 
https://doi.org/10.1016/S1470-2045(17)30777-5

17. Balic M, Thomssen C, Würstlein R, Gnant M, Harbeck N. St. Gallen/Vienna 2019: A brief 
summary of the consensus discussion on the optimal primary breast cancer treatment. 
Breast Care (Basel). 2019;14:103-10. https://doi.org/10.1159/000499931

18. Gianni L, Eiermann W, Semiglazov V, Lluch A, Tjulandin S, Zambetti M, et al. Neoadjuvant 
and adjuvant trastuzumab in patients with HER2-positive locally advanced breast cancer 
(NOAH): Follow-up of a randomised controlled superiority trial with a parallel HER2-negative 
cohort. Lancet Oncol. 2014;15:640-7. https://doi.org/10.1016/S1470-2045(14)70080-4

19. Cortázar P, Zhang L, Untch M, Mehta K, Costantino JP, Wolmark N, et al. Pathological 
complete response and long-term clinical benefit in breast cancer: The CTNeoBC pooled 
analysis. Lancet. 2014;384:164-72. https://doi.org/10.1016/S0140-6736(13)62422-8

20. Korde LA, Somerfield MR, Carey LA, Crews JR, Denduluri N, Hwang ES, et al. Neoadjuvant 
chemotherapy, endocrine therapy, and targeted therapy for breast cancer: ASCO guideline. 
J Clin Oncol. 2021;39:1485-505. https://doi.org/10.1200/JCO.20.03399

https://doi.org/10.25100/cm.v49i1.3740
https://www.dssa.gov.co/images/estadisticas/cancer/Perfil_Epidemiologio_Cancer_Version28_Mayo2019_Definitivo.pdf
https://www.dssa.gov.co/images/estadisticas/cancer/Perfil_Epidemiologio_Cancer_Version28_Mayo2019_Definitivo.pdf
https://www.dssa.gov.co/images/estadisticas/cancer/Perfil_Epidemiologio_Cancer_Version28_Mayo2019_Definitivo.pdf
https://doi.org/10.1590/0102-311X00114117
https://doi.org/10.1016/j.jcpo.2015.03.002
https://doi.org/10.31557/APJCP.2019.20.7.2015
https://doi.org/10.1073/pnas.1732912100
https://doi.org/10.1093/annonc/mdt303
https://doi.org/10.2174/1574887112666170202165049
https://doi.org/10.1200/JCO.2011.38.8595
https://doi.org/10.1056/NEJMoa1814017
https://doi.org/10.1002/14651858.CD005002.pub2
https://doi.org/10.1016/S1470-2045(17)30777-5
https://doi.org/10.1159/000499931
https://doi.org/10.1016/S1470-2045(14)70080-4
https://doi.org/10.1016/S0140-6736(13)62422-8
https://doi.org/10.1200/JCO.20.03399


405

Complete pathological response in HER2+ breast cancer patients in ColombiaBiomédica 2023;43:396-405

21.  Leon-Ferre RA, Hieken TJ, Boughey JC. The Landmark series: Neoadjuvant chemotherapy 
for triple-negative and HER2-positive breast cancer. Ann Surg Oncol. 2021;28:2111-9. 
https://doi.org/10.1245/s10434-020-09480-9

22. Gianni L, Pienkowski T, Im YH, Tseng LM, Liu MC, Lluch A, et al. 5-year analysis of 
neoadjuvant pertuzumab and trastuzumab in patients with locally advanced, inflammatory, 
or early-stage HER2-positive breast cancer (NeoSphere): A multicentre, open-label, phase 2 
randomised trial. Lancet Oncol. 2016;17:791-800. 
https://doi.org/10.1016/S1470-2045(16)00163-7

23. Petrelli F, Borgonovo K, Cabiddu M, Ghilardi M, Barni S. Neoadjuvant chemotherapy and 
concomitant trastuzumab in breast cancer: A pooled analysis of two randomized trials. 
Anticancer Drugs. 2011;22:128-35. https://doi.org/10.1097/cad.0b013e32834120aa

24. Kuehn T, Bauerfeind I, Fehm T, Fleige B, Hausschild M, Helms G, et al. Sentinel-lymph-
node biopsy in patients with breast cancer before and after neoadjuvant chemotherapy 
(SENTINA): A prospective, multicentre cohort study. Lancet Oncol. 2013;14:609-18. 
https://doi.org/10.1016/S1470-2045(13)70166-9

25. von Minckwitz G, Untch M, Nüesch E, Loibl S, Kaufmann M, Kümmel S, et al. Impact 
of treatment characteristics on response of different breast cancer phenotypes: Pooled 
analysis of the German neo-adjuvant chemotherapy trials. Breast Cancer Res Treat. 
2011;125:145-56. https://doi.org/10.1007/s10549-010-1228-x

26. Schneeweiss A, Chia S, Hickish T, Harvey V, Eniu A, Waldron-Lynch M, et al. Long-term 
efficacy analysis of the randomised, phase II TRYPHAENA cardiac safety study: Evaluating 
pertuzumab and trastuzumab plus standard neoadjuvant anthracycline-containing and 
anthracycline-free chemotherapy regimens in patients with HER2-positive early breast 
cancer. Eur J Cancer. 2018;89:27-35. https://doi.org/10.1016/j.ejca.2017.10.021

27. Chen S, Liang Y, Feng Z, Wang M. Efficacy and safety of HER2 inhibitors in combination 
with or without pertuzumab for HER2-positive breast cancer: A systematic review and meta-
analysis. BMC Cancer. 2019;19:973. https://doi.org/10.1186/s12885-019-6132-0

28. Nakashoji A, Hayashida T, Yokoe T, Maeda H, Toyota T, Kikuchi M, et al. The updated 
network meta-analysis of neoadjuvant therapy for HER2-positive breast cancer. Cancer 
Treat Rev. 2018;62:9-17. https://doi.org/10.1016/j.ctrv.2017.10.009

29. Cardoso F, Kyriakides S, Ohno S, Penault-Llorca F, Poortmans P, Rubio IT, et al. Early 
breast cancer: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up. 
Ann Oncol. 2019;30:1194-220. https://doi.org/10.1093/annonc/mdz173

30. Niikura N, Tomotaki A, Miyata H, Iwamoto T, Kawai M, Anan K, et al. Changes in tumor 
expression of HER2 and hormone receptors status after neoadjuvant chemotherapy in 
21,755 patients from the Japanese breast cancer registry. Ann Oncol. 2016;27:480-7. 
https://doi.org/10.1093/annonc/mdv611 

https://doi.org/10.1245/s10434-020-09480-9
https://doi.org/10.1016/S1470-2045(16)00163-7
https://doi.org/10.1097/cad.0b013e32834120aa
https://doi.org/10.1016/S1470-2045(13)70166-9
https://doi.org/10.1007/s10549-010-1228-x
https://doi.org/10.1016/j.ejca.2017.10.021
https://doi.org/10.1186/s12885-019-6132-0
https://doi.org/10.1016/j.ctrv.2017.10.009
https://doi.org/10.1093/annonc/mdz173
https://doi.org/10.1093/annonc/mdv611 

