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Purpose: To determine clinical predictors of recurrence and metastasis in patients with
pathological complete response (pCR) after neoadjuvant chemotherapy (NCT).

Methods: Patients treated with NCT who achieved pCR (n=285) were classified into three
groups according to pre-NCT clinical stage (cStage): group I (Ila—IIb), group II (IIla), and
group III (IIIb-IIIc). Survival was analysed using the Kaplan—-Meier method. The relation-
ships between clinicopathological factors and recurrence were determined using Cox regres-
sion analysis.

Results: The median follow-up was 31 months. The 3-year disease-free survival and overall
survival rates in groups I, II, and III were 92.7%, 87.8%, and 66.7% (P < 0.01) and 98.6%,
98.3%, and 90.6% (P=0.370), respectively. Lymph node status and tumour size were
independent risk factors for recurrence and metastasis after NCT. In the human epidermal
growth factor receptor 2-positive subgroup, advanced cStage and lymph node metastasis
were associated with recurrence (P < 0.01). In the hormone receptor-positive subgroup,
disease-free survival rates differed for cStages I-II compared to cStage III (P=0.049) and
clinical node status 0—2 compared to clinical node status 3 (P=0.037).

Conclusion: Pre-NCT cStage predicted the prognosis of pCR for different breast cancer
subtypes. Patients with advanced cStage, lymph node metastasis, and large tumour sizes had
a higher risk of recurrence or metastasis.

Keywords: breast cancer, HER2, neoadjuvant chemotherapy, pathological complete
response, prognosis

Introduction

Neoadjuvant chemotherapy has gradually become popular in breast cancer, and
achieving pathological complete response (pCR) (ypTO/is, ypNO) in high-risk
breast cancer has been associated with a relatively good prognosis.' > The effects
of neoadjuvant chemotherapy may be used as an external proxy of in vivo drug
sensitivity. Prognostic information can be more accurately provided to patients via
the objective evaluation of postoperative pathological findings, which constitutes an
important advancement towards individualised medicine.*> Meta-analyses have
indicated that pCR has a better prognostic value than that of other pathological
findings.>® Therefore, achieving pCR via treatment has become a surrogate end-
point for a large proportion of neoadjuvant chemotherapy clinical study designs and
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serves as a neoadjuvant treatment goal for high-risk types
of breast cancer, such as human epidermal growth factor
receptor 2-positive (HER2+) and triple-negative breast
cancer. Nevertheless, evidence suggests that achievement
of pCR after treatment does not preclude the risk of
recurrence or metastasis.” Therefore, clarifying the clini-
copathological factors associated with these risks in
patients with pCR is crucial for the postoperative treatment
of neoadjuvant patients and screening of populations
enrolled in neoadjuvant clinical studies.®

Currently, various criteria for pCR evaluation after
neoadjuvant chemotherapy exist, including the American
Joint Committee on Cancer’s post-neoadjuvant staging sys-
tem, the net reclassification improvement, Miller and Payne
system, Residual Cancer Burden, and Neo-Bioscore. These
methods provide an approximate indication of differential
patient prognoses based on residual pathology after neoadju-
vant chemotherapy, thereby facilitating the provision of dis-
tinct treatment methods for patients during adjuvant
therapy.” ' However, the majority of these methods have
not elucidated the key factors influencing the prognosis of
patients with pCR.”'*!* Although relevant factors that affect
prognosis, such as hormone receptor (HR) expression, HER2
status, and clinical stage (cStage), are listed in the Neo-
Bioscore, this evaluation system is too generalized.
Notably, based on current treatment approaches, distinct
treatment modalities are required for different subtypes of
breast cancer, and prognoses are inconsistent. Therefore, the
stratification of prognoses for all breast cancer types accord-
ing to uniform standards is a major issue that contributes to
inaccuracy.®'*'> In addition, several studies have explored
prognostic factors that affect patients with pCR. However,
data have been unreliable owing to outdated, retrospective
nature of the studies, inconsistent definitions or treatments
for pCR, and lack of classification and refinement.'®'®

To address these gaps in the literature, we performed
a retrospective analysis of patients with different types of
breast cancer in the context of corresponding standard
neoadjuvant chemotherapy. We aimed to determine the
prognosis of patients with different subtypes of breast
cancer who achieved pCR and elucidate the relevant clin-
icopathological factors influencing their prognosis.

