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Simple Summary: HER2+ and triple negative breast cancers are widely known for their aggressive-
ness, frequent resistance to treatment and poor prognosis. Neoadjuvant management has provided
promising results for both subtypes, but there is still a subset of patients with no or low response.
Consequently, a non-negligible number of patients is receiving a treatment regimen that might not
be adequate. Identification of these patients is essential to avoid overtreatment and provide more
effective treatment options.

Abstract: Neoadjuvant treatment (NAT) is one of the most widely used options for HER2+ and
triple negative (TN) early breast cancer (BC). Since around half of the patients treated with NAT
do not achieve a pathologically complete response (pCR), biomarkers to predict resistance are
urgently needed. The correlation of clinicopathological factors with pCR was studied in 150 patients
(HER2 = 81; TN = 69) and pre- and post-NAT differences in tumour biomarkers were compared. Low
estrogen receptor (ER) expression, high tumour-infiltrating lymphocytes (TILs) and low cT-stage were
associated with pCR in HER2+ tumours (p = 0.022; p = 0.032 and p = 0.005, respectively). Furthermore,
ER expression was also associated with residual cancer burden (RCB; p = 0.046) in the HER2+ subtype.
Similarly, pre-NAT, low progesterone receptor expression (PR; 1–10%) was associated with higher
RCB (p < 0.001) in TN tumours. Only clinical and pathological T-stage (cpT-stage) had prognostic
capacity in HER2+ tumours, whereas pre-NAT cpT-stage and post-NAT TILs had this capacity for
the prognosis of TN tumours. We conclude that ER and PR expression may help predict response
to NAT in HER2 and TN BC and should be taken into account in residual tumours. Also, changes
observed in the phenotype after NAT suggest the need to reevaluate biomarkers in surviving residual
tumour cells.

Keywords: breast cancer; neoadjuvant chemotherapy; HER2+; triple negative

1. Introduction

Neoadjuvant treatment (NAT) has become a useful therapeutic option to reduce tu-
moural size in locally advanced and frequently inoperable invasive breast cancer (IBC).
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Subsequently, its use has been extended to non-locally advanced tumours in order to in-
crease breast preservation rates and to achieve pathological complete response (pCR) [1–4].
pCR to NAT is a prognostic factor itself that is based on histopathological evaluation of
the tumour bed and lymph nodes in excision specimens. Achievement of pCR has demon-
strated to be related to better outcomes in IBC, especially in HER2-positive (HER2+) and
triple negative (TN) surrogate subtypes [5,6], which are most commonly treated with NAT.
The rate of pCR slightly varies among published studies, reaching rates up to 40–75%
in HER2+ tumours treated with dual HER2 therapy and 40–48% in TN tumours [7–10].
Considering that around half of the patients treated with NAT do not achieve pCR, there is
an urgent need to find useful biomarkers to predict this resistance in order to identify likely
non-responder patients in the pretreatment biopsy, and to determine the best therapeutic
approach. Previous studies have shown that the Ki67 labelling index (LI), hormone receptor
(HR) expression, stromal tumour infiltrating lymphocytes (TILs) or T-stage could be useful
for this purpose [11–14]. We postulated that, besides pre-NAT biomarkers, characterisation
of residual tumours in non-responder patients and comparison with their pre-treatment
counterparts could contribute to better knowledge of the mechanisms involved in NAT
resistance and help in the prediction and prognosis of BC.

2. Materials and Methods
2.1. Study Design

A total of 150 patients diagnosed with HER2+ and TN IBC treated with NAT from 2016
to 2022 were collected based on the following criteria: (1) age above 18 years, (2) treated
with at least four cycles of systemic treatment, (3) availability of pre-treatment biopsy and
post-treatment specimen, and (4) availability of informed consent. We identified 81 HER2+
and 69 TN IBC. Clinicopathological data such as age at diagnosis, histological grade, HR
status, Ki67 expression, percentage of TILs, treatment regimen or stage were obtained
for each patient. All cases were reviewed by a pathologist specialized in çbreast disease.
Samples with an extremely low representation of tumour cells (less than 10 high-power
fields) or the impossibility of review by our specialized pathologist were excluded from of
the particular analyses and classified as “Not available”. Staging was performed according
to the American Joint Committee on Cancer guidelines [15].

