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ABSTRACT

Objective: To establish a predictive model for pathological complete response (pCR) in operable primary breast cancer after neoad-
juvant chemotherapy (NAC).

Study Design: Observational study.

Place and Duration of the Study: Breast Centre, Shunyi District Health Care Hospital for Women and Children of Beijing, Beijing,
China, from January 2010 to June 2023.

Methodology: Four hundred and fourteen operable invasive breast cancer patients who received NAC were included in this study.
After a random assignment at a ratio of 7:3, 289 patients in the training set were analysed for model building, and the remaining
125 patients in the test set were used for validation. The definition of pCR was the absence of residual invasive disease in either the
breasts or the axillary lymph nodes (ypTO0 / is ypNO). After multivariate logistic regression analysis, a nomogram was drawn. In the
validation phase, the receiver operating characteristic (ROC) curve and AUC were used for evaluation of discrimination, while the
calibration plot and Hosmer-Lemeshow test for calibration. Additionally, a decision curve was drawn.

Results: A model containing 8 variables, including BMI, tumour size, histological grade, HR, HER2, axilla status, chemotherapy
cycles, and regimens was built. After validation, the model had moderate discriminatory power [AUC, 0.831; 95% CI (0.733, 0.928)].
Calibration curve and Hosmer-Lemeshow goodness of fit (GOF) test (p = 0.1645) demonstrated that the model fitted well. Mean-
while, the decision curve analysis revealed that the model was beneficial to patients.

Conclusion: Model containing BMI, tumour size, histological grade, HR, HER2, axilla status, chemotherapy cycles, and regimens

showed moderate discrimination and calibration abilities in predicting pCR.
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INTRODUCTION

Neoadjuvant chemotherapy (NAC) has been increasingly used
in locally advanced breast cancer for achieving clinical downs-
taging. Several studies have demonstrated that patients
achieving pathological complete response (pCR) have shown
betterprognoses.*?

Some clinical and pathological characteristics such as low T
stage, hormone receptor negativity, high histological grade,
and high expression of Ki67 are predictors of pCR.** Previous
studies have shown poorerresponses to NACin overweightand
obese women, however, controversy still exists.>®
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Besides, peripheral blood inflammatory indicators, for instance,
neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte
ratio (PLR) may be related to tumour response but also contro-
versial.*”®

A nomogram is a graphical representation of a multivariable
model that integrates multiple predictive factors and can be
used to accurately evaluate individual probabilities of a specific
endpoint at a certain time.” Recently, a nomogram is widely
used for predicting the prognosis of different malignancies.'*"!

The purpose of this study was to establish a predictive model
including BMI, clinical and pathological variables, as well as
treatment information for pCR after NAC in operable primary
breast cancer. Subsequently, the model was evaluated, and a
nomogramwas plotted.

METHODOLOGY

The patients selected had to meet the following inclusion
criteria: (a) Female aged over 18 years; (b) invasive breast
cancer confirmed by core needle biopsy (CNB) pathology; (c)
clinical stage I-llIA; (d) received NAC for at least 4 cycles
followed by surgery. The exclusion criteria encompassed the
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absenceof crucial pathologicalinformation, including patholog-
ical grade, HER2 status, or Ki67 expression. A total of 448
female invasive breast cancer patients met the inclusion
criteria at the Breast Centre, Shunyi District Health Care
Hospital for Women and Children of Beijing, Beijing, China,
during the study period from January 2010 to June 2023. After
eliminating the missing data, 414 patients were selected for
analysis. All 414 patients were randomly assigned at a ratio of
7:3totraining set (n = 289) for model building and test set (n =
125) for validation (Figure 1). All patients signed written
informed consent before treatment. This study was approved
by the Research and Ethical Committee of Shunyi District
Health Care Hospital for Women and Children of Beijing, Beijing,
China.

All 448 patients

v

Unknown pathological grade (n=14)
Unknown HER2 status (n=6)
Unknown Ki67 expression (n=14)

v

414 patients were analysed
I
Randomised 7:3

v

Training set (n=289)

v

Test set (n=125)

Figure 1: Study flowchart.

Ultrasonic examination and CNB were typically performed prior
to admission, while neoadjuvant chemotherapy and surgery
were carried out during the hospitalisation period. Conse-
quently, outpatient and inpatient workstations were both
utilised for collecting demographic characteristics and clinical
and pathological data. Inaccordance with the Chinese standard
of classification criteria for obesity,” a BMI ranging from 24.0 to
27.9wasdefined asoverweight, whereas a BMI of 28.0 or higher
was classified as obesity. The cut-off values for neutrophil-to-
lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR)
were set as 2.1 and 150, respectively, consistent with the
previous study.’

