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Real-world evidence of survival outcomes in breast cancer
subtypes after neoadjuvant chemotherapy in a Brazilian reference
center
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Background: Neoadjuvant chemotherapy (NAC), traditionally used for locally advanced disease, is
now applied for operable disease, particularly to treat aggressive breast cancer (BC). This study aimed to
characterize the pathological complete response (pCR) and its relationship with overall survival (OS) and
disease-free survival (DFS) among BC patients receiving NAC in a Brazilian public reference center, as well
as the association between pCR and BC subtypes.

Methods: A retrospective cohort study used a comprehensive BC database from a Brazilian women’s health
reference center, including patients diagnosed between 2011 and 2020 who underwent NAC. We collected
demographic, cancer-specific, and treatment-related data, analyzing OS and DFS based on pCR status using
the semiparametric Kaplan-Meier method, with the date of BC diagnosis as the starting point.

Results: The study included 1,601 patients, with an average age of 49 years and a majority presenting stage
IITa disease (35%). Most had invasive nonspecial type (NST) BC (94%), and a significant portion (86.7%)
exhibited a Ki-67 index <14. The overall pCR rate was 22.7%, with higher frequencies observed in the triple
negative and luminal B subtypes. Patients who achieved pCR had significantly higher survival rates (89%
alive vs. 61%, P<0.001) and better DFS (90% vs. 66%, P<0.001), except in the luminal A subtype, where
pCR did not correlate with improved OS or DFS.

Conclusions: These updated real-world data (RWD) from BC patients who underwent NAC in Brazil
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revealed a pCR rate of 22.7% in all cancer subtypes and stages. pCR was not associated with better outcomes

in patients with luminal A, contrasting with other subtypes.
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Introduction

Breast cancer (BC) remains one of the most prevalent
cancers among women, with an estimated annual incidence
of 47.8 new cases per 100,000 individuals (1). In Brazil,
a developing country, projections for 2023 suggest that
approximately 73,000 new cases of BC will be diagnosed
and nearly 18,000 women may succumb to the disease (2,3).
Despite significant advances in treatment, such as better
chemotherapy and targeted therapies (4), identification of
high-risk patients (e.g., carriers of BRCA mutations) (5) and
prophylactic strategies including bilateral oophorectomy
and mastectomy, BC continues to impose a significant
clinical, social and economic burden, with an annual
mortality rate of approximately 13.6 per 100,000 (1).
Neoadjuvant chemotherapy (NAC) for BC has

evolved significantly, transitioning from being reserved

Highlight box

Key findings

® The pathological complete response (pCR) rate among breast
cancer (BC) patients receiving neoadjuvant chemotherapy (NAC)
was 22.7%.

* pCR was linked to higher overall survival (OS) and disease-free
survival (DFS), especially in triple negative and luminal B subtypes.

* pCR did not correlate with improved OS or DFES in the luminal A
subtype.

What is known and what is new?

* NAC is increasingly used for operable BC to treat aggressive
disease.

¢ pCRis generally associated with better survival outcomes.

¢ Data from a Brazilian public reference center show a pCR rate of
22.7%, with survival benefits varying by BC subtype.

What is the implication, and what should change now?

* The study highlights the need to consider BC subtypes when
evaluating NAC effectiveness and pCR prognostic value.

* Treatment protocols should incorporate subtype-specific strategies
to optimize outcomes for BC patients receiving NAC.

© AME Publishing Company.

for inoperable tumors to treating operable BC such as
HER?2 positive (6-10) and triple-negative breast cancers
(TNBCs) (11). A pathological complete response (pCR)
following NAC correlates with a favorable prognosis,
even exceeding the outcomes of immediate surgery (9,11).
Furthermore, NAC is used to facilitate breast and axillary
conservation (12-15) and inform adjuvant treatment
decisions after incomplete response (16,17).

The achievement of a pCR is considered a significant
prognostic factor. Extensive research, including various
randomized controlled trials (RCTs) and meta-analyses, has
shown that patients who achieve pCR after NAC tend to
have better overall survival (OS) and disease-free survival
(DFS) results, this being consistent between different
subtypes of BC (12).

