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Abstract
Background Breast cancers show different regression patterns after neoadjuvant chemotherapy. Certain
regression patterns are associated with more reliable margins in breast-conserving surgery. Our study
aims to establish a nomogram based on clinicopathological factors and laboratory indicators to predict
regression patterns in breast cancer patients.
Methods We retrospectively reviewed 320 patients with stage II-III breast cancer who received
neoadjuvant chemotherapy and had definitive surgery in our center from January 2016 to December
2019. Tumor regression patterns were categorized as type 1 (concentric regression + pCR) and type 2
(multifocal residues + SD + PD) based on mass pathological results. A multivariate logistic regression
model was applied to distinguish predictive factors for tumor regression patterns. A nomogram was built
based on five predictive factors from the multivariate logistic regression model.
Results Molecular subtypes were not significantly associated with tumor regression patterns. Multivariate
analysis identified five independent indicators: menopausal status, estrogen receptor status, T stage, N
stage and lymphocyte to monocyte ratio. The nomogram yielded an area under the curve (AUC) of 0.70
(95% confidence interval 0.62-0.78) based on these factors. The calibration plot accompanied by the
Hosmer–Lemeshow goodness-of-fit (GOF) test (p-value =0.9) showed good consistency between the
estimated probabilities and the actual rate of type 1 cases.
Conclusion HR+/HER2- breast cancers are more likely to have type 2 regression after neoadjuvant
chemotherapy. Five baseline factors, including clinicopathological factors and laboratory indexes, were
incorporated to establish a nomogram, which exhibited a satisfactory discriminatory ability for predicting
different patterns of tumor regression.

Introduction
Preoperative neoadjuvant chemotherapy (NAC) is an increasingly accepted treatment option for patients
with locally advanced breast cancers[1]. It enables the downstaging of breast cancers and improves the
possibility of breast-conserving therapy in most breast cancers[2,3]. Primary tumors shrink after NAC and
show various regression patterns, including pathologic complete response (pCR), concentric shrinkage,
multiple residual foci, main residual disease with satellite foci, stable disease (SD) and progressive
disease (PD)[4-6]. Among these patterns, unifocal residual disease and pCR favor the adoption of breastconserving surgery (BCS). However, patients with multiple residual foci, SD and PD are more prone to
receiving mastectomy after completing NAC.
The local recurrence rate in NAC was found to be significantly higher than that in adjuvant chemotherapy.
A meta-analysis of 4756 patients with breast cancer revealed that the difference in the 15-year local
recurrence rates between the preoperative and postoperative chemotherapy groups was 5.5% (21.4% vs
15.9%, p=0.0001)[7]. The finding was proposed to be caused by an increase in BCS in favorable
responders to NAC who would otherwise have undergone mastectomy. In cancers with multifocal
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regression, negative margins in a BCS might not be reliable, which is due to the micro/satellite foci
remaining. In their study, a higher ipsilateral breast tumor recurrence rate (IBTR) did not cause a
significant difference in overall survival. However, it brought an extra operation and may cause mental
burden to patients. Recently, researchers from the University of Pittsburgh showed that multifocal
regression is an independent predictive factor for IBTR[6]. A total of 9.5% of patients underwent a second
operation due to positive margins in their first attempted BCS.
Patients showing poor response to NAC, including SD and PD, are obviously less likely to undergo BCS.
Based on clinical interest, we categorized tumor regression patterns into 2 types. The type 1 regression
pattern consists of pCR and unifocal regression, which are favorable candidates for BCS. The type 2
regression pattern includes multiple residual foci, main residual disease with satellite foci, stable disease
(SD) and progressive disease (PD), for which a mastectomy may be more appropriate. Many researchers
are interested in predicting the pCR to NAC[8,9], but few have focused on predicting tumor regression
patterns, which mainly concern the safety and feasibility of BCS. Apart from patients’ willingness and
contraindications to radiation therapy[10], the tumor regression pattern is essential for determining
whether BCS is feasible for an individual patient. Therefore, the early prediction of the tumor regression
pattern is of great significance and needs to be explored.
The prediction of tumor regression at baseline enables the early identification of candidates for BCS. For
those predicted to have type 2 regression with great possibility, treatment strategies may be modified at
the early stage to achieve a better response to NAC. For instance, in triple-negative breast cancers, a more
vigorous platinum-based chemotherapy regimen may be considered in non-BCS candidates[11]. In this
original article, a nomogram was established to predict type 1 regression based on baseline
clinicopathological factors and laboratory indexes.