Materials and Methods

Patient Population
This study retrospectively analysed patients who received
neoadjuvant chemotherapy and achieved pCR at Harbin

Medical University Cancer Hospital between June 2012
and May 2019. Patients who were initially diagnosed with
metastatic breast cancer, underwent neoadjuvant che-
motherapy without surgery, presented with inflammatory
breast cancer, had incomplete follow-up data, and/or
underwent surgery or chemotherapy at other institutions
were excluded. The initial cStage of all patients was
reviewed based on the American Joint Committee on
Cancer staging system (seventh edition). Patients were
classified into three groups according to cStage: group
I (Ila-IIb), group II (Illa), and group III (IIIb—IIlc).
Electronic medical records were reviewed to obtain infor-
mation on age, tumour characteristics, initial cStage, type
of neoadjuvant chemotherapy received, recurrence, and
survival. All procedures performed in this study complied
with the ethical standards of the institution and/or the
1964
Declaration of Helsinki and its subsequent amendments

National Research Council, as well as the
or comparable ethical standards. The retrospective study
design was approved by the Ethics Committee of Harbin
Medical University Cancer Hospital. Written informed
consent was obtained from each patient.

Pathological Assessment

Professional pathologists reviewed pathological speci-
mens from diagnostic core biopsies from each patient
to determine the HR and HER2 status, which was
recorded by specialised breast doctors. HR status was
assessed by immunohistochemistry. Specimens were
classified as HR+ when more than 1% of cancer cells
stained positive. HER2 positivity was defined according
to the American Society of Clinical Oncology/American
Society of Pathologists guidelines.'® If the immunohis-
tochemical score of the tumour was 3+, or the immuno-
histochemical score was 2+ and the fluorescence in situ
hybridisation test was positive, the specimen was clas-
sified as HER2+. Based on HR and HER2 status, intrin-
sic subtypes were classified as HER2+, HR+ (HR
+/HER2-), or triple-negative breast cancer. pCR was
defined as the absence of any invasive disease in the
breast and no micro-/macro-metastases in the ipsilateral
axillary lymph nodes. All patients received at least four
cycles of anthracycline- or taxane-based neoadjuvant
chemotherapy. Trastuzumab was recommended for
patients who were HER2+. After completing neoadju-
vant chemotherapy, patients underwent radical breast
surgery, axillary lymph node dissection, or sentinel
lymph node dissection. The decision to undergo breast-
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conserving surgery was made via consensus between the
patient and surgeon. For all patients with metastatic
cancer in the axillary region at the diagnostic core
biopsy, axillary lymph node dissection was used after
the completion of neoadjuvant chemotherapy. If there
was no lymph node involvement, lymph node dissection
or sentinel lymph node biopsy was performed according
to the patient’s wishes. If the patient had undergone
breast-conserving surgery or had locally advanced dis-
ease at the time of consultation, postoperative radiother-
apy was performed. Fifty Gy in 25 fractions was
prescribed for these patients; radiotherapy regimens
included whole breast, chest wall, and regional nodal
radiation. Patients with HR+ breast cancer were offered
adjuvant endocrine therapy for 5 years.

Statistical Analyses
The primary endpoint was disease-free survival (DFS),
defined as the time from disease diagnosis to the first
documentation of cancer recurrence or last follow-up.
The secondary endpoint was overall survival (OS), defined
as the time from disease diagnosis to death from any cause
or last follow-up. Survival curves were plotted using the
Kaplan—Meier method and compared using the Log rank
test. The y* test or Fisher’s exact test was used to deter-
mine the factors that could predict recurrence and evaluate
the impact of cStage on recurrence in each subgroup.
Univariate and multivariate analyses combined with
Cox proportional hazards regression models were used to
identify high-risk factors associated with survival. Known
determinants in the logistic regression model were
adjusted, including age, cStage, primary tumour size,
lymph node status, HER2 status, HR status, administration
of chemotherapy regimens, and Ki-67 labelling index. All
tests were two-tailed. P < 0.05 was considered statistically
significant. All statistical analyses were conducted using
SPSS software version 22 (IBM Corp.,
NY, USA).