In the realm of real-world data (RWD), OS is widely
recognized by oncologists as a definitive measure due to
its objectivity and compatibility with data derived from
clinical trials (18-20). Furthermore, the American Society
of Clinical Oncology (ASCO) has issued guidelines for
classifying evidence levels, usually placing RWD at level
IIT or IV, denoting moderate to low evidence strength.
Despite this, ASCO acknowledges the importance of RWD
in clinical oncology research. It is especially noted for its
utility in research areas that remain unaddressed by clinical
trials or where trial conduction is deemed unfeasible (21,22).

These therapeutic innovations, while promising, are
based on evidence from controlled and randomized clinical
trials, which may not fully represent the typical patient
population encountered in daily clinical practice due to
strict inclusion and exclusion criteria (19). The shift to
precision oncology (21) has further narrowed the population
eligible for clinical trials, increasing the discrepancy
between trial participants and the general cancer population
treated in real-world settings.

Interestingly, clinical trials recruit only about 5% of the
total cancer population, highlighting the need for studies
that include a broader range of patients (19). Specifically, in
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Brazil, participation in global cancer research remains low,
and the 2021 Interfarma report indicates involvement in
only 2.4% of global cancer studies (20). This underscores the
importance of RWD to enhance our understanding of the
effectiveness of treatment in standard healthcare settings (22).
Taking into account these aspects, this trial aims
to evaluate RWD to improve our understanding of
pCR and its correlations with OS and DFS among BC
patients who have received NAC at a leading public
reference center in Brazil. Furthermore, this study has
investigated the connections between pCR and various
BC subtypes, in order to shed light on the nuanced effects
of NAC in different demographics of patients and cancer
characteristics. We present this article in accordance with
the STROBE reporting checklist (available at https://cco.
amegroups.com/article/view/10.21037/cco-24-54/rc).

Methods
Study design and data source

This study used a retrospective cohort based on RWD of
a reference center for the treatment of female cancers in
Brazil (Women’s Health Hospital). As it was an analysis
of the secondary database of the institution, the present
study was approved by the ethics committee. The ISPE/
ISPOR recommendations for the development of an
exploratory study in the real world were followed (23). Data
from women diagnosed and treated in the aforementioned
healthcare setting were considered for this study from
January 2011 to December 2020.

Ethics

This study was submitted and approved by the Research
Ethics Committee of the Women’s Health Hospital (No.
CAAE 39097520.4.2001.0069). This was a retrospective
study and the requirement for informed consent was waived
due to this. This study was carried out according to the
principles of the Declaration of Helsinki (as revised in
2013), including the protection of patient confidentiality.

Follow-up, inclusion, and exclusion criteria

Each patient was followed from diagnosis until their last
hospital visit (if alive) or death. Women older than 18 years
with a diagnosis of nonmetastatic BC treated with NAC
were included in this study. Patients with inflammatory

© AME Publishing Company.
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BC, stage IV cancer at diagnosis, missing data, or who
) g g ’ g ,
participated in clinical trials were excluded.

Outcomes and clinical data

The present RWD study had an exploratory focus; no
treatment superiority or other specific hypothesis testing
was evaluated. The primary objective of this study was to
find an association between pCR and the clinical outcomes
of OS and DFS. Furthermore, an exploratory analysis
was performed via the correlation of BC subtypes and
differences in OS and DFS associated with pCR.

The clinical data from this study comprised demographic
variables (age, weight, body mass index, etc.), cancer-related
variables (staging, type of BC, Ki-67 index and cancer subtypes,
such as triple negative, luminal A, etc.) and treatment-related
variables (type of NAC used). The morphology of neoplasms
was coded according to the International Classification of
Diseases for Oncology, Third Edition ICD-0-3) (24,25).
Sarcomas and other morphological types were classified
as ‘other subtypes’. Histological grade was classified as
GI, GII or GIII, according to the Bloom and Richardson
classification (26). The expression of estrogen receptor (ER)
and progesterone receptor (PR) by immunohistochemistry
was considered positive when 1%. HER2 expression was
considered positive when reported as 3+ or confirmed by
immunofluorescence technique. The classification of the tumor
phenotype was carried out according to the recommendations
of the St. Gallen Consensus of 2023 (27). Differentiation
between luminal phenotypes was carried out according to
Ki-67 expression, with luminal A considered when Ki-67
<14% (28,29).

