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Objective: This study aimed to investigate the influence of immunohistochemical (IHC)
biomarkers in the response to neoadjuvant chemotherapy (NACT) and survival outcomes in
the subset of locally advanced triple-negative breast cancer (TNBC).

Materials and Methods: The epidermal growth factor receptor (EGFR), androgen receptor
(AR), cytokeratins (CK5/6, CK14 and CK17), Ki67 and p53 immunohistochemistry were
evaluated on 171 cases of TNBC submitted to NACT and subsequently to surgery. Intensity
and percentage of the expression of these biomarkers were combined to formulate a specific
score, that was correlated with prognostic features and assessed for survival outcomes.
Results: Most patients had advanced clinical-stage tumors (stage III: 83.6%; cT3/T4:
85.9%; cN1-3: 71.3%). The predominant histological subtype was high-grade (67.3%) and
invasive ductal carcinoma (93.6%). The residual cancer burden (RCB) 0—1 corresponded to
28.7% of cases and low-risk lymph node ratio (LNR) represented 77.2%. High Ki67
expression only showed a significant correlation with grade 3 tumors (p = 0.0157). CK5/6
was observed in 16% (27/169), CK14 was positive in 10.1% (17/169), CK17 in 91.1% (153/
168), p53 in 52.6% (70/133), EGFR in 92.9% (157/169 cases), AR in 13% (22/169) and
Ki67 index was scored >40% in 57.9% (95/165). No IHC biomarker significantly impacted
response or survival. Regarding the analysis of the outcomes of event-free survival (EFS)
and overall survival (OS), clinical stage (p = 0.014 and p = 0.042, respectively), RCB (p <
0.0001 and p <0.0001, respectively) and LNR (p <0.0001 and p <0.0001, respectively)
showed significant association.

Conclusion: No IHC biomarker evaluated showed a significant association with a response
or survival outcomes in TNBC patients. Clinical stage, LNR and RCB stood out for strongly
influencing survival.

Keywords: triple-negative breast cancer, neoadjuvant chemotherapy, biomarkers, residual
burden cancer, lymph node ratio

Introduction
According to data from GLOBOCAN 2018, breast cancer stands out for being the
second most commonly diagnosed malignancy for the general population, reaching
over 11% of all new cancer cases. Indeed, it is the leading cause of cancer-specific
death in women worldwide.! For Brazil, 66,280 new cases of breast cancer are
estimated for each year in the period 2020-2022.%

Triple-negative breast cancer (TNBC) is defined by tumors that lack expression

of the estrogen receptor (ER), progesterone receptor (PR) and human epidermal
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growth factor receptor 2 (HER2).>* This type of tumor
behaves more aggressively and accounts for approximately
15% of breast cancers.” Treatment for TNBC has been
challenging and tumor heterogeneity widely pointed out
as the reason for different clinical outcomes, often leading
to different patterns of response to neoadjuvant treatment,
as well as discrepant survival.®

Some gene expression profile (GEP) testing has been
proposed for molecular characterization of TNBC sub-
groups. In 2011, Lehmann et al’ suggested a division of
TNBCs into 7 molecular subtypes: immunomodulatory
(IM), mesenchymal (M), mesenchymal stem-like (MSL),
luminal androgen receptor (LAR), unstable (UNS) subtype
and two basal-like subtypes (BL1 and BL2). Thereafter,
the subclassification refinement was revised to regroup
into 4 subtypes (BL1, BL2, M and LAR) based on a
retrospective analysis of some clinical trials dataset.®
Although very promising, these assays are expensive and
still inaccessible in many centers.

The GEP-based cluster analyses are intricately linked
to the expression profiling of immunohistochemistry
(IHC), which may represent a more accessible tool option
for predicting response and survival outcomes. BL1 and
BL2 subtypes usually express epidermal growth factor
receptor (EGFR) and basal cytokeratins like CKS5/6,
CK14 and CK17. LAR usually has high androgen receptor
(AR) expression. The high expression of p53 is likely to
be an independent biomarker of shorter survival in some
cohorts of patients with TNBC, as well as a high score of
Ki67 proliferation index.’