Armonk,

Results

Patient Characteristics

From 2012 to 2019, a total of 2359 patients received
neoadjuvant therapy. 285 patients achieved pCR and
were included in the survival analysis. In total, 147
(51.6%), 77 (27.0%), and 61 (21.4%) patients were classi-
fied into cStage groups I, II, and III, respectively. All 285
patients underwent surgery. Detailed patient characteristics

are summarised in Table 1. Among cStages based on
clinical tumour (cT) size, cT2 accounted for the largest
proportion (68.4%), while clinical lymph node metastasis
constituted the highest proportion (71.6%) of the overall
population. Among tumour subtypes, HER2+, triple-
negative, and HR+ breast cancer accounted for 58.9%,
26.3%, and 15.8% of the population, respectively. The
immunohistochemical results of one

patient were

unidentifiable.

The Regimens of Treatment and Features
in Prognosis of Different Subtypes

Regimens for the majority of patients treated with neoadjuvant
chemotherapy included anthracyclines and taxane (85.9%). In
addition, 168 (58.9%) patients completed the standard treat-
ment cycle preoperatively, while the remaining patients did not
complete the standard treatment cycle before surgery and did
not undergo postoperative adjuvant chemotherapy. The major-
ity of patients in the HER2+ subgroup (80.9%) received pre-
operative chemotherapy with anthracyclines and taxane
(Supplementary Table S1), and the recurrence rate was

16.9%, which was numerically higher than that in patients
who received taxane or anthracyclines alone, although the
0.584).
A numerical difference in the recurrence rate was also

difference was not statistically significant (P =

observed between patients treated with platinum and not sta-
tistically significant (4.2% vs 17.4%, respectively; P =0.132).
Fifty-eight patients (34.5%) were treated with combined tar-
geted therapy during neoadjuvant chemotherapy, whereas the
majority of patients (n=110, 65.5%) did not receive targeted
therapy. The risk of recurrence was significantly higher in
patients without targeted therapy compared to those who
received targeted therapy (20.0% vs 6.9%, respectively; P =
0.026). We further classified the HER2+ group into HER2
+/HR+ and HER2+/HR~ subgroups and evaluated the correla-
tion between clinical factors of targeted therapy and recur-
rence. In the HER2+/HR+ subgroup, the risk of recurrence
was significantly higher in patients who did not receive tar-
geted therapy than in those who received targeted therapy
(21.4% vs 0.0%, respectively; P = 0.048) (Supplementary
Table S3). This difference was not observed in the HER2
+/HR— subgroup. One hundred and four patients (61.9%)
completed standard treatment cycles before surgery. The risk
of recurrence was higher in patients who did not complete the
standard treatment cycle than in those who completed the
standard treatment cycle, although it was not statistically sig-
nificant (17.2% vs 14.4%, respectively; P = 0.458). In the
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Table | Patient Characteristics of the Final Cohort

Characteristics No. of Patients
Total Recurrence ;(2 P value
(N) (%) (N) %)
Age at diagnosis (years) 1.767 0.184
<50 182 63.9 23 12.6
250 103 36.1 19 18.4
Clinical stage 19.154 <0.01
lla+1lb 147 51.6 I 7.5
Illa 77 27.0 12 15.6
1lb+lllc 6l 21.4 19 311
IHC-based subtype 1.433 0.728
Unknown | 0.4 0 0
Her-2 168 58.9 26 15.5
Triple negative 75 26.3 12 16.0
HR+ 41 14.4 4 9.8
Clinical T classifification 4.290 0.188
CTI 58 20.3 7 12.1
CT2 195 68.4 28 14.4
CT3 25 8.8 4 16.0
CT4 7 25 3 42.8
Clinical N classifification 17.980 <0.001
CNO 8l 284 5 6.2
CNI-2 147 51.6 19 12.9
CN3 57 20 18 31.6
Schedule N.A 0.483
Weekly 17 6.0 | 5.9
3-weekly chemotherapy 268 94.0 41 15.3
Completed standard cycles 0.357 0.611
No 117 41.1 19 16.2
Yes 168 58.9 23 13.7
Chemptherapy regimen 4.966 0.180
Taxaned only 35 12.3 3 8.6
Anthracycline-based only 4 1.4 2 50
A+T 245 85.9 37 15.1
Other | 0.4 0 0
Type of mastestomy N.A 0.227
Partial 13 4.6 0 0
Total 272 95.4 42 15.4
Ki-67 0.130 |
<20 75 26.3 I 16.0
220 207 72.6 31 15.0
Unknown 3 I.1 0 0
Site of metastasis
Local first 12
Distant first 30
Brain 7
Bone
Liver 10
Lung
Mixed/other 5