NAC

Patients received NAC according to institutional protocols
and based on availability and access to medications. Access
to medications for the treatment of HER2+ patients is not
universal in Brazil. The treatment regimens used included
4 cycles of doxorubicin + cyclophosphamide followed
by 4 cycles of docetaxel for all patients. HER2 positive
patients may have used the same regimen with or without
trastuzumab (30), and TNBC patients may have received
carboplatin-containing regimens.

pCR definition

We defined pCR as no residual invasive tumor or ductal
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carcinoma in situ (DCIS) in the primary tumor bed or
ipsilateral axillary lymph nodes (ypT0 ypNO) 31).

Analyses

The primary outcome of this study was to evaluate the
relationship between clinical data and pCR. To accomplish
this, patients were divided into pCR and non-pCR groups;
our aim was to explore if there was an association between
clinical information and outcome using Fisher or Chi-
squared tests for categorical covariates. Student’s #-test was
used to assess differences between groups of parametrically
distributed data (e.g., age).

"To statistically compare the effectiveness of each NAC
regimen, we used a forest plot analysis. This approach
provided a visual and quantitative comparison of odds ratios
(ORs) and the corresponding 95% confidence intervals
(CIs) across different treatment schemes. The ORs were
calculated to assess the probability of achieving pCR in each
chemotherapy scheme compared to the aggregated data
from all other schemes.

To assess OS and DFS, the Kaplan-Meier method and the
log rank test were used to assess differences in the pCR and
non-pCR subgroups. Both OS and DFS curves considered
5 years as the cut-off point for right-censoring. To define the
duration of OS and DFS, the diagnosis date was used as the
initial time and the death and/or recurrence date was used as
the final event time. All inferential analyzes considered a P
value <0.05 as a statistically significant cutoff.

The present study required an estimate of the number
of patients in whom pCR would be achieved given a
population of BC patients exposed to NAC. As Brazil has
a limited budget healthcare system, in which innovative
drugs are not available in the public system, we searched
the results of the National Surgical Adjuvant Breast and
Bowel Project Protocols B-27 (NSABP) study (10) for
evidence related to the use of NAC in Brazil. In that study,
of the patients who received NAC, 26.3% of the patients in
the non-pCR group died (n=490 deaths of 1,857 patients),
while 10.3% of the patients in the pCR group died (n=42
of 397 patients) at the median follow-up of eight years.
That is, of the 2,254 patients, 17.6% (n=397/2,254) had
pCR. Considering a power of 90% and a two-tailed alpha
of 5%, at least 30 pCR events were required to find a
significant difference in pCR in our study. For a sample size
considering survival in patients with pCR, at least 40 death
events were required to find differences in survival between
groups of patients without pCR and pCR. Therefore, we

© AME Publishing Company.
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considered a sample of at least 1,500 patients sufficient for
the present study using a 5-year follow-up horizon.

Results
Sample characteristics and NAC

From 2011 to 2020, 2,862 of the 8,002 patients in the
database received NAC; 1,201 were excluded from this study
due to having inflammatory cancer (n=325), participating
in the randomized clinical trial (RCT) (n=375), inoperable
BC (n=380) and patients with progression to metastatic
disease (n=121). In general, 1,601 patients who underwent
surgical BC and NAC treatment were included in this study
(Figure I). These women had clinical disease in the majority
stage IIIA (35%), with a mean age of 49+10.7 years (a
minimum of 20 years and a maximum of 84 years) and
a mean body mass index of 28.06+5.6 kg/m’; most were
premenopausal (61.2%). In total, 19.5% of the patients had
a first-degree relative with a history of BC.

The predominant histological type was non-special
invasive carcinoma (94.2%); 49.4% of the patients presented
grade 2 histological findings.

Most of the patients did not present with angiolymphatic
or perineural invasion (89.5% and 96.6%, respectively).
Lymphocytic infiltration was present in 98.3% of the
patients. The proliferation index (Ki-67 index 14) was high
in 86.7% of patients.

The predominant histological type was non-special
invasive carcinoma (94.2%); 49.4% of the patients presented
grade 2 histological findings (Table 1).

Regarding tumor subtypes, luminal A, luminal B, HER2,
and triple negative were present in 10.3%, 35.2%, 23.4%
and 31.1% of patients, respectively, and a significant portion
of the sample had axillary involvement, with N1 and N2 in
44.6% and 31.6% of patients, respectively.