The aim of this study was to investigate the influence
of some IHC biomarkers, such as EGFR, AR, cytokeratins
(CK5/6, CK14 and CK17), Ki67 and p53, in the response
pattern to neoadjuvant chemotherapy (NACT) and survival
outcomes in the subset of patients with locally advanced
TNBC. This approach may help to obtain novel informa-
tion for identifying specific high-risk subgroups in order to
explore more effective treatments.

Materials and Methods

Study Design and Ethical Considerations

This is a cohort with retrospective data. The study was
approved by the Ethics in Human Research Committee of
the Brazilian National Cancer Institute (CEP-INCA), Rio
CAAE
in accordance

de Janeiro, Brazil, under the number
61675516.9.0000.5274,

with the Good Clinical Practice guidelines.

and conducted

Patient Selection

Patients with newly diagnosed breast cancer enrolled at the
Brazilian National Cancer Institute (INCA) between
January 2010 and December 2014 were included if all
the following criteria were met: a) women over 18 years
old; b) confirmation of the histopathological diagnosis of
TNBC (tumors with ER and PR score <1%, as well as
HER-2 score 0/1 + or 2+ with negative FISH) by the
INCA Pathology Department (DIPAT/INCA) according
to the American Society of Clinical Oncology/College of
American Pathologists (ASCO/CAP) guidelines;>* ¢)
stage IIb-IlIc by the 7th American Joint Committee on
Cancer — AJCC (T3-4NanyMO; TanyN1-3MO0); d) sub-
mitted to NACT with anthracycline-taxane-based regimen
followed by curative surgery at INCA. In its turn, patients
with the second primary tumor, previously exposed to
antineoplastic agents, with unresectable tumors, even
when NACT was supplemented by complementary treat-
ment with further chemotherapy and/or radiotherapy, were
excluded.

Neoadjuvant Regimens

The NACT regimens were defined primarily as FAC-T
(fluorouracil 500 mg/m2, doxorubicin 50 mg/m2 and
cyclophosphamide 500 mg/m2, every 21 days for 3 cycles,
followed by docetaxel 100 mg/m2 every 21 days for 3
cycles, intravenously) or AC-T (doxorubicin 60 mg/m2
and cyclophosphamide 600 mg/m2, every 21 days for 4
cycles, followed by docetaxel 100 mg/m2 every 21 days
for 4 cycles, or followed by weekly paclitaxel 80 mg/m2
for 12 consecutive weeks without interval, intravenously).

Immunohistochemistry
Due to the scarcity of material, the core biopsy samples
were analyzed in their whole tissue sections for all bio-
markers of IHC. As for the surgical specimen samples, the
tissue microarray (TMA) analysis was performed using
standard procedures on 4-pum sections in the most repre-
sentative areas of greatest tumor cellularity of formalin-
fixed paraffin-embedded tissue specimens, and then
stained for Ki67. For both specimens, the tumor cell stain-
ing was compared with that of negative and positive con-
trols. Moreover, the slides were scored according to the
percentage of positive cells versus the total cell number.
The immunostaining scores for ER, PR and HER2 were
confirmed as negative according to ASCO/CAP guidelines.'’
Ki67 was assessed by nuclear staining using a mouse
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monoclonal antibody (SP 6 clone, Cell Marque) at 1:500
dilution. The expression level of Ki67 was considered to be
low if the percentage of nuclear staining was <40% and high
if >40%."" For AR (clone SP107, Cell Marque; dilution
1:50),'* CK5/6 (clone D5 & 16B4, Cell Marque; dilution
1:100), CK14 (clone D5 & 16B4, Cell Marque; dilution
1:1000) and CK17 (Clone EP98, Cell Marque; dilution
1:500) the cut-off value for the positive result was defined
when the score was >1%."> EGFR (clone HPA018530,
Sigma; dilution 1:300) and p53 (clone SP53, Cell Marque;
dilution 1:500) were considered positive when >10% of
positive cells were observed.'* The representation of high
and low expression of the markers are highlighted in
Figure 1. The entire analysis was performed in duplicate by
two experienced pathologists at the DIPAT-INCA.

