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Abstract
Background: Although few patients with breast cancer experience tumor progression during neoadjuvant
systemic therapy (NST), their extremely poor outcomes are similar to patients who fail to achieve
pathological complete response (pCR). No reports have compared patients with pCR, non-pCR, and
progression during NST to determine the survival outcomes.

Methods: This retrospective chart review of patients with stage I–III breast cancer was conducted
between January 2001 and December 2018. pCR was de�ned as no invasive cancer or in situ residuals in
the breast and lymph nodes (ypT0 ypN0). Disease-free survival (DFS) and overall survival (OS) were
estimated using Kaplan–Meier methods.

Results: Of the 595 patients who received NST, 167 (29.2%) had pCR (pCR group), 404 (70.8%) responded
to NST but did not have pCR (non-pCR group), and 24 (4.0%) experienced tumor progression during NST
(PD group). The median DFS was 6.0 months, 154.0 months, and not reached in the PD, non-pCR, and
pCR groups, respectively. The PD group had signi�cantly shorter DFS than patients without tumor
progression in the pCR and non-pCR groups [hazard ratios (HR) 13.0, 95% CI: 8.1–21.0, p < 0.01]. The
median OS was 13.6 months (95% CI: 10.4–35.5) in the PD group and was not reached in the pCR and
non-pCR (non-PD) groups. The OS was signi�cantly poorer in the PD group than in the non-PD group (HR
15.8, 95% CI: 9.2–27.1, p < 0.01).

Conclusion: The PD group had the poorest survival outcomes even after recurrence, thus warranting new
treatment targets.

Background
The concept of preoperative chemotherapy was introduced in 1973 for locally advanced breast cancer [(1,
2)]. The role of neoadjuvant chemotherapy has continued to change over the nearly half century period
until today. Recently, neoadjuvant systemic therapy (NST) has become a standard treatment for high-risk
early breast cancer or locally advanced breast cancer [(3)]. NST for breast cancer has been established
for downstaging tumors and allowing breast-conserving surgery rather than mastectomy. Furthermore,
NST can potentially provide an early in vivo response to systemic treatment [(4)]. Therefore, the use of
NST has become more common in patients with operable disease [(5, 6)]. Moreover, the 2019 St. Gallen
International Breast Cancer Conference recommended neoadjuvant therapy as the preferred treatment
approach for stage II/III triple-negative and human epidermal growth factor receptor 2 (HER2)-positive
breast cancer, which gives patients the chance to avoid axillary dissection surgery, thus sparing women
loss of function and lymphedema and improving long-term outcomes with tailored approaches [(7)].

The role of pathological complete response (pCR) is becoming more important. However, the prognostic
signi�cance of pCR after NST remains controversial. Pooled analyses and meta-analyses have shown
that pCR has been proposed as a surrogate endpoint for the prediction of long-term clinical bene�ts, such
as disease-free survival (DFS), event-free survival, and overall survival (OS), particularly for triple-negative
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and HER2-positive breast cancer [(8, 9)]. Given this background, several clinical trials in neoadjuvant
settings have de�ned pCR as the primary endpoint.

Tumor progression during NST is a major concern because tumor upstaging may make breast
conservation impossible. Patients who experience tumor progression during NST or who do not achieve
pCR have been reported to have a poor prognosis [(10)]. However, no data comparing these three groups
(pCR, non-pCR, and tumor progression during NST) have been reported. We aimed to determine the
impact of tumor progression during NST on survival and to identify the clinical characteristics of patients
with stage I–III breast cancer.

Methods

Study design
This retrospective study evaluated the clinical characteristics of patients with stage I–III breast cancer
who received NST between January 2001 and December 2018. This study was approved by the
Institutional Review Board of the Aichi Cancer Center Hospital, and a prospectively collected database of
patients with breast cancer who received NST was established. Data were veri�ed via a retrospective
chart review of individual patient records, including age, tumor stage, estrogen receptor (ER) status,
progesterone receptor (PgR) status, HER2 receptor status, the presence of lymphovascular invasion,
histologic type, and tumor grade.

Progression during NST was de�ned as any clinical and/or radiographic increase in tumor size or the new
development of palpable lymphadenopathy or distant metastasis during treatment. pCR was de�ned as
the absence of invasive cancer and in situ residuals in the breast and in all sampled regional lymph
nodes following the completion of NST and no invasive residual disease (i.e., ypT0 ypN0 in the current
AJCC staging system) [(11)].