Patients And Methods
Patients and factors
This study was approved by the Ethics Committee of our hospital (No.GDREC2019764H) and was
conducted in accordance with the principles of the Declaration of Helsinki. The requirement for informed
consent was waived with authorization because our study had a retrospective design and no additional
interventions were involved. In our clinical practice, patients who have luminal breast cancer and desire
breast conservation but have large tumor relative to their breast size or those with positive axillary nodes
are selected as candidates for neoadjuvant chemotherapy. We retrospectively enrolled patients with stage
II-III breast cancers who both received NAC and underwent surgery in Guangdong General Hospital
between February 2016 and December 2019. The inclusion criteria were as follows: 1) biopsy-confirmed
invasive breast cancer with no distant metastasis; 2) no missing baseline clinicopathological factors or
laboratory indexes; and 3) definitive surgery following standard preoperative chemotherapy. The
exclusion criteria were as follows: 1) lack of baseline characteristics and laboratory results; 2) patients
who underwent final surgery at an external cancer center and the pathologic result was not available; and
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3) patients who did not complete the planned NAC regimen or had nonstandard NAC treatment (e.g.,
trastuzumab was not included in the presurgical chemotherapy). All patients in our center underwent MRI
at baseline to determine the extent and focality of the primary breast cancer.
In this retrospective study, each enrolled patient underwent the planned standard chemotherapy regimen
as recommended by the NCCN Breast Cancer Guideline[10]. The preoperative chemotherapy regimens
suggested by qualified oncologists were taxane-based, anthracycline-based or a combination of the two.
Furthermore, for patients with HER-2 positive status, anti-HER-2 therapy (e.g., trastuzumab) was added in
the treatment.

Immunohistochemistry (IHC)
IHC was performed for each patient to determine the baseline estrogen receptor (ER) status, progesterone
receptor (PR) status, HER-2 status, and Ki67 status. The cutoff value for ER and PR was set at 1%, and
the cutoff value for Ki67 was 20%. In regard to HER-2 status, tumors with an IHC staining of 0 to 1+ were
defined as HER-2 negative and those with 3+ as HER-2 positive. For tumors with an IHC staining of 2+,
ISH testing was further performed to confirm the HER-2 status. A non-amplified ISH result denotes the
HER-2 status as negative, and an amplified result denotes the HER-2 status as positive.

Determination of tumor regression patterns
The tumor regression patterns were determined based on the final surgical specimen. The patients
underwent either BCS or mastectomy after completing NAC. In either surgical procedure, the operation
zone covered the area of the primary cancer. Standard pathologic analyses were performed for the
assessment of the residual tumor after preoperative chemotherapy. Surgical specimens were fixed with
standard formalin solution by experienced breast pathologists and processed in standard breast tissue
processors, after which the specimens were cut in parallel in a continuous manner to expose the cancer
tissue. For each slice, a 5 mm slide was further prepared for H&E staining. The longest diameter of the
residual tumor was recorded. Type 1 regression included pCR and unifocal regression. The former was
defined as no residual invasive cancer remaining after NAC (ypTis allowed)[12]. The latter was
designated unifocal residual cancer tissue when the area of the original cancer with the longest diameter
shrank at least 30%. Type 2 regression comprised multiple residual foci, main residual disease with
satellite foci, stable disease (SD) and progressive disease (PD). Multiple residual foci showed at least 2
separate foci in the continuous slides, whereas main residual disease with satellite foci showed a
dominant residual disease with at least 1 minor accompanying focus. SD and PD were defined according
to RECIST Version 1.1. PD indicated an increase of ≥20% in the largest diameter of the tumor. SD
indicated an increase of less than 20% or a decrease of less than 30% in the tumor’s largest diameter.
These definitions were applied to both unifocal and multifocal breast cancers at baseline. The remaining
tumor foci (if any) after preoperative systemic therapy were analyzed and categorized based on the same
definitions. Three breast pathologists with more than 15 years of experience in breast pathology
independently examined the specimens and determined the tumor regression pattern based on the H&EPage 4/15

stained slides. Agreements were made on the tumor regression patterns among 3 pathologists to reduce
possible errors caused by interobserver variability.

