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Abstract

Background: Residual disease after neoadjuvant chemotherapy (NAC) in breast cancer
patients predicts worse outcomes than pathological complete response. Differing prognostic
impacts based on the anatomical site of residual tumors are not well studied.

Objectives: The study aims to assess disease-free survival (DFS) in breast cancer patients
with different residual tumor sites following NAC and to develop a nomogram for predicting 1-
to 3-year DFS in these patients.

Design: A retrospective cohort study.

Methods: Retrospective analysis of 953 lymph node-positive breast cancer patients with
residual disease post-NAC. Patients were categorized into three groups: residual disease in
breast (RDB), residual disease in lymph nodes (RDNJ, and residual disease in both (RDBN).
DFS compared among groups. Patients were divided into a training set and a validation set in a
7:3 ratio. Prognostic factors for DFS were analyzed to develop a nomogram prediction model.
Results: RDB patients had superior 3-year DFS of 94.6% versus 85.2% for RDN and 81.8%

for RDBN (p < 0.0001). Clinical T stage, N stage, molecular subtype, and postoperative pN
stage were independently associated with DFS on both univariate and multivariate analyses.
Nomogram integrating clinical tumor-node-metastasis (TNM] stage, molecular subtype,
pathological response demonstrated good discrimination (C-index 0.748 training, 0.796
validation cohort), and calibration.

Conclusion: The location of residual disease has prognostic implications, with nodal residuals
predicting poorer DFS. The validated nomogram enables personalized DFS prediction to guide
treatment decisions.
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Plain language summary

Understanding the impact of residual tumor location on prognosis after breast cancer
treatment

After receiving neoadjuvant chemotherapy, a treatment to shrink tumors before surgery,
some breast cancer patients may still have residual tumor cells. Our study focuses on how
the location of these remaining tumors - whether in the breast, lymph nodes, or both -
affects the likelihood of the cancer not returning within the next 1 to 3years. This likelihood
is known as ‘disease-free survival’ (DFS). We analyzed data from 953 breast cancer patients
who underwent neoadjuvant chemotherapy and still had residual tumors. By comparing
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DFS among patients with tumors remaining in different locations, we discovered that the
specific location of the residual tumor significantly impacts the patient’s long-term health
and recovery. Additionally, we developed a predictive tool called a ‘nomogram’ to help
doctors and patients assess the risk of cancer recurrence in the next 1 to 3 years. This tool
considers various factors such as the size and type of the tumor, as well as the location
and extent of the residual tumor after chemotherapy. Our research offers new insights
into understanding the risk of recurrence after breast cancer treatment. This work not
only enhances our comprehension of breast cancer management but also aids in devising
more personalized and effective treatment strategies for patients in the future.
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Introduction

Breast cancer is one of the most common malig-
nant tumors in women. For patients initially diag-
nosed with locally advanced breast cancer,
neoadjuvant chemotherapy (NAC) is often con-
sidered.! The NSABPB-18 trial?> has shown that
NAC is equally effective in treating breast cancer
when contrasted with postoperative adjuvant
chemotherapy. Patients undergoing NAC can
experience reduced tumor size, increased rates of
breast conservation, and less extensive axillary
staging, thus avoiding unnecessary axillary lymph
node dissection.> More importantly, NAC allows
for the assessment of the tumor’s response to sys-
temic therapy.*> Studies®® indicate that patients
achieving complete remission in both the breast
and lymph nodes after NAC exhibit significantly
improved event-free survival and overall survival
(OS) rates compared to those with residual
disease.

Although it is known that residual tumors are
related to prognosis risk, research on the specific
impact of the location and size of residual tumors
on prognosis is still limited. Current studies®!!
mainly focus on pathological complete response
(pCR), while patients with residual disease are
considered a homogeneous group. Due to a lack
of understanding of the heterogeneity of such
patients, clinicians often face challenges in for-
mulating follow-up treatment plans for patients
with residual disease. There has not yet been a
systematic study on the impact of residual tumors
in different locations (breast, lymph nodes, or
both) on long-term prognosis. Therefore, there is
no unified understanding of this issue in clinical
practice.!?716 To fill this gap, it is necessary to

conduct more research on subgroup analysis of
patients with residual disease, to provide a basis
for individualized treatment strategies based on
the characteristics of residual tumors.

Therefore, in this study, to better understand the
distinct prognostic implications of residual dis-
ease locations, we conducted a retrospective anal-
ysis of the clinical and pathological data of lymph
node-positive breast cancer patients who did not
achieve pCR after NAC. We assessed the disease-
free survival (DFS) for these different types of
remission and analyzed clinical and pathological
factors affecting DFS. Concurrently, we devel-
oped a nomogram model to predict the 1- to
3-year DFS of these patients.