Other Pathological and Clinical Variables

Patients were identified through the internal database and the
data were collected from electronic hospital records and
medical charts. The following clinical and pathological vari-
ables were evaluated: age at diagnosis, ethnicity (Caucasian
or others according to national institutional statistical classi-
fications, IBGE'®), body mass index (BMI), schooling (<8
years of formal education correspond to less than elementary
level and >8 years correspond to more than elementary for-
mal education), type of NACT (FAC-T or AC-T), clinical
stage (II-1II), clinical T stage (cT), clinical nodal stage (cN),
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residual cancer burden (RCB), histological type, Elston his-
tological grade (1: low grade; 2: moderate grade; 3: high
grade), type of surgery (radical or conservative, axillary
approach). Regarding the lymph node ratio (LNR, the ratio
of positive axillary lymph nodes to the total number of nodes
examined), the patients were divided into low- (<0.20), inter-
mediate- (>0.20 and <0.65) and high-risk (>0.65) groups.'®

Outcomes

The RCB score followed the standard four-level categori-
cal variable (RCB “classes” 0, 1, 2, and 3).17 The patho-
logical complete response (pCR) was narrowly defined as
no viable residual tumor in the breast or axilla (ypTONO).
Event-free survival (EFS) was calculated from the date of
diagnosis to the earliest date of disease progression, death
from any cause, or discontinuation of treatment for initia-
tion of complementary treatment due to poor response to
standard NACT. Overall survival (OS) was calculated
from the date of diagnosis to death from any cause.

Statistical Analysis

Data were processed using R environment. All continuous
variables were evaluated by the Shapiro—Wilk test of normal-
ity. Using the non-parametric Wilcoxon test, the value of
Ki67 expression before and after NACT was correlated
with response and survival outcomes. To assess the correla-

tion of the Ki67 score with other clinical-pathological

High EGFR

Low AR

Figure | Triple-negative breast cancer. (A) Representative images of immunohistochemical staining of high CK 5/6, CK 14, EGFR, p53 and AR. (B) Representative images of
immunohistochemical staining of low CK 5/6, CK 14, EGFR, p53 and AR. Original magnification: X400 (x40 objective). Abbreviation: AR, androgen receptor.
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variables, the Mann—Whitney U-test and, when necessary,
the Spearman correlation test were used. For the RCB out-
come, logistic regression was used for each wvariable
assessed. Survival rates were calculated by Kaplan—Meier
curves for each factor and were compared by Log-rank test.
The crude Hazard Ratio (HR) for each factor was calculated
by the Cox proportional hazards model. Regarding multi-
variate analysis, all variables with an association with survi-
val outcomes at p-value <0.20 were included and the Akaike
Information Criterion was used to pick the most suitable
model for multiple Cox analysis. A p-value of less than
0.05 was statistically significant. The missing data were
excluded from the analysis.

Results

A total of 235 patients were included according to the
study criteria. After excluding patients with essential miss-
ing data, mainly due to scarce or unavailable tumor sam-
ple, 171 cases of women with locally advanced TNBC

Total number of breast cancer
patients enrolled at INCA between
2010-2014 (n = 6686)

undergoing NACT followed by curative surgery were cho-
sen for final analysis (Figure 2). The main characteristics
of the patients are summarized in Table 1. The mean age
50.5 (standard deviation, SD 10.7).
Furthermore, most women were non-Caucasian (53.8%)
and the mean BMI was 28.5 kg/m2 (SD 5.9).

At diagnosis, most patients had outer quadrant (57.9%)

was years

and advanced clinical stage tumors (stage III: 83.6%; ¢T3/
T4: 85.9%; cN1-3: 71.3%). In addition, the predominant
histological subtype was high-grade (67.3%) and invasive
ductal carcinoma (93.6%). At surgery, RCB 0-1 corre-
sponded to 28.7% of cases and low-risk LNR represented
77.2%, followed by intermediate-risk LNR (15.2%) and
low-risk LNR (7.6%) (Table 1). Among the variables
evaluated, high Ki67 expression only showed a significant
correlation with grade 3 tumors (p = 0.0157) (data not
shown).

