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Abstract

Purpose Progression during neoadjuvant chemotherapy

(NAT) for early and locally advanced breast cancer is

generally uncommon. However, these patients tend to do

poorly, and salvage therapy (ST) use is variable and often

not well defined. We aimed to establish the characteristics

and outcomes of breast cancer (BC) patients progressing on

NAT, report the patterns of institutional ST usage, and

identify predictors of ST failure.

Methods A retrospective review was conducted using the

‘‘Biomatrix’’ institutional database. Fisher’s exact test was

used to study the association between baseline character-

istics and progression after ST. Survival outcomes were

estimated using Kaplan–Meier. Disease-Free Survival 1

(DFS1) and DFS2 represent the time between diagnosis

and first progression, and the first and second progression,

respectively. The log-rank test was used to compare sur-

vival outcomes between different ST types.

Results Thirty patients out of 413 (7.2%) progressed on

primary NAT, with a median follow-up of 28.52 months

(13.77–46.97) and a mean age of 57 years (standard

deviation: 12). The two most frequently used ST modalities

were surgery (43%) and radiation with concurrent cisplatin

chemotherapy (CT/RT) (40%). Eighty percent of the

patients made it to subsequent surgery and among those, 11

(69%) were initially not operable and their tumors were

rendered surgically removable after ST. The initial tumor

stage and grade, and the presence of lymphovascular

invasion predicted progression after ST (p = 0.02,

p = 0.03 and p = 0.01, respectively). Median DFS1,

DFS2, and overall survival were 4.4 months (95% CI

3.6–5.7), 14.8 months (95% CI 2.37–NR), and

39.5 months (95% CI 22.73–NR), respectively. No differ-

ence in survival outcomes based on ST type was seen.

Conclusion In this evaluated cohort and despite potential

poorer outcomes, patients progressing on NAT responded

well to ST, became operable, and had promising survival

outcomes. Appropriate selection of ST is crucial, and can

help improve outcomes in such patients.

Keywords Breast cancer � Neoadjuvant chemotherapy �
Progression � Salvage therapy

Introduction

Locally advanced breast cancer (LABC) accounts for

5–15% of new breast cancer (BC) cases in high income

nations, and for 40–60% of new cases in lower income

nations [1]. Typically, LABC patients are treated with pre-

operative, or neoadjuvant chemotherapy (NAT) followed

by surgery, with tumor downstaging and breast conserva-

tion as major goals. NAT also enables the primary tumor

response to serve as an in vivo chemosensitivity test: a

reduction in the primary tumor volume can be thought to

represent a reduction in micrometastatic disease [2].

The proven benefits of NAT in downstaging tumor

burden, increasing breast conservation rates, and improving
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outcomes justify its routine clinical use in LABC. How-

ever, the routine use of NAT in early operable BC is less

clear, given the lack of prospective evidence supporting its

superiority to adjuvant chemotherapy in terms of overall

survival [3]. However, the retrospective data are limited

and largely based on older trials with older chemotherapy

regimens. In addition, as the burden of residual disease

after NAT is an important prognostic factor, and a com-

plete pathologic response (pCR) is known to correlate with

excellent patient outcomes [4–7], as such, many clinicians

support the use of NAT in early, operable BC, particularly

with high-risk phenotypes. A recent consensus recom-

mends that it should be considered for all patients who are

candidates to receive adjuvant chemotherapy [8].

Several studies have attempted to determine predictors

of response to NAT and pCR rates [9–12]. Among them,

ER-negative tumors, HER2-positive tumors, high Ki-67

expression, and the presence of tumor-associated lympho-

cytes appear to be the most robust markers yet reported

[13–19]. However, predictors of progression during NAT

are rarely studied mainly because only a minority of

patients actually progress during NAT. A large series from

MD Anderson reported that approximately 5% of the NAT

patients progressed during treatment, and found that pre-

dictors of disease progression included race, large initial

tumor size, ER and PR negativity, high Ki-67 scores, and

high nuclear grade [20]. Interestingly, many of these tumor

characteristics that correlated with progression have also

been associated with a likelihood of complete response to

NAT, as mentioned above.

Patients who progress during NAT tend to have poor

outcomes, and no standard salvage treatment (ST) has been

established for such patients. Different ST approaches are

used, which include switching systemic therapies, radiation

therapy (with or without additional chemotherapy), and

surgery. Ultimately, it is important to identify these

patients in a timely manner in order to optimize their

subsequent treatments and outcomes.

Rationale

Given the variability of salvage therapies for patients

progressing on NAT, and the paucity of data on predictors

of ST failure, we believe it is important to establish the

characteristics of BC patients treated with NAT at our own

center who progressed and required ST.