Statistical analysis
Among all the clinicopathological factors and laboratory indicators, 4 variables were treated as
continuous variables, including age at diagnosis, body mass index (BMI), fibrinogen level, and D-dimer.
Clinical factors, IHC indicators, lymphocyte to monocyte ratio (LMR) and platelet to lymphocyte ratio
(PLR) were analyzed as categorical factors. For the two hematological factors, cutoff values were set
when the Youden indexes were maximized. For assessing the correlations between tumor regression
patterns and the listed variables, Mann–Whitney U tests or chi-square tests were used where appropriate.
We used logistic regression to perform univariate analyses on each factor. Those factors with a p-value
<0.1 were incorporated into the multivariate analysis. Stepwise selection following Akaike’s information
criterion was performed to distinguish the optimal predictive elements for tumor regression patterns. We
performed ROC analysis using the package “pROC” in R software. Five independent predictive factors
identified in the multivariate logistic regression were included in the nomogram. To further assess the
ability of our nomogram, a calibration plot and a decision curve were employed. The Hosmer–Lemeshow
goodness-of-fit (GOF) test was applied to evaluate the concordance between the estimated probability
and the actual rate of type 1 cases. A p-value > 0.05 showed a satisfactory fit of the model. Decision
curve analysis was also implemented to assess the model’s usefulness in predicting tumor regression
patterns. The nomogram and decision curve analysis were performed using the “rms” and “rmda”
packages in R software, respectively.

Results
From January 2016 to December 2019, a total of 320 eligible patients who met the inclusion criteria were
retrospectively enrolled in our cancer center. Table 1 shows the patients’ clinicopathological factors and
laboratory indexes. The median age in our cohort was 49 years (95% range 33-65), and the median BMI
was 23.5 kg/m2 (95% range 18.0-29.0). The median levels were 3.43 g/L (95% range 2.00-5.00) for
fibrinogen and 405 ng/ml (95% range 220-1016) for D-dimer. A total of 224 (70.0%) patients were
premenopausal, and 96 (30.0%) were postmenopausal. The optimal cut-off values for the platelet to
lymphocyte ratio (PLR) and lymphocyte to monocyte ratio (LMR) were 132 and 5.32, respectively. The
cutoff values were 1% for both estrogen receptor (ER) status and progesterone receptor (PR) status and
20% for Ki67. A total of 145 (45.3%) patients were identified as HER2-positive, and 175 (54.7%) were
HER2-negative. According to the latest TNM staging system, among the 320 cases enrolled, 260 (81.3%)
were classiﬁed as cT2, 60 (18.7) were classiﬁed as cT3-4, 136 (42.5%) were classified as cN0 and 184
(57.5%) were classified as cN+. Additionally, 237 (74.1%) patients had unifocal disease at baseline, and
83 (25.9%) had multifocal disease. Among our patients, 111 (34.7%) had hormone receptorpositive/HER2-negative (HR+/HER2-) breast cancers, 77 (24.1%) had HR+/HER2+ breast cancers, 70
(21.8%) had HR-/HER2+ (equal to HER2 overexpression) breast cancers and 62 (19.4%) had HR-/HER2(equal to triple-negative) breast cancers. HR+/HER2- breast cancers had a significantly higher rate of type
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2 regression than the other subtypes (24.3% vs 12.4%, p=0.006). No significant difference was found in
the proportion of type 2 regression between HR-/HER2+ and HR-/HER2- breast cancers (11.4% vs 12.9%,

p=0.067). In our cohort, 267 (83.4%) cases showed type 1 regression, and 53 (16.6%) showed type 2
regression after NAC. The two regression patterns are shown in Figure 1.
The associations between the tumor regression patterns and clinicopathological factors are
demonstrated in Table 1. The tumor regression patterns were significantly associated with BMI, LMR,
menopausal status, T stage and N stage (p ≤ 0.05), and the borderline regression patterns were
significantly associated with D-dimer level (p =0.056) and ER status (p =0.051). Table 2 lists the results of
the univariate and multivariate logistic analyses. Patients who were premenopausal or ER-negative and
had high LMR and later T/N stages had a higher rate of type 1 tumor regression. Additionally, the
multivariate logistic regression analysis identified menopausal status, ER status, T stage, N stage and
LMR as independent factors for predicting the type 1 tumor regression pattern after NAC.
Table 1. Clinical features of 320 patients and their correlations with regression patterns
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rs
ears [median (5–95%)]
kg/m2 [median (5–95%)]
ogen [median (5–95%)]
er [median (5–95%)]
median (5–95%)]
3 [median (5–95%)]
LMR≤5.32
LMR≤5.32