Abbreviations: Her-2, Human epidermal growth factor receptor 2; HR, Hormone receptor; IHC, Immunohistochemistry; N.A, Not available.
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triple-negative subgroup, the majority of patients (91.4%)
received a combination of anthracyclines and taxane before
surgery (Supplementary Table S2). More than half of the

patients (51.7%) completed the standard treatment cycle of
neoadjuvant therapy; the remaining patients did not complete
the standard treatment cycle owing to pCR. The risk of recur-
rence between the group that did not complete the standard
treatment cycle and the group that completed the standard
treatment cycle was 13.2% vs 18.9%, respectively (P =
0.544). Three patients (4%) received platinum in addition to
the neoadjuvant treatment regimen. The characteristics of the
HR+ group are summarised in Supplementary Table S4.

Recurrence Events

The median time to recurrence was 31 (range, 2-99)
months. The mean follow-up time was 39.7 months. In
total, 42 end-point events related to recurrence or death
occurred in patients with recurrence, of whom 12 (28.6%)
presented with local recurrence and 30 (71.4%) developed
distant metastases. Of these, 10 (23.8%) presented with
liver metastases, 7 (16.7%) with brain metastases, and 4
(9.5%) with lung metastases (Table 2).

Among patients with different tumour subtypes, 26
recurrence-related events were observed in the HER2+ sub-
group. Eight (30.1%) patients presented with local recur-
rence and 18 (69.9%) with distant metastases. Most patients
presented with brain (n=5, 19.2%) and liver metastases (n=5,
19.2%). Lung and bone metastases were identified in three
patients (11.5%). In the triple-negative subgroup, 12 recur-
rence-related events were observed. Three patients presented
with local recurrence and nine with distant metastases, while
most patients presented with liver metastases (n=4, 30.0%).
In the HR+ subgroup, four recurrence-related events were
observed. One patient (25.0%) presented with local recur-
rence, and three (75.0%) with distant metastases.

Local recurrence and distant metastasis events were
distinguished based on primary tumour size and lymph
node status (Figure 1). T2 and N3 accounted for the largest
proportion of local recurrence events. For distant meta-
static events, T2 and N1-2 accounted for the largest pro-
portion. T4 recurrence events were local recurrence events
without distant metastasis.

Survival Outcomes

The 3-year DFS rates were 92.7%, 87.8%, and 66.7% in
groups I, II, and III, respectively, with significant differ-
ences observed among groups (Log rank test, P < 0.01)
(Figure 2A). The 3-year OS rates were 98.6%, 98.3%, and
90.6% in groups I, II, and III, respectively, with no sig-
nificant differences observed among groups (Log rank test,
P = 0.370) (Figure 2B). Clinical tumour size was not
significantly correlated with DFS (Log rank test, P =
0.096) or OS (Log rank test, P = 0.087) (Figure 2C and
D). Lymph node status was significantly correlated with
DFS (Log rank test, P < 0.01) (Figure 2E), but not OS
(Log rank test, P = 0.319) (Figure 2F).

Cox regression analysis of factors predicting recur-
rence revealed that cStage III (hazard ratio: 3.2, 95%
confidence interval [CI]: 1.6-6.3; P < 0.01) was associated
with a higher risk of recurrence than cStage I-1I (Table 3).
The analysis of primary clinical tumour size- and lymph
node involvement-related factors revealed that the risk of
recurrence was significantly higher in patients with cT4
than in those with cT1-3 (hazard ratio: 4.4, 95% CI: 1.1-
15.6; P = 0.03). The risk of recurrence was significantly
higher in cN3 patients than in ¢cNO-2 patients (hazard
ratio: 13.3, 95% CI: 2.6-16.6; P < 0.01).