As for the systemic neoadjuvant treatment, 68.4% (117
cases) of the patients in the study received the AC-T

Total number of TNBC patients
enrolled at INCA 2010-214 (n = 937)

Other subtypes of breast cancer excluded:
LUMINAL, HER-2, sarcoma, phyllodes tumor,
lymphoma, etc. (n = 5749)

Patients with metastatic disease, treated
with primary surgery, ineligible for curative
surgery after neoadjuvant treatment, poor

Total number of patients with TNBC
who underwent neoadjuvant
chemotherapy followed by curative
surgical approach at INCA between
2010-2014 (n = 235)

general condition or prohibitive
comorbidities for NACT. (n = 702)

Patients with essential missing clinical data
and pathological specimens. (n = 64)

Total number of TNBC patients
enrolled at INCA 2010-214 (n = 171)

Figure 2 Study profile.
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Table | Clinicopathologic Characteristics of Patients and
Treatment Data
Clinical Variables n =171 (100%)
Mean age (SD) 50.5 (10.7)
Race/ethnicity White 78 (46.2%)
BMI mean Kg/m2 (SD) 28.5 (5.9)

Schooling 28years 90 (54.2%)

Clinical staging

Stage |l 28 (16.4%)
Stage lll 143 (83.6%)
cTx 1 (0.6%)
cT2 23 (13.5%)
cT3 70 (40.9%)
cT4 77 (45%)
cNO 49 (28.7%)
cNI-N3 175 (71.3%)
Histological grade
Grade | 3 (1.8%)
Grade 2 53 (31%)
Grade 3 115 (67.3%)
Quadrant
Inner 72 (42.1%)
Outer 99 (57.9%)

Histological type
Metaplastic 11 (6.4%)

Non-special type invasive carcinoma 160 (93.6%)

NACT regimen
AC-T 117 (68.4%)
FAC-T 54 (31.6%)
Time from diagnosis to NACT mean (SD) 104.9 (93.1)
Complete NACT treatment 149 (87.1%)
Type of surgery
Breast conserving surgery 6 (3.5%)

Mastectomy 165 (96.5%)

Axillary approach

Sentinel lymph node biopsy 10 (5.8%)
Axillary lymph node dissection 145 (86%)
Unknown 16 (8.2%)
RCB
0 36 (21.1%)
| 13 (7.6%)
2 74 (43.3%)
3 48 (28.1%)
LNR
Low risk (£ 0.20) 132 (77.2%)
Intermediate risk (0.20-0.65) 26 (15.2%)
High risk (> 0.65) 13 (7.6%)

Abbreviations: SD, standard deviation; BMI, body mass index; NACT, neoadjuvant
chemotherapy; AC-T, doxorubicin/cyclophosphamide followed by taxane; FAC-T,
doxorubicin/cyclophosphamide/fluorouracil followed by taxane; RCB, residual can-
cer burden; LNR, lymph node ratio.

regimen and 87.1% (149 cases) completed the treatment.
The average time from diagnosis to the start of NACT was
104.9 days (SD 93.1). The vast majority of patients under-
went radical surgery (165 cases, 96.5%) and axillary dis-
section (145 cases, 86%) (Table 1).

As shown in Table 2, the positive expression of CK5/6
was observed in 16% (27 cases) of the total number of
tested cases (169 cases). CK14 was positive in 10.1% (17
cases) of 169 cases. CK17 positive occurred in 91.1% (153
cases) of 168 cases tested. The p53 positivity was seen in
52.6% (70 out of 133 cases tested). EGFR was positive in
92.9% (157 cases) of the total number of tested cases (169
cases). AR was positive in 13% (22 cases) of 169 cases
tested. And for the Ki67 index, 57.9% (95 cases) of core
biopsy samples showed high expression, with a median of
40% (interquartile range, IR 55).

As for the outcome of RCB, clinical stage II was the
only characteristic that significantly showed an associa-
tion with the greater response (p = 0.026). The other
variables and biomarkers did not show any association
with the outcome of RCB, as highlighted in Table 2.
Following the Akaike information criterion, the multi-
variate analysis of the final model chosen was formed
by p53 (p = 0.063) and clinical stage (p = 0.032) (data
not shown). In patients with residual disease, the varia-
tion in Ki67 expression pre- and post-NACT was not
statistically significant in those who presented RCB1/2
versus RCB 3 (Figure 3).