All patients underwent a routine ultrasonic examination before
CNB, and the maximum tumour diameter was measured and
recorded. The expression status of ER, PgR, HER2, and Ki67
were evaluated through immunohistochemistry (IHC).
Tumours with HER2 score ++ were further examined by FISH
according to guidelines and expert consensus of China.”" An
IHC-based Ki67 index of =20% was defined as a high expres-
sion. ER or PgR were considered positive if =1% of tumour cells
showed positive nuclearstainingonHC."

Atwo-step approach was adopted to assess the baseline status
of axillary lymph nodes: Initially, during ultrasonic examina-
tion, theipsilateralaxillary regionwas scanned, and CNB orfine
needle aspiration (FNA) was performed if an abnormal morpho-

logical lymph node was found; secondly, for patients whose
CNB or FNA result of abnormal morphological lymph node
turned out negative, as well as those without abnormal lymph
node on baseline routine ultrasonic examination, sentinel
lymph node biopsy (SLNB) was recommended. Axillary lymph
node dissection was exempted for patients without axillary
lymph node involvement in SLNB. Conversely, patients with
positive results in any one of the biopsies (CNB, FNA, or SLNB),
as well as those who did not undergo SLNB, would accept axil-
larylymphnodedissectionduringsurgery.

The relative dose intensity was calculated based on the stan-
dard dose of various chemotherapy medicines outlined in the
2008 National Comprehensive Cancer Network (NCCN) guide-
lines.** Anthracycline-included regimens indicated CAF
(cyclophosphamide, anthracycline, and 5-fluorouracil), AC
(anthracycline and cyclophosphamide), AT (anthracycline and
taxane), TAC (taxane, anthracycline, and cyclophosphamide),
AC-T (anthracycline and cyclophosphamide followed by
taxane). While the anthracycline-excluded regimens indicated
TP (taxane and carboplatin), XT (capecitabine and taxane), and
TC (taxane and cyclophosphamide). Patients with HER2-positive
tumours were recommended synchronous targeted treatment
(Trastuzumab, Pertuzumab, and Pyrotinib, either alone or in
combination, as per the guidelines and accessibility of anti-
HER2 medicines) along with the chemotherapy.

According to the 7™ Edition of AJCC Cancer Staging Manual,*
thestandard of pCRwas definedastheabsenceofresidualinva-
sive disease in either the breasts or the axillary lymph nodes,
while noninvasive breast residuals (suchas ductal carcinomain
situ) was permitted (ypT0/is ypNO).

Statistical analysis was performed using the R 4.2.1 software.
Frequency (percentage) was used for the description of cate-
gorical variables. The association of clinical or pathological
characteristics with pCR was analysed using Pearson’s x* test,
as well as the distribution of baseline characteristics between
the training set and test set. A total of 9 variables (BMI, tumour
size, histological grade, HR status, HER2 status, axilla status,
Ki67 expression, chemotherapy cycles, and regimens) with p-
value <0.1 in univariate analysis were included in the initial
multivariate logistic regression model using data of the training
set. Following the application of a backward stepwise method
for filtering variables, a refined model containing 8 variables
was established, and a nomogram was drawn. During the vali-
dation phase, discrimination, calibration, and decision curve of
the model were evaluated using data of the test set. The
receiver operating characteristic curve (ROC) was plotted, and
area under curve (AUC) was calculated to quantify the discrimi-
natory power of the model. Calibration curve, Hosmer-
Lemeshow the goodness of fit (GOF) test was used for evalua-
tion of the calibration performance of the model. Additionally, a
decision curve was used to assess the potential benefits for
patients derived from model predictions. All statistical tests
were two-sided, and statistical significance was defined as a p-
value <0.05.
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Table I: Association of clinical and pathological characteristics with pCR.

Parameters pCR non-pCR Statistics p-value*
(n =140, %) (n = 274, %)

Age (year) 1.6104 0.2044
<50 58 (41.4) 133 (48.5)
>50 82 (58.6) 141 (51.5)

BMI 11.866 0.002651
Normal/low weight 56 (40.0) 66 (24.1)
Overweight 45 (32.1) 122 (44.5)
Obesity 39 (27.9) 86 (31.4)

Menopause 2.1989 0.1381
Yes 80 (57.1) 134 (48.9)
No 60 (42.9) 140 (51.1)

Family history of malignancy 1.7099 0.191
Yes 23(16.4) 31(11.3)
No 117 (83.6) 243 (88.7)

Baseline NLR 0.1372 0.7111
<21 76 (54.3) 142 (51.8)
=2.1 64 (45.7) 132 (48.2)

Baseline PLR 2.4351 0.1186
<150 84 (60.0) 187 (68.2)
=150 56 (40.0) 87 (31.8)

Tumour size (cm) 6.119 0.01337
<2 40 (28.6) 48 (17.5)
>2 100 (71.4) 226 (82.5)

