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Introduction
In the 1970s, neoadjuvant chemotherapy 
(NACT) was developed with the goal of down-
stage locally advanced breast cancers (BCs) and 

making them operable.1 Later, the preoperative 
strategy was expanded to include early tumors, 
primarily to enable more conservative surgery.2 
According to guidelines, NACT is advised for 
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Abstract
Background: Given the low chance of response to neoadjuvant chemotherapy (NACT) 
in luminal breast cancer (LBC), the identification of predictive factors of pathological 
complete response (pCR) represents a challenge. A multicenter retrospective analysis was 
performed to develop and validate a predictive nomogram for pCR, based on pre-treatment 
clinicopathological features.
Methods: Clinicopathological data from stage I–III LBC patients undergone NACT and surgery 
were retrospectively collected. Descriptive statistics was adopted. A multivariate model was 
used to identify independent predictors of pCR. The obtained log-odds ratios (ORs) were 
adopted to derive weighting factors for the predictive nomogram. The receiver operating 
characteristic analysis was applied to determine the nomogram accuracy. The model was 
internally and externally validated.
Results: In the training set, data from 539 patients were gathered: pCR rate was 11.3% [95% 
confidence interval (CI): 8.6–13.9] (luminal A-like: 5.3%, 95% CI: 1.5–9.1, and luminal B-like: 
13.1%, 95% CI: 9.8–13.4). The optimal Ki67 cutoff to predict pCR was 44% (area under the curve 
(AUC): 0.69; p < 0.001). Clinical stage I–II (OR: 3.67, 95% CI: 1.75–7.71, p = 0.001), Ki67 ⩾44% 
(OR: 3.00, 95% CI: 1.59–5.65, p = 0.001), and progesterone receptor (PR) <1% (OR: 2.49, 95% CI: 
1.15–5.38, p = 0.019) were independent predictors of pCR, with high replication rates at internal 
validation (100%, 98%, and 87%, respectively). According to the nomogram, the probability 
of pCR ranged from 3.4% for clinical stage III, PR > 1%, and Ki67 <44% to 53.3% for clinical 
stage I–II, PR < 1%, and Ki67 ⩾44% (accuracy: AUC, 0.73; p < 0.0001). In the validation set (248 
patients), the predictive performance of the model was confirmed (AUC: 0.7; p < 0.0001).
Conclusion: The combination of commonly available clinicopathological pre-NACT factors 
allows to develop a nomogram which appears to reliably predict pCR in LBC.
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patients with inoperable tumors, while it is pre-
ferred for those with human epidermal growth 
factor receptor 2 (HER2)-positive and triple-neg-
ative (TN) operable BCs.3,4 Luminal breast can-
cers (LBCs) are generally less responsive to 
chemotherapy and may benefit from primary 
endocrine therapy (ET).5

Overall, compared to adjuvant therapy, NACT 
may be more effective in the early eradication of 
micro-metastatic disease while also providing 
useful information regarding the sensitivity of  
the tumor cells to different chemotherapeutics.6 
However, by delaying surgery, NACT may 
increase the risk of metastasis, especially for 
chemo-resistant tumors. In addition, an individ-
ual patient data meta-analysis demonstrated that 
NACT was associated with a higher local recur-
rence rate, although not with a significant increase 
in distant recurrence or mortality in BC.6

The pathological complete response (pCR) fol-
lowing NACT for BC represents one of the most 
powerful independent predictor of excellent long-
term prognosis,7–9 although it cannot be consid-
ered as a clear surrogate for disease-free survival 
(DFS) and overall survival.8,10 The association 
between pCR and long-term outcome is strongest 
for HER2-positive and TN disease compared to 
LBCs. However, the lack of statistical significance 
of the trend toward increased survival on pCR for 
LBCs applies to low-risk biology tumors8,10,11 and 
the prognostic effect of pCR may be masked by 
its limited rate in this subgroup.

The immunophenotype is the strongest predictor 
of pCR.11 The largest pCR rates are found in TN 
and HER2-positive tumors (50% and 30%, 
respectively). Conversely, pCR dramatically drops 
for poorly differentiated (16%) and well/moder-
ately differentiated (7.5%) LBCs.8 Following 
NACT, the majority of LBC patients will not 
achieve pCR, with a range of 6–12 patients needed-
to-be-treated for one patient to get pCR.