Total
49 (33-65)
23.5 (18.0-29.0)
3.43 (2.00-5.00)
405 (220-1016)
3.06 (0.87-7.00)
15.1 (5.3-35.0)

Type 1 regression
49 (32.4-65.0)
23.0 (18.0-29.0)
3.00 (2.00-5.00)
290 (220-874)
1.92 (0.82-7.00)
12.0 (5.0-34.4)

Type 2 regression
52 (32.5-65.0)
24.0 (21.0-29.0)
3.0 (2.56-5.30)
310 (220-1549)
2.00 (0.97-8.10)
13.2 (7.0-46.6)

111 (34.7)
209 (65.3)

85 (76.6)
182 (87.1)

26 (23.4)
27 (12.9)

101 (31.6%)
219 (68.4%)

78 (77.2%)
189 (86.3%)

23 (22.8%)
30 (13.7%)

224 (70.0)
96 (30.0)

194 (86.6)
73 (76.0)

30 (13.4)
23 (24.0)

129 (40.3)
191 (59.7)

114 (88.4)
153 (80.1)

15 (11.6)
38 (19.9)

154 (48.1)
166 (51.9)

131 (85.1)
136 (81.9)

23 (14.9)
30 (18.1)

145 (45.3)
175 (54.7)

127 (87.6)
140 (80.0)

18 (12.4)
35 (20.0)

230 (71.9)
90 (20.1)

195 (84.8)
72 (80.0)

35 (15.2)
18 (20.0

286 (89.4)
34 (10.6)

239 (83.6)
28 (82.4)

47 (16.4)
28 (82.4)

169
151

143 (84.6)
124 (82.1)

26 (15.4)
27 (17.9)

260 (81.3)
60 (18.7)

225 (86.5)
42 (70.0)

35 (13.5)
18 (30.0)

290 (90.6)
30 (9.4)

247 (85.2)
20 (66.7)

43 (14.8)
10 (33.3)

237 (74.1)
83 (25.9)

200 (84.4)
67 (80.7)

37 (15.6)
16 (19.3)

111 (34.7)
77 (24.1)
70 (21.8)
62 (19.4)

84 (75.7)
67 (87.0)
62 (88.6)
54 (87.1)

27 (24.3)
10 (13.0)
8 (11.4)
8 (12.9)

p value
0.072
0.026
0.191
0.056
0.011
0.011
0.016
0.042

PMR≤819
PMR>819
pausal status
Premenopausal
Postmenopausal
tus
ER ≤ 1%
ER >1%
tus
PR ≤1%
PR ＞1%
status
Positive
Negative
tatus
Positive
Negative
ogical type
IDC
Others
ogical grade
I-II
III
e
T1-2
T3-4
ge
N0-1
N2-3
ty
Unifocal
Multifocal
ular subtype
HR+HER2HR+HER2+
HR-HER2+
HR-HER2-

0.02
0.051
0.451
0.069
0.301
0.857
0.748
0.002
0.009
0.439
0.058

The age, BMI, fibrinogen, D-Dimer, CEA and CA15-3 p values were determined by Mann–Whitney U tests, while
other p values were determined by Chi square tests

BMI body mass index, CEA carcinoembryonic antigen, CA15-3 cancer antigen 15-3, LMR lymphocyte to monocyte
ratio, PMR platelet to monocyte ratio

Table 2. Predictive factors for type 1 regression after NAC in 320 patients, estimated by univariate and
multivariate logistic regression analyses
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Factors
Age, years
BMI, kg/m2
Fibrinogen, g/L
D-Dimer, ng/mL
CEA, ng/mL
CA15-3, U/ml
LMR
LMR ≤5.32
LMR ＞5.32
PMR
PMR ≤819
PMR ＞819
Menopausal status
Premenopausal
Postmenopausal
ER status
ER ≤1%
ER >1%
PR status
PR ≤1%
PR >1%
HER2 status
Positive
Negative
Ki67 status
Positive
Negative
Histological type
IDC
Others
Histological grade
I
II
III
T stage
T1-2
T3-4
N stage
N0-1
N2-3

