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Abstract

We aimed to assess the efficacy of neoadjuvant chemotherapy (NACT) in a cohort of 213 triple-
negative breast cancer (TNBC) patients treated in real-world practice at 8 Italian cancer centres.
We computed descriptive statistics for all the variable of interest. Factors testing significant in
univariate analysis were included in multivariate models. Survival data were compared by Kaplan-
Meier curves and log-rank test.

The median follow-up was 45 months. We observed 60 (28.2%) pathological complete response
(pCR). The sequential anthracyclines-taxanes-based regimens produced the highest rate of pCR
(42.6%), followed by concomitant anthracycline-taxane (24.2%), and other regimens (15.6%)
(p=0.008). When analyzing the role of baseline Ki-67, a 50% cut-off was the optimal threshold
value for pCR prediction (p=0.0005). The 5-year disease-free survival (DFS) was 57.3% and the
5-year overall survival (OS) was 70.8%. In patients not achieving pCR, the optimal Ki-67
variation between biopsy and surgical specimen with prognostic relevance on long-term outcomes
was 13% (p=0.04). Patients with a Ki-67 reduction (rKi-67)<13% had worse outcomes compared
to those who experienced pCR or a rKi-67>13%. The number of NACT cycles also affected long-
term outcomes (5-year DFS 65.7% vs 51.6% in patients having received >6 cycles compared with
their counterparts , p=0.02). In multivariate analysis, node status, grading and bio-pathological
uecatment response (including pCR and rKi-67) impacted DFS and OS. Our results confirmed the
advantage conferred by more than 6 cycles of a sequential antracycline-taxane-based NACT.
Higher baseline Ki-67 values shows greater predictive significance on pathogical response, while
the rKi-67 plays a prognostic role on long-term outcomes. This article is protected by copyright.
All rights reserved

Keywords: triple-negative breast cancer, neoadjuvant chemotherapy, pathological complete

response, rKi-67, long-term outcomes
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INTRODUCTION

Neoadjuvant chemotherapy (NACT) is currently employed both in early and locally advanced
breast cancer to increase the rate of breast-conserving surgery and ameliorate prognosis in patients
with high-risk tumors such as HER2 positive or triple-negative subtypes (Rouzier et al., 2005;
Liedtke et al., 2008). Triple-negative breast cancer (TNBC) is a heterogeneous phenotype with
negative expression of estrogen receptor (ER) and progesterone receptor (PgR) and lack of
overexpression or amplification of human epidermal growth factor (HER2). It accounts for 10-
15% of breast cancers, and has an aggressive clinical and biological behavior, with larger tumor
size at presentation, involvement of regional lymph nodes, high histological grade. Moreover,
there is a higher risk of early recurrence compared to other breast cancer subtypes, such as luminal
subtype (Parise et al., 2009; Isakoff, 2010; Pal et al., 2011; Onitilo et al., 2009). Currently, there
are no approved targeted therapies for TNBC, and chemotherapy is the mainstay of treatment.
Compared with non-triple-negative breast cancers, these tumors show higher chemosensitivity,
especially in the neoadjuvant setting, showing percentages of pCR higher than those observed in
the luminal subtype (Liedtke et al., 2008; Badve et al, 2011; Carey et al., 2007). Anthracycline-
based regimens followed or preceded by a taxane, or anthracyclines-taxane combinations,
delivered usually for 6-8 cycles before definite surgery, are the most commonly used regimens in
the neoadjuvant setting, both in randomized trials and in real-life practice (Badve et al, 2011,
Carey et al., 2007). It is well known how the achievement of pathological complete response
(pCR) to NACT in this unfavorable subtype correlates with long-term outcomes such as event free
survival and overall survival (OS) (Cortazar et al., 2014; von Minckwitz et al., 2012; Houssami et
al., 2012).

Since patients enrolled in clinical trials are selected and not always representative of the real-life
setting, the increasing need to produce evidence which may help fill the gap between clinical trials

and clinical practice prompted the design and conduct of the present multicentric retrospective
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analysis, which evaluated the outcomes of patients with TNBC treated with conventional NACT
regimens in routine practice.