Clinicopathological characteristics such as histological grade, HR expression, Ki67
LI, TILs, T-stage and N-stage were analysed in association with pCR in order to find a
useful biomarker to predict response to NAT. These variables were also correlated with
residual cancer burden (RCB), another method to measure residual disease for obtaining
long-term prognostic information [16]. The online MD Anderson calculator provides an
RCB index, which is derived from the largest area and cellularity of residual invasive
primary cancer, the number of positive lymph nodes and size of the largest metastasis [17].
A residual tumour was subsequently classified as inexistent (RCB-0), minimal (RCB-I),
moderate (RCB-II) or extensive (RCB-III).

To characterise the changes in tumour cells due to NAT, primary (pre-NAT) and
residual (post-NAT) histopathological characteristics were compared in cases with no pCR.
The surrogate subtypes derived from the immunohistochemical study of primary and
residual tumours were also compared.

2.2. Pathology Assessment

Oestrogen receptor (ER) and progesterone receptor (PR) status was assessed by im-
munohistochemistry (IHC) and was considered negative if less than 1% of cells were
stained positively by IHC. HER2 positivity was defined as either HER2 expression by IHC
(score 3+) or gene amplification by fluorescent in situ hybridation (FISH) (in cases with
a score 2+ by IHC) according to the American Society of Clinical Oncology/College of
American Pathologists (ASCO/CAP) guidelines [18]. TN tumours were defined as those
with ER and PR expression of less than 1% of positive cells plus lack of HER2 positivity.
We also included tumours with low HR expression (1–10%) and HER2− in the TN group
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to evaluate a possible difference in behaviour, given that they are commonly treated as
TN. HER2+ tumours were defined as HER2+, irrespective of hormonal receptor expres-
sion. Ki67 LI was evaluated following the guidelines of the International Ki67 Working
Group [19]. The four biomarkers (ER, PR, HER2, Ki67) were evaluated in all pre-treated
samples (core needle biopsy) and in all post-treated specimens (lumpectomy or mastec-
tomy) with residual tumour. These biomarkers were used to classify tumours into the
surrogate subtypes according to the St. Gallen International Expert Consensus of 2017 [20].
HER2+ and TN cancers are highly proliferative, and thus, Ki67 LI was classified as low
(<30%) and high (≥30%) to distinguish truly proliferative from somewhat proliferative
tumours [19,21]. TILs were assessed according to the guidelines of the International TILs
Working Group [22,23] and classified as low (≤20%) and high (>20%). pCR was determined
by exhaustive microscopic examination of the excised tumour bed and lymph nodes after
completion of NAT. Evaluation of sentinel nodes was performed in all cases. We included
ypT0 ypN0 and ypTis ypN0 as acceptable definitions of pCR.

2.3. Statistical Analyses

The statistical analysis was performed with SPSS (version 24; SPSS Inc., Chicago, IL,
USA) and R software (version 4.0.3 for Windows). The clinicopathological characteristics
were compared using a Fisher’s exact test for categorical variables (histological grade,
ER, PR, HER2 status, high and low-TILs, Ki67 subgroups, T-stage and N-stage) and a
Student’s t test for continuous variables (age, Ki67 and TILs means). To test for normality,
the Shapiro–Wilk test was performed on the continuous data. Multivariate analysis was
carried out using a logistic regression method to create a general linear model, in which
the dependent variable was pCR. Relapse-free survival (RFS) was estimated using the
Kaplan–Meier method and compared using the log-rank test.

3. Results
3.1. Clinicopathological Parameters

The mean age of the 150 IBC patients studied was 53.5 years (range 26–77) and
the median follow-up was 26 months. Most of the tumours were of no special type
(HER2+ = 97.5%; TN = 97.1%). Among the HER2+ tumours, histological grade 2 was the
most common (50.6%), whereas histological grade 3 was the most frequent in TN tumours
(79.2%). The mean Ki67 LI was higher in TN (62%) than in HER2+ tumours (37.9%).
There were more tumours with a high percentage of TILs in the TN (34.5%) than in the
HER2+ subtype (22.6%). Both subtypes were most frequently classified as T2 by clinical
T-stage (HER2+ = 65.4%; TN = 71%), but differed in the clinical N-stage (N0 HER2+ = 42%;
N0 TN = 62.3%).