Univariate analysis
OR (95% CI)
p value
0.97 (0.94-1)
0.099
0.93 (0.86-1.01)
0.096
0.72 (0.5-1.04)
0.078
1 (1-1)
0.053
1 (0.97-1.06)
0.924
0.98 (0.95-1)
0.042
1
2.06 (1.13-3.75)

0.018

1
1.86 (1.02-3.40)

0.044

1
0.49 (0.27-0.91)

0.054

1
0.8 (0.44-1.44)

0.451

1
0.57 (0.31-1.05)

0.071

1
0.72（0.38-1.35）

0.302

1
0.92 (0.36-2.34)

0.857

1
0.89 (0.10-7.14)
0.81 (0.09-7.06)

0.918
0.851

1
0.35 (0.16-0.82)

1.99 (1.07-3.74)

0.031

0.50 (0.26-0.96)

0.037

0.45 (0.23-0.90)

0.024

0.38 (0.19-0.76)

0.006

0.38 (0.16-0.93)

0.034

0.021

1
0.53 (0.27-0.91)

1
0.36 (0.19-0.71)

Multivariate analysis
OR (95% CI)
p value

0.003
0.012

Multivariate analysis was based on forward stepwise logistic regression (likelihood ratio) analysis.
Bold p values in the univariate analysis indicate statistical signiﬁcance ( p ≤0.05) or borderline significant. All
variables with p values in bold were incorporated into the multivariate analysis.

OR odds ratio, CI conﬁdence interval, BMI body mass index, CEA carcinoembryonic antigen, CA15-3 cancer
antigen 15-3, LMR lymphocyte to monocyte ratio, PMR platelet to monocyte ratio