The univariate analysis of clinical-pathological vari-
ables and biomarkers for risk of recurrence and risk of
death is presented in detail in Table 3. With a median
follow-up of 62.5 months (95% Confidence Interval,
95% CI 60.2-67.9), and considering that there were 83
events of death or recurrence, the estimate of patients alive
without recurrence in 60 months was 57.42% (95% CI
50.11-65.78). As highlighted in Figures 4 and 5, regarding
the analysis of variables and biomarkers for the outcomes
of EFS and OS, by using the Log rank testing and Kaplan—
Meier analysis, clinical stage (p = 0.014 and p = 0.042,
respectively), RCB (p <0.0001 and p <0.0001, respec-
tively) and LNR (p <0.0001 and p <0.0001, respectively)
showed a significant association. The collinearity effect of
the variables RCB, LNR and clinical stage observed in this
cohort, as well as the negative results of immunohisto-
chemical markers, hindered the multivariate analysis for
EFS and OS.

Breast Cancer: Targets and Therapy 2021:13

submit your manuscript 35

Dove


http://www.dovepress.com
http://www.dovepress.com

da Silva et al Dove

Table 2 Correlation of Expression Profile of Biomarkers and Clinical-Pathological Characteristics with Residual Burden Cancer by
Logistic Regression Through Univariate Analysis

Variables/Biomarkers RCB 2/3 RCB 0/1 Crude p-value
122 (71.4%) 49 (28.7%)

Age mean (SD) 50.4 (10.4) 50.7 (12.2) 0.849

Ki67 0.127
Low expression 54 (78.3%) 15 (21.7%)
High expression 64 (67.4%) 31 (32.6%)

CK5/6 0.701
Negative 100 (70.4%) 42 (29.6%)
Positive 20 (74.1%) 7 (25.9%)

CKI4 0.547
Negative 109 (71.7%) 43 (28.3%)
Positive 11 (64.7%) 6 (35.3%)

CKI17 0.337
Negative 9 (60%) 6 (40%)
Positive 110 (71.9%) 43 (28.1%)

p53 0.057
Negative 50 (79.4%) 13 (20.6%)
Positive 45 (64.3%) 25 (35.7%)

EGFR 0.136
Negative 11 (91.7%) | (8.3%)
Positive 109 (69.4%) 48 (30.6%)

Androgen receptor 0.754
Negative 105 (71.4%) 42 (28.6%)
Positive 15 (68.2%) 7 (31.8%)

Quadrant 0.215
Inner 55 (76.4%) 17 (23.6%)
Outer 67 (67.7%) 32 (32.3%)

Clinical stage 0.026
I 15 (53.6%) 13 (46.4%)
1] 107 (74.8%) 36 (25.2%)

NACT regimen 0.863
AC-T 83 (70.9%) 34 (29.1%)
FAC-T 39 (72.2%) 15 (27.8%)

Histological type 0.433
Non-special type IDC 113 (70.6%) 47 (29.4%)
Metaplastic 9 (781.8%) 2 (18.2%)

Grade
| 2 (66.7%) 1 (33.3%)
2 36 (67.9%) 17 (32.1%) 0.964
3 84 (73%) 31 (27%) 0.807

Note: Statistically significant results are in bold.
Abbreviations: RCB, residual cancer burden; SD, standard deviation; NACT, neoadjuvant chemotherapy; AC-T, doxorubicin/cyclophosphamide followed by taxane; FAC-T,
doxorubicin/cyclophosphamide/fluorouracil; IDC, invasive ductal carcinoma.
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Discussion

To date, this is one of the largest series in this subset of
TNBC performed with Brazilian women. A thorough eva-
luation of clinical-pathological features and IHC biomar-
kers was carried out. INCA is the largest public tertiary
cancer referral center in Brazil, and TNBCs account for
approximately 14% (unpublished data) of all breast can-
cers enrolled at the institute, which is lower than the rates
in other Western population. The results of this study
suggested that there is no association of the IHC biomar-
kers tested with either response or survival outcomes. In
contrast, it was shown that clinical stage III, RCB >2 and
LNR >0.65 were associated with poorer survival
outcomes.

The median age of 50.1 years is in line with those of
other series already published, corroborating the idea that
TNBC is likely to occur in younger women.'® Other omi-
nous features that also prevailed in the current study were
high-grade tumors and locally advanced disease at diag-
nosis with axillary nodal involvement, which somehow
explains the fact that almost all patients underwent radical
surgery.'” The mean time from diagnosis to treatment
onset was quite long, over 100 days. Although not
shown to be associated with survival outcomes in this
cohort, it is highly suspected that delays in NACT onset
can decrease the response rate and shorten survival.