The treatment regimen most frequently used in HER2+ patients was anthracyclines
plus trastuzumab-pertuzumab-paclitaxel (THP; n = 62; 76.5%). Other treatment regi-
mens were docetaxel-carboplatin-pertuzumab-trastuzumab, THP alone or THP plus ate-
zolizumab (anti-PD-L1). The most frequent neoadjuvant regimen in TN tumours was
paclitaxel followed by epirubicin-cyclophosphamamide (n = 34; 49.3%). Table 1 shows the
distribution of all the treatment regimens and the correlation with pCR. No significant
differences were found in response to the treatment regimen between the two subtypes.

3.2. Response to Neoadjuvant Treatment

Comparison of the histopathological characteristics between the responders (achieve-
ment of pCR) and non-responders (no achievement of pCR) is shown in Table 2. pCR was
achieved in 39 HER2+ patients (48.1%) and 37 TN patients (53.6%).
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Table 1. Treatment regimens.

pCR No pCR

N % N % P

HER2+ (n = 81) 0.068

39 48.1 42 51.9
Anthracycline + THP 27 69.2 35 83.3
Docetaxel + CB + TH 6 15.4 1 2.4
THP 4 10.3 6 14.3
THP + anti-PD-L1 2 5.1 0 0

TN (n = 69) 0.794

37 53.6 32 46.4
P + CB + ACdd 16 43.2 15 46.9
P + EC 18 48.6 16 50
P + anti-PD-L1 3 8.1 1 3.1

T = trastuzumab; H = pertuzumab; P = paclitaxel; CB = carboplatin; ACdd = adriamicine plus cyclophosphamide;
E = epirubicin plus cyclophosphamide.

Table 2. Comparison of the histopathological characteristics between responders and non-responders.

HER2+ (n = 81) TN (n = 69)

pCR No pCR P pCR No pCR P

N % N % N % N %

39 48.1 42 51.9 37 53.6 32 46.6

Median age [range] 0.114 0.105

57.3 [35–79] 53.6 [31–77] 49.4 [26–69] 53.7 [35–77]

Histological subtype >0.999 >0.999

No special 38 97.4 41 97.6 36 97.3 31 96.9
Other 1 2.6 1 2.4 1 2.7 1 3.1

Histological grade 0.254 0.097

Grade 1/2 18 46.2 26 61.9 4 5.8 8 25
Grade 3 19 48.7 15 35.7 32 86.5 23 71.9
Not available 2 5.1 1 2.4 1 2.7 1 3.1

ER 0.022 >0.999

Negative (<1%) 19 48.7 10 23.8 35 94.6 31 96.9
Positive (>1%) 20 51.3 32 76.2 2 5.4 1 3.1

PR 0.471 0.743

Negative (<1%) 14 35.9 11 26.2 32 86.5 26 81.3
Positive (>1%) 25 64.1 31 73.8 5 13.5 6 18.7

Mean Ki67 0.022 0.224

41.7 33.9 65 58.7

Ki67 LI 0.195 0.201

Low 0–29% 8 20.5 13 30.9 0 0 2 6.3
High ≥ 30% 30 76.9 22 52.4 35 94.6 27 84.4
Not available 1 2.6 7 16.7 2 5.4 3 9.3

Mean TILs 0.027 0.111

23.3 14.1 27.8 18.6

Percentage of TILs 0.032 0.617

Low ≤ 20% 25 64.1 35 83.3 22 59.5 21 65.6
High > 20% 13 33.3 5 11.9 14 37.8 10 31.3
Not available 1 2.6 2 4.8 1 2.7 1 3.1