Methods

Patient selection criteria

We conducted a retrospective study at The
Affiliated Cancer Hospital of Zhengzhou
University and Henan Cancer Hospital. From
2015 to 2020, we reviewed the breast cancer
database, which included 2930 female patients
diagnosed with primary invasive breast cancer
and treated with NAC. Among them, 1238
patients were diagnosed with lymph node metas-
tasis, including axillary and/or ipsilateral supra-
clavicular lymph node involvement, through core
needle biopsy prior to NAC. We excluded patients
who (1) achieved pCR (#=220); (2) had missing
pathological information (z=34); (3) were lost to
follow-up (n=26); or (4) progressed to distant
metastasis (z=5). Ultimately, 953 patients who
received preoperative NAC and were confirmed
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to have residual tumor tissue in the postoperative
pathological examination were included for anal-
ysis (Figure 1).

Clinicopathological characteristics

Patients were categorized into three groups based
on the anatomical location of the residual tumor:
residual disease in the breast (RDB, n=294),
residual disease in the lymph nodes (RDN,
n=97), and residual disease in both breast and
lymph nodes (RDBN, #=562). The RDB group
did not include residual ductal carcinoma i situ,
as this was defined as pTO if present in the breast.
Lymph nodes considered included axillary and
ipsilateral supraclavicular lymph nodes and iso-
lated tumor cells in lymph nodes were regarded as
lymph node tumor residue. Clinical and patho-
logical data were collected from patients’ records,
including age at diagnosis, breast cancer molecu-
lar subtype [based on hormone receptor (HR)
and the human epidermal growth factor recep-
tor-2 (Her2) status], preoperative clinical staging
and postoperative pathological staging (according
to the American Joint Committee on Cancer/
Union for International Cancer Control TNM
staging!”), NAC regimen, type of surgery, and
radiation therapy information. Estrogen receptor
(ER) and progesterone receptor (PR) were con-
sidered negative if the nuclear staining of tumor
cells was less than 1%. Her2 negativity was
defined as a Her2 score of 0 or 1+ in immunohis-
tochemistry, or no Her2 amplification in fluores-
cence i situ hybridization. Triple-negative breast
cancer (TNBC) was defined as simultaneous
negativity for ER, PR, and Her2.

Outcome measurement and follow-up

DFS was defined as the time from the date of sur-
gery to local-regional recurrence, distant metasta-
sis, or contralateral breast cancer occurrence.
Postoperative treatment was managed according
to the latest guidelines at the time. For the first
2years post-surgery, patients were followed up
every 3months in the outpatient clinic, and then
every 6months thereafter, and annually after
5years. When patients were unable to attend the
clinic, follow-up information was collected via tel-
ephone. All patients were followed up until
December 2022, and patients without DFS events
at the last follow-up were censored. This study
was approved by the Ethics Review Committee of
the Affiliated Cancer Hospital of Zhengzhou
University and Henan Cancer Hospital (No.

2017407). The reporting of this study conforms
to the Strengthening the Reporting of Obser-
vational Studies in Epidemiology statement!8
(Supplemental Table 1).

Statistical analysis

For categorical variables, frequencies and propor-
tions were reported as descriptive statistics, while
for continuous variables, means (standard devia-
tions) were used. We estimated DFS periods
using the Kaplan—Meier method and assessed dif-
ferences in DFS among groups with the log-rank
test. To ensure robust statistical analysis, patients
were divided into a training set and a validation
set in a 7:3 ratio. Differences between the training
and validation sets were evaluated using the inde-
pendent sample z-test or chi-square test. In the
training set, univariate analyses were conducted
using the Cox proportional hazards regression
model. Variables with a p value less than 0.1 in
univariate analysis were included in the multivari-
ate analysis to identify independent predictors
significantly associated with DFS. Hazard ratios
(HRs) and 95% confidence intervals (CIs) were
calculated for each variable. Based on the results
of the multivariate analysis, we developed a nom-
ogram for predicting 1-year, 2-year, and 3-year
DEFS in patients. To assess the predictive accu-
racy of our nomogram, we utilized the concord-
ance index (C-index) and receiver operating
characteristic (ROC) curves. The C-index was
calculated to quantify the nomogram’s ability to
correctly predict DFS, with values closer to 1.0
indicating higher accuracy. Calibration of the
model was assessed using a bootstrap method
with 1000 resamples to compare the predicted
DFS with the observed DFS. Finally, the clinical
utility of the predictive model was evaluated using
decision curve analysis (DCA), quantifying the
net benefit at various threshold probabilities. All
analyses were performed using R version 3.6.1
(The R Foundation for Statistical Computing,
Vienna, Austria), with a two-tailed p value <0.05
considered statistically significant.