Based on the crucial prognostic role of the pCR 
at surgery following NACT and on the low pCR 
rate among LBCs, it is necessary to identify the 
reliable predictive factors of pCR in this subtype, 
to develop and validate reproducible tools able to 
quantify the probability of pCR at diagnosis. To 
achieve this goal, the current investigation was 
designed to create and validate a nomogram that 
took into account pre-surgical clinicopathologi-
cal characteristics that could be able to forecast 

pCR for LBC patients who are candidates for 
NACT.

Materials and methods
A specific methodological protocol was adopted 
for the development of a nomogram according to 
Iasonos et  al., with respect to the Reporting 
Recommendations for Tumor Marker Prognostic 
Studies criteria,12 for the conduction of a retro-
spective study in the context of an unselected 
population.13

Patients’ population
Luminal breast cancer patients with available clin-
icopathological features referring to five Italian 
institutions (Unit of Medical Oncology and Unit of 
Gynecological Oncology, Fondazione Policlinico 
Universitario A. Gemelli IRCCS, Università 
Cattolica del Sacro Cuore, Rome, Medical 
Oncology ‘A’, Istituto Oncologico Veneto IOV-
IRCCS, University of Padova, Medical Oncology, 
Azienda Ospedaliera Universitaria Integrata, 
University of Verona, and Unit of Oncology, and 
University of Udine) were considered eligible 
[training set (TS)]. Inclusion criteria were as fol-
lows: (1) diagnosis of invasive LBC with clinical 
stage I–II–III; (2) anthracyclines and/or taxane-
based NACT, either sequentially or concurrently; 
(3) patients who had received at least three cycles of 
chemotherapy; (4) patients who had undergone 
surgery for primary BC; and (5) diagnosis between 
1 January 2000 and 31 December 2018. Data of 
patients with similar entry criteria, referring to the 
Unit of Senology, Fondazione Policlinico 
Universitario A. Gemelli IRCCS, Università 
Cattolica del Sacro Cuore, Rome, in the same time 
frame were gathered for the validation set (VS).

The clinicopathological characteristics analyzed 
at the baseline of NACT were age, menopausal 
status, primary tumor size (T), clinically defined 
lymph node status (N), histology, grading (G), 
estrogen receptor (ER) and progesterone receptor 
(PR) expression, Ki67 value, and HER2 status. 
Luminal subtype was defined as ER and/or PR 
positivity (⩾1%) and HER2 negativity. The sam-
ples were considered ER positive and PR positive 
if the percentage of positive nuclei at immunohis-
tochemical (IHC) method was ⩾1%. The Ki67 
proliferative index was evaluated as the percent-
age of positive nuclei for MIB-1.14 A sample was 
defined as HER2 negative if a 0, 1+, or 2+ IHC 
score with non-amplified FISH was found, 
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according to the ASCO-CAP 2018 guidelines.15 
We classified tumor samples into luminal sub-
types A or B based on hormone receptors and 
Ki67 levels on pre-NACT core biopsy as follows: 
luminal A: patients with ER- and PR-positive 
tumors, with PR values ⩾20% and Ki67 <20%; 
luminal B: patients with ER- and/or PR-positive 
tumors, with PR values < 20% and/or Ki67 
⩾20%.16 Pathological response was determined 
by analysis of surgical specimens. The following 
data were evaluated on the surgical sample: T 
size, lymph node status, grading, ER and PR 
expression, Ki67, and HER2. The institutional 
ethical review board approved this retrospective 
analysis of anonymous data (Prot. ID3315 
n.0029524/20, 15 July 2020).

Endpoints
The aim of the study was to develop and validate 
a predictive model of pCR following NACT in a 
large population of LBC patients, based on well-
known pre-treatment clinicopathological fea-
tures. The primary endpoint was pCR, defined as 
the absence of invasive cancer in the breast and 
axillary nodes, irrespective of carcinoma in situ 
(ypT0/Tis ypN0).8 The secondary endpoint, the 
DFS, was assessed as the time from surgery to 
local and/or disseminated relapse, death for any 
cause or last follow-up.