The NAC schemes were distributed among five different
combinations, the most commonly used among all patients
was AC-T (40.6%) and its variants, with the addition of
trastuzumab in patients positive for HER2 (10.9%).

Response to NAC

In our investigation of the effectiveness of NAC, we
evaluated patient outcomes post-treatment when
approaching potentially curative surgery. Our cohort
consisted of 1,601 individuals, among whom 364 (22.7%)
achieved a complete response, with the absence of tumor
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N=5,140

Adjuvant chemotherapy

Y

Neoadjuvant chemotherapy
N=2,862

¢ Inflammatory BC (N=325)

* RCT (N=375)

>»| * Inoperable BC (N=380)

* Disease progression metastatic
(N=121)

N=1,661

N=60

Incomplete data

N=1,601

Figure 1 Patients diagnosed with breast cancer between 2011 and 2020 who underwent systemic treatment. BC, breast cancer; RCT,

randomized clinical trial.

Table 1 Clinical and pathological information and analysis of covariates and pCR status

Characteristics PCR (n=364) Non-pCR (n=1,237) P value*
Age, years 49+10.84 49+10.76 >0.99
Weight, kg 70.8+15.19 71+14.63 0.82
Height, m 1.59+0.06 1.59+0.07 -
Body mass index, kg/m® 28+5.73 28+5.52 >0.99
Menopausal status 0.32
Premenopause 214 (58.8) 766 (61.9)
Menopause 151 (41.4) 470 (38.0)
Breast cancer family history
First degree 42 (11.5) 119 (9.6) 0.28
Second degree 27 (7.4) 124 (10.0) 0.13
No history 295 (81.0) 994 (80.4) 0.77
Histological type
IDC 346 (95.1) 1,163 (94.0) 0.45
ILC 14 (3.8) 51 (4.1) 0.81
Other 4(1.1) 23(1.9) 0.48

Table 1 (continued)

© AME Publishing Company.
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Table 1 (continued)

Characteristics pCR (n=364) Non-pCR (n=1,237) P value*

Histological grade (SBR)

G1 93 (25.5) 326 (26.4) 0.75
G2 178 (48.9) 616 (49.8) 0.76
G3 93 (25.5) 295 (23.8) 0.50
Angiolymphatic invasion 0.53
Presence 35 (9.6) 133 (10.8)
Absence 329 (90.4) 1,104 (89.2)
Perineural invasion 0.78
Presence 15 (4.1) 55 (4.4)
Absence 349 (95.9) 1,182 (95.6)
Ki-67 index 0.57
<14 45 (12.4) 167 (13.5)
>14 319 (87.6) 1,070 (86.5)
Estrogen receptor 0.44
Positive 196 (53.8) 694 (56.1)
Negative 168 (46.2) 543 (43.9)
Progesterone receptor 0.64
Positive 173 (47.5) 605 (48.9)
Negative 191 (52.5) 632 (51.1)
HER2 0.35
Positive 92 (25.3) 284 (23.0)
Negative 272 (74.7) 953 (77.0)
Subtypes
Luminal A 34 (9.3 131 (10.6) 0.49
Luminal B 126 (34.6) 437 (35.3) 0.80
HR+/HER2 43 (11.8) 146 (11.8) 0.99
TNBC 112 (30.8) 385 (31.1) 0.89
HER2 49 (13.5) 138 (11.2) 0.22
Clinical staging AJCC (TNM) <0.001
| 10 (2.7) 32 (2.6)
1A 18 (4.9) 75 (6.1)
B 85 (23.4) 266 (21.5)
A 193 (53.0) 490 (39.6)
B 56 (15.4) 346 (28.0)
lnc 2(0.5) 28 (2.3)

Data are presented as mean + SD or n (%). *, Chi-squared test. pCR, pathological complete response; IDC, invasive ductal carcinoma;
ILC, invasive lobular carcinoma; SBR, Scarff-Bloom-Richardson; TNBC, triple-negative breast cancer; AJCC, American Joint Committee
on Cancer; TNM, tumor-node-metastasis; SD, standard deviation.
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Figure 2 pCR according to subtype status (A), clinical stage (B). pCR, pathologic complete response; TNBC, triple-negative breast cancer;

AJCC, American Joint Committee on Cancer; TNM, tumor-node-metastasis.