PATIENTS AND METHODS

We retrospectively identified early and locally advanced TNBC patients from 8 Italian cancer
centres, treated in routine clinical practice with NACT over a period of 15 years. All the patients
received neoadjuvant treatment followed by surgery, with radiotherapy whenever indicated. Our
study was approved by the Ethic Committees of the institutions involved and carried out in
agreement with the Helsinki Declaration. All the patients released a written informed consent.
Data collection

A retrospective review of clinical and pathological data was performed. Anonymized data were
entered into a dedicated database. Data included demographic, clinical and molecular features,
tumor size before NACT, axillary node status at baseline, defined upon physical examination and
ultrasound with a fine needle aspiration if indicated. The initial stage was determined from
clinical, radiological, and pathologic evaluation, and classified according to the AJCC TNM
guidelines. At the time of definite surgery, pathological diagnosis was carried out on residual
tumor, both breast tumor and axillary lymph nodes. After surgery, patients were followed up every
6 months for 5 years, then yearly.

P-'hological assessment

All the patients enrolled had received a pre-treatment tumor core-biopsy and had a diagnosis of
triple negative invasive breast cancer. Complete pathology assessment including hormonal
receptors, HER2 status and Ki-67 evaluation, was performed in pre-treatment biopsy of primary
tumors at the participating centers. Complete pathological assessment was repeated in surgical
specimen by local pathologists. pCR at definite surgery was defined as the lack of invasive
carcinoma in the axilla and the breast; the presence of residual carcinoma in situ was included in
the pCR definition (ypT0/is/ypNQ). When missing, the molecular features were centrally evaluated

at the coordinating center.
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Treatments Patients were treated according to national and international guidelines. Neoadjuvant
regimens included anthracyclines-based regimens, sequential or concomitant anthracycline-
taxanes, and other regimens. Definite surgery, both conservative and radical surgery, had been
performed after NACT, and adjuvant radiotherapy was given whenever indicated. A small subset
(77/213 patients) of patients with relevant residual disease or a change in pathological prognostic
factors had received adjuvant treatments.

STATISTICAL ANALYSIS

Descriptive statistics were used to summarize pertinent study information. The Chi-Square or
Fisher Exact tests were used to evaluate the association between categorical variables. The
response rate was reported with its 95% confidence interval (CI). Continuous variables were
dichotomized according to pCR or prognosis with ROC analysis and the maximally selected log-
rank statistics analysis, respectively, to determine the best “splitter” cut-off (Bria et al., 2009). The
Odds Ratio (OR) and the 95% CI were estimated for each variable using the univariate regression
model. The variables tested in the univariate analysis for pCR were age at diagnosis, pre-
menopausal status, surgery, grading, clinically assessed tumor size (cT) and node involvement
(cN), treatment regimen, number of chemotherapy cycles, Ki-67 expression levels. Multivariate
logistic regression models were used to assess the impact of variables on the pCR and were
developed using the stepwise regression (forward selection, enter limit and remove limit, p=0.10
and p=0.15, respectively). To minimize the risk of bias potentially due to the differential length of
NACT schemes, we decided to evaluate long-term outcomes from the date of surgery.
_,.2cifically, disease free survival (DFS) was calculated from the date of surgery to the date of first
event (locoregional relapse, distant relapse, or death) and overall survival (OS) was calculated
from the date of surgery to the date of death or last follow-up. Survival estimates were computed
by the Kaplan-Meier product-limit and subgroups were compared by log-rank test. The Hazard
Ratio (HR) and the 95% CI were estimated for each variable using the Cox univariate model. The
variables included in the univariate analysis for PFS and OS were age at diagnosis, pre-
menopausal status, definite surgery, grading, cT, cN, pathological (p)T, pN, “bio-pathological”
treatment response, treatment regimens. Bio-pathological treatment response was conceived to

explore the prognostic role of a reduction of Ki-67 (rKi-67) level between the value assessed at
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the time of pretreatment biopsy and that evaluated at definite surgery in patients not achieving a
pCR. The following two subgroups were defined: no-pCR with rKi-67 vs no-pCR without rKi-67,
and a comparison with patients achieving a pCR was performed. To identify independent
predictors of outcomes, a multivariate Cox proportional hazard model including clinical,
pathological and therapeutic factors was developed using the stepwise regression (forward
selection, enter limit and remove limit, p=0.10 and p=0.15, respectively). SPSS software (SPSS
version 21.0, SPSS Inc., Chicago, Illinois, USA), R-Software (version 3.2.1) and MedCalc®

(10.0.1) were used for all statistical evaluations.