Statistical analysis
Descriptive statistics was used to summarize the 
relevant information on the study. The correla-
tion between the variables was analyzed with the 
χ2 test. For continuous variables, the receiver 
operating characteristic (ROC) analysis was used 
to define the best cutoff that was able of maximiz-
ing the endpoint probability difference (pCR). 
The included variables in the univariate analysis 
for pCR were age at diagnosis, menopausal sta-
tus, primary tumor size, lymph node status, clini-
cal stage including T and N, histology, grading, 
ER and PR expression, Ki67 (with cutoff identi-
fied by ROC analysis), HER2 status, luminal sub-
type, NACT regimen (concomitant or sequential 
when anthracycline and taxane were associated), 
the surgery type, and the axillary lymph node dis-
section. In the univariate analysis for DFS, the 
pCR, the pathological stage, and the Ki67 change 
compared to baseline were also considered. The 
Cox proportional risk model with clinicopatho-
logical features was developed using gradual 
regression (forward selection, enter limit and 

remove limit, p = 0.10 and p = 0.15, respectively), 
to identify the independent predictive factors of 
pCR and DFS. Odds ratios (ORs) and hazard 
ratios (HRs) with 95% confidence intervals (95% 
CIs) were estimated for each variable in the con-
text of the univariate and multivariate analyses 
according to the Cox model for the pCR and 
DFS, respectively. Only variables significant in 
univariate were included in the multivariate anal-
ysis. The nomogram was developed based on a 
multivariate analysis exploring the independent 
impact of these characteristics on the achieve-
ment of the pCR. The DFS analysis was per-
formed by the Kaplan–Meier method. The 
follow-up was analyzed and reported according to 
Shuster et al.17 The log-rank test was used to eval-
uate the differences between curves. The statisti-
cal significance was fixed at a value p < 0.05.

Internal validation analysis
To address the multivariate model overfit and to 
validate the results, a cross-validation technique, 
which evaluates the replication stability (replica-
tion rate) of the final Cox multivariate model in 
predicting pCR, was investigated, using a resam-
pling procedure considering those variables  
independent at the multivariate analysis. This 
technique generates a number of simulation data 
sets (at least 100, each about 80% of the original 
size), by randomly selecting patients from the 
original sample, to establish the consistency of the 
model across less-powered patient samples.12,18–20

Predictive score assessment
Based on the multivariate analysis of the pCR, 
independent variables were considered to develop 
the predictive model. The log-ORs of the result-
ing independent variables were used to derive 
weighting factors of a predictive index. Coefficient 
estimates were extracted and normalized dividing 
by the smallest one and rounding the resulting 
ratios to the nearest integer value. Each patient 
was then assigned a continuous scoring index 
combining the independent factors at the multi-
variate analysis (the higher the score, the greater 
probability of pCR). The ROC analysis was then 
performed to test the predictive accuracy of the 
nomogram.19,20

External validation analysis
An external validation of the derived nomogram 
was explored in the context of the VS. The 
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sample size of the VS was calculated based on a 
tentative ratio of 2:1 (TS:VS). The ROC analysis 
allowed to estimate the accuracy of the model. A 
comparison between the predictive performances 
at the ROC analyses of the nomogram in the TS 
and in the VS was carried out.

Results
Clinicopathological information from 787 
patients (539 for TS and 248 for VS) were gath-
ered. Patients’ characteristics of the TS are listed 
in Table 1. The median patients’ age at diagnosis 
was 49 years (range 28–79). The majority were 
pre-menopausal (329/539), had luminal B sub-
type (404/539), and ductal histology (313/539). 
The pCR was obtained in 11.3% (95% CI: 8.6–
13.9) of cases (61 patients).

The pathological features after surgery are shown 
in Supplemental Table 1. We looked at the distri-
bution of Ki67 values in the pre-NACT biopsy 
based on the predictive value of Ki67 with regard 
to the pathological response: the median Ki67 
value at baseline in the overall population was 
30%, compared to 8% after NACT (p < 0.0001) 
(Supplemental Figure 1, a). Notably, we found a 
statistically significant difference in the median 
pre-NACT Ki67 value between patients who 
obtained a pCR compared with those who did not 
(45% versus 28%, respectively; p < 0.0001) 
(Supplemental Figure 1, b). Then, we deter-
mined the optimal Ki67 cutoff on the pre-NACT 
biopsy to predict pCR: the value obtained from 
the ROC analysis was 44% [area under the curve 
(AUC): 0.69, standard error (SE): 0.04; 
p < 0.001] (Supplemental Figure 2). In the pre-
NACT biopsy, most patients (73.3%) showed a 
Ki67 value < 44% and nearly a quarter (25.2%) 
presented a Ki67 value ⩾44%.