Patient Population And Treatment
All patients had stage I–III breast cancer. The following eligibility criteria were used for this study:
histologically con�rmed breast cancer, no previous chemotherapy, and adequate organ function. Patients
with advanced disease or double cancer were excluded. Patients who had not undergone breast surgery
were also excluded. Therefore, 645 patients were initially identi�ed, followed by the exclusion of patients
who did not receive NST (n = 23), patients who had metastatic lesions (n = 17), and patients who had
double primary cancer (n = 10); the participant selection �ow chart is shown in Figure 1.

NST treatment consisted of anthracycline- and/or taxane-based regimens, as determined by the breast
oncology team. The patients were evaluated at regular intervals during chemotherapy using physical
examinations and radiographic monitoring.
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Objectives
The primary objective of this study was to determine the impact of tumor progression during NST on
survival compared with pCR and non-PCR groups and to identify the clinical characteristics of patients
with stage I–III breast cancer who received NST. This study also assessed the survival outcomes after
recurrence for each group (progressive disease [PD], pCR, and non-pCR).

Statistical Analyses
OS1 was calculated from the date of surgery to the date of death from any cause, and OS2 was de�ned
as the time from the �rst recurrence to the date of death from any cause. DFS was de�ned as the time
from the date of breast surgery to the date of the �rst event (local, regional, or distant recurrence) or the
last follow-up or death. Progression-free survival (PFS) was assessed as the time from tumor recurrence
until the �rst progression event or death.

The patients were divided into three groups. We de�ned the patients who had pCR as the pCR group, the
patients who responded to NST but did not achieve pCR as the non-pCR group, and the patients who
experienced tumor progression during NST as the PD group. We assessed the survival outcomes of the
three groups. We estimated the hazard ratios (HRs) and 95% CIs of OS and DFS from strati�ed Cox
regression models with study as a strati�cation factor. The median OS, DFS, and PFS were determined
using Kaplan–Meier methods. The statistical analyses were performed with Stata IC 16 software (version
16).

Results

Patient characteristics
A total of 595 patients treated with NST were enrolled in this study. The breakdown of patients is
summarized in Figure 2. Of these patients, 167 (29.2%) experienced pCR (pCR group), 404 (70.8%) had
non-pCR without tumor progression (non-pCR group), and 24 (4.0%) experienced tumor progression
during NST (PD group). The baseline patients and tumor characteristics are listed in Table 1. The three
groups had similar median ages. In the PD group, 11 tumors were T4 (46%), 5 were T3 (21%), and 7 were
T2 (29%). The tumors tended to be smaller in the pCR and non-PCR groups than in the PD group. This
correlation with each group was also found for the node stage. These results indicate that patients in the
PD group were more likely to have advanced tumor size stages. However, tumor grade and Ki-67 scores
were not much higher in the PD group than in the non-pCR and pCR groups.
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Table 1
Patients’ characteristics before neoadjuvant systemic therapy

  pCR Non-pCR PD during NCT

    %   %   %

Age (median) 23–77 (50) 29–62 (49) 25–72 (49)

T stage

TX 7 4 3 1 0 0

T1 21 12 36 9 1 4

T2 110 66 239 59 7 29

T3 13 8 47 11 5 21

T4 16 10 79 20 11 46

N stage

N0 59 35 103 25 4 17

N1 89 53 227 56 12 50

N2 10 7 27 7 3 12

N3 9 5 47 12 5 21

TNM stage

I 6 4 13 3 0 0

II 122 73 238 59 7 29

III 39 23 153 38 17 71

Tumor grade

Unknown 6 4 7 2 0 0

1/2 33 20 264 65 5 21

3 128 76 133 33 19 79

Ki-67 score

≤20% 20 12 113 28 3 12

>20% 95 57 187 46 17 71

Unknown 52 31 104 26 4 17

Histology
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  pCR Non-pCR PD during NCT

Ductal 164 98 397 98.3 24 100

Lobular 0 0 2 0.5 0 0

Others 3 2 5 1.2 0 0

Lymphovascular invasion (LVI)