Clinical T Stage 0.005 0.496

T0/T1/T2 35 89.7 26 61.9 33 89.2 26 81.3
T3/T4 4 10.3 16 38.1 4 10.8 6 18.7

Clinical N Stage 0.505 0.450

Negative 18 46.2 16 38.1 25 67.6 18 56.3
Positive 21 53.8 26 61.9 12 32.4 14 43.7
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Among HER2+ patients, responder tumours were more frequently classified as high
grade (48.7%) while non-responder tumours were mainly grade 1/2 (61.9%). A significantly
greater proportion of non-responders showed ER expression (76.2%; p = 0.022). In contrast,
a similar proportion of PR expression was found in both groups. The mean Ki67 LI was
higher in responders than in non-responders, and this difference was statistically significant
(p = 0.022). A high Ki67 LI (≥30%) was observed in 76.9% of responders and in 52.4% of
non-responders, although this difference was not statistically significant. Lymphocytic
infiltration showed a significant association with pCR in the HER2+ subtype, since 33.3% of
responders had a high percentage of TILs and only 11.9% of non-responders was classified
in this group (p = 0.032). Indeed, multivariate analysis demonstrated that the percentage
of TILs was an independent prognostic factor for pCR in the HER2+ subtype. Figure 1
shows obvious differences between box plots for TILs and Ki67 in responder and non-
responder patients. Not unexpectedly, tumour size, expressed as T-stage, was found to be
significantly correlated with pCR in HER2+ tumours, since only 10.3% of T3/T4 patients
were responders.
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Figure 1. Box plots of TILs (pCR n = 38; No pCR n = 40) and Ki67 (pCR n = 38; No pCR n = 35)
expression in HER2+ tumours in responder and non-responder patients. Expression is represented as
a percentage, the median is shown as the black line within the interquartile box and the central dot is
the mean.

Among TN tumours, both responder and non-responder tumours were ER negative
(94.6% and 96.9%, respectively) and PR negative (86.5% and 81.3%). Responders presented
mostly as high grade tumours (86.5%), and were not significantly different in this respect
from non-responders (p = 0.097). Ki67 LI was higher in responders than in non-responders,
but this association was not statistically significant. Surprisingly, although there was a
difference in the mean number of TILs in responders and non-responders, these differences
were not statistically significant (p = 0.111). Figure 2 also shows the differences in TILs
and Ki67 expression between the box plots of responders and non-responders. Contrary to
HER2+ tumours, there was no statistical correlation between T-stage and pCR.
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Figure 2. Box plots of TILs (pCR = 36; No pCR = 31) and Ki67 (pCR = 35; No pCR = 29) expression in
TN tumours in responder and non-responder patients. Expression is represented in percentage; the
median is shown as the black line within the interquartile box and the central dot is the mean.

Table 3 shows the correlation of clinicohistopathological variables with RCB in the
HER2+ subtype. Consistent with the results shown in Table 1, we found that 80.8% of
HER2+ patients with high residual tumour (RCB-II/III) were ER positive, which con-
tributed to the association between ER expression and RCB (p = 0.046).

Table 3. Association of variables with residual cancer burden (RCB) in HER2+ tumours.

RCB-0/I RCB-II/III

N % N % P

55 67.9 26 32.1

Histological grade 0.807

Grade 1/2 29 52.7 15 57.7
Grade 3 24 43.6 10 38.5
Not available 2 7.2 1 3.8

ER 0.046

Negative (<1%) 24 43.6 5 19.2
Positive (>1%) 31 56.4 21 80.8
Not available 0 0 0 0

PR 0.620

Negative (<1%) 18 32.7 7 26.9
Positive (>1%) 37 67.3 19 73.1
Not available 0 0 0 0
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Table 3. Cont.

RCB-0/I RCB-II/III

N % N % P

Mean Ki67 0.278

39.2 35.3

Ki67 LI 0.395

Low (0–29%) 11 20 10 38.5
High (≥30%) 39 70.9 13 50
Not available 5 9.1 3 11.5

Mean TILs 0.188

20.4 14.7

Percentage of TILs 0.395

Low (≤20%) 39 70.9 21 80.8
High (>20%) 14 25.5 4 15.4
Not available 2 3.6 1 3.8

Clinical T Stage 0.058

T0/T1/T2 45 81.8 16 61.5
T3/T4 10 18.2 10 38.5

Clinical N Stage 0.473

Negative 25 45.5 9 34.6
Positive 30 54.5 17 65.4

Table 4 shows the same correlation of variables in TN tumours. Interestingly, we
found a significant association between PR expression and RCB, in part, because most of
the tumours with RCB-II/III showed PR expression (57.9%; p < 0.001).

Table 4. Association of variables with residual cancer burden (RCB) in TN tumours.

RCB-0/I RCB-II/III

N % N % P

50 72.5 19 27.5

Histological grade 0.281

Grade 1/2 7 14 5 26.3
Grade 3 42 84 13 68.4
Not available 1 2 1 5.3

ER 0.555

Negative (<1%) 47 94 19 100
ER-low (1–10%) 3 6 0 0
Not available 0 0 0 0

PR <0.001

Negative (<1%) 44 88 8 42.1
PR-low (1–10%) 6 12 11 57.9
Not available 0 0 0 0
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Table 4. Cont.