We assessed the association between pCR rate 
and markers studied (Table 2). Regarding the 
association between pathological response and 
degree of hormone receptors positivity, we 
observed a statistically significant difference in the 
pCR rate according to PR expression (9.9% for 
PR-positive versus 21.2% for PR-negative tumors; 
p = 0.007). For ER and PR expression, a cutoff of 
1% was used. Subsequent sensitivity analyses 
were performed with cutoffs for ER and PR 
expression of 50% and 10%, and 50% and 20%, 
respectively. No statistically significant variation 
in pCR rate was identified depending 

on the hormone-positive thresholds examined 
individually or for combinations of them, although 
patterns of increasing pCR rate being seen when 
hormone receptors percentages fell (11.2% for 
ER > 50% versus 12.2% for ER ⩽50% tumors; 
p = 0.805; 9.5% for PR > 50% versus 13.4% for 
PR ⩽50% tumors; p = 0.153; 10.8% for ER > 10% 
versus 20.0% for ER ⩽10% tumors; p = 0.124; 
10.2% for PR > 20% versus 13.4% for PR ⩽20% 
tumors; p = 0.274). Besides, the pCR rate was sig-
nificantly associated with the subtype [luminal 
B-like 13.1% (95% CI: 9.8–13.4) versus luminal 
A-like 5.3% (95% CI: 1.5–9.1); p = 0.01], while 
no difference in the pCR rate was obtained in rela-
tion to the chemotherapy regimen, although a trend 
toward increased pCR rate with the sequential 
anthracycline and taxane-based NACT was seen 
[sequential versus concomitant with anthracyclines 
and taxanes: 14.0% (95% CI: 9.6–18.4) versus 
9.4% (95% CI: 6.0–12.7), respectively; p = 0.10].

The statistically significant pre-NACT clinico-
pathological variables at the univariate analysis 
for the pCR prediction (clinical stage, tumor size, 
nodal status, subtype, grading, Ki67, and PR 
expression) were included in the multivariate 
analysis (Table 2). The clinical stage I–II (OR: 
3.67, 95% CI: 1.75–7.71; p = 0.001), the Ki67 
value ⩾44% (OR: 3.00, 95% CI: 1.59–5.65; 
p = 0.001), and the absence of PR (OR: 2.49, 
95% CI: 1.15–5.38; p = 0.019) resulted to be sig-
nificant independent predictors of pCR, with a 
high replication rate at the internal cross-valida-
tion analysis (replication rate: 100%, 98%, and 
87%, respectively) (Table 2).

Based on the ORs of significant pre-treatment 
variables at multivariate analysis for pCR, each 
patient was assigned a predictive scoring index 
combining the normalized scores of the inde-
pendent variables. Figure 1, a, shows the proba-
bility of obtaining a pCR according to the score 
assigned to each patient by combining the three 
independent variables, with a proportional rela-
tionship between the score and the probability of 
pCR. By score dichotomizing according to the 
pCR, we were able to determine that the value 1 
was the optimal cutoff point. A statistically sig-
nificant difference in pCR prediction was found 
among patients with a continuous score >1 and 
patients with a continuous score ⩽1. At the ROC 
analysis, the predictive accuracy of this nomo-
gram was 73% (AUC: 0.73; SE: 0.03) with a high 
sensitivity and specificity (Figure 1, b).
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Category Patients’ 
number (%)

 Positive 531 (98.5)

 Unknown 2 (0.4)

PR status

 Negative 66 (12.2)

 Positive 465 (86.3)

 Unknown 8 (1.5)

Ki67

 <44% 395 (73.3)

 ⩾44% 136 (25.2)

 Unknown 8 (1.5)

Immunophenotype

 Luminal A 131 (24.3)

 Luminal B 404 (75)

 Unknown 4 (0.7)

Chemotherapy regimen

  Concomitant anthracyclines 
– taxanes

287 (53.2)

  Sequential anthracyclines 
– taxanes

242 (44.9)

 Unknown 10 (1.9)

Surgery type

 BCS 176 (32.7)

 Mastectomy 362 (67.2)

 Unknown 1 (0.2)

Axillary dissection

 No 48 (8.9)

 Yes 489 (90.7)

 Unknown 2 (0.4)

pCR

 No 478 (88.7)

 Yes 61 (11.3)

BCS, breast-conserving surgery; cN, clinical lymph nodes 
stage; cT, clinical primary tumor stage; pCR, pathological 
complete response.