RESULTS

Patient and tumor characteristics

We retrospectively identified 213 patients with triple-negative primary tumors treated with NACT
from December 1999 through Jaunuary 2015 at 8 Italian cancer centres. Main baseline patient and
tumor characteristics are reported in Table 1. Median age at diagnosis was 47 years, with 45
patients (21.1%) being younger than 40 years. One hundred and nineteen (55.9%) patients were
premenopausal. Two hundred and one patients had >T2 tumors (94.4%), with 38 exhibiting a T4
stage, including 6 inflammatory tumors; 171 (80.3%) patients had clinically involved axillary
nodes. The median value of Ki-67 at baseline biopsy was 60 (range, 1 to 95), being > 14% in
76.5% of the tumor cases. One hundred and eighty (84.5%) of the tumors were invasive ductal
carcinoma, whereas 15.5% were lobular infiltrating carcinoma or other subtypes. The median
baseline tumor grade was 3 (range, 1-3).

Neoadjuvant treatment
NACT regimens administered are reported in Table 2. One hundred and eighty-six (87.3%)

patients had received a sequential or concomitant regimen including anthracyclines and taxanes
(31 and 56.3%, respectively), and the remaining 27 (12.7%) patients had received other
neoadjuvant regimens. As concerns the length of NACT, the subgroup of patients who received 6

cycles of NACT included 39 patients (18%). Among them, 2 patients ended treatment due to
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disease progression (PD), while toxicity was the cause of interruption in the remaining 37 patients
(data available upon request). No dose-dense chemotherapy had been delivered.

Locoregional and adjuvant treatment

At the end of NACT, breast conservative surgery had been performed in 94 (44.1%) patients, and
119 (55.9%) underwent mastectomy (Table 3). One hundred and eighty-one (85%) patients had
received axillary dissection; the remaining 32 (15%) patients underwent sentinel node dissection.
Adjuvant radiotherapy was delivered to 148 (69.5%) patients. Two patients (0.9%) did not receive
RT for early recurrence. Overall, seventy-seven (36.2%) patients received subsequent adjuvant
treatments (Supplementary table 2). In 71 patients, this was motivated by an unsatisfactory
pathological response. In six patients, we observed a shift from an initially triple negative subtype,
which had characterized these six cancer cases at diagnosis, to a luminal subtype. More
specifically, in 6 cancer cases we observed a hormone receptor positive, HER2 negative
phenotype at reassessment. These patients received endocrine therapy. In 3 further patients, the
disease switched to a HER2 positive subtype, with consequent delivery of anti-HER2 based
adjuvant therapy.

Response

Pathological CR at definite surgery was observed in 60 patients (28.2 %, 95%CI, 22.2-34.2)
Tble 3), including 3 tumors (1.4%) showing in situ residual disease. Residual disease in the
axilla was recorded in 78 patients (36.6 %). When analyzing the role of baseline Ki-67 value, we
found that in our patient population, a 50% cut off was the optimal threshold value for pCR
prediction (p=0.0005), observing pCR in 41.1% of the patients whose Ki67 value was
>50%.Conversely, when baseline Ki67 was <50%, pCR was described in 17.4% of the patients
(p<0.0001). In regard to treatment regimens, the use of sequential anthracyclines-taxanes based
regimens was associated with the highest pCR rate (42.6%), followed by concomitant
anthracycline-taxane (24.2%), and anthracyclines-based or other regimens (15.6%) (p=0.008).

Smaller tumors (cT1-2) with baseline Ki-67 <50% obtained a 28.3% pCR, whereas in case of Ki-
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67 >50%, the pCR increased up to 40.6% (p=0.16). For larger tumors (cT3-4), this difference was
more pronounced, being pCR 2.6% in tumors with baseline low Ki-67, and 42.1% in tumors with
high Ki-67 (p<0.0001). In multivariate analysis, the following factors were related to pCR:
number of NACT cycles (>6 versus <6) (p=0.006), pre-menopausal status (p=0.01) and basal Ki-
67 (>50% versus <50%) (p=0.004) (Table 4).

Survival analyses

The median follow-up, calculated from the date of NACT starting, was 45 months (range, 7 to 269
months). Overall, we observed 76 recurrence events (35.7%). At the time of the present analysis,
the median DFS had not been reached yet, and the 5-year DFS was 57.3%. Thirty-seven patients
(17.4%) had local relapse, contralateral breast cancer or second primary tumors, while 54 (25.4%)
patients developed distant metastases. Brain metastases as first site of recurrence were recorded in
6 patients (11.1%). To date, 50 (23.5%) patients have died. The median OS had not been reached
yet, and the 5-year OS was 70.8%.