In virtually all types of breast cancer, the higher
expression of Ki67 has been associated with better
response and increased risk of relapse to neoadjuvant
chemotherapy. Based on a meta-analysis of 35 studies
with 7716 patients enrolled,'" a high Ki-67 expression
>40% was strongly defined as a poor prognostic factor in
resected TNBC, being associated with a greater risk of
recurrence and death compared with lower expression
rates. In the current cohort, more than half of the patients
had Ki67 >40%, which is in accordance with previous
2021 the Ki67

expression, as well as reduction of Ki67 expression more

studies. In contrast to another series,’”
than 20% after NCT, was not associated with response rate
or death.

Based on immunohistochemical staining for markers as
CK5/6, CK14, CK17 and/or EGFR, basal-like breast can-
cer may be defined as a subset of the positive tumor for
one or all the four markers.”®> Defined as an aggressive
molecular subtype by the current classification proposed
by Lehmann et al,® the survival outcomes for these tumors
are likely to be poorer, although a higher pCR rate (41%)
has been observed, suggesting greater chemosensitivity.
Moreover, they are tumors that appear to be associated
with higher histological grade, higher mitotic index and
lower differentiation, and it is postulated that this is due to
level

higher neovascularization caused by vascular
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Figure 3 (A) The correlation between change in Ki6é7 value and RCB status in patients with residual disease. In such cases, the median absolute Ki67 reductions were 10%
and 0% in patients with good response (RCBI/2) and poor response (RCB 3), respectively. (B) Immunohistochemical Kié7 staining in TNBC, representative image of Kié7
with low expression (magnification, x 200). (C) Representative image of Ki67 with high expression (magnification, x 200). Abbreviations: IR, interquartile range; RCB,

residual cancer burden; TNBC, triple-negative breast cancer.
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Table 3 Univariate Analysis According to Survival Outcome

Variables/Biomarkers

Crude HR for EFS (95% CI, p-value)

Crude HR for OS (95% CI, p-value)

Clinical stage
II*
1]

256 (1.18-5.57, p = 0.017)

2.20 (1.01-4.79, p = 0.047)

RCB
2/3%*
0/1

0.20 (0.10-0.41, p <0.001)

0.15 (0.07-0.35, p <0.001)

LNR

Low risk*
Intermediate risk
High risk

2.86 (1.71-4.78, p <0.001)
7.98 (4.14-15.38, p <0.001)

2.73 (1.59-4.69, p <0.001)
5.43 (2.81-10.47, p <0.001)

NACT regimen
AC-T*
FAC-T

135 (0.86-2.11, p = 0.188)

135 (0.85-2.15, p = 0.203)

CK14
Negative*

Positive

1.07 (0.53-2.14, p = 0.852)

0.92 (0.42-2.01, p = 0.836)

CK17
Negative*

Positive

1.06 (0.49-2.30, p = 0.884)

0.92 (0.42-2.01, p = 0.838)

CK5/6
Negative*
Positive

122 (0.69-2.18, p = 0.494)

126 (0.69-2.30, p = 0.451)

Pre-NACT Ki67 mean

1,00 (0.99-1.01, p = 0.589)

1,00 (0.99-1.00, p = 0.218)

Residual tumors
Ki67 240%*
Ki67 <40%

0.82 (0.51-1.30, p = 0.398)

0.69 (0.42-1.13, p = 0.141)

Ki67 reduction
<20%*
>20%

0.72 (0.45-1.17, p = 0.191)

0.65 (0.40-1.08, p = 0.101)

p53
Negative*

Positive

091 (0.55-1.51, p = 0.707)

1.06 (0.62-1.82, p = 0.827)

EGFR
Negative*

Positive

1.18 (0.48-2.91, p = 0.726)

0.98 (0.40-2.44, p = 0.969)

Androgen receptor

Negative*
Positive 0.84 (0.43—-1.63, p = 0.609) 0.85 (0.42-1.70, p = 0.639)
Quadrant
Inner*
Outer 1.31 (0.84-2.05, p = 0.241) 1.34 (0.83-2.15, p = 0.227)
(Continued)
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Table 3 (Continued).