Results

Patient baseline characteristics

The study ultimately included 953 patients: 294
in the RDB group, 97 in the RDN group, and 562
in the RDBN group. The median age of the study
population was 49 *+ 10years. Among them, 476
patients (49.9%) had HR+Her2— molecular
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HR-Her2+. Overall,
received an anthracycline combined with a taxane
chemotherapy regimen, 318 (33.4%) received a
taxane-based regimen,
received
Regarding surgical choice, 81 patients (8.5%)
opted for breast-conserving surgery, while 872

2930 patients were treated with neoadjuvant
chemotherapy in our hospital from 2015 to
2020

Exclusion:
220 patients in complete pathological remission

1238 patients were pathologically confirmed
to have lymph node metastases by core needle
biopsy before neoadjuvant chemotherapy

Exclusion:

26 patients were missing in follow-up

34 patients had absent pathological information
§ patients progressed to metastasis (M1)

953 patients were surgically confirmed not to
have achieved complete pathological response

294 patients had residual dise
ase in the breast (RDB)

97 patients had residual disea
se in the lymph nodes (RDN)

Figure 1. Patients’ enrollment and exclusion flow chart.

subtype, 317 (33.3%) were HR+Her2+, 81

(8.5%) were HR—Her2—, and 79 (8.3%) were
608 patients (63.8%)

and only 27 (2.8%)

an anthracycline-based regimen.

(91.5%) underwent mastectomy. Other patient

characteristics are detailed in Table 1.

Survival analysis
During a median follow-up of 37.7 [36.3—

39.1]months among all women, 148 patients
(15.5%) experienced a recurrence. The overall

cohort’s 3-year DFS was 84.5%. According to the
pathological response

status post-NAC, the
3-year DFS for RDB, RDN, and RDBN patients

were 94.6%, 85.2%, and 81.8%, respectively

(»p<0.0001) [Figure 2(a)]. There was no signifi-

cant difference in the 3-year DFS between
patients with pTO0 and those with residual breast
disease post-treatment (p=0.9692) [Figure 2(b)].

For lymph node pathological response status,

patients with pNO had a better 3-year DFS than
those

with residual Iymph node disease
(p<0.0001) [Figure 2(c)]. Clinical T stage, N

562 patients had residual disease in b
oth breast and lymph nodes (RDBN)

stage, molecular subtype, and postoperative pN
stage were independently associated with DFS on
both univariate and multivariate analyses (Table
2). Higher clinical T stage conferred markedly
worse DFS hazards, with ¢T3 and cT4 tumors
bearing 2.53-fold (95% CI, 1.05-6.13) and 4.50-
fold (95% CI, 1.62-12.50) greater risks of events
compared to ¢T1 tumors, respectively. Nodal
involvement was also adversely prognostic, as
cN3 status conveyed a 1.87-fold (95% CI, 1.30—
2.70) higher hazard than node-negative disease.
Molecular subtype was similarly predictive, with
HR-HER2- and HR-HER2+ cancers experi-
encing significantly worse DFS than HR+HER2—
tumors, with respective hazards of 2.13 (95% CI,
1.17-3.90) and 3.42 (95% CI, 2.05-5.69).
Extensive residual disease after surgery also cor-
related with poorer outcomes, as pN2 and pN3
nodal stage carried 4.04-fold (95% CI, 2.29-
7.14) and 5.17-fold (95% CI, 2.94-9.11) greater
risks of events relative to pNO status.

Development and validation of prognostic
nomogram

Patients were divided into a training set and a
validation set in a 7:3 ratio, with 667 patients in
the training set and 286 in the validation set.
Table 3 summarizes the clinical and pathological
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Table 1. Clinicopathologic characteristics of the study patients.

Characteristic Total (n=953) RDN group (n=97) RDB group (n=294) RDBN group (n=562) p
Age, year
Mean = SD 4910 4910 4810 49+10 0.261
<50 499 (52.4%) 47 (48.5%) 172 (58.5%) 280 (49.8%) 0.039
=50 454 (47.6%) 50 (51.5%) 122 (41.5%) 282 (50.2%)
Clinical T category 0.161
cT1 109 (11.4%) 18 (18.6%) 36 (12.2%) 55 (9.8%)
cT2 643 (67.5%) 64 (66.0%) 201 (68.4%) 378 (67.3%)
cT3 165 (17.3%) 11 (11.3%) 47 (16.0%) 107 (19.0%)
cT4 36 (3.8%) 4 (4.1%) 10 (3.4%) 22 (3.9%)
Clinical N category 0.003
cN1 723 (75.9%) 76 (78.4%) 242 (82.3%) 405 (72.1%)
cN2 66 (6.9%) 9(9.3%) 19 (6.5%) 38 (6.8%)
cN3 164 (17.2%) 12 (12.4%) 33(11.2%) 119 (21.2%)
Biologic subtype <0.001
HR+/Her2- 476 (49.9%) 57 (58.8%) 96 (32.7%) 323 (57.5%)
HR+/Her2+ 317 (33.3%) 31 (32.0%) 126 (42.9%) 160 (28.5%)
HR-/Her2- 81 (8.5%) 4 (4.1%) 42 (14.3%) 35 (6.2%)
HR-/Her2+ 79 (8.3%) 5 (5.2%) 30(10.2%) 44, (7.8%)
Chemotherapy received <0.001
Anthracycline based 27 (2.8%) 3(3.1%) 6 (2.0%) 18 (3.2%)
Taxane based 318 (33.4%) 24 (24.7%) 141 (48.0%) 153 (27.2%)
Anthracycline and taxane 608 (63.8%) 70 (72.2%) 147 (50.0%) 391 (69.6%)
Surgery type <0.001
Mastectomy 872(91.5%) 79 (81.4%) 261 (88.8%) 532 (94.7%)
Breast conserving 81(8.5%) 18 (18.6%) 33(11.2%) 30 (5.3%)
Pathologic T category <0.001
T0 97 (10.2%) 97 (100.0%) 0(0.0%) 0(0.0%)
T 565 (59.3%) 0 (0.0%) 213 (72.4%) 352 (62.6%)
T2 258 (27.1%) 0 (0.0%) 75 (25.5%) 183 (32.6%)
T3 23 (2.4%) 0 (0.0%) 4 (1.4%) 19 (3.4%)
T4 10 (1.0%) 0 (0.0%) 2(0.7%) 8 (1.4%)
[Continued]
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Table 1. (Continued)