Unknown 139 83 103 25 2 9

Positive 1 1 204 50 22 91

Negative 27 16 97 24 0 0

Menopausal status

Premenopausal 95 57 220 54 6 25

Postmenopausal 67 40 168 42 18 75

Unknown 5 3 16 4 0 0

Subtype

HR+ HER2- 23 14 189 47 8 33

HR− HER2- 43 26 60 15 16 67

HR+ HER2+ 32 19 105 26 0 0

HR− HER2+ 69 41 50 12 0 0

Treatment

Anthracycline-based 9 5 20 5 1 4

Taxane-based 7 4 23 6 1 4

Anthracycline-taxane 150 90 358 88 21 88

Others 1 1 3 1 1 4

Most patients in the PD group had triple-negative breast cancer (n = 16); the luminal type was found in
only eight patients. However, no patients with HER2-positive breast cancer experienced progression
during NST. The neoadjuvant chemotherapy regimens were anthracycline-based, taxane-based, and
anthracycline followed by taxane. Anthracycline followed by taxane regimens were the most commonly
selected regimens, with a similar usage rate in each group (pCR group, 90%; non-pCR group, 88%; and PD
group, 88%). All the HER2 breast cancer patients received anti-HER2 treatment plus cytotoxic agents.

Survival Analysis
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DFS and OS1 were evaluated during a median follow-up time of 52.2 months (range, 1 to 166 months).
Recurrences occurred in 21 of 24 patients in the PD group (87.5%), 97 of 404 patients in the non-pCR
group (24.0%), and 6 of 167 patients in the pCR group (3.6%). The median DFS was 6.0 months (95% CI:
4.0–9.5) in the PD group, 154.0 months in the non-pCR group, and was not reached in the pCR group
(Figure 3). In the PD group, patients with tumor progression during NST had a signi�cantly shorter DFS
than patients without tumor progression in the pCR and non-pCR (non-PD) groups (HR 13.0, 95% CI: 8.1–
21.0, p < 0.01). The median OS1 was 13.6 months (95% CI: 10.4–35.5) and it was not reached in the non-
PD group. The OS1 was also signi�cantly worse in the PD group than in the non-PD group (HR 15.8, 95%
CI: 9.2–27.1, p < 0.01).

Clinical Outcomes After Recurrence
As a secondary analysis, we assessed the survival outcomes after recurrence. A total of 6, 97, and 21
patients in the pCR, non-pCR, and PD groups received �rst-line systemic therapy, respectively (Figure 2).
Twenty-one patients in the PD group experienced recurrence (87.5%). The treatments included
chemotherapy, endocrine therapy (46), and radiotherapy after recurrence. In the PD groups, 17 patients
(80.9%) received chemotherapy as the �rst-line treatment, and 3 patients (14.3%) received endocrine
therapy.

The median PFS after �rst-line therapy was 1.9 months (95% CI: 1.0–3.3) in the PD group, 17.8 months in
the non-pCR group, and 14.1 months in the pCR group. The PD group had a signi�cantly shorter PFS after
the �rst-line therapy than the non-PD group (HR 4.2, 95% CI: 2.5–7.2, p < 0.01); the same trend was
reported in patients with triple-negative or luminal-type breast cancer. The median OS2 time was 8.0
months (95% CI: 5.2–13.1) in the PD group and 51.0 months (95% CI: 33.0–69.3) in the non-PD group
(Figure 4). Signi�cantly worse survival outcomes were noted in the PD group compared with the non-PD
group (HR 3.6, 95% CI: 2.0–6.4, p < 0.01).

Figure 5 presents a swimmer plot of treatment after recurrence in the PD group. Most patients
experienced poor outcomes even after later line treatments. However, triple-negative breast cancer treated
with carboplatin had a high e�cacy (number 1 in Figure 5), and endocrine therapy with cyclin-dependent
kinase (CDK) 4/6 inhibitor or mammalian target of rapamycin (mTOR) inhibitor also had an antitumor
effect in a few patients with hormone receptor-positive breast cancer (numbers 16 and 17 in Figure 5).

Discussion
Our results revealed that tumor progression during NST has a negative impact on survival outcomes. To
the best of our knowledge, this is the �rst report assessing patients divided into three groups (PD group,
non-pCR group, and pCR group). The association of tumor progression during NST with poor outcomes
was also supported in recurrence settings. Many studies have reported the clinical and molecular
predictors of pCR [(4, 12–19)], and pooled analyses and meta-analyses have supported the same �ndings
[(8, 9)]. However, few reports have focused on the predictors of tumor progression during NST. In the
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literature, cancer progression while receiving NST was reported by the MD Anderson Cancer Center in
America [(10)] and the Sunnybrook Odette Cancer Center in Canada [(20)].