In the correlation analysis, age at diagnosis (<50 vs >50
years), HER2 status (HER2— vs HER+), HR status (HR—vs
HR+), chemotherapy regimen (1 vs 3 weeks), Ki-67 level
(<20% vs >20%), axillary surgical approach (sentinel

Table 2 Details of the First Site of Cancer Recurrence for the Final Cohort and Three Cancer Subtypes

Overall Cohort HER2+ Cohort Triple Negative Cohort HR+ Cohort
Site of metastasis
Local first 12 8 3 |
Distant first 30 18 9 3
Brain 5 2 0
Bone 3 | 0
Liver 10 5 4 3
Lung 4 3 | 0
Mixed/other 2 | 2
Abbreviations: Her-2, Human epidermal growth factor receptor 2; HR, Hormone receptor.
Cancer Management and Research 2021:13 https: 9239
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Figure | Cancer recurrence stratified by (A) clinical tumour size and (B) lymph node status.

lymph node biopsy versus axillary lymph node dissection),
and treatment cycle (completion vs non-completion) were
not significantly associated with recurrence. In the multi-
variate analyses, lymph node status was the only indepen-
dent factor predicting recurrence in patients with pCR
(hazard ratio: 2.2, 95% CI: 1.1-4.4; P =0.03).

Based on the correlation analysis results for recurrence
factors, we analysed different tumour types. In the HER2+
subgroup, significant differences were observed in DFS
rates (Log rank test, P < 0.01) (Figure 3A) and lymph
node status (Log rank test, P < 0.01) (Figure 3B), but not
tumour size (Log rank test, P = 0.191) (Supplementary
Figure S1A), among the three cStage groups. Separate
analyses revealed that DFS was significantly different
between patients with ¢T4 and those with ¢T1-3 (Log
rank test, P = 0.037) (Figure 3C). In the HR+ subgroups,
cStage, lymph node status, and tumour size were not
significantly correlated with DFS (Supplementary Figure

S1B-D). However, the Log rank test P-values in the
Kaplan—Meier analyses were significant for DFS for
cStage I-II vs cStage III (Log rank test, P = 0.049)
(Figure 4A) and cNO-2 vs cN3 (Log rank test, P =
0.037) (Figure 4B). No significant correlations with DFS
were observed in the triple-negative subgroup, irrespective
of cStage, clinical tumour size, or lymph node status
(Supplementary Figure S1E-G).

Discussion

Increased research on the efficacy of neoadjuvant chemother-
apy has contributed to an increase in its clinical implementa-
tion. Meta-analyses have indicated that the efficacy of
neoadjuvant chemotherapy is comparable to that of adjuvant
therapy for the same treatment regimen; however, the prog-
nosis of patients with pCR is superior to that of patients
without pCR.*?° Moreover, studies of high-risk populations

have revealed that the prognosis of pCR patients may be
suboptimal, and the implications of pCR have been
questioned.'”*! In this study, we examined the prognosis of
patients with different breast cancer subtypes who achieved
pCR and identified the clinicopathological factors relevant to
their prognosis. We identified lymph node status as an inde-
pendent risk factor for recurrence in patients with breast
cancer who received neoadjuvant chemotherapy and
achieved pCR. There was a trend in T4, although it was not
statistically significant. We analysed the correlation of recur-
rence and metastasis in patients with pCR but did not identify
any clear patterns. Recurrence events in the T4 population
were all in situ; DFS exhibited the poorest performance while
OS exhibited the best performance in this population. Based
on these findings, caution should be exercised when formu-
lating clinical decisions after neoadjuvant chemotherapy for
patients with locally advanced or inoperable breast cancer.
Clinical decisions should not be made solely based on refer-
ences to previous criteria for neoadjuvant chemotherapy for
operable breast cancer. Treatment options should instead be
tailored according to advances in genetic mapping, as well as
tumour and patient characteristics, following the achieve-
ment of pCR after neoadjuvant chemotherapy.

Our findings may differ from the results of previous
retrospective studies because we included patients receiv-
ing neoadjuvant chemotherapy with cStage II-III. As
cStage I patients have a better prognosis, the patients in
this study presented with a higher risk of recurrence and
metastasis. In addition, our patient groups differed from
those in previous studies. The use of tumour size and
lymph node status to determine the included population
may lead to considerable differences in the residual risk of
recurrence. Based on the findings of Wei et al,*' we
balanced the risk of recurrence in each group and classi-
fied patients as cStage Ila-IIb, Illa, or IIIb—Illc according
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Figure 2 (A) DFS and (B) OS among the three clinical stages in the final cohort. (C) DFS and (D) OS among patients stratified by clinical tumour size in the final cohort. (E)
DFS and (F) OS among patients stratified by lymph node status in the final cohort.
Abbreviations: DFS, disease-free survival; OS, overall survival.
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Table 3 Cox Proportional Hazard Model of Predictors of Cancer Recurrence in Patients Who Achieved pCR