Characteristic

Total (n=953) RDN group (n=97)

RDB group (n=294)

RDBN group (n=562) P

Pathologic N category
NO
N1
N2
N3
Radiation

Yes

No

<0.001
294 (30.8%) 0(0.0%) 294(100.0%) 0(0.0%)
276 (29.0%) 55 (56.7%) 0 (0.0%) 221 (39.3%)
200 (21.0%) 24 (24.7%) 0(0.0%) 176 (31.3%)
183 (19.2%) 18 (18.6%) 0 (0.0%) 165 (29.4%)

0.074
842 (88.4%) 81 (83.5%) 254 (86.4%) 507 (90.2%)
111 (11.6%) 16 (16.5%) 40 (13.6%) 55 (9.8%)

Her2, human epidermal growth factor receptor 2; HR, hormone receptor; RDB, residual disease in breast; RDBN, residual disease in breast and
lymph nodes; RDN, residual disease in lymph nodes; SD, standard deviation.

characteristics of both groups, with no significant
statistical differences between them. Univariate
survival analysis indicated that clinical T stage, N
stage, molecular subtype, and postoperative pN
stage were associated with poorer DFS prognosis
(Table 4). Variables with a p value less than 0.1 in
univariate analysis were further included in multi-
variate Cox regression analysis. Clinical T stage,
N stage, molecular subtype, and postoperative
pN stage were identified as independent variables
associated with poorer DFS outcomes (Table 4).

Based on prognostic factors identified in the Cox
regression analysis, a nomogram model for pre-
dicting 1-year, 2-year, and 3-year DFS was devel-
oped [Figure 2(d)]. This model integrates
multiple prognostic factors to provide a more per-
sonalized risk assessment for each patient. The
specific scores of these prognostic variables were
summarized to obtain the corresponding survival
probabilities for each patient. Regarding the pre-
dictive performance of the nomogram, the
C-index for predicting DFS in the training cohort
was 0.748 (0.695-0.801) and 0.796 (0.730-
0.863) in the validation cohort, indicating good
discriminative ability. Calibration plots for 1-year,
2-year, and 3-year DFS showed good consistency
between predicted and actual survival probabili-
ties in both training and validation cohorts (Figure
3). ROC curves for 1-year, 2-year, and 3-year
DEFS were plotted in the training and validation
cohorts. The area under the curve (AUCs) for
predicting 1-year, 2-year, and 3-year DFS were
0.754, 0.749, and 0.768, respectively, in the
training cohort, and 0.815, 0.804, and 0.805 in
the validation cohort (Figure 4). These high AUC

values reinforce the model’s reliability in predict-
ing DFS. Decision curves for 1-year, 2-year, and
3-year nomograms in both training and validation
cohorts demonstrated good consistency between
predicted probabilities and actual clinical out-
comes (Supplemental Figure 1).