Table 2 Neoadjuvant chemotherapy and pCR status

Neoadjuvant chemotherapy pPCR (n=364), n (%) Non-pCR (n=1,237), n (%) P value*
AC-T 148 (40.7) 508 (41.1) <0.001
AC-TPlatin 79 (21.7) 219 (17.7) <0.001
TAC 60 (16.5) 265 (21.4) <0.001
FAC 27 (7.4) 69 (5.6) <0.001
AC-TH 50 (13.7) 176 (14.2) <0.001

*, Chi-squared test. pCR, complete pathological response; A, anthracycline; C, cyclophosphamide; T, taxane; Platin, carboplatin; FAC,

5-fluoracil/adriamycin/cyclophosfamide; H, trastuzumab.

cells in both breast tissue and lymph nodes (pCR denoted
ypTO ypNO). When considering cases with residual
noninvasive cancer cells present (labeled as DCIS), the
aggregate of patients exhibiting complete response increases
marginally to 392 (24.5%), a statistic not considered
significant (P=0.56) (1able 1).

We noted the variability in complete response rates
among different BC subtypes, although the disparity was
not statistically substantial. Furthermore, patients diagnosed
with advanced stages of cancer, particularly stages IIIA and
ITIIB, showed a higher probability of complete response
(statistical significance P<0.001), despite a smaller patient
population in these stages (Figure 2A4,2B).

In our analysis of NAC regimens, we evaluated the
effectiveness of different schemes to achieve pCR. We
investigated the results of five NAC schemes: AC-T, AC-
TPlatin, TAC, FAC, and AC-TH. Our findings revealed varied
response rates: AC-T led to a pCR in 148 out of 656 cases
(22.6%), AC-TPlatin in 79 out of 298 cases (26.5%), TAC in 60
out of 325 cases (18.5%), FAC in 27 out of 96 cases (28.1%), and

© AME Publishing Company.

AC-TH in 50 out of 226 cases (22.1%). These results provided a
foundational understanding of how each chemotherapy regimen
performs in terms of inducing complete tumor regression before
surgical intervention (Zable 2).

Subsequent statistical analysis, visualized through a
forest plot, presented the ORs and 95% Cls for achieving
pCR in each chemotherapy scheme. Specifically, AC-T
had an OR of 0.99 (95% CI: 0.78 to 1.25, P<0.001),
suggesting that there were no significant differences from
the overall population response rates. AC-TPlatin showed
an OR of 1.30 (95% CI: 0.97 to 1.73, P<0.001), indicating
a nonsignificant chance of achieving pCR. The TAC
exhibited an OR of 0.73 (95% CI: 0.54 to 0.99), suggesting
a significantly lower chance of achieving pCR compared to
the overall population. FAC presented an OR of 1.36 (95%
CI: 0.86 to 2.16, P<0.001), which implies a not significant
difference in pCR. Lastly, AC-TH had an OR of 0.93 (95%
CI: 0.66 to 1.30, P<0.001), showing no significant variance
from the general population (Figure 3).

The statistical significance was underlined by P values, and
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OR =0.93, 95% ClI: 0.66, 1.30, P<0.001

OR =1.36, 95% CI: 0.86, 2.16, P<0.001

OR =0.73, 95% Cl: 0.54, 0.99, P<0.001

OR =1.30, 95% CI: 0.97, 1.73, P<0.001

OR =0.99, 95% CI: 0.78, 1.26, P<0.001

Figure 3 Multivariate analysis of NAC schemes and the relationship with pCR. A, anthracycline; C, cyclophosphamide; T, taxane; H,

trastuzumab; FAC, 5-fluoracil/adriamycin/cyclophosfamide; Platin, carboplatin; OR, odds ratio; CI, confidence interval; pCR, pathologic

complete response; NAC, neoadjuvant chemotherapy.