Predictors Univariate Analysis Multivariate Analysis
Harzard Ratio 95% CI P value Harzard Ratio 95% CI P value

Age at diagnosis (years) <50 Ref

250 1.5 0.9-2.8 0.15
Clinical stage I Ref Ref

1] 32 1.6-6.3 <0.01 20 0.94.6 0.08
Clinical T classifification CTI-3 Ref Ref

CT4 5.3 1.6-17.0 <0.01 3.0 0.9-9.8 0.07
Clinical N classifification CNO-2 Ref Ref

CN3 34 1.9-6.2 <0.01 22 1.14.4 0.03
Her-2 status Negative Ref

Postive 0.9 0.5-1.7 0.75
HR status Negative Ref

Postive 0.8 0.4-1.8 0.70
Completed standard cycles No Ref

Yes 0.83 0.45-1.55
Schedule Weekly Ref

3-weekly 2.0 0.3-14.7 0.48
Type of mastestomy Total Ref

Partial 0.04 0-39.2 0.37
Ki-67 <20 Ref

220 0.8 0.5-1.7 0.66

Abbreviations: Her-2, Human epidermal growth factor receptor 2; HR, Hormone receptor.

to disease stage. Therefore, our results may more closely
reflect the conditions observed in clinical practice.
Notably, this is the first study to identify and analyse
different immunohistochemical types based on cStage-,
tumour size-, and lymph node-related prognoses to enable
identification of prognostic risk and formulation of optimal
clinical decisions.

We observed that a higher cStage, extensive lymph node
involvement, and T4 were significantly associated with poor
prognosis in the HER2+ population. For this group of
patients, multimodal therapy (eg intensive drugs, including
trastuzumab emtansine and tyrosine kinase inhibitors) is
recommended, even if pCR is achieved. In the HR+ popula-
tion, cStage III and N3 were key factors associated with poor
prognosis. Compared to HER2+, which is a more aggressive
tumour type, HR+ tumours grow more slowly. No HR+
patients with T4 primary tumours were identified in our
study. HR+ patients have a lower probability of four or
more lymph node metastases compared to HER2+
patients.”? Therefore, for HR+ patients, tumour size may
not reflect disease duration, and a more accurate evaluation
of axillary lymph nodes is required for disease diagnosis. In
patients with severe lymph node involvement, early intensive
treatment is required for cases with a high risk of recurrence,

and, if necessary, continuous intensive endocrine therapy (eg
cyclin-dependent kinase 4/6 inhibitors) should be considered.
We were unable to differentiate the prognosis of patients with
triple-negative breast cancer using the appropriate stratifica-
tion owing to the small number of patients and single-
treatment regimen used. Thus, the combination of traditional
anthracyclines and taxane was commonly used, with the
addition of platinum or taxane to neoadjuvant chemotherapy
regimens accounting for only a small proportion.

A large proportion of HER2+ patients achieved pCR,
despite not receiving targeted therapy during neoadjuvant
chemotherapy. At follow-up, we observed that the risk of
recurrence was higher in patients without targeted therapy
than in those who received targeted therapy. Even though
these patients achieved pCR without the support of tar-
geted therapy, their prognosis was still affected by the
absence of targeted therapy. However, for this population,
the duration of targeted therapy is open to discussion since
the application of short courses of targeted adjuvant ther-
apy is a contradictory topic.”> > Although this study was
a single-centre, retrospective analysis with a small sample,
from the results, other studies had corroborated these
findings, including a retrospective analysis by von
Minckwitz et al,® which demonstrated that patients with
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Figure 3 DFS in the HER2+ subgroup among (A) the three cStages and (B) patients stratified by lymph node status. (C) DFS in the HER2+ subgroup according to clinical

tumour size (cT1-3 vs cT4).