In multivariate analysis pathological node involvement (p=0.001), grading (p=0.07) and bio-
pathological treatment response (p=0.001) were significantly associated with DFS (Table 4). In
patients not achieving a pCR, the Ki-67 variation between baseline and surgery, which best
performed as a prognostic factor for long-term outcomes, was 13% (Supplementary Figure 1,
~=).04). This result was also confirmed in univariate analysis exclusively including the subset of
patients with pPR (N:125) (Supplementary Figure 2 A and B). As expected, patients who
experienced a rKi-67<13% without pCR had higher risk of relapse compared to those who
experienced pCR (HR 8.93, 95%CI, 2.59-30.74, p=0.001). Although to a lesser degree, also a rKi-
67>13% was related to a higher risk of relapse when compared with patients achieving a pCR (HR
5.40, 95%CI, 1.45-18.81, p=0.008). As expected, there was some evidence in support of the
association between a rKi-67>13% and a lower risk of relapse compared with rKi-67<13% (HR
1.69, 95%CI, 0.98-2.92, p=0.06). Pathological node positivity, grading and bio-pathological

response were confirmed for their prognostic relevance when analyzing OS (p=0.03, p=0.06 and
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p=0.001, respectively) (Table 4). As expected, patients who experienced a rKi-67<13% had a
worse prognosis compared to those who experienced pCR (HR 18.51, 95%CI, 2.38-143.74,
p=0.005). On the other hand, , a rKi-67>13% was related to a worse prognosis when compared
with pCR (HR 6.92, 95%ClI, 2.38-55.74, p=0.007), but to a better prognosis when compared to
rKi-67<13% (HR 2.68, 95%Cl, 1.32-5.44, p= 0.007).

The 5-year DFS was 59.3% in patients with tumors with rKi-67>13% from baseline, 32.4% in
patients with a rKi-67<13%, and 89.3% in patients who achieved pCR (p<0.0001) (Figure 2A).
The achievement of a pCR and a rKi-67>13% were both related to a better 5-year OS, compared
to a rKi-67<13% (95.0, 79.8, and 47.7%, respectively, p<0.0001) (Figure 2B).

The number of NACT cycles administered affected long-term outcomes too, with 5-year DFS
being 65.7% in patients having received more than 6 cycles and 51.6 % in patients treated with <6
cycles (p=0.02) (Figure 2A). Conversely, no significant differences emerged when we compared
5-year DFS of patients who received 6 or more versus those treated with less than 6 cycles of
NACT (p=0.52) (Figure 2B).

Similarly, we observed a better 5-year OS rate in patients treated with more than 6 cycles of
NACT compared with patients having received 6 or less NACT cycles (83.5% vs 63.3%;
p=0.003). Interestingly, when we compared the survival of patients treated with at least 6 cycles
»i'h those who received less than 6 cycles, this difference disappears (p=0.99) (data available
upon request). When considering the impact of the addition of adjuvant treatment, patients who
had received an adequate neoadjuvant number of cycles (>6) without adjuvant therapy showed a
trend towards better 5-year DFS (64.8%), in comparison with patients treated with 6 or less NACT
cycles but who received adjuvant treatment, for whom the 5-year DFS was 52.6% (p=0.08)
(Figure 3A). Conversely, no differences in 5-year DFS was observed between 6 or more cycles of
NACT without adjuvant treatment and less than 6 neoadjuvant cycles with adjuvant treatment
(58.8% versus 54.7%, p=0.44) (Figure 3B). Results were confirmed when we analyzed OS, with a

5-year OS rates of 85% in patients who had received >6 NACT cycles without adjuvant therapy
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and of 66.5% in patients treated with 6 or less NACT cycles who received adjuvant treatment
(p=0.01) (Figure 3C). Moreover, in patients who received at least 6 or less than 6 NACT cycles,

with or without adjuvant treatment, no differences were observed (p=0.55) (Figure 3D).