Table 3 Deaths and relapses according to the state of pCR

Variables pCR Non-pCR P value*

Recurrence, n (%) 0.187
Locoregional recurrence 7(1.9) 13 (1.1)

Breast 4(1.1) 6 (0.5)

Axillary 3(0.8) 7 (0.6)

Wall chest 1(0.3) 1(0.1)
No recurrence 357 (98.1) 1,224 (98.9)

Distant metastasis, n [%)] <0.001

Total 23 [6] 244 [20]
Bone 6[2] 37 3]
Lung 7 2] 61 [5]
Central nervous system 3[1] 17 [1]
Multiple 712] 115[9]

No metastasis 341 [94] 993 [80]

Deaths, n (%) 92 (25.3) 263 (21.3) 0.10
Breast cancer 72 (19.7) 231 (19.5)
Cardiovascular disease 5(1.4) 8 (0.6)

Stroke 5(1.4) 7 (0.5)

Sepsis 10 (2.8) 9(0.7)

*, Chi-squared test. pCR, pathologic complete response.

all schemes except TAC did not show a significant deviation
from the expected rates of pCR considering conventional

thresholds. The TAC scheme was notably notable for its

© AME Publishing Company.

significantly lower odds of achieving a pCR, as highlighted
by its OR and associated P value. This analysis underscores
the variations in effectiveness among different NAC
regimens and emphasizes the need for personalized treatment
approaches based on the specific characteristics and response
rates of the cancer being treated.

Secondary outcomes (OS and DFS)

In general, locoregional recurrence was observed in 1.9%
of pCR patients; 9% of patients without pCR exhibited
multiple metastases. In the sample studied, 25% of patients
with pCR died; however, a death event was only present in
21% of patients who did not show pCR during the 5-year
follow-up (Table 3).

Using the Kaplan-Meier method, survival at 60 months
did not reach the median, and more than 50% of the
patients were alive. DFS was 90.4% in the pCR group and
66.7% in the non-pCR group, with a log rank P<0.001. OS
was 89.0% in the pCR group and 61.0% in the non-pCR
group, with a logarithmic rank P<0.001 (Figure 44,4B).

The analyses of pCR status based on OS and DFS by
tumor subtype are shown in Figures 5,6. Patients with
luminal A had higher OS when they did not reach pCR
(pCR 35% vs. non-pCR 35%, P=0.02). Luminal B, TNBC,
and HER2+ patients had better OS when they achieved
pCR, as follows: luminal B (pCR 90% wvs. non-pCR 12.5%,
P=0.046), TNBC (pCR 92% vs. non-pCR 45%, P<0.001)
and HER2+ (pCR 92% wvs. non-pCR 25%, P=0.001).
The same was observed for DFS; there was no significant
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difference in luminal A patients (pCR 35% vs. non-pCR vs. no pCR 12.5%, P<0.001).
34%, P=0.11). Luminal B patients, TNBC and HER2+ also
showed better DFS when receiving pCR, as follows: luminal
B (pCR 86% vs. non-pCR 12.5%, P=0.004), TNBC (pCR
77% vs. non-pCR 32.5%, P<0.001) and HER2+ (pCR 73% Our study is pioneering in evaluating the impact of

Discussion
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various definitions of pCR on the outcomes of RWD
among a substantial cohort of BC patients from a single
reference center in Brazil. These patients received NAC
regimens based on anthracycline and taxanes, along with
combinations including neoadjuvant trastuzumab and
platinum-based treatments. In addition, this research aims
to elucidate the prognostic significance of the various
subtypes of BC.

pCR after NAC may be an important landmark. In
clinical trials, a systematic review of met analyzes suggested
that achieving pCR was associated with a 64% increased
survival chance (hazard ratio =0.36) (17,23,31). On the
contrary, a larger systematic review, with a meta-analysis
that aimed to evaluate pCR as an endpoint of OS and DFS,
suggested that there was a weak association between pCR
and OS/DEFS (32-34).

In general, our study was consistent with the literature
on the accepted range of pCR rates associated with patients
exposed to BC by NAC (20-40%), as well as systematic
reviews (32-34). The current study highlighted the
importance of RWD in evaluating results relevant to daily
practice; we found that pCR was a relevant predictor of OS
and DFS.

© AME Publishing Company.

Importantly, few covariates were associated with pCR.
This was an interesting finding of this study, which was
aligned with another real-world assessment of pCR in
TNBC patients who received NAC (32,34-36). Many
authors believe that better biomarkers are required to better
characterize BC and assess associations between pCR and
OS/DES. Despite the emergence of new targeted therapies
(34), the impact of NAC on pCR and OS has been poorly
investigated in the literature (36,37).