Discussion

Our study encompassed 953 breast cancer
patients with residual tumors post-NAC. Based
on the anatomical location of tumor residuals,
they were categorized into three groups: residual
in the breast, in the lymph nodes, and both.
Interestingly, it was observed that post-NAC, the
breast was more likely to retain tumor tissue,
while lymph node metastatic lesions were more
likely to achieve pathological complete remission
compared to primary breast lesions. This aligns
with findings from previous studies.1%1419

Samiei ez al.?° found that among cN1 patients,
those without breast tumor residuals were more
likely to achieve ypNO compared to those with
residuals (45% wversus 9.4%, p<<0.001). This cor-
relation was notably significant in Her2 and
TNBC patients, providing a basis for future clini-
cal trials in this patient group. Other studies?!-22
have indicated that patients with Her2-positive
and TNBC subtypes respond better to NAC,
achieving higher rates of pCR. These findings are
corroborated by our study, where among patients
with tumor residuals, HR+Her— patients were
the most common at 49.9%, followed by
HR-+Her2+ at 33.3%, and the least being
HR—-Her2+ and HR—Her2— at 8.5% and 8.3%,
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Figure 2. DFS post-NAC. (a) 3-Year DFS by residual tumor site. (b) 3-Year DFS: pTO versus residual breast tumor. (c) 3-Year DFS: pNO

versus residual lymph node tumor. (d) Nomogram for predicting 1-, 2-, and 3-year DFS.

DFS, disease-free survival; NAC, neoadjuvant chemotherapy.

respectively. In terms of lymph node pathological
remission, compared to HR+Her2— patients
(20.2%), those with Her2+ (HR+Her2+ at
39.7%, HR-Her2+ at 51.9%) and TNBC
patients (38.0%) had higher probabilities of
lymph node pCR.

Goorts et al.?3 found in a study of 2366 patients
that the pCR rate was 21%, and the cT stage was
a significant independent predictor of pCR rate in

breast cancer patients. However, our study,
excluding patients with pCR, found that in
patients who did not achieve pathological remis-
sion post-NAC, the probability of achieving pCR
in breast tumors was not significantly different
across initial breast tumor stages, with ¢cT1-4
being 16.5%, 10.0%, 6.7%, and 11.1%, respec-
tively (p=0.157). Among patients with tumor
residuals, there was no significant correlation
between cT stage and breast pCR.

60
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Table 2. Univariate and multivariate Cox regression analyses for disease-free survival of the patients.
Characteristic Univariate Multivariable
Hazard ratio (95% CI) P Hazard ratio (95% Cl) p
Age
<50 Reference
=50 0.85(0.61-1.18) 0.330
Clinical T category
cT Reference Reference
cT2 2.54(1.11-5.79) 0.027 2.41(1.05-5.54) 0.038
cT3 3.85(1.63-9.13] 0.002 2.53(1.05-6.13) 0.039
cT4 5.56 (2.05-15.06) 0.001 4.50 (1.62-12.50) 0.004
Clinical N category
cN1 Reference Reference
cN2 1.35 (0.70-2.60) 0.376 1.18 (0.60-2.31) 0.631
cN3 2.80(1.99-3.94) <0.001 1.87 (1.30-2.70) 0.001
Biologic subtype
HR+/Her2- Reference Reference
HR+/Her2+ 1.21 (0.84-1.76) 0.309 1.62 (1.10-2.37) 0.014
HR-/Her2- 1.50 (0.84-2.68) 0.171 2.13(1.17-3.90) 0.014
HR-/Her2+ 2.58 (1.57-4.23) 0.001 3.42(2.05-5.69) <0.001
Chemotherapy received
Anthracycline and taxane Reference
Taxane based 1.05 (0.73-1.50) 0.794
Anthracycline based 1.56 (0.78-3.10) 0.208
Surgery type
Mastectomy Reference
Breast-conserving 0.52 (0.24-1.12) 0.094
Pathologic T category
T0 Reference Reference
T 0.67 (0.38-1.18] 0.166 0.72 (0.40-1.28) 0.263
T2 1.69 (0.96-2.98) 0.070 1.49 (0.83-2.68) 0.182
T3 3.22(1.30-7.93] 0.011 2.25(0.89-5.73) 0.087
T4 3.47 (1.15-10.49) 0.027 1.96 (0.63-6.10) 0.244
[Continued)
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Table 2. (Continued)

Characteristic

Univariate

Multivariable

Hazard ratio (95% Cl) P Hazard ratio (95% Cl) p

Pathologic N category

NO Reference Reference

N1 1.78 (1.00-3.19) 0.051 1.88 (1.04-3.40) 0.038

N2 3.82(2.21-6.62) <0.001 4.04 (2.29-7.14) <0.001

N3 5.83 (3.42-9.94) <0.001 5.17 (2.94-9.11) <0.001
Group

RDN Reference

RDB 0.38 (0.19-0.76) 0.006

RDBN 1.36 (0.79-2.33) 0.265
Radiation

Yes Reference

No 0.93 (0.54-1.58) 0.776

Cl, confidence interval; Her2, human epidermal growth factor receptor 2; HR, hormone receptor; RDB, residual disease in breast; RDBN, residual
disease in breast and lymph nodes; RDN, residual disease in lymph nodes; SD, standard deviation.

Table 3. Clinicopathologic characteristics in the training set and validating set.