Predictive factors of tumor progression during neoadjuvant chemotherapy were reported by Abigail Set al
[(10)]. They identi�ed advanced tumor stage, high nuclear grade, high Ki-67 score, and ER/PgR negativity
as predictive factors. However, these statuses were also reported as predictive factors for pCR [(21–23)].
The mechanisms or molecular markers that differentiate chemotherapy-sensitive tumors from
chemotherapy-resistant tumors are not well known. Furthermore, there are no novel therapeutic targets for
patients with tumor progression during NST.

Recently, circulating tumor DNA (ctDNA) has shown an important role in monitoring the early response
and predicting survival outcomes after chemotherapy treatment [(24–26)]. The presence of ctDNA has a
marked prognostic value when detected after surgical resection [(27)]. Several studies have reported that
ctDNA detection at the end of neoadjuvant chemotherapy indicates worse survival outcomes [(28)].
Shunying Li et al demonstrated that ctDNA can be used to predict the tumor response during NST in
breast cancer, which may provide personalized treatment with escalating the treatment for the patients
with poor outcomes [(29)]. This study showed that the presence of ctDNA before NST was correlated with
a worse prognosis, particularly in ER-negative patients. These results suggest that monitoring and
detecting ctDNA may help identify the patients with tumor progression during NST.

Enhancing the e�cacy of neoadjuvant chemotherapy with immune checkpoint inhibitors might be one of
the methods for overcoming primary resistance, which results in the decrease of tumor progression
during NST. Two studies in neoadjuvant settings have reported a high response rate to treatment with
immune checkpoint inhibitors in a phase 3 trial [(30)-(31)]. These results suggest that there are very large
bene�ts, in terms of pCR, from adding immune checkpoint inhibitors to chemotherapy, particularly in
high-risk triple-negative patients, who have a similar status to the patients who experienced tumor
progression during NST in our study.

Response-guided therapy with neoadjuvant chemotherapy is the standard strategy for early breast cancer
[(32)]. Triple-negative and HER2-positive subtypes are particularly good candidate populations for this
strategy, as was shown in the CREATE-X trial [(33)] and KATHERINE trial [(34)]. However, there is no
effective therapy for patients with PD during NST. In this study, almost all patients experienced early
recurrence and extremely shorter survival regardless of whether they received standard or optional
treatment after recurrence in the PD group.

A single institution retrospective study demonstrated the e�cacy of salvage therapy for patients with
early breast cancer who experience disease progression during NST [(20)]. The salvage treatment
includes surgery, concurrent chemoradiation with cisplatin, and chemotherapy alone. They concluded
that patients progressing on NST responded well to salvage therapy; however, our study reported poor
outcomes in patients with tumor progression during NST compared with those without tumor
progression. Interestingly, it was suggested that the e�cacy of a platin-based regimen was the same in
as our study.
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Moreover, one of the differences between the KEYNOTE-522 and IMpassion051 trials is the combination
of chemotherapy, speci�cally whether carboplatin is included. The KEYNOTE-522 trial evaluated
treatment including carboplatin and reported a PD rate during neoadjuvant chemotherapy that was lower
than in the IMpassion031 trial (1.3% in the KEYNOTE-522 trial vs. 3.0% in IMpassion051 trial) [(30, 31)].

Our study has several limitations. First, this study was a retrospective study conducted based on medical
record; therefore, it was di�cult to perform multivariable regression analyses to account for potential
confounders. Second, this study was performed in a single institution. However, 595 patients were
enrolled in this study, which was thought to be a su�cient sample size.

Conclusion
Our �ndings indicate that the patients who experienced tumor progression during NST had poor survival
outcomes with a shorter DFS, and even treatments after recurrence were not su�ciently effective. Future
studies are necessary to investigate new target treatments for those with the worst outcomes
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Figures

Figure 1

Study �ow chart
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Figure 2

Patients who received neoadjuvant systemic therapy and those who received �rst-line treatment after
recurrence. EBC, early breast cancer; pCR, pathological complete response; PD, progressive disease

Figure 3

Kaplan–Meier survival curves for disease-free survival (DFS) and overall survival 1 (OS1): according to
the response to neoadjuvant systemic therapy in the pathological complete response (pCR group),
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response to NST but not pCR (non-pCR group), and tumor progression during NST (PD group) groups.

Figure 4

Kaplan–Meier survival curves for progression-free survival (PFS) and overall survival 2 (OS2): according
to tumor progression during neoadjuvant systemic treatment (PD group) or no tumor progression (non-PD
group).

Figure 5

Swimmer plot of treatment after recurrence in the PD group TNBC, triple-negative breast cancer