RCB-0/I RCB-II/III

N % N % P

Mean Ki67 0.706

62.8 60.4

Ki67 LI 0.076

Low (0–29%) 0 0 2 10.5
High (≥30%) 46 92 16 84.2
Not available 4 8 1 5.3

Mean TILs 0.483

24.7 20.3

Percentage of TILs 0.779

Low (≤20%) 32 64 11 57.9
High (>20%) 17 34 7 36.8
Not available 1 2 1 5.3

Clinical T Stage 0.445

T0/T1/T2 44 88 15 78.9
T3/T4 6 12 4 21.1

Clinical N Stage 0.406

Negative 33 66 10 52.6
Positive 17 34 9 47.4

All the patients (81 HER2+ and 69 TN) were included in the Kaplan–Meier survival
analysis. Among HER2+ tumours, the analysis showed that clinical and pathological T
stages (cpT-stage) were the only significant factors related to RFS (p = 0.048; p < 0.001,
respectively) (Figures 3 and 4). ER, PR, Ki67 (in primary and residual tumour), TILs (in
primary and residual tumours) and clinical/pathological N stage showed similar survival
curves across all groups in HER2+ patients.
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Among TN tumours, the analysis showed that cpT-stages were also a prognostic factor
for RFS (p < 0.001; p < 0.001, respectively). Interestingly, the analysis of residual tumours
showed that low TILs and low Ki67 LI were prognostic factors for RFS (p = 0.031 and
p = 0.009, respectively), as shown in Figures 5 and 6.
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3.3. Comparision of Primary and Residual Tumors in Non-Responder Patients

To characterise the histopathological changes associated with response to NAT, we
compared the clinicopathological characteristics of primary and residual tumors in non-
responder patients (Table 5).

A decrease, albeit not significant, in histological grade was observed in residual
tumour cells of HER2+ tumours. Lack of significance could be related to the number
of non-gradable residual tumours (isolated tumour cells). The percentage of ER and PR
expression was significantly decreased in residual HER2+ tumours (p = 0.021 and p = 0.021,
respectively). HER2 status was also significantly modified by NAT, showing a loss of HER2
positivity in 19.1% of cases (p = 0.001). The Ki67 LI and mean also showed a significant
reduction in residual tumours (p = 0.007). The decrease in histological grade, ER and PR
expression and Ki67 percentage is shown in Figure 7. There were no significant differences
between the percentage of TILs in responder and non-responder patients. As expected, T-
stage (clinical for primary and pathological for residual) significantly decreased in residual
tumours, with most of the primary tumours classified as T2, whereas most of the residual
tumours were classified as T0/T1 (p < 0.001). Although not significant, we observed a
change in nodal status, in which the percentage of positive lymph nodes reduced from
primary to residual tumours (61.9% vs. 40.5%).
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Table 5. Comparison of primary and residual tumours in non-responder patients.

HER2 (n = 42) TN (n = 32)

Primary Residual P Primary Residual P

N % N % N % N %

Histological grade 0.206 0.086
Grade 1/2 26 61.9 25 59.5 8 25 12 37.5
Grade 3 15 35.7 7 16.7 23 71.9 11 34.4
Not available 1 2.4 10 23.8 1 3.1 9 28.1

ER 0.021 >0.999

Negative (<1%) 10 23.8 11 26.2 31 96.9 28 87.5
Positive (>1%) 32 76.2 25 59.5 1 3.1 1 3.1
Not available 0 0 6 14.3 0 0 3 9.4

PR 0.021 0.477

Negative (<1%) 11 26.2 19 45.5 26 81.3 26 81.3
Positive (>1%) 31 73.8 17 40.5 6 18.7 3 9.4
Not available 0 0 6 14.3 0 0 3 9.4

HER2 Status 0.001 1

Negative 0 0 8 19.1 32 100 31 96.9
Positive 42 100 28 66.6 0 0 0 0
Not available 0 0 6 14.3 0 0 1 3.1

Mean Ki67 <0.001 <0.001

33.9 18.7 56 17.8

Ki67 LI 0.007 0.201

Low (0–29%) 13 30.9 22 52.4 2 5.4 20 6.3
High (≥30%) 22 52.4 9 21.4 27 84.4 6 84.4
Not available 7 16.7 11 26.2 3 8.1 6 9.3