Variables/Biomarkers

Crude HR for EFS (95% CI, p-value)

Crude HR for OS (95% CI, p-value)

Grade
|
2 1.19 (0.16-8.79, p = 0.865)
3 1.25 (0.17-9.04, p = 0.825)

0.72 (0.10-5.35, p = 0.748)
0.79 (0.11-5.74, p = 0.817)

Notes: *Reference. Statistically significant results are in bold.

Abbreviations: RCB, residual cancer burden; LNR, lymph node ratio; NACT, neoadjuvant chemotherapy; AC-T, doxorubicin/cyclophosphamide followed by taxane; FAC-T,

doxorubicin/cyclophosphamide/fluorouracil followed by taxane.

endothelial (VEGF)
Approximately 75-80% of TNBC cases are estimated to

growth factor overexpression.
be of the basal-like breast cancer subtype.”*

The expression of the cytokeratins was quite variable.
Through the individual analysis of each marker in this
cohort, they were not confirmed as significant to influence
response or survival. The grouped analysis of the markers
to correlate with Lehmann’s molecular subtypes was not
possible due to the asymmetric distribution of the sample
as well as the lack of molecular tests. For CK5/6 (16%)
and CK14 (10.1%), there were few patients with positive
expression, while for CK17 (91.1%) most of the patients
were positive, which may suggest a different genomic

profile of TNBC in the Brazilian population when com-
pared to other populations. Probably due to technical
issues, as the manual score might be impaired by the
often weak and focal reactivity and intratumor heteroge-
neity, CK5/6 expression by IHC presents a significant
variability amidst previous studies of TNBC, ranging
from 24% to 72%.%° The results of a cohort study with
breast cancer patients performed by van de Rijn et al*®
have suggested that expression of CK 5/6 was associated
with poor clinical outcomes in node-negative breast can-
cers, regardless of tumor size and tumor grade. Other
authors also have suggested CK5/6 as a predictive and

prognostic independent marker.?**78
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Figure 4 Kaplan—Meier event-free survival estimates according to: clinical stage (A), residual cancer burden (RCB) (B) and lymph node ratio (LNR) (C).
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Figure 5 Kaplan—Meier overall survival estimates according to: clinical stage (A), residual cancer burden (RCB) (B) and lymph node ratio (LNR) (C).

Overall, the expression of CK14 and CK17 overlaps
with CK5/6. In another Brazilian study of TNBC with less
restrictive inclusion criteria, the prevalence of positive
cases for CK14 was 26%.%° In the study conducted at the
Memorial Sloan-Kettering Cancer Center in patients with
previously resected TNBC, CK14 positive cases corre-
sponded to 46% of the sample and, unlike the current
study, they were associated with worse disease-free survi-
val (DFS, p = 0.003, 5-year DFS 69% vs 83%) and OS (p
= 0.01, 5-year OS 71% vs 85%). Literature data on the
prevalence of CK17 in patients with TNBC are very
scarce. Some pooled analyzes with other cytokeratins
have shown controversial results regarding the prognostic
role of this marker.?**°

Another biomarker apparently less specific than CK5/
6, used to define the basal-like subtype, is the immunor-
eactivity to EGFR.” The higher prevalence of patients with
EGFR immunoreactivity (92.9%) in the present study may
explain the lack of association with both response and
survival outcomes. There is great variability in the preva-
lence of EGFR overexpression in TNBC cases among
studies, ranging from 13% to 78%, due mainly to the
lack of uniform IHC methods and to a considerable demo-
graphic variation.”'? Some previous data showed that
higher EGFR gene copy number is likely to be associated

with, higher tumor grade, axillary lymph node metastasis
and poorer survival.>* However, data from EGFR protein
overexpression in triple-negative are controversial and
apparently had no clinical relevance.>*~?