Abbreviations: DFS, disease-free survival; HER2, human epidermal growth factor receptor 2.

pCR after anti-HER2 treatment had better clinical out-
comes compared to those who did not receive targeted
therapy during neoadjuvant chemotherapy, especially
with regard to OS (hazard ratio: 14.11, P = 0.009). For
HR+ patients, as demonstrated in our study, potential
synergy between signals may be key to improving the
prognosis of HR+ and HER2+ patients. Further, long-
term targeting and maintenance endocrine therapy are
critical factors for improving prognosis, as supported by
Exnet research.”® Collectively, these results suggest that
targeted therapy for HER2+ breast cancer is crucial for

achieving and maintaining good long-term survival.
However, this needs to be confirmed by rigorous clinical
studies in the future, given the discrepancies in the
literature.”” Generally, no difference in long-term prog-
nosis was observed, regardless of whether standard treat-
ment cycles were completed or continued for three weeks
during neoadjuvant pCR (including the replenishment of
previously missing treatments after neoadjuvant che-
motherapy). Notably, the effects of chemotherapy during
the neoadjuvant period may affect long-term prognosis.
Achievement of pCR may be employed to identify the

Cancer Management and Research 2021:13

e 9243

Dove:


https://www.dovepress.com
https://www.dovepress.com

Huang et al

Dove

3-YrDFS
(%) 95%C1 P value
. ==+ cStagell 100.0 NA.

20 0.037

Disease-free Survival(%)

—— cStage Il 84.2 68-100

0 I I I I 1
0 12 24 36 48 60

Months

No. at Risk
cStagell 22 21 13 8 7 6

cStage 111 19 16 12 8 5 2

(vy)

— 100 [t
| |
80

60—

3-Yr DFS
40 (%) 95%CI

P value

==+ NO-2 89.4 74-100
20 0.049

Disease-free Survival(%

-_ N3 75.0 45-100

0 T T T T 1

Months
No. at Risk

No-2 33 31 21 14 12 9

N3 8 6 4 2 0 0

Figure 4 DFS in the HR+ subgroup for (A) cStage |-l vs cStage Il and (B) cNO-2 vs cN3.
Abbreviations: cStage, clinical stage; DFS, disease-free survival; HR, hormone receptor.

optimal treatment plan for patients. Indeed, this issue has
been investigated in several retrospective studies and clin-
ical research, which may ultimately help to guide clinical
treatment strategies.zg’29

In our study, the recurrence of liver metastases accounted
for a large proportion of patients. In a prospective study that
included liver ultrasound and hepatic function tests, no sig-
nificant differences in mortality were observed between
intensive monitoring and minimal examination during fol-
low-up.*® However, the optimal follow-up approach for
patients with breast cancer who achieve pCR after treatment
requires clarification. Notably, patients with brain metastases
comprised a large proportion of patients with HER2+ breast
cancer. In the KATHERINE study,'' a similar incidence of
brain metastases was observed in the trastuzumab and
T-DM1 groups. Of note, there is significant scope for
improvement in the monitoring and prevention of recur-
rence. In the future, effective tyrosine kinase inhibitor
drugs and monoclonal antibodies that can cross the blood-
brain barrier should be included in neoadjuvant chemother-
apy regimens to prevent brain metastases.’’ Similarly, the
National Comprehensive Cancer Network guidelines do not
recommend magnetic resonance imaging of the head during
follow-up of patients with breast cancer. Based on these
issues, the present results clearly emphasise the need for
systemic examination of patients with breast cancer who
have achieved pCR after neoadjuvant chemotherapy. In
this regard, it is necessary to develop clear methods and
standards for the early detection of distant metastases in
patients who have achieved pCR to improve prognosis and
survival.

Our study had several limitations. The study was retro-
spective in nature, and was conducted in a single institu-
tion, thus limiting the generalisability of the results. In
addition, the follow-up time was insufficient to identify
the most relevant endpoints. Furthermore, tumour size was
not uniformly distributed. One explanation for this is that
the patients included in our study were diagnosed at an
early stage and that Asian women typically have smaller
breasts than European and American women. Further
research should incorporate larger sample sizes and uni-
formly distributed tumour sizes.

In conclusion, our findings indicate that patients with
breast cancer who achieve pCR after neoadjuvant che-
motherapy have a good prognosis. However, patients
with a late clinical stage before neoadjuvant chemotherapy
remain at risk of recurrence after treatment. Therefore,
close follow-up is warranted to improve survival rates
and prevent recurrence and metastasis in this population.
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