Mean TILs 0.003 0.668

14.1 5.2 18.6 16.5

Percentage of TILs 0.441 1

Low (≤20%) 35 32 21 16
High (>20%) 5 2 10 7
Not available 2 8 1 9

cT and ypT Stage <0.001 <0.001

Tis/T0/T1 3 7.1 32 76.2 8 21.6 25 78.1
T2 23 54.8 5 11.9 25 67.6 5 15.6
T3 8 19 4 9.5 3 8.1 2 6.3
T4 8 19 1 2.4 1 2.7 0 0

cN and ypN Stage 0.122 0.583

Negative 16 38.1 22 52.4 18 56.3 15 46.9
Positive 26 61.9 17 40.5 14 43.7 8 25
Not available 0 0 3 7.1 0 0 9 28.1



Cancers 2023, 15, 3068 12 of 19Cancers 2023, 15, x FOR PEER REVIEW 12 of 19 
 

 

 
Figure 7. Histological and IHC differences between primary and residual HER2+ tumours. (A) Pri-
mary tumour showing histological grade 3 and low TILs (×200), (B) ER expression of 90% (×100), 
(C) PR expression of 20% (×100), (D) Ki67 of 45% (×100); and residual tumour showing (E) histolog-
ical grade 2 and low TILs (×200), (F) ER expression of 50% (×100), (G) PR expression of 10% (×100) 
and (H) Ki67 of 10% (×100). 

Among TN tumours, a decrease in histological grade was observed, but without sig-
nificance. The mean Ki67 also showed a significant reduction in residual tumours (56% 
vs. 17.8%; p < 0.001). Similarly, T-stage decreased in residual tumours with most of the 
primary tumours classified as T2, whereas most of the residual tumours were classified as 
T0/T1 (p < 0.001). We found no significant correlation between pCR and the rest of clinico-
pathological parameters (HR expression, HER2 status, Ki67 LI, TILs or N-stage) in TN 
tumours. 

The IHC evaluation of residual tumours allowed comparison of the surrogate sub-
types. Among the HER2+ non-responder patients (n = 42), there were 32 luminal B/HER2+ 
and 10 HER2+. In addition, among the pre-NAT luminal B-like HER2+ tumors (n = 32), 16 
cases maintained the same intrinsic surrogate subtype; 3 cases became luminal B-like 
HER2−; 2 cases changed into HER2+; 1 case changed into TN and 3 cases changed into 
luminal A-like. There was not sufficient material to perform the assays of the four bi-
omarkers or FISH in 7 cases. Among pre-NAT HER2+ tumours (n = 10), 8 cases mantained 
the same intrinsic surrogate subtype and 2 cases became TN in post-NAT residual tumour 
cells. The cases classified as TN in pre-NAT samples were all classified as TN in the post-
NAT resection specimen, with the exception of 3 cases for which sufficient residual tu-
mour cells were not available to perform IHC. The flow of cases is shown in Figure 8. No 
HER2+ cases becoming HR positive after NAT were found. 

Figure 7. Histological and IHC differences between primary and residual HER2+ tumours. (A) Pri-
mary tumour showing histological grade 3 and low TILs (×200), (B) ER expression of 90% (×100),
(C) PR expression of 20% (×100), (D) Ki67 of 45% (×100); and residual tumour showing (E) histologi-
cal grade 2 and low TILs (×200), (F) ER expression of 50% (×100), (G) PR expression of 10% (×100)
and (H) Ki67 of 10% (×100).

Among TN tumours, a decrease in histological grade was observed, but without
significance. The mean Ki67 also showed a significant reduction in residual tumours (56%
vs. 17.8%; p < 0.001). Similarly, T-stage decreased in residual tumours with most of the
primary tumours classified as T2, whereas most of the residual tumours were classified
as T0/T1 (p < 0.001). We found no significant correlation between pCR and the rest of
clinicopathological parameters (HR expression, HER2 status, Ki67 LI, TILs or N-stage) in
TN tumours.