DISCUSSION

We herein report on the outcomes of different NACT regimens in 213 TNBC patients treated from
December 1999 to January 2015 at 8 Italian cancer centres in routine practice. In the present
analysis, the 28.2% of pCR observed is in line with literature data in a heterogeneous TNBC
patient population treated with conventional anthracycline-taxane based or other NACT regimens
over a period of 15 years (Liedtke et al., 2008; Masuda et al., 2013). As concerns the type of
NACT regimen, more favorable results were observed in our case series with sequential
anthracycline-taxane, followed by concomitant anthracycline-taxane regimens. Conversely,
unfavorable results were observed with other regimens. Among the reported results, the predictive
value of baseline Ki-67 on pCR is noteworthy, since it confirms the higher chemosensitivity of
highly proliferating TNBC reported by literature data. Interestingly, in patients not achieving a
PCR, a higher Ki-67 reduction (rKi-67>13%) seems to be related to better DFS and OS compared
to lower rKi-67. Moreover, our results confirmed the need of an adequate length of NACT, with
more favorable outcomes, both in terms of pCR and DFS/QOS, in patients having received more
....n 6 cycles. Furthermore, no significant benefit from the addition of adjuvant therapy has been
observed in our patient population when a suboptimal NACT was delivered (p=0.28). As
expected, patients who had received an adequate neoadjuvant number of cycles without adjuvant
therapy showed a better 5-year DFS compared with patients treated with 6 or less neoadjuvant
cycles, even if adjuvant treatment was administered (p=0.02). This confirms that the optimal
number of neoadjuvant cycles is more than 6.

Overall, our findings are consistent with literature data concerning the predictive value of pCR on
long-term outcomes, since patients achieving a pCR experienced more favourable 5-year DFS and

5-year OS compared with patients not achieving a pCR. Moreover, higher proliferating tumors
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seem to be more sensitive to neoadjuvant chemotherapy, as expected. Ultimately, in patients not
achieving a pCR, the amount (rate) of rKi67 at definite surgery had a relevant impact on long-term
outcomes.

Based on literature data, anthracyclines and taxanes sequential regimens still seem the most
effective regimens in routine practice, with a rate of pCR ranging from 25% to 38% (Liedtke et
al., 2008; Huober et al., 2010). Moreover, the length of neoadjuvant treatment/cycle-number
seems to impact on results, since pCR is usually lower and long-term outcomes poorer in patients
receiving less than 6 cycles of neoadjuvant chemotherapy (Isakoff et al., 2010).

Triple negative breast cancer is a heterogeneous disease, which encompasses several different
molecular subtypes identified by gene expression microarray (Lehmann et al., 2011), with
therapeutic implications due to differential sensitivity to various agents (Masuda et al., 2013).
Recently, a number of old and new molecules have been employed in the neoadjuvant setting of
triple-negative tumors, with the aim of ameliorating patient outcomes. Several clinical studies
tested platinum-based NACT regimens, based on deficiencies in the BRCA-associated DNA
repair mechanisms with higher sensitivity to interstrand cross-linking agents that cause DNA
damage, such as platinum and its analogues and cell cycle checkpoint inhibitors (Hurley et al.,
2013; Byrski et al., 2012; Sikov et al., 2009; von Minckwitz et al., 2014; von Minckwitz et al.,
20°15; Sikov et al., 2015; Gluz et al., 2015; Kern et al., 2013; Sharma et al., 2017; Zhang et al.,
2016; Visconti et al., 2016). Most of these trials reached significant goals both in terms of pCR
that of long-term outcomes, although some of them may not have reached patient numbers in key
with an adequate statistical power (von Minckwitz et al., 2015; Sikov et al., 2015). Since BRCA-
mutated and sporadic TNBC share some biologic characteristics, there is a strong rationale for
testing platinum derivative in TNBC, and studies evaluating the addition of cisplatin or
carboplatin to standard NACT regimens reported pCR rates up to 75% (Hurley et al., 2013; Byrski
et al., 2012; Sikov et al., 2009). In the phase Il randomized trial GeparSixto, the German group