Table 1. Patients’ characteristics (training set, 
N = 539).

Category Patients’ 
number (%)

Age (years)

 <49 285 (52.9)

 ⩾49 254 (47.1)

Menopausal status

  Premenopausal or 
perimenopausal

329 (61)

 Postmenopausal 210 (39)

cT

 T1–T2 306 (56.7)

 T3–T4 221 (41)

 Unknown 12 (2.2)

cN

 N− 104 (19.3)

 N+ 427 (79.2)

 Unknown 8 (1.5)

Clinical stage

 I–II 271 (50.3)

 III 259 (48.1)

 Unknown 9 (1.7)

Histology

 Ductal 313 (58.1)

 Lobular 132 (24.5)

 Others 86 (16)

 Unknown 8 (1.5)

Grading

 G1–2 202 (37.5)

 G3 217 (40.3)

 Unknown 120 (22.3)

ER status

 Negative 6 (1.1)

(Continued)

Table 1. (Continued)
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Table 2. Univariate and multivariate analyses for pCR and replication rate for internal validation.

Variables Univariate analysis Multivariate analysis Replication 
rate 
(internal 
validation)

OR 95% CI p Value OR 95% CI p Value

Age (<49 versus 
⩾49 years)

1.324 0.771–2.271 0.309 – – – –

Menopausal status 
(pre-m versus post-m)

1.246 0.712–2.179 0.441 – – – –

Histology (ductal versus 
no ductal)

1.797 0.778–4.152 0.170 – – – –

cT (T1–T2 versus T3–T4) 2.548 1.361–4.770 0.003 – – – –

cN (negative versus 
positive)

1.970 1.080–3.596 0.027 – – – –

Clinical stage (I–II versus 
III)

3.151 1.707–5.817 <0.001 3.676 1.751–7.717 0.001 100%

Grading (G3 versus 
G1–G2)

2.164 1.174–3.992 0.013 – – – –

ER (negative versus 
positive)

4.000 0.717–22.312 0.114 – – – –

PR (negative versus 
positive)

2.452 1.262–4.764 0.008 2.498 1.159–5.384 0.019 87%

Ki67 (⩾44% versus 
<44%)

4.199 2.425–7.270 <0.001 3.000 1.591–5.656 0.001 98%

HER2 (0 versus 1–2) 1.079 0.633–1.839 0.780 – – – –

Immunophenotype 
(luminal B versus  
luminal A)

2.672 1.184–6.030 0.018 – – – –

Chemotherapy 
(sequential versus 
concomitant)

1.574 0.920–2.693 0.098 – – – –

Surgery type (BCS versus 
MT)

1.499 0.869–2.587 0.146 – – – –

Axillary dissection (no 
versus yes)

1.375 0.588–3.218 0.462 – – – –

BCS, breast-conserving surgery; CI, confidence interval; cN, clinical lymph nodes stage; cT, clinical primary tumor stage; ER, estrogen 
receptor; MT, mastectomy; OR, odds ratio; pCR, pathological complete response; post-m, postmenopausal; PR, progesterone receptor; pre-m, 
premenopausal.

In the VS, data from 258 early LBC patients were 
gathered. Patients’ characteristics of the VS are 
listed in Supplemental Table 2. The predictive 
nomogram derived in the TS was applied to the VS, 
providing to be likewise able to discriminate the 

probability of pCR in the VS. At the ROC analysis, 
the predictive accuracy was 70% (AUC: 0.7; SE: 
0.05) (Figure 1, c). No significant difference 
between the predictive performance of the model in 
both patients’ cohorts was found (p = 0.61).