Objectives

The primary objective of this study was to identify and

describe the characteristics of patients with disease pro-

gression during NAT at our institution, to determine the

types of salvage therapies used, and in particular, to

establish patterns and predictors of ST failure. The ultimate

aim is to identify the best ST strategy to use in that setting

and the clinical features of the patients with the highest risk

of failure after ST. The secondary objective was to study

the association between the different ST types and survival

outcomes including overall survival (OS) and disease-free

survival (DFS). A particular unique endpoint was to

establish DFS both before and after ST (DFS1 and DFS2).

Methods

Study design

This was a retrospective cohort study using data housed

within the Sunnybrook Biomatrix. This is a secure, privacy-

protected institutional data warehouse, currently housing

several breast cancer databases. The web-based platform

allows investigators to enter patient-level data throughout

the cancer journey and facilitate REB-approved retrospec-

tive research. The Biomatrix currently houses a dedicated

LABC database, which captures patients treated with

neoadjuvant therapy at our institution, with patient consent.

REB approval was granted to use these data for the project.

Baseline de-identified patient, tumor, and treatment char-

acteristics were evaluated, including age, tumor stage,

receptor status (Estrogen, progesterone, HER2), the pres-

ence of lymphovascular invasion, histologic type, tumor

grade, and type of surgery (breast and axillary). Clinical and

pathologic staging was based on the seventh edition of the

American Joint Committee on Cancer staging criteria [21]

and tumor grading was based on the Nottingham score.

Patient population and treatment

All patients within the Biomatrix LABC database with

evaluable data who progressed clinically and/or radiologi-

cally during their NAT were included in the study; this

included early breast cancer patients treated with NAT.

Patients with metastatic disease (stage 4) at diagnosis and

those treated with upfront radiation therapy or endocrine

therapy were excluded.

Progression was defined as any clinical and/or radio-

graphic increase in tumor size or new development of

palpable lymphadenopathy or distant metastasis during

NAT, which prompted salvage treatment (switch in NAT,

radiation therapy with or without chemotherapy, and/or

early surgery), or a complete cessation of curative-intent

treatments (including initiation of palliative systemic

therapy for established distant metastases). If the clinical

exam was equivocal and suspicious for progression, an

ultrasound, a mammogram, and/or a breast MRI were

performed to confirm the progression and in some cases a
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computed tomography scan was added to rule out any

metastasis. The change in NAT (chemotherapy) was con-

sidered as salvage if it was a regimen different than the

planned initial treatment (considering most planned treat-

ments including polychemotherapy with both anthracycli-

nes and taxanes). As such, patients were considered as

progressing if they showed progression on their anthracy-

cline or taxane therapy. A switch to the taxane portion of

the regimen was considered ST if the anthracycline portion

was stopped and the switch happened earlier than what the

initial regimen dictated. The goal of ST was to achieve

surgical operability; in some cases, tumors were thought to

be operable at the time of progression and no further sys-

temic therapy or radiation was utilized. In these cases,

surgery itself was considered as the primary ST as long as

it happened before the end of the pre-planned systemic

therapy.

Treatment information included initial NAT

(chemotherapy), any interruption or adverse events from

NAT, and salvage treatments used (different systemic

therapy, radiation, and/or surgery). Type of progression

(local, regional, distant) and methods of evaluation (clini-

cal, radiographic) were also collected. pCR rates were

established for those patients that were able to proceed with

surgery. pCR was defined as the complete absence of

invasive carcinoma in breast and lymph nodes; ductal

carcinoma in situ was allowable.

Statistical analyses

All continuous variables were reported as means and

medians with standard deviation and interquartile ranges as

appropriate. All categorical variables were reported as

frequency counts and proportions.

Follow-up time was estimated using the inversed

Kaplan–Meier method [22]. Overall Survival (OS) was

defined as the time from diagnosis until death. DFS1 was

defined as the time from diagnosis until the date of the first

event (local, regional or distant recurrence) or death. DFS2

was defined as the time between the first progression and

the second progression (after ST) or the date of last follow-

up or death. Patients without an event (death for OS and

progression or death for DFS) were censored at the time of

their last follow-up. OS and DFS for the whole population

were estimated using the Kaplan–Meier method [23].