Our research indicated a pCR rate of 22.7%, reflecting
the results of various institutions that do not segment
data by subtypes, with pCR rates that fluctuate between
13.0% and 26.1% in all subtypes in RCT data after
anthracycline- and taxane-based chemotherapy treatments
(38-40). Interestingly TAC regiments led to only 16.5%
pCR rate, that can be explained because patients with more
aggressive disease or larger tumors were prescribed TAC
to achieve a better response, a potential bias. Moreover,
most of the patients who received the TAC regimen were
HER?2 positive at a time when we did not have access
to neoadjuvant trastuzumab. A retrospective analysis of
the Public Health System (PHS) in Chile that included
439 patients reported a pCR rate of 24.1% (41). In
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contrast, a separate investigation in China with a cohort of
240 patients observed a pCR rate of 12.5% (42). Rezende
et al. (43) analyzed 310 women in the public healthcare
system in Brazil who underwent NAC, documenting a
pCR rate of 13.9%. Additionally, a retrospective evaluation
involving 1,639 patients in Mexico showed a pCR rate
of 28.4% (44). The consistent use of anthracyclines and
taxanes as the primary components of NAC in both RCTs
and RWD reflects consistent trends.

Moreover, Cortazar et al. (33) documented that
pCR exhibited the weakest correlations with hormone-
receptor positive, low-grade, and HER2-positive tumors.
Correspondingly, von Minckwitz et a/l. (40) observed that
pCR correlations were strongest with more aggressive
subtypes of BC, while demonstrating weak prognostic
significance in patients with luminal subtypes A or B. These
results are in alignment with our study’s conclusions.

Importantly, throughout the duration of this study,
double blockade (trastuzumab and pertuzumab) was not
available to treat HER2 positive patients, and there was
no possibility of using immunotherapy for triple negative
patients. pCR was achieved in approximately 11% of
patients with the HER2 positive subtype; an explanation
for this is that the institutions had not received trastuzumab
before 2016 in the adjuvant or neoadjuvant setting. In other
words, the use of anti-HER therapy was low in our study
population; this article may be valid for countries with low
access to such monoclonal antibodies (35-38). Recognized
adjuvant treatments that reduce relapse and even mortality,
such as adjuvant capecitabine for triple negative disease
and TDM-1 for HER2 positive disease with incomplete
response, were also not available in the setting of this study
(16,17,38-43).

Another important finding of our study was that the Ki-
67 index did not show an important statistical correlation
with pCR. The Ki-67 index is a nuclear antigen expressed in
the G1, S and G2 phases (but not in the resting state of the
cell cycle). As a relevant biomarker for BC proliferation, the
optimal cut-off point of the Ki-67 index has been reported
heterogeneously through many studies; in most cases, the
literature uses empirical categorization (>14%, >15% or
even >30% Ki-67 expression) (39,45,46). Nishimura et al.
[2010] (46) suggested that in a locally advanced subset of
patients exposed to NAC, mean Ki-67 levels were 63% in
the pCR group and 45% in the non-pCR group. There were
no patients with non-pCR status who showed Ki-67 levels
higher than 25% (47,48). More interestingly, Nishimura
et al. suggested that decreased Ki-67 values after NAC might

© AME Publishing Company.
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have a predictive role for pCR, as they showed that DFS was
higher in patients with a Ki-67 index <12% on the 4,000" day
after NAC (46). This study illustrated that the Ki-67 index
should not be used separately from other biomarkers and
that its value could be potentialized if explored as a dynamic
variable, not as a static BC marker (28,41).

The analysis of the status of pCR in relation to OS
and DFS across different tumor subtypes, as shown in
Figures 5,6, presents notable findings. Interestingly, patients
with luminal A showed a higher OS rate when they did not
achieve pCR (35% for both pCR and non-pCR, P=0.02),
which is a unique outcome among the studied groups. This
could suggest that, for patients with luminal A, pCR is
not a significant prognostic marker of OS, possibly due to
the inherently less aggressive nature of luminal A tumors
or other factors not directly related to tumor response
to chemotherapy. This notion aligns with findings from
Cortazar et al. (33) and is supported by research presented
by von Minckwitz et a/. (40), indicating that pCR may
not significantly impact luminal A outcomes due to their
specific tumor biology (49,50).