https://journals.sagepub.com/home/tam
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At a median follow-up of 39.4 months (range: 
1–187) in the TS, an event occurred in 37.8% of 
cases (204 patients). With regard to DFS, the 
surgery type, the pCR, and the grading pre-
NACT showed a significant correlation with the 
risk of disease recurrence at the multivariate anal-
ysis (Table 3). A statistically significant difference 
was found in DFS depending on the grading pre-
NACT G1–2 versus G3 (5 years: 58.5% versus 
47.4%, p = 0.002; Figure 2, a), on the pCR versus 
invasive residual disease (5 years: 72.3% versus 
52.9%, p = 0.02; Figure 2, b) and on the type of 
conservative or radical breast surgery (5 years: 
64.1% versus 51.6%; p = 0.004; Figure 2, c). A 
trend toward an improved DFS was observed in 
the luminal A-like population compared to lumi-
nal B-like group, but this increase is not statisti-
cally significant (5 years luminal B-like versus 
luminal A-like tumors: 53.2% versus 58%; 
p = 0.15; Supplemental Figure 3, a). When taking 
into account the prognostic significance of pCR 
and subtype, we performed an exploratory analy-
sis of combined survival by pathologic response 
(pCR versus invasive residual disease) and sub-
type (luminal A-like versus luminal B-like) and we 
found a trend toward increased DFS in the pres-
ence of pCR in both luminal sub-populations 
(Supplemental Figure 3, b and c).

Discussion
According to the predictive performance of the 
nomogram, the combination of widely accessi-
ble clinicopathological criteria allows to reliably 

evaluate the likelihood of pCR in the context of 
the luminal subtype. In the proposed model, the 
probability of pCR ranges from 3.4% to 53.3% 
with a predictive accuracy of 73%. The nomo-
gram included the variables independently asso-
ciated with response at multivariate analysis: 
clinical stage, PR expression, and Ki67 value. At 
the internal cross-validation analysis, all the inde-
pendent factors replicate with a high rate. In addi-
tion, the validation supported the discrimination 
performance of the predictive model, highlighting 
its potential to effectively classify LBC patients 
according to their unique probabilities of patho-
logical response at diagnosis.

These data are consistent with previous find-
ings.21–24 Tumors with high hormone receptor 
expression and low proliferative activity benefit 
less from chemotherapy,21–23 whereas PR negativ-
ity and luminal B-like subgroup correlate with 
better NACT response.24 However, when exam-
ined separately, both PR and Ki67 levels showed 
only weak predictive ability to predict chemother-
apy response.24 As expected, our study shows that 
the integration of Ki67 and hormone receptor lev-
els may better predict the pathological response to 
NACT for LBCs. According to the predictive 
model herein developed and validated, a LBC 
patient with clinical stage III, PR expression, and 
Ki67 <44% has an extremely low likelihood of 
achieving a pCR following NACT (3.4%). On the 
other hand, an LBC patient with a clinical stage I 
or II and Ki67 ⩾44% without PR expression has 
a high probability of obtaining a pCR (53.3%).

Figure 1. Clinicopathological nomogram for predicting pCR (a): a predictive score is assigned to each variable 
and the sum of scores is converted to the probability of pCR; ROC curve for nomogram cutoff in TS (b) and in 
VS (c).
AUC, area under the curve; CI, confidence interval; OR, odds ratio; p, p value; pCR, pathological complete response; PR, 
progesterone receptor; SE, standard error; TS, training set; VS, validation set.
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Lower clinical stages have been shown to be 
related with higher pCR rates than more advanced 
stages, which is consistent with the literature.25,26 
Although there is currently no clear explanation 
for this, an inverse correlation between the num-
ber of tumor infiltrating lymphocytes (TILs), rep-
resenting a predictor of NACT response27,28 and 
tumor size and lymph node involvement, has 
been observed.27,29 This finding is consistent with 

reduced immune activation in metastatic BC than 
in early disease stages,30,31 suggesting an improved 
immune evasion with larger cancer burden. This 
may support the hypothesis of a higher NACT 
response for lower disease stage.

The achievement of pCR was found to be a 
favorable independent prognostic factor, although 
no statistical significance was proven for either 

Table 3. Univariate and multivariate analyses for DFS.