Fisher’s exact test was used to study the association

between baseline characteristics and tumor progression

after ST. A log-rank test was used to compare the survival

outcomes (OS and DFS2) between groups depending on

the ST used: group 1 included patients treated with con-

comitant chemotherapy/radiation therapy (CT/RT) as ST

and group 2 included patients treated with other ST

modalities. The choice of groups was based on the number

of patients in each ST group and the clinical interest in the

CT/RT regimen at our center. A two-tailed p value

of\=0.05 was considered statistically significant for our

analyses. Statistical analyses were performed with SAS�

version 9.4 software (Cary, NC, USA).

Results

Patient characteristics

A total of 413 patients treated with NAT were eligible for

evaluation; of these, 30 (7.2%) had progression on primary

NAT, and were included in our analyses. The median study

follow-up was 28.52 (13.77–46.97) months. Baseline

patients and tumor characteristics are presented in Table 1.

Of note, 57% of the patients with progression (17/30) had a

triple-negative BC phenotype (TN) and 23% (7/30) were

HER2-positive.

Treatment characteristics of patients

with progression

All 30 patients who progressed received conventional

chemotherapy (anthracycline–taxane based) in the neoad-

juvant setting, and had a clinical and/or radiographic pro-

gression during their therapy. A dose reduction of the pre-

planned neoadjuvant chemotherapy regimen was noted in

six patients (20%) due to toxicity. Subsequently, they

received ST with an interruption in their planned NAT

course. A multidisciplinary team, including the treating

medical oncologist, radiation oncologist and surgeon,

generally decided the choice of ST. The different primary

NAT regimens and types of ST used are presented in

Table 2. Figure 1 represents the type of ST used by BC

phenotype; patients with HER2-positive phenotype had

upfront surgery as ST in 72% of the cases, while patients

with TN phenotype had CT/RT as ST in 53% of the cases.

Response to salvage therapy

Eighty percent of the patients with progression (24/30)

made it to surgery. This included patients treated with

surgery as primary ST and patients treated with non-sur-

gical ST who became operable thereafter. Forty-three

percent (13/30) of the patients had upfront surgery as ST

and 69% of the patients initially deemed to be non-operable

at the time of progression (11/16 evaluable) were treated

with non-surgical ST modalities and rendered operable and

had surgery subsequently. Response by type of ST is pre-

sented in Table 3. One patient (1/24, 4%) was found to

have a pCR at the time of surgery and one patient pro-

gressed during ST (1/30, 6%).
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Predictors of progression after salvage therapy

After the end of ST, 57% of the patients (17/30) developed

a progression subsequently. Among those, 53% were TN

(9/17) and 29% were HER2? (5/17). It was evaluated if

baseline tumor characteristics were associated with pro-

gression after ST (ST failure). It was found that higher

tumor stage (p = 0.02), higher tumor grade (p = 0.01),

and the presence of LVI (p = 0.03) were significantly

associated with progression after ST. A multivariable

logistic regression analysis was not performed because of

the small number of events observed (N = 17), which did

not allow for any statistical model with more than one

variable to be fit and to control for potential confounders.

The univariate analysis for all baseline characteristics is

presented in Table 4.

Survival analysis

As a secondary analysis, we reported the survival outcomes

of our study cohort. Median DFS1 was 4.4 months (95%

CI 3.6–5.7), median DFS2 was 14.8 months (95% CI 2.37–

NR), and median OS was 39.5 months (95% CI 22.73–NR)

(Figs. 2, 3 4, respectively). At 2 years after the first pro-

gression, 43.3% of patients remained recurrence-free and

66% were still alive.

We also evaluated if any particular ST was associated

with better patient outcomes. We used the CT/RT treat-

ment regimen as a standard comparator to all the other

salvage modalities because of our specific interest in this

regimen and preliminary data showing its efficacy espe-

cially in TNBC. There did not appear to be any difference

in survival outcomes based on ST; the OS and DFS2 were

not statistically different between the CT/RT regimen and

the rest of the regimens used. However numerically, the

survival outcomes were in favor of the CT/RT regimen. At

3 years after the first progression, 53.3% versus 30.5% and

65.5% versus 45.9% of the patients who received CT/RT

versus other treatment modalities as ST were recurrence-

free and alive, respectively (log-rank test, p = 0.38 and

p = 0.35) (Fig. 5 and 6).

Discussion

To our knowledge, our study is only the second institu-

tional series of patients progressing on NAT in the litera-

ture, the first being a patient cohort from MD Anderson

[20]. Predictors of tumor response to NAT are well

described [9–19]; however, predictors of progression, and

the outcomes of these patients are less well studied; one

likely reason for this is the low proportion of patients (5-

10%) that actually do progress on NAT.