On the contrary, patients with the luminal B, TNBC, and
HER2+ subtypes demonstrated significantly better OS rates
after achieving pCR. Specifically, luminal B patients had
an OS rate of 90% with pCR compared to 12.5% without,
TNBC patients had an OS of 92% with pCR versus 45%
without, and HER2+ patients showed an OS rate of 92%
with pCR compared to 25% without. These differences
underscore the importance of achieving pCR in these
subtypes, indicating that pCR is a strong prognostic factor
for better survival outcomes. The substantial benefits of
pCR in these more aggressive subtypes are well documented
in the literature, including meta-analyses and studies that
highlight the prognostic value of pCR, particularly in
patients with TNBC and HER2+ (49,50).

The DFS results mirrored these patterns; luminal A
patients did not show a significant difference in DFS
between pCR and non-pCR (35% vs. 34%, P=0.11), again
suggesting that pCR might not be a critical endpoint
for this subgroup. However, for patients with luminal B,
TNBC, and HER2+, a significant improvement in DFS
was observed for those achieving pCR. The DFS rates
were 86% versus 12.5% for luminal B, 77% versus 32.5%
for TNBC and 73% versus 12.5% for HER2+ for pCR
versus non-pCR, respectively. The improvements in DFS
for these subtypes reinforce the prognostic significance
of pCR and are consistent with existing research that
underscores the variable impact of pCR in different BC
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subtypes (51).

These findings suggest that while pCR is an important
indicator of prognosis for patients with luminal B, TNBC,
and HER2+, reflecting significantly better survival
outcomes, this is not the case for patients with luminal
A. This could indicate different tumor biology between
subtypes and the varying effectiveness of chemotherapy,
thus necessitating subtype-specific approaches in treatment
and prognosis evaluation. It also raises questions about the
biological mechanisms that underpin these variations and
points to the need for personalized treatment strategies
that consider individual tumor characteristics beyond
mere subtype classification, as underscored by existing
studies (46,49-51).

This study incorporated RWD related to NAC BC
treatment. The relevance of pCR to OS and DFS of women
with BC from a developing country eligible for NAC in
an uncontrolled environment (not in a strictly controlled
trial) can help us better understand our population. We
highlighted the risk associated with the lack of proven
therapies in Brazil’s PHS, which could directly affect the
probability of achieving pCR (especially in patients with
HER?2 positive and triple negative diseases); as presented in
this study, this could lead to a worse prognosis.

Finally, this study had limitations, similar to other
RWD studies. Our data set was not initially designated to
study the influence of pCR on OS/DEFS; it was designed to
monitor patients treated according to local preferences and
their daily routine. This problem was attenuated by the fact
that pCR, OS, and DFS are objective outcomes and relevant
indicators of BC treatment. Similarly, other confounding
observational studies and selection bias might be important
sources of limitations. Additionally, due to the type of study,
surrogacy could not be demonstrated.

This study provides valuable insights into the
effectiveness of NAC in a real-world setting, specifically
within a Brazilian public reference center. By demonstrating
a pCR rate of 22.7% across various BC subtypes and stages,
this research highlights the potential of NAC to improve
survival outcomes in aggressive BC cases. The findings
underscore the importance of NAC in achieving better OS
and DFS, particularly in subtypes such as triple negative
and luminal B. These results can guide oncologists in
developing countries to optimize NAC protocols, adapt
treatment strategies based on subtype-specific responses,
and ultimately enhance the efficacy of BC treatment
without necessitating significant additional resources. This
approach could help improve patient outcomes and resource

© AME Publishing Company.
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utilization in settings with limited healthcare budgets.

Conclusions

Our study demonstrated that the data on pCR rates in
patients undergoing NAC for BC treatment in real life are
consistent with the data from clinical trials and that pCR
was correlated with increases in OS and DFS in an RWE
study. Furthermore, it showed that despite the lack of access
to adequate treatments in patients with HER2 and TNBC,
and that the pCR rates of these subtypes were lower than
those of the RCTs, the OS and DFS of patients with pCR
were also better.
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