tested weekly paclitaxel plus non-pegylated liposomal doxorubicin and bevacizumab with or
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without carboplatin, with a significant advantage in pCR in the TNBC subgroup for the
carboplatin arm (53.2% vs 36.9%, p 0.005) (von Minckwitz et al., 2014). Moreover, a statistically
significant benefit in DFS was reported, even if the study was not powered to demonstrate
significant differences in long-term outcomes as acknowledged by the authors when addressing
the study limitations (von Minckwitz et al., 2015). The CALGB 40603 study evaluated the impact
on pCR of the addition of carboplatin and/or bevacizumab to weekly paclitaxel followed by dose-
dense doxorubicin and cyclophosphamide in TNBC patients, showing a clear advantage for the
experimental arm (pCR: 60 versus 44%, p=0.0018), while event free survival and OS seemed not
affected (Sikov et al., 2009 and 2015). Gluz et al. (2015) recently reported the results of the WSG-
ADAPT triple-negative randomized trial, comparing nab-paclitaxel/gemcitabine versus nab-
paclitaxel/carboplatin. In the arm including carboplatin, pCR increased significantly (45.9%
versus 28.7%, p <0.001). Recently, a retrospective analysis including data on patients not suitable
for an anthracycline-based regimen, who were treated with an anthracycline-free NACT regimen
employing 6 cycles of docetaxel and carboplatin showed a high rate of pCR (50%) (Kern et al.,
2013). A further study including 190 TNBC patients treated with neoadjuvant carboplatin and
docetaxel yielded a 55% pCR (Sharma et al., 2017). Another recent trial reported higher pCR rates
and 5-year relapse free survival following neoadjuvant carboplatin and paclitaxel compared with
eoirubicin and paclitaxel in patients with locally advanced TNBC (38.6 versus 14%, and 77.6
versus 56.2%, respectively) (Zhang et al., 2016).

The outcomes of bevacizumab in the neoadjuvant setting in patients with TNBC was evaluated in
two different trials, resulting into a significative increase in terms of pCR rates. The Ca.Pa.Be
study evaluated weekly paclitaxel and carboplatin, plus bevacizumab in a small casistic of 44
TNBC patients, reporting a rate of pCR of 50%, comparable to that of more intensive carboplatin
and bevacizumab-containing regimens (Guarneri et al., 2015). In the GeparQuinto trial, TNBC
patients were randomized to standard chemotherapy (epirubicin plus cyclophosphamide followed

by docetaxel) with or without bevacizumab. A clear advantage in pCR rates was observed, with
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39.3% in the bevacizumab arm versus 27.9% of the chemotherapy-only arm (p=0.003) (Gerber et
al., 2013). Unfortunately, results on long-term outcomes do not support the use of neoadjuvant
bevacizumab added to standard NACT, since no advantage in DFS or OS were observed (von
Minckwitz et al., 2014). More recently, the SWOG S0800 randomized study tested the addition of
bevacizumab to neoadjuvant nab-paclitaxel with dose-dense doxorubicin-cyclophosphamide in
locally advanced TNBC. Bevacizumab significantly increased pCR rate (59% vs 29%), and there
was some evidence of for an event free survival advantage in the bevacizumab arm (p=0.06)
(Nahleh et al., 2016).

Several clinical studies evaluated the prognostic and/or predictive attitudes of potentials
biomarkers in TNBC population (Lehmann et al., 2015). Our group tested some components of the
Hippo pathway on pretreatment cancer biopsy and in the surrounding tissue of 61 TNBC patients
having received standard NACT. The Hippo pathway acts as a tumor-suppressor pathway that
negatively regulates the Hippo transducers TAZ and YAP. In our experience, the combined
expression of YAP in tumor cells and in the stromal cells was related to lack of pCR, and the
combined expression of TAZ and YAP in tumor cells was associated with shorter DFS (Vici et al.,
2016). Moreover, we have recently reported on the predictive significance of DNA damage
response biomarkers in 54 TNBC patients treated with NACT according to body mass index
') (Barba et al., 2017). Our results suggest that the predictive ability of DNA damage
response biomarkers in this patient population seems to be significantly affected by BMI, with the
highest predictive performance of the biomarkers of interest being achieved in patients with BMI

<25.

A high number of studies were conducted on the proliferation marker Ki67 (Yerushalmi et al.,
2010; Carbognin et al., 2016), but there are relatively few trial addressing the question of the role
of Ki67 in patients who did not achieve pCR. There are inconsistent data concerning Ki67 as
prognostic factor in breast cancer patients treated with NACT. Denkert et al. suggest that Ki67

may be considered a mixed prognostic and predictive marker, since its effect is the opposite when
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it comes to prognosis and prediction (Denkert et al., 2015). Another recent retrospective,
observational trial was carried out in 120 breast cancer patients treated with NACT (Acs et al.,
2017). Study results confirmed that increased Ki67 was linked to increased response to NACT and
also with worse long-term outcome in patients who did not achieve pCR.