Variables Univariate analysis Multivariate analysis

HR 95% CI p Value HR 95% CI p Value

Age (>49 years versus ⩽49 years) 1.120 0.850–1.477 0.420 – – –

Menopausal status (post-m versus pre-m) 1.021 0.768–1.359 0.884 – – –

Histology (ductal versus no ductal) 0.920 0.640–1.323 0.653 – – –

cT (T3–4 versus T1–2) 1.595 1.203–2.114 0.001 – – –

cN (negative versus positive) 1.184 0.840–1.670 0.335 – – –

Clinical stage (III versus I–II) 1.207 0.911–1.598 0.190 – – –

Grading (G3 versus G1–G2) 1.439 1.049–1.975 0.024 1.493 1.082–2.060 0.015

ER (positive versus negative) 1.065 0.264–4.292 0.930 – – –

PR (negative versus positive) 1.027 0.664–1.588 0.904 – – –

Ki67 (⩾44% versus <44%) 1.222 0.870–1.716 0.247 – – –

HER2 (0 versus 1–2) 1.065 0.751–1.510 0.726 – – –

Subtype (luminal B versus luminal A) 1.122 0.831–1.515 0.452 – – –

Chemotherapy (concomitant versus sequential) 1.574 0.920–2.693 0.098 – – –

Surgery type (MT versus BCS) 1.626 1.160–2.280 0.005 1.643 1.115–2.421 0.012

Axillary dissection (no versus yes) 1.000 0.557–1.795 1.000 –  

pCR (no versus yes) 1.815 1.071–3.075 0.027 2.021 1.111–3.678 0.021

pT (T1–2 versus T3–4) 1.747 1.084–2.816 0.022 – – –

pT (3–4 versus 1–2) 2.034 1.134–3.646 0.017 – – –

pN (negative versus positive) 1.660 1.21–2.275 0.002 – – –

Pathological stage (I–II versus III) 1.602 0.931–2.756 0.089 – – –

Pathological stage (III versus I–II) 2.227 1.282–3.868 0.004 – – –

Ki67 change (reduction-stability versus increase) 1.280 0.81–2.02 0.29 – – –

BCS, breast-conserving surgery; CI, confidence interval; cN, clinical lymph nodes stage; cT, clinical primary tumor stage; DFS, disease-free 
survival; ER, estrogen receptor; HR, hazard ratio; MT, mastectomy; pCR, pathological complete response; pN, pathological lymph nodes; post-m, 
postmenopausal; PR, progesterone receptor; pre-m, premenopausal; pT, pathological primary tumor.
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luminal sub-population. Notably, a median fol-
low-up of 39.4 months for LBCs may be insuffi-
cient to draw firm conclusions from the survival 
results.

Grading pre-NACT showed an impact on the 
DFS as well. Its predictive usefulness is acknowl-
edged, and it has been incorporated into the 
ClinicoPathological Stage-Estrogen Grade 
score,32,33 which provides a more refined assess-
ment of prognosis following NACT for LBCs.32

Consistently with the literature,34–37 our work 
confirmed the prognostic role of the surgery type. 
A possible explanation for the improved survival 
of the BCS group is that patients who undergo 
mastectomy have a worse prognosis at onset. In 
addition, not all patients who undergo BCS are 
downstaged following NACT (some may have 
suitable for lumpectomy at the onset and have a 
more favorable prognosis).

Despite the generally better prognosis for LBC 
patients compared with other BC subtypes due to 
both the inherent tumor biology and the opportu-
nity for using ET as a therapeutic option, the role 
of pCR as an independent prognostic factor in 
BC patients undergoing NACT has been estab-
lished, although the association’s strength being 
less evident for LBCs.8,10,38 Therefore, we have 
developed and validated a nomogram to predict 
each patient’s likelihood of achieving pCR in a 
subpopulation such as hormone receptor-positive 
/HER2-negative, which represents most BC 
patients but has limited potential to achieve a 
good pathological response to NACT. Other 

nomograms have been proposed to predict the 
chance of pCR in unselected BCs based on hor-
mone receptor expression,22,25,39–41 and previous 
efforts to combine pre-therapy features to predict 
the responsiveness of LBCs to NACT have been 
performed.42–44 Multivariate semi-quantitative 
models were developed as prognostic scores and 
then tested as predictive tools for pCR to NACT 
in LBCs.42–44 However, these approaches have 
included limited sets of patients and exclusively 
incorporated pathological variables, such as hor-
mone receptors, Ki67, and HER2 expression, 
combined with an algorithmic method to derive 
the predictive score, and have not been imple-
mented in clinical practice. Our nomogram has 
been developed on a large, multi-institutional 
dataset, providing a simple, fast, and reliable 
method for predicting the chemosensitivity and 
classify LBC patients according to the chance of 
pCR, integrating the predictive value of each pre-
therapy clinicopathological feature. Also, the fact 
that our tool is based on commonly available clin-
icopathological features makes it easy to imple-
ment in clinical practice. Since the role of NACT 
for operable LBCs is debated, the nomogram-
based predictive tool developed in our study 
could identify LBC patients who have a greater 
than 50% chance of achieving a pCR following 
NACT and consequently a survival advantage 
due to early exposure to systemic cytotoxic treat-
ment. In contrast, patients with none of the fea-
tures identified as predictive of response by the 
nomogram will most likely not obtain a good 
pathologic response following NACT. Given the 
prognostic value of residual invasive disease after 
NACT,45,46 patients with operable LBC at 