Characteristic Total (n=953) Training set (n=667) Validating set (n=286) p
Age, year
Mean *=SD 49+10 49+10 48+10 0.314
<50 499 (52.4) 342 (51.3) 157 (54.9) 0.305
=50 454 (47.6) 325 (48.7) 129 (45.1)
Clinical T category 0.152
cT1 109 (11.4) 66 (9.9) 43 (15.0)
cT2 643 (67.5) 459 (68.8) 184 (64.3)
cT3 165 (17.3) 117 (17.5) 48 (16.8)
cT4 36 (3.8) 25(3.8) 11 (3.9)
Clinical N category 0.479
cN1 723 (75.9) 513 (76.9) 210 (73.4)
cN2 66(6.9) 43(6.5) 23(8.0)
cN3 164 (17.2) 111 (16.6) 53 (18.5)

[Continued)]
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Table 3. (Continued)
Characteristic Total (n=953) Training set (n=667) Validating set (n=286) p
Biologic subtype 0.705
HR+/Her2- 476 (50.0) 325 (48.7) 151 (52.8)
HR+/Her2+ 317 (33.2) 227 (34.0) 90 (31.5)
HR-/Her2- 81 (8.5) 59 (8.9 22(7.7)
HR-/Her2+ 79 (8.3) 56 (8.4) 23 (8.0}
Chemotherapy received 0.438
Anthracycline based 608 (63.8) 418 (62.7) 190 (66.4)
Taxane based 318 (33.4) 231 (34.6) 87 (30.4)
Anthracycline and taxane 27 (2.8) 18 (2.7) 9(3.2)
Surgery type 0.234
Mastectomy 872 (91.5) 615(92.2) 257 (89.9]
Breast conserving 81(8.5) 52 (7.8) 29 (10.1)
Pathologic T category 0.611
T0 97 (10.2) 64.(9.6) 33(11.5)
T 565 (59.3) 394 (59.1) 171 (59.8)
T2 258 (27.1) 188 (28.2) 70 (24.5)
T3 23 (2.4) 14 (2.1) 9(3.2)
T4 10 (1.1) 7(1.1) 3(1.1)
Pathologic N category 0.254
NO 294 (30.8) 217 (32.5) 77 (26.9)
N1 276 (29.0) 189 (28.3) 87 (30.4)
N2 200 (21.0) 141(21.2) 59 (20.6)
N3 183 (19.2) 120 (18.0) 63 (22.0)
Group 0.198
RDN 97 (10.2) 64.(9.6) 33(11.5)
RDB 294.(30.9) 217 (32.5) 77 (26.9)
RDBN 562 (59.0] 386 (57.9) 176 (61.5)
Radiation 0.773
Yes 111 (11.7) 79 (11.8) 32(11.2)
No 842 (88.4) 588 (88.2] 254 (88.8]

Her2, human epidermal growth factor receptor 2; HR, hormone receptor; RDB, residual disease in breast; RDBN, residual disease in breast and
lymph nodes; RDN, residual disease in lymph nodes; SD, standard deviation.
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Table 4. Univariate and multivariate Cox regression analyses for disease-free survival in the training set.

Characteristic Univariate Multivariable
Hazard ratio (95% CI) p Hazard ratio (95% Cl) p
Age
<50 Reference
=50 0.85(0.57-1.27) 0.438
Clinical T category
cT1 Reference Reference
cT?2 3.02 (0.95-9.62) 0.061 2.96 (0.92-9.50) 0.068
cT3 3.79 (1.13-12.67) 0.030 2.69(0.79-9.17) 0.114
cT4 6.30 (1.67-23.77) 0.007 5.02 (1.28-19.65) 0.020
Clinical N category
cN1 Reference Reference
cN2 1.27 (0.55-2.95) 0.580 1.12 (0.47-2.67) 0.793
cN3 3.00 (1.98-4.55] <0.001 2.05 (1.29-3.25) 0.002
Biologic subtype
HR+/Her2- Reference Reference
HR+/Her2+ 1.34 (0.86-2.09) 0.202 1.81(1.14-2.87) 0.011
HR-/Her2- 1.28 (0.60-2.73) 0.527 1.89 (0.86-4.15) 0.113
HR-/Her2+ 2.53(1.38-4.67) 0.003 3.04 (1.61-5.71) <0.001
Chemotherapy received
Anthracycline and taxane Reference
Taxane based 1.17 (0.76-1.78) 0.474
Anthracycline based 1.43(0.57-3.59) 0.442
Surgery type
Mastectomy Reference
Breast conserving 0.47 (0.17-1.27) 0.136
Pathologic T category
T0 Reference Reference
T1 0.63(0.31-1.25) 0.182 0.65 (0.32-1.34) 0.244
T2 1.45 (0.72-2.89) 0.296 1.27(0.62-2.62) 0.515
T3 2.68(0.84-8.58] 0.097 1.96 (0.59-6.55) 0.275
Th 2.26 (0.49-10.31) 0.294 1.39 (0.30-6.56) 0.676