Von Minckwitz et al. reported that patients enrolled in the GeparTrio study showing decreased
Ki67 expression had the best outcomes, even better than those who had significantly lower Ki67
expression in biopsy specimens (von Minckwitz et al., 2013). According to their data, Ki67 levels
after NACT provide relevant independent and additional prognostic information in case of no pCR
after NACT, most notably in hormone-receptor-positive breast cancer. In a recent hypothesis-
generating study, authors suggest that in HR+/HER2- breast cancer stromal tumor-infiltrating
lymphocytes (StrTIL) at baseline may influence the achievement of a molecular response after
neoadjuvant treatment (Dieci et al., 2017). In this trial, the rate of patients achieving a relative
Ki67 suppression >50% from baseline was significantly higher in the high vs lower StrTIL group
(64 vs. 10%, p=0.003).

A metanalysis of 27 studies published between 2005 and 2012 on the association between pCR
and breast cancer subtypes has been recently published, showing in 2,952 TNBC an estimated
pCR rate of 28.9%, which fairly compares to our results, versus 12.5% in 6,508 non-triple-
~oative subtypes. Platinum-based regimens, more than 6 cycles, sequential chemotherapy, almost
16 weeks of treatment and four kind of drugs correlated with higher pCR (Wu et al., 2014).
Another metanalysis of 11 independent studies (7 of which from peer-reviewed reports and 4 from
conference abstracts) for a total of 2,942 patients, confirmed the advantage of both carboplatin and
bevacizumab on pCR rate in TNBC, with a pCR of 51.2% and an absolute difference of 13.8% as
compared with control regimens (Chen et al., 2014).

The prognostic impact of residual cancer, both on the breast and axilla, after NACT, was
evaluated in more than 600 patients with triple-negative tumors, extrapolating data from a large

German database. Among residual tumors, ypT1 and ypT2 had similar prognosis, and so did ypT3
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and ypT4, in patients with ypNO or ypN1-3 but not for yp>N3, suggesting that the size of residual
tumor does not affect survival if there is no or modest axillary node involvement (Kern et al.,
2015).

The main weaknesses of the present study are the retrospective observational design which makes
it particularly prone to confounding and bias. Indeed, when interpreting our findings, we should be
fully aware of the limitations stemming from the heterogeneity in patient population and
chemotherapy regimens. Moreover, data collection strongly depended on the availability and
accessibility of clinical records over the past 17 years, which may have been incomplete or
contained some undiscovered manual errors. It is also plausible that the treatment and diagnostic
techniques have been improved over time, and inter- and intraobserver variations may have
occurred over the course of the treatment procedures, which may lead to measurement and
observer bias. In an attempt to estimate the impact of the quite high number of participating
centers in terms of relevant outcomes, we descriptively analyzed pCR distribution across the
Institution involved. The results were not significant (p=0.15). Conversely, the schedules of
NACT administered differed significantly by participating centre (p=0.03), although the specific
NACT had no prognostic value on relevant outcomes, i.e. pCR (p=0.19), DFS (p=0.55), and OS
(p=0.25) (data available upon request). Moreover, the evaluation of biological data, such as Ki-67
values, was performed locally at each of the participating cancer centers. Thus, our results could
be affected by lack of standardization. Lastly, given the relatively low number of patients
analyzed, we could not perform treatment-stratified analysis.

Our study also has some strengths of relevance. The quite long period of observation and the fact
that data derive from a cohort of not selected, “real world” patients treated outside of clinical trials
represent the major strengths of our work. In addition, our results are overall consistent with pre-
existing data, which increases our confidence in the quality of our data. On the other hand, we add

to currently limited data on the prognostic role of Ki-67 in patients not having achieved pCR, and
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potentially contribute to identify a group of patients at high risk for relapse, for whom additional
postsurgical treatment options should be considered.

Since TNBC still represents a challenge due to its heterogeneity and to the absence of clearly
defined molecular targets, chemotherapy represents to date the only effective option in the
therapeutic armamentarium. While awaiting results from randomized prospective studies testing
innovative drugs, retrospective observational studies confirming the results of randomized clinical
studies and reproducing the day-to-day clinical practice are needed to better understand what
really takes place in not selected patients and ameliorate their outcomes.
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Figure legend

Figure 1. Disease free survival (A) and overall survival (B) in the overall population according to
pCR and rKi67. Abbreviations: DFS, disease free survival; OS, overall survival; pCR,
pathological complete response; rKi67, Ki67 reduction.

Figure 2. Disease free survival (DFS, A and B) and overall survival (OS, C and D) according to
number of neoadjuvant chemotherapy cycles. Abbreviations: NACT, neoadjuvant chemotherapy;
Adj, adjuvant treatment.