Grade 26.673 2.409¢”
1+11 66 (47.1) 201 (73.4)
1l 74 (52.9) 73 (26.6)

HR 32411 1.248¢
Negative 73 (52.1) 65 (23.7)
Positive 67 (47.9) 209 (76.3)

HER2 30.595 3.178e®
Negative 58 (41.4) 192 (70.1)
Positive 82 (58.6) 82 (29.9)

Ki67 10.555 0.001159
Low expression 8 (5.7) 49 (17.9)
High expression 132 (94.3) 225 (82.1)

Axillary lymph nodes 24.713 6.654¢e”
Negative 79 (56.4) 84 (30.7)
Positive 61 (43.6) 190 (69.3)

Chemotherapy cycles 5.7986 0.05506
4~ 12 (8.6) 46 (16.8)
6~ 57 (40.7) 92 (33.6)
8~ 71 (50.7) 136 (49.6)

Chemotherapy regimens 49.06 2.483e™
Anthracycline-included 26 (18.6) 151 (55.1)
Anthracycline-excluded 114 (81.4) 123 (44.9)

BMI, Body mass index; NLR, Neutrophil-to-lymphocyte ratio; PLR, Platelet-to-lymphocyte ratio; HR, Hormone receptor (oestrogen receptor, ER or
progesterone receptor, PgR); HER2, Human epidermal growth factor receptor 2. *Pearson’s x’ test.

RESULTS

Altogether, 33.8% (140/414) of breast tumours obtained pCR
after operation. Notably, a significant difference in pCR rate
was seen among different breast cancer subtypes (y° =
22.267, p = 1.461e”). Tumours with HER2-positive had
demonstrated the highest pCR rate, which was 50.0%
(82/164), followed by TN of 44.0% (33/75), while the luminal
subtype represented the lowest pCR rate of 14.3% (25/175).

The association of clinical and pathological characteristics
with pCR is shown in Table I. After random allocation, 289
breast cancer patients were included in the training set,
while the remaining 125 patients in the test set. The patient
characteristics between the training set and test set are
listed in Table Il, and the distribution of all characteristics
was balanced between the two groups.

Using the data from the training set, the initial logistic regres-
sion model contained nine variables, after backward step-
wise methods, eight variables remained in the model, which
were BMI, tumour size, histological grade, HR status, HER2
status, axilla status, chemotherapy cycles, and regimens
(Table 1Il). Based on this refined model, a nomogram was
drawn (Figure 2).

Data of the 125 breast cancer patients from the test set was
used for validation. Area under ROC curve (AUC) was 0.831
[95% CI (0.733, 0.928)] (Figure 3), indicating that the model
had moderate discriminatory power. Calibration curve (Dxy
0.661, Figure 4), as well as Hosmer-Lemeshow goodness of fit
(GOF) test (p-value = 0.1645) demonstrated that the model
exhibited well fit and effective calibration. Besides, decision
curve analysis (Figure 5) revealed the predictions of the
model were beneficial to patients.
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Table II: Clinical and pathological characteristics between training set and test set.

Parameters Training set Test set Statistics p-value*
(n, %) (n, %)
Age (years) 0 >0.99
<50 133 (46.0) 58 (46.4)
>50 156 (54.0) 67 (53.6)
BMI 1.4817 0.4767
Normal/low weight 88 (30.4) 34 (27.2)
Overweight 111 (38.4) 56 (44.8)
Obesity 90 (31.1) 35 (28.0)
Menopause 0.036065 0.8494
Yes 148 (51.2) 66 (52.8)
No 141 (48.8) 59 (47.2)
Family history of malignancy 0.14445 0.7039
Yes 36 (12.5) 18 (14.4)
No 253 (87.5) 107 (85.6)
Baseline NLR 0 >0.99
<2.1 152 (52.6) 66 (52.8)
>2.1 137 (47.4) 59 (47.2)
Baseline PLR 0.00531 0.9419
<150 190 (65.7) 81 (64.8)
=150 99 (34.3) 44 (35.2)
Tumour size (cm) 2.4077 0.1207
<2 55 (19.0) 33(26.4)
>2 234 (81.0) 92 (73.6)
Grade 0.00067274 0.9793
1+11 187 (64.7) 80 (64.0
1 102 (35.3) 45 (36.0
HR 0.75781 0.384
Negative 92 (31.8) 46 (36.8)
Positive 197 (68.2) 79 (63.2)
HER2 0.77302 0.3793
Negative 170 (58.8) 80 (64.0)
Positive 119 (41.2) 45 (36.0)
Ki67 0.50613 0.4768
Low expression 37 (12.8) 20 (16.0)
High expression 252 (87.2) 105 (84.0)
Axillary lymph nodes 0.25068 0.6166
Negative 111 (38.4) 52 (41.6)
Positive 178 (61.6) 73 (58.4)
Chemotherapy cycles 0.23268 0.8902
4~ 39 (13.5) 19 (15.2)
6~ 104 (36.0) 45 (36.0)
8~ 146 (50.5) 61 (48.8)
Chemotherapy regimens 0.1766 0.6743
Anthracycline-included 126 (43.6) 51 (40.8
Anthracycline-excluded 163 (56.4) 74 (59.2
Pathological response 0.91598 0.3385
pCR 93 (32.2) (37.6)
Non-pCR 196 (67.8) (62.4)
* Pearson’s x’ test.
Table IlI: Multivariate logistic regression model for prediction of pCR.
Parameters OR (95% CI) p-value*
BMI (overweight versus obesity) 0.55(0.27, 1.11) 0.0956
BMI (normal versus obesity) 1.68 (0.82, 3.51) 0.158
Tumour size (<2 versus >2) 1.78 (0.85, 3.72) 0.127
Grade (Ill versus 1+11) 2 42 (1.29 - 4.60) 0.00646
HR (negative versus positive) .75 (0.94, 3.27) 0.0766
HER?2 (positive versus negative) .98 (1.61, 5.63) 0.000604
Axilla status (negative versus positive) .90 (1.04, 3.50) 0.0387
Chemotherapy cycles (6 versus 4) .68 (1.01, 7.91) 0.0585
Chemotherapy cycles (8 versus 4) 142 (1.29, 10.16) 0.0185
Chemotherapy regimens (anthracycline excluded versus anthracycline included) .32 (1.17, 4.69) 0.0176