With no impact on response or survival, the lower
prevalence of AR in the present cohort (13%) may repre-
sent a regional characteristic. According to previous
reports, there is a considerable variability in the immuno-
histochemical expression of AR in TNBC, ranging
between 10% and 90%.°*>® Two meta-analyses assessed
the prognostic role of AR in cases with TNBC. The first
assessed pooled data from 13 clinical trials that recruited
2826 patients with TNBC from 2007 to 2015. Herein,
24.4% of the cases were AR-positive, and it was asso-
ciated with low tumor grade (40.8% of patients AR-posi-
tive), and post-menopausal status (26.9% of AR-positive
patients) and lower risk of nodal involvement (28.8% of
AR-positive patients).”” In the second, with 521 TNBC
patients, the odds ratio for DFS was 0.44 (p = 0.002).40
However, it is important to mention that there was no
correlation of AR status with OS outcome in any of
these studies.

As a predictive marker, some evidence suggests that
AR-positive patients are more likely to be chemo-resistant
than AR-negative patients. Analysis of 637 core biopsy
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samples from primary tumors of patients enrolled in the
Gepartrio trial showed that pCR was 12.8% in AR-positive
breast cancer compared to 25.4% in AR-negative ones (p
<0.0001).*" Similar results were observed in a Japanese
retrospective cohort, in which AR-positive TNBCs pre-
sented a lower rate of pCR than AR-negative in a univari-
ate analysis (HR 5.26; 95% CI 1.39-19.86, p = 0.014).**
Accounting for 52.6% of the patients tested in the
present study, patients with p53 expression showed no
significant association with response to NACT or survival.
Similarly, a large South Korean retrospective study of
11,393 TNBC patients failed to show any association of
p53 with survival outcomes or response to chemotherapy.-
43 Other studies that have shown some effect of p53
expression on response or survival to chemotherapy were
limited by a small number of patients or heterogeneity.
Indeed, another important limitation of these studies is that
the THC assay and the selected cutoff differ in each trial.**~
46 Generally, mutant proteins are more difficult to break
detected.
Conceptually, even p53 detection does not directly repre-

down, being immunohistochemically
sent the mutation of p53, data from some studies suggest
this correlation. Some data from the literature suggest that
p53 mutant tumors respond better to chemotherapy than
p53 wild tumors and other studies suggest a negative
impact of the mutation on survival.*’~*°

Some limitations of the current study should be high-
lighted. The fact that it is a single-center study, as well as
its retrospective design, gives a regional trait to the ana-
lyzed population, and the results can be influenced by
marked geographic differences. Intratumoral heterogeneity
may have compromised some results from the TMA ana-
lysis. There were also many losses due to scarce material
in a core biopsy. In addition, it was not possible to perform
any molecular analysis with the available samples.

Nevertheless, some strengths of the study should be
mentioned. As it is a single-center study, the same diag-
nostic and treatment procedures were used for all patients
during the study period, strengthening the internal validity
of the data. In addition, the evaluation of the samples was
carried out by two experienced pathologists and the TMAs
were produced with strict quality control in order to
decrease the risk of false results due to intratumoral het-
erogeneity and technical artifacts. Another strength was
the robustness of the IHC panel of biomarkers analyzed in
a specific subgroup of patients with strict exclusion

criteria.

Conclusion
In conclusion, pre-NACT clinical-pathological character-
istics already consolidated, such as tumor size, nodal status
and clinical stage, were reaffirmed in the present study as
prognostic and predictive factors in TNBC. Likewise,
RCB and LNR, in the context of a pathological parameter
of post-NACT response, also strongly influenced survival,
and can therefore be considered important and low-cost
prognostic factors to direct the best adjuvant approach.
TNBC is believed to be a heterogeneous disease compris-
ing subtypes with diverse biological behaviors and clinical
outcomes. Although several IHC biomarkers have been stu-
died as prognostic factors in non-metastatic TNBC, few
studies in the specific subset of patients with locally
advanced TNBC undergoing NACT were performed, with
controversial results.”® Although negative, probably due to
the technical limitations of a retrospective study, the data
from the present cohort pave the way for further prospective
studies in order to determine the real role of these factors in
this scenario and correlate with expression profiling gene
analyses. Lately, TNBC has been increasingly seen as a
disease with intrinsic molecular and immunological hetero-
geneity, recognizing the variety of clinical phenotypes with
diverse outcomes. Considering that NACT is insufficient in
some cases, this new setting makes room for a demand for an
urgent comprehensive subclassification that encompasses
immune-molecular signatures to incorporate more targeted
and effective treatment.
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