Figure 2. DFS according to grading pre-NACT (a), pathological response (b), and surgery type (c).
BCS, breast-conserving surgery; DFS, disease-free survival; G, grading; MT, mastectomy; NACT, neoadjuvant chemotherapy; 
p, p value; pCR, pathological complete response.
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diagnosis and features such as low Ki67, PR 
expression, and stage III could undergo surgery 
or neoadjuvant ET to achieve preoperative down-
staging. In this scenario, the decision to offer 
chemotherapy could be reserved for the adjuvant 
setting, where the use of gene expression panels 
evaluated on surgical specimens is becoming 
more widespread and is suggested by interna-
tional guidelines to guide the choice of adding 
chemotherapy to ET.47–49

In contrast to well-established prognostic signa-
tures based on pathologic stage following NACT 
and prognostic and predictive signatures based on 
gene expression patterns on the surgical specimen 
that may aid decision-making in the adjuvant set-
ting,46,50–52 we have created and validated a nomo-
gram to predict pathologic response following 
NACT at diagnosis, informing decision-making at 
baseline, before any treatment. In this context, 
evaluable features on pre-NACT biopsies, such as 
TILs and gene expression risk, can be incorpo-
rated with our predictive model, which is based on 
clinicopathological variables easily accessible in 
routine clinical practice. Indeed, gene expression 
panels evaluated on core needle biopsy have dem-
onstrated a predictive role of pathologic response 
to systemic therapy for LBCs, with a higher likeli-
hood of pCR following NACT for high genomic 
risk tumors and a higher likelihood of clinico-
pathological response to neoadjuvant ET for low 
genomic risk tumors.53 International guidelines 
suggest the use of gene expression signatures to 
consider preoperative ET for LBC patients 
selected for comorbidities and clinical and 
genomic features of low risk of recurrence.48,49

We have to acknowledge that the retrospective and 
non-randomized nature of this analysis represents a 
limit. Another limitation is that no pathology 
reports actually mentioned immune cells or infil-
trate features; hence, it was not possible to incorpo-
rate immune-infiltrate characteristics (last reports 
refer to late 2018, when TILs were not yet consid-
ered essentials for prognosis). Although the great 
majority received anthracyclines and taxane-based 
treatment, our results may have been impacted by 
the NACT regimen and adjuvant ET heterogeneity 
because of the lengthy inclusion period.

Our data are consistent with a recent report by 
Sella et al., which found that (1) the 21-gene assay 
Oncotype DX may predict NACT response of 
LBCs and (2) in univariate analysis, PR negative, 
high grade, and a higher recurrence score were 

associated with the pCR.54 This suggests that 
pathological features, such as the absence of PR 
and the high grade, are related to a better patho-
logical response to NACT, with a potential rela-
tionship between these clinicopathological 
characteristics and the genomic risk as deter-
mined by the 21-gene assay.

In conclusion, despite the limitations, this multi-
center retrospective analysis suggests that the combi-
nation of pre-NACT clinicopathological factors, 
easily available in clinical practice, in a predictive 
pCR nomogram is able to powerfully classify LBC 
patients into NACT responders and non-responders 
at diagnosis. To the best of our knowledge, the result-
ing validated model represents the first pCR nomo-
gram exclusively proposed for LBCs, providing 
predictive information that can support physicians’ 
decision-making in clinical practice. Indeed, LBCs 
that have the best chance of achieving a pCR might 
be exposed early to a systemic cytotoxic treatment. In 
contrast, LBC patients, who are unlikely to get a 
pCR following NACT, may undergo surgery or neo-
adjuvant ET to achieve preoperative downstaging 
and avoid toxic and potentially harmful NACT. Our 
prediction tool may also provide the basis for adding 
new molecular markers to the model. The accuracy 
of the predictive tool is anticipated to increase with 
the inclusion of additional pathological characteris-
tics and gene expression signatures.
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