*Multivariate logistic regression model.
DISCUSSION

NAC is a crucial component of comprehensive treatment for
breast cancer, and the ultimate aim is the attainment of pCR.
Recently, pCR has emerged as a surrogate endpoint for accel-
erated approval of anti-tumour medicines in the neoadjuvant
setting, which means, achieving pCR may be to a certain

extent indicative of improved survival."’*®

In this study, a model containing eight variables (BMI, tumour
size, histological grade, HR status, HER2 status, axilla status,
chemotherapy cycles, and regimens) was built, among which,
histological grade, HER2 status, axilla status, chemotherapy
cycles, and regimens were independent predictors of pCR.
Literature has demonstrated that higher histological
grade and positive HER2 status predict better tumour
response.’*”® Ki67 was found to be significantly associated
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with histological grade in this study. Specifically, patients with
the histological grade Ill, demonstrated a significantly higher
expression rate of high Ki67 compared to those with histolog-
ical grade | together with 1l (95.9% vs. 80.9%, ¥’ = 16.771, p
= 4.218¢”), probably as both indices represent faster prolifer-
ation. Thus, Ki67 expression was excluded from the refined
model. NAC combined with targeted therapy is the preferred
recommendation for HER2-positive breast cancer according to
guidelines. Notably, HER2 positivity was a favourable predic-
tive factor in both univariable and multivariable analyses.
Patients with axillary lymph node uninvolved had relatively
early TNM stage, which meant easier to achieve pCR than
those with axillary lymph node metastasis. The present study
revealed that an increased number of chemotherapy cycles
and utilisation of anthracycline-excluded regimens could
enhance the pCR rate.

This study failed to verify BMI as an independent predictor of
pCR, which was also demonstrated by two other studies
recently.”** Besides, tumour size was also not an indepen-
dent predictor of pCR, which may be ascribed to relatively
smaller sample size in comparison to studies based on data
from the National Cancer Registry.”** Similarly, a negative
HR status would improve the pCR rate without statistically
significant [OR = 1.75, 95% CI (0.94, 3.27), p = 0.0766]. Even
though, the refined model included the aforementioned three
factors in order to enhance the accuracy of predicting pCR.
The nomogram was subsequently drawn. Internal validation
was done using a test set. The model showed moderate
discriminatory power (AUC, 0.831) and calibration (Dxy,
0.661) ability. A decision curve analysis further confirmed the
model could bring benefit to patients.

Certainly, this study has some limitations. Firstly, as a retro-
spective study conducted at a single centre over a relatively
extended period, selection bias might have occurred and
changes in treatment philosophy concerning NAC might
influence the selection of patients. Secondly, external valida-
tion using data from other institutions was lacking. Besides,
the smaller sample size might lead to instability model.

CONCLUSION

The predicting model which incorporated BMI, tumour size,
histological grade, HR, HER2, axilla status, chemotherapy
cycles, and regimens performed well in both discrimination
and calibration evaluation. A nomogram was a helpful instru-
ment in representing the probability of pCR for a specific
patient. It is necessary to conduct further external validation
studies before extrapolation of the conclusion.
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