The IHC evaluation of residual tumours allowed comparison of the surrogate subtypes.
Among the HER2+ non-responder patients (n = 42), there were 32 luminal B/HER2+ and
10 HER2+. In addition, among the pre-NAT luminal B-like HER2+ tumors (n = 32), 16 cases
maintained the same intrinsic surrogate subtype; 3 cases became luminal B-like HER2−;
2 cases changed into HER2+; 1 case changed into TN and 3 cases changed into luminal
A-like. There was not sufficient material to perform the assays of the four biomarkers or
FISH in 7 cases. Among pre-NAT HER2+ tumours (n = 10), 8 cases mantained the same
intrinsic surrogate subtype and 2 cases became TN in post-NAT residual tumour cells.
The cases classified as TN in pre-NAT samples were all classified as TN in the post-NAT
resection specimen, with the exception of 3 cases for which sufficient residual tumour cells
were not available to perform IHC. The flow of cases is shown in Figure 8. No HER2+ cases
becoming HR positive after NAT were found.
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4. Discussion

In this study a thorough analysis of the possible influence of clinicopathological
parameters in response to NAT and the phenotypical evolution of these tumours was
performed.

4.1. Predictive and Prognostic Biomarkers in HER2+ and TN Tumours
4.1.1. Histological Grade

There are contradictory data in the literature regarding the influence of the histological
grade with respect to NAT response. The results of the Early Breast Cancer Trialists’
Collaborative Group (EBCTCG) suggest that the reduction in distant recurrences due to
chemotherapy is the same regardless of histological grade [24]. On the other hand, Jarzab
et al. analysed 353 BC patients treated with chemotherapy and showed that grade 3
tumours exhibited a higher proportion of pCR, concluding that histological grade was an
independent predictor of pCR [25]. Other studies including a specific HER2 cohort also
described this correlation [12,26]. Our work did not find this association to be significant,
supporting the findings of the EBCTCG, despite a higher proportion of HER2+ histological
grade 3 tumours in responders than in non-responders. Regarding TN tumours, another
study showed the correlation of histological grade and pCR [27]. Again, although we could
not statistically confirm this relationship, a higher proportion of grade 2 was observed in
non-responders in our study (25% vs. 5.8%).

4.1.2. Hormone Receptors

Another important histopathological factor related to pCR is HR status. The study
conducted by Kurozumi et al. found a statistically significant correlation between HR
and pCR in HER2+ patients [12]. Similar results were found by Petit et al. in a cohort of
177 patients, showing that only ER and Ki67 were predictive factors of pCR in HR-positive
BC. Our work also shows that the negativity for ER is not only correlated with higher rates
of pCR, but also with RCB-0/I in the HER2+ subtype, similar to the results reported by



Cancers 2023, 15, 3068 14 of 19

Meisel et al. [28]. In conjunction with previous publications, our results reinforce the idea
that ER+/HER2+ tumours present a lower probability of achieving pCR.

Our study also shows that the expression of PR is correlated with RCB-II/III in TN
tumours; in other words, patients with low expression of PR (1–10%) respond worse to
NAT than those with no expression of PR. Our results suggest that this hormonal influence
could derive into a more aggressive behaviour in this type of BC.

4.1.3. Ki67 LI

Ki67 LI is an indicator of cellular proliferation, evaluated in multiple studies as a
predictor of pCR in the neoadjuvant context, with most reporting a statistically signifi-
cant association [12,13,27–34]. Our study also found differences but they did not reach
statistical significance. This is in line with the most recent recommendations of the Inter-
national Ki67 Working Group, which does not support the use of Ki67 as a predictor of
efficacy of chemotherapy [19]. Ki67 as a prognostic factor has also been analysed in several
studies [35–38]. The study of Li et al. included more than 14,000 patients and concluded
that Ki67 quantification (both pre-NAT and post-NAT) could predict prognosis in breast
cancer patients [39]. Our study shows that the Ki67 post-NAT could be a prognostic factor
in TN patients. This is not surprising and could be explained as less proliferative subclones,
selected by NAT, are less aggressive and consequently, patients have a better prognosis.
These results highlight the importance of re-evaluating this marker in residual tumours.

4.1.4. TILs

According to the previous studies of Denkert et al. published in 2010 and 2019 [11,40],
pre-NAT TILs are predictive of response to chemotherapy in all IBC subtypes, especially in
TN and HER2+ tumours. Our results coincide with these publications, showing a significant
correlation between TILs and pCR in HER2+ tumours. More specifically, 25% of responders
had high-TILs values compared to only 7.1% of non-responders. We found a similar trend
in TN tumours (27% responders vs. 12.5% non-responders), although it did not achieve
statistical significance in this subtype. The association between high infiltration TILs and
pCR is widely known, but the prognostic value of TILs infiltration in residual disease
post-NAT is controversial. In some reports, a decrease or increase in TILs corresponded to
a better disease-free survival as compared, to unchanged levels that were associated with
a worse prognosis [41]. Our analysis showed an improved prognosis for RFS associated
with low TILs in residual TN tumours. These results support the idea that providing this
information both in pre-NAT biopsy and post-NAT specimens could be useful in patient
management.