Figure 3. Disease free survival (A and B) and overall survival (C and D) according to the number
of neoadjuvant chemotherapy cycles and addition of adjuvant treatment. Abbreviations: DFS,
disease free survival; OS, overall survival; NACT, neoadjuvant chemotherapy; Adj, adjuvant

treatment.
Supplementary Figure 1. Cut-off selection for dichotomized Ki67 variation in patients who not
achieved pCR; optimal cut-off was identified by maximally selected log-rank statistics.

Abbreviations: vKi67, Ki67 variation.

Supplementary Figure 2. DFS (A) and OS (B) in TNBC patients with partial response (N:125).
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Table 1. Main baseline patient characteristics (N=213)

Characteristics N (%)
Age, Median (range) 47 (25-77)
Menopausal status
Pre-menopausal 119 (55.9)
Post-menopausal 94(44.1)
Histology
Ductal 180 (84.5)
Lobular and other 33(15.5)
Clinical tumor size
Tl 12 (5.6)
T2 115 (54.0)
T3 48(22.5)
T4 38(17.9)
Clinical lymph-node status
Positive 171 (80.3)
Negative 42(19.7)
Clinical stage at diagnosis
A 25(11.8)
1B 56(26.3)
A 89(41.8)
1B 38(17.8)
11[ 5(2.3)
Grading
Gl 20 (9.4)
G2 35(16.4)
G3 129 (60.6)
Unknow 29(13.6)
*Ki67
<14% 36(16.9)
>14% 163 (76.5)
Unknow 14 (6.6)

Abbreviations: N, number.
*92 patients showed Ki-67%<50% ; 107 patients showed Ki-67%>50%
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Table 2. Neoadjuvant chemotherapy regimens

Therapeutic regimens N (%)
Anthra + taxane based (concomitant) 120 (56.3)
Anthra + taxane based (sequential) 66 (31.0)
Anthra based 24 (11.3)
Taxane based 2 (0.9)
No anthra no taxane based 1(0.5)
Number of chemotherapy cycles
<6 127 (59.7)
>6 86 (40.3)

Abbreviations: N, number; Anthra, anthracycline.

This article is protected by copyright. All rights reserved




Table 3. Surgical procedures and pathological responses

Results N (%)
Breast surgery

Quadrantectomy 94 (44.1)

Mastectomy 119 (55.9)
Axillary lymph-node surgery

Sentinel lymph-node dissection 32 (15.0)

Axillary lymph-node dissection 181 (85.0)
Residual tumour size

No residual tumour 60 (28.2)

pTis 3(1.4)

pT1 82 (38.5)

pT2 44 (20.7)

pT3 17 (8.0)

pT4 7(3.2)
Residual disease in the axilla

Yes 78 (36.6)

No 135 (63.4)
Pathological responses

Complete response 60 (28.2)

Partial response 125 (58.7)

Stable disease 26 (12.2)

Progressive disease 2 (0.9)
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Table 4. Multivariate analysis

pCR OR 1C95% P
Number of neoadjuvant cycles
(>6 versus <6) 2.55 1.30-4.99 0.006
Menopausal status
(pre- versus post) 2.45 1.24-4.83 0.01
Basal Ki-67 (>50% versus <50%) 2.76 1.38-5.52 0.004

DFS HR 1C95% P
Node positivity 2.11 1.22-3.67 0.001
Grading (2/3 versus 1) 2.95 0.91-9.64 0.07
Bio-pathological response - - 0.001
- rki67<13 versus pCR 8.93 2.59-30.74 0.001
- rki67>13 versus pCR 5.40 1.45-18.81 0.008
- rki67 <13 versus >13 1.69 0.98-2.92 0.06

(O HR 1C95% P
Node positivity 2.13 1.08-4.18 0.03
Grading (2/3 versus 1) 6.96 0.94-51.46 0.06
Bio-pathological response - - 0.001
- rki67<13 versus pCR 18.51 2.38-143.74 0.005
- rki67>13 versus pCR 6.92 2.38-55.74 0.007
- rki67 <13 versus >13 2.68 1.32-5.44 0.007

Abbreviations: pCR, pathological complete response; OR, Odds ratio; 1C95%, confidence interval,

HR, hazard ratio; DFS, disease free survival; rKi67, reduction of Ki67; OS, overall survival.
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