[Continued)
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Table 4. (Continued)
Characteristic Univariate Multivariable
Hazard ratio (95% Cl) p Hazard ratio (95% Cl) p

Pathologic N category

NO Reference Reference

N1 2.20 (1.13-4.31) 0.021 2.19 (1.10-4.35) 0.026

N2 3.46(1.79-6.68) <0.001 3.58 (1.80-7.12) <0.001

N3 5.67 (2.99-10.79) <0.001 4.80 (2.39-9.63) <0.001
Group

RDBN Reference

RDB 0.29 (0.16-0.51) <0.001

RDN 0.81(0.42-1.56) 0.525
Radiation

Yes Reference

No 0.88 (0.46-1.70) 0.714

Cl, confidence interval; Her2, human epidermal growth factor receptor 2; HR, hormone receptor; RDB, residual disease in breast; RDBN, residual
disease in breast and lymph nodes; RDN, residual disease in lymph nodes; SD, standard deviation.

Currently, the main drugs in NAC include
anthracyclines and taxanes. Our study found that
among patients with residual tumors post-NAC,
48% who received anthracycline- and taxane-free
treatments achieved lymph node pCR. This find-
ing suggests that anthracycline-free treatment
might be sufficient for some patients. The
KRISTINE study?* further confirmed the effi-
cacy and safety of the TCbHP regimen in NAC.
The TRAIN-2 study!! results showed that com-
pared to anthracycline-based regimens, the
TCbHP regimen achieved the same pCR rates
with significantly reduced toxicity, such as neu-
tropenia. Therefore, TCbHP could be consid-
ered a preferred preoperative treatment option.
According to the neoCART study,?> compared to
the 8-cycle AC-T regimen, the 6-cycle TP regi-
men made progress in improving the pCR rate in
TNBC patients undergoing neoadjuvant treat-
ment. Hence, it is necessary to further research to
explore those subgroups that do not require
anthracycline treatment, to mitigate the potential
toxicity of anthracycline therapy.

In our study, we found that the DFS differed sig-
nificantly among patients with tumor residuals at
different sites (p<<0.0001). Specifically, those

with tumor residuals in the breast were more
likely to have better DFS, while those with tumor
residuals in the lymph nodes had similar DFS,
regardless of whether there was residual primary
breast tumor post-NAC (p=0.9692). This obser-
vation suggests that the anatomical location of
residual disease plays a crucial role in patient
prognosis. This finding is consistent with
Hennessy er al.,'9 who also observed that the
absence of tumor residuals in the axillary lymph
nodes was associated with a favorable prognosis,
and the presence of residual primary tumor did
not affect the prognosis of patients with pCR in
the axillary lymph nodes. This could imply that
the residual tumor cells in the breast are likely
removed during surgery, whereas lymph node
tumor residuals may represent other potential
distant metastatic sites not eradicated by NAC.

The prognostic implications of lymph node
metastasis in cancer patients are a topic of keen
clinical interest. Tumor cells in lymph nodes not
only reflect the metastatic capability of the pri-
mary tumor but can also migrate to other sites.2®
Several preclinical studies?’2° have confirmed
that lymph node tumor cells can migrate to dis-
tant sites. Studies*®3! have shown that the
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Figure 3. The graph shows calibration plots for DFS predictions using the nomogram. Panels (a-c) illustrate
the calibration plots for 1-year, 2-year, and 3-year DFS in the training set, respectively. Panels (d-f) present
these plots for the corresponding timeframes in the validation set.

DFS, disease-free survival.

presence of circulating tumor DNA post-NAC is
associated with poorer DFS. About one-third of
early-stage patients have lymph node metastasis,
which predicts a worse prognosis compared to
lymph node-negative status.3?2 This aligns with
Mougalian er al.,!> who suggested that axillary
pCR post-NAC is associated with improved
10-year OS and relapse-free survival (RFS).
Consistent with our findings, the CTNeoBC
pooled analysis® indicated that patients with per-
sistent lymph node positivity post-NAC have
poorer OS. Hence, our study reinforces that

patients with residual tumor cells in the lymph
nodes post-NAC had significantly worse 3-year
DFS compared to those without lymph node
tumor residuals (p<<0.0001), further supporting
axillary tumor-free status as an important indica-
tor of long-term prognosis.