A nomogram was established based on menopausal status, ER status, T stage, N stage and LMR to
predict the tumor regression pattern after NAC (Figure 2). To calculate the likelihood of type 1 regression,
each point for the five independent factors was added and yielded a final score. A virtual perpendicular
line can be drawn between the total points bar and the risk bar at the bottom of the nomogram. Each final
score corresponds to a single risk of type 1 regression. The AUC of the established nomogram was 0.70
(95% CI 0.62-0.78). The calibration plot accompanied by the Hosmer–Lemeshow goodness-of-fit (GOF)
test (p-value =0.9) showed good consistency between the estimated probabilities and the actual rate of
type 1 cases. The decision curve employed showed that adopting our nomogram would bring improved
clinical outcome.
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Discussion
Our study established a nomogram based on baseline characteristics to predict tumor regression patterns
after NAC in breast cancer. Five clinicopathological factors and laboratory indexes, including T stage, N
stage, menopausal status, ER status, and LMR, were included in the nomogram. Patients who were
premenopausal or ER-negative and had higher LMR and later T/N stages had a higher probability of type
1 tumor regression. Such patients had a relatively lower probability of type 2 regression, which means
they are not favored candidates for BCS. Consistent with the findings of previous literature[13,14], large
tumor size, later nodal stage and lower ER expression are associated with a nonconcentric regression of
the tumor after NAC.
Tumor regression patterns have been explored by various institutes. Molecular subtypes have been
utilized to correlate with tumor regression patterns, but no consensus has been reached[15,16]. In our
study, HR+/HER2- breast cancers had a significantly higher rate of type 2 regression (24.3%), which could
be explained by their lower aggressiveness in nature and lower sensitivity to chemotherapy. HR-/HER2+
and HR-/HER2- breast cancers were found to have a better response to presurgical chemotherapy,
especially in HR-HER2+ cases when HER2-targeted therapy was added[17]. In the present study, the rates
of type 2 regression in HR-HER2+ and HR-HER2- cases were only 11.4% and 12.9%, respectively. Similarly,
a meta-analysis revealed that different breast cancer subtypes showed different responses to NAC[18].
Molecular subtypes could, therefore, be considered a predictor for tumor regression patterns. However, it
was not incorporated into our nomogram, considering that it is decided by ER/PR/HER2 status and Ki67
index and might cause confounding bias if they were integrated together. In our study, the BCS rate was
38.2% (102/267) and 13.2% (7/53) in patients with type 1 and type 2 regression, respectively. For patients
who desire BCS, a consultation with their surgeons immediately before the initial preoperative systemic
treatment based on the predicted result of the nomogram would be helpful.
Presurgical breast MRI is the favored modality for evaluating residual cancer after NAC[19,20]. Due to its
high sensitivity and low specificity, determining the tumor regression pattern by MRI may not be
adequately accurate[21,22]. Furthermore, the concordance rate between MRI and pathology results was
barely satisfactory[23,24]. Plana et al. reported that presurgical MRI detected additional breast diseases
and prompted conversion from local excision to more extensive surgery in 12.8% of women and nearly
half of these were inappropriate due to the incidence of false positive[25]. Thus, the tumor regression
patterns are determined by pathology results. The presurgical breast MRI does not provide information on
the possible tumor regression model at the early phase. Our nomogram utilized the baseline
characteristics of breast tumors, which allows the early prediction of tumor response to NAC, and the
treatment strategy may be modified in the early stage.
Laboratory indexes, including peripheral immune cell counts and nutritional indicators, are inexpensive
and easily accessible. In our study, 4 laboratory indexes, including LMR, PLR, fibrinogen and D-dimer, were
explored. Higher levels of D-dimer and fibrinogen are associated with advanced malignancy in breast
cancers, and these parameters are linked to homeostasis and tumor progression. PLR has been
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recognized as a predictor for chemotherapy response and a prognostic factor for better DFS
outcomes[26,27]. LMR has been studied in various types of cancers, especially in alimentary system
tumors[26,28]. Our study also identified LMR as an independent factor for predicting tumor regression
patterns. A higher LMR was associated with a higher probability of type 1 regression, which could be
explained by the stronger aggressiveness in tumors with a higher LMR[29,30] and increased sensitivity to
chemotherapy. LMR can be recognized as a promising predictive factor for the tumor response to NAC.
To the best of our knowledge, no other studies have reported the correlation between LMR and tumor
regression patterns.
Our study had a retrospective design, and we could only incorporate accessible factors in clinical
practice. Other variables, e.g., from gene levels or unknown aspects, may need further exploration. The
AUC of our model needs to be improved possibly by incorporating other types of variables. A radiomic
signature combining multiparametric MRI features would be promising. Meanwhile, type 1 regression is
encountered much more frequently than type 2 regression in clinical observation, which leads to an
imbalance in the number of cases with the two regression patterns. This situation is consistent with our
clinical practice since most tumors have a good response to chemotherapy (and HER2-targeted therapy,
e.g., trastuzumab in HER2-positive cases). Additionally, the nomogram established based on single-center
data needs further external validation in other cohorts.
In conclusion, HR+/HER2- breast cancers are more likely to have type 2 regression after neoadjuvant
chemotherapy. Five baseline factors, including clinicopathological factors and laboratory indexes, were
incorporated to establish a nomogram, which exhibited a sufficient discriminatory ability for predicting
different patterns of tumor regression.
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Figure 1
Tumor regression patterns after neoadjuvant chemotherapy A. Primary cancer B. Type 1 regression
(complete remission) C. Type 1 regression (concentric regression) D. Type 2 regression (multiple residual
foci) E. Type 2 regression (main residual disease with satellite foci) F. Type 2 regression (stable disease)
G. Type 2 regression (progressive disease)

Figure 2
The nomogram and its decision curve and calibration plot. A. The nomogram for predicting type 1
regression after NAC in breast cancer patients. B. The nomogram established yielded an AUC of 0.7 (0.620.78), demonstrating its discrminatory ability to predict tumor regression patterns after NAC. C. The
calibration plot accompanied by the Hosmer–Lemeshow goodness-of-fit (GOF) test (p value =0.9) shows
good consistency between the estimated probability and the actual rate of type1 cases, of which p values
> 0.05 indicated a good fit of the model test. D. The decision curve of the nomogram. The y axis
measures the net benefit. The red line delineates the nomogram. The blue line represents the assumption
that all patients showed type 1 regression. The black line represents the assumption that no patients
showed type 1 regression.
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