4.1.5. T-Stage

Tumoral size, expressed as T-stage, has previously been studied as a predictor of pCR
in BC [42,43]. The study by Prat et al. [44] including 957 patients with BC showed that
T-stage was the most significant variable associated with pCR. Another study of 2366 pa-
tients showed similar results [14]. Our study also shows this important and significant
relationship in the HER2+ subtype, but not in TN BC. Nonetheless, this parameter proved
to have prognostic significance for RFS in both phenotypes.

4.2. Differences in Biomarkers in Primary and Residual Tumors

We hypothesized that the effect of NAT in cancer cells could cause phenotypical
changes in the surviving clones. Indeed, our results showed when comparing primary and
residual tumours in non-responder patients, there is a reduction in the percentage of ER and
PR expression in cases with HER2+ tumours. This is in line with previous studies showing
a decrease or even negativity of HR post-NAT [45–47]. We also observed a negative switch
of HER2 status in 16.6% of HER2-residual tumors and no cases of positive transformation.
The effect of NAT on HER2+ tumours has been studied previously, showing a loss of HER2
amplification within a range of 12–43% [47–49] as the most frequent change. Acccording to
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Grassini et al., it remains unclear if this change is due to response/resistance to therapy or
to an underlying HER2 heterogeneity [50]. This is not surprising given that the few cells
that co-express HER2 and HR are affected by the anti-HER2 therapy and, consequently,
there is a concomitant reduction in HR expression. Nevertheless, even with the targeted
anti-HER2 therapy, some subclones still do not respond, and can be detected by IHQ in
residual tumours.

Ki67 LI variation between pre- and post-NAT has shown to predict prognosis in
HER2+ and TN BC [51,52]. Our study showed a significant reduction in Ki67 LI due to
NAT, which is in line with previous studies [53,54], supporting the idea of a direct action of
the treatment on the more proliferative subclones, leading to better response in these cells
and better prognosis for these patients.

Regarding the lymphocytic infiltration of cancers, TIL values showed a significant
decrease in HER2+ tumours post-NAT, suggesting a possible anti-immunogenic effect of
HER2-targeted therapy. We also observed a slight, although not statistically significant,
decrease in TILs in residual TN tumours, which is in line with the study by Ochi et al.,
showing that the percentage of TILs did not change after NAT in 70.9% of TN BC [55]. This
could be related to the known, highly immunogenic biology of TN tumours and the recent
incorporation of immunotherapy in the NAT of TN tumours.

Post-NAT changes in biomarkers, such as HR, Ki67 and HER2, can have potential
prognostic significance. For instance, a previous study proved that loss of HR expression
and the change to a TN subtype were associated with a worse prognosis [56]. Our results
documented this type of change, in which three luminal B-like HER2+ tumours lost HR
expression and four luminal B-like HER2+ lost HER2 amplification. Other studies have
described a post-NAT loss of HER2 amplification in 15–43% of cases [57,58]. The reason
for these changes is likely related to the selective cytotoxic effect of anti-HER2 drugs on
HER2+ cells, causing a selection, and consequent survival, of negative cells. Nonetheless,
these results might help in finding a suitable adjuvant treatment for these non-responder
patients and encourage further studies in this direction.

4.3. Limitations

We acknowledge that this study has some limitations. First, the relatively small num-
ber of patients included and the diversity of treatment regimens may affect the statistical
analyses. Second, the limited follow-up represents a bias in our findings and longer periods
of observation would strengthen our results.

5. Conclusions

We have demonstrated that small tumour size, lack of ER expression and high TIL
values may help to predict the response of HER2+ tumours to NAT, whereas expression of
PR could be a good predictor of resistance to NAT in TN tumours. Interestingly, characteri-
sation of residual tumours showed some changes in HR and HER2 status, T-stage and Ki67
in HER2+ tumours, supporting the importance of accurate assessment of these biomarkers
in residual disease. Phenotypic changes occur after NAT and this reinforces the need to
reevaluate residual tumours by IHC in order to adjust post-NAT treatment. Larger studies
are needed to confirm these associations, which may be of relevance in clinical practice.
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