Lee er al.l?’s study pointed out that in lymph
node-positive patients undergoing NAC, any
pathological remission, regardless of the site,
can improve prognosis, with no significant dif-
ferences in OS (p=0.18) and DFS (»p=0.12)
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Figure 4. The graph shows ROC curves for DFS predictions at various intervals. Panels (a-c] show 1-year,
2-year, and 3-year DFS predictions in the training set, respectively. Panels (d-f) present these curves for the

same timeframes in the validation set.
DFS, disease-free survival; ROC, receiver operating characteristic.
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across different types of pathological remission.
By contrast, our study results demonstrate that
in patients with residual breast tumor tissue
post-NAC, the presence or absence of lymph
node tumor residuals does not significantly
impact long-term DFS (p=0.97). A key differ-
ence from Lee’s study is that in our research,
lymph node metastasis was pathologically con-
firmed, not just clinically positive. In addition,
our study had a larger sample size and included
more patients without breast tumor residuals
(97 wversus 5). In our cohort, a higher proportion
of patients were HR+, whose long-term out-
comes depend more on the long-term response
to endocrine therapy than chemotherapy,33 pCR
may not be particularly crucial for the long-term
outcomes of these patients.® This distinction
highlights the importance of considering HR
status when evaluating the impact of residual
disease on DFS.

Patients with residual tumors post-NAC have
been confirmed to have a significantly worse
prognosis compared to those achieving pCR.
Therefore, for this patient group, an effective
scoring system is crucial for prognostic assess-
ment. To better tailor this system to the unique
needs of these patients, the traditional AJCC
staging system!” reflects the tumor burden at a
single time point and may not fully represent the
different tumor types’ response to NAC, poten-
tially failing to accurately predict post-NAC sur-
vival rates in patients. To overcome these
limitations, we combined the molecular subtype
of the tumor and changes in TNM staging before
and after NAC to construct a more comprehen-
sive nomogram for predicting DFS, thereby aim-
ing to more accurately predict the prognosis of
patients with residual tumors post-NAC.
Compared to the traditional AJCC staging sys-
tem, our nomogram is based on five variables: cT,
cN, molecular subtype, pT, and pN, offering a
more comprehensive reflection of the response of
different tumor types to NAC and thus allowing
for more accurate assessment and prediction in
both training and validation cohorts.

The results showed that the validation cohort’s
C-index and calibration curves were favorable,
indicating that the model has good discriminative
ability and reliability. These results underscore
ROC results clearly demonstrated that our pre-
dictive nomogram had better specificity and sen-
sitivity. In our nomogram, pN received a higher

risk score, underscoring its substantial influence
on DFS. With HRs of 2.19 (1.10-4.35) for pN1,
3.58 (1.80-7.12) for N2, and 4.80 (2.39-9.63)
for N3, as compared to NO, the data unequivo-
cally demonstrate that increased lymph node
involvement is significantly associated with an
elevated risk of adverse DFS outcomes. This is
similar to the findings of Zhang et al.,?* where in
non-pCR patients, the 3-year DFS rates for
ypNO, ypNO-1, and ypN2-3 patients were 98%,
91%, and 56%, respectively (p<<0.05). In addi-
tion, DCA showed that our nomogram had a
wide range of threshold probabilities, reflecting
its good clinical utility. This innovation marks the
first time a model for predicting DFS has been
established for patients with residual tumors post-
NAC by integrating easily accessible parameters
such as TNM changes and molecular subtypes
before and after neoadjuvant therapy. The results
demonstrate that this model has good predictive
ability. This provides a foundation for quantifying
the recurrence risk of individual patients with
residual tumors and guiding the design of appro-
priate subsequent treatment strategies. Especially
for patients with HR-positive residual tumors,
these findings can guide the development of new
drug treatments.

We acknowledge several limitations in our study.
First, as a retrospective study based on a single-
center database, the scope and applicability of our
findings is limited. Second, our database lacks
some potentially important prognostic informa-
tion, such as the family history of breast cancer,
histological grade, vascular invasion, and anti-
Her2 therapy data. This omission could influence
the comprehensiveness of our conclusions. Third,
the exclusion of patients with missing data varia-
bles may have introduced selection bias. This fac-
tor might affect the accuracy of our findings.
Fourth, the follow-up period was not sufficiently
long, potentially undermining the reliability of
our findings. Lastly, our nomogram has under-
gone internal validation, but we anticipate future
external validation from other centers to further
strengthen the credibility of the model. In future
research, we aim to address these limitations by
expanding the sample size, collecting more com-
prehensive patient information, extending the
follow-up period, and conducting external valida-
tion. These measures are crucial to more thor-
oughly understand the performance of our model
and ensure its generalizability across different
patient populations.
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Conclusion

This study assessed the impact of tumor residuals
in different locations post-NAC on the prognosis
of breast cancer. We found that lymph node tumor
residuals predicted poorer DFS. Our analysis
reveals the anatomical location of the residual
tumor is significant in assessing individualized
prognostic risks. Moreover, we have developed a
DFS prediction model with excellent internal vali-
dation performance. This nomogram more com-
prehensively considers the biological behavior of
tumors than traditional staging systems and is
expected to become an important tool for assessing
the efficacy of NAC and formulating subsequent
treatment strategies. Our findings preliminarily
clarify the different impacts of residual tumors at
different sites on the long-term survival of breast
cancer, thereby providing theoretical support for
achieving precision medicine.
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