While in the MD Anderson series, predictors of tumor

progression were identified; for the first time, we evaluated

features that correlate with ST failure, and the outcomes of

patients who receive these secondary treatments. Many of

the baseline tumor characteristics identified (such as

receptor status), which correlate with primary progression

on NAT and progression on ST, are also known to correlate

with response [14–17]; hence, these features themselves

Table 1 Patients’ and tumor characteristics

Patients’ and tumor characteristics N = 30 (%)

Mean age (SD) 57 (12)

T stage

T1 (%) 1 (3.3)

T2 (%) 3 (10)

T3 (%) 14 (47)

T4 (%) 11 (37)

Not applicable (%) 1 (3.3)

N stage

N0 (%) 6 (20)

N± (%) 24 (80)

N1 (%) 19 (63)

N2 (%) 3 (10)

N3 (%) 2 (7%)

TNM stage

II (%) 8 (27)

III (%) 21 (70)

Not applicable (%) 1 (3.3)

Tumor grade

Grade 2 (%) 5 (17)

Grade 3 (%) 23 (77)

Not reported (%) 2 (6%)

Hormone receptor (±) 7 (23.3)

ER? (%) 5 (16.7)

PR? (%) 3 (10)

HER2? (%) 7 (23)

LVI? (%) 15 (50)

Histology

Ductal (%) 28 (93)

Metaplastic (%) 2 (7%)

Local progression only (%) 29 (97)

Distant progression only (%) 1 (3)

Diagnosis of progression* (%)

Only clinical 16 (53)

Clinical ? mammogram 5 (17)

Clinical ? ultrasound 6 (20)

Clinical ? MRI 7 (23)

ER estrogen receptor, PR progesterone receptor, LVI lymphovascular

invasion

* Some patients had more than one imaging modality (e.g., mam-

mogram and MRI)
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would not be useful markers to help predict patient

response or progression upfront.

Interestingly, a significant number of non-operable

patients who initially progressed on NAT (69%) were able

to undergo surgery after receiving different types of non-

surgical ST. This study not only described the different ST

modalities used but also showed that non-surgical ST

modalities were efficient enough to change the course and

the surgical outcome for the majority of these patients

Table 2 Treatments’

characteristics (Neoadjuvant

chemotherapy and Salvage

therapy strategies)

Treatments’ characteristics N = 30 (%)

Treatment regimens (with/without Herceptin)

dd AC-Pacli* (%) 8 (27)

FEC-D** (%) 8 (27)

AC-D*** (%) 6 (20)

TC**** (%) 1 (3.3)

ET***** (%) 6 (20)

Other 1 (3.3)

Salvage RT (%) 3 (10)

Salvage CT (%) 2 (7)

Vinorelbine ? trastuzumab 1

Cisplatin 1

Salvage CT/RT (50 Gy/25 fractions ? weekly

cisplatin (25 mg/m2) for 5 weeks (%)

12 (40)

Salvage surgery upfront (%) 13 (43)

CT chemotherapy, RT radiation therapy

* dd AC-Pacli: Dose dense Adriamycin–Cyclophosphamide–Paclitaxel (Q2 weeks)

** FEC-D: 5 Fluorouracil–Epirubicin–Cyclophosphamide–Docetaxel (Q3 weeks)

*** AC-D: Adriamycin–Cyclophosphamide–Docetaxel (Q3 weeks)

**** TC: Taxotere–Cyclophosphamide (Q3 weeks)

***** ET: Epirubicin–Taxotere (Q3 weeks)

Fig. 1 Type of salvage therapy used by phenotype

Table 3 Details of response to salvage therapy (ST)

Treatments’ characteristics N = 30 (%)

Response to non-surgical ST (N = 16 evaluable)

Partial response while on ST (%) 14 (87.5)

Stable disease while on ST (%) 1 (6)

Progression while on ST (%) 1 (6)

Surgery post progression (including upfront ST

surgery and surgery after non-surgical ST) (%)

24 (80)

Mastectomy (%) (N = 24 evaluable) 24 (100)

Axillary lymph node dissection (%)/Sentinel lymph

node biopsy (%) (N = 24 evaluable)

23 (96)/1(14)

pCR (%) (N = 24 evaluable) 1 (4)

pCR pathologic complete response

Table 4 Univariate analysis for predictors of tumor progression after

the end of salvage therapy (ST)

Predictors of progression after ST p value (Fisher exact test)

Surgery post progression 0.19

T (size of tumor) 0.12

N (Nodal status) 1.0

Stage (AJCC) 0.02

LVI 0.01

Salvage therapy type 0.26

Age 0.69

Phenotype (TN vs. other) 0.5

Nuclear grade 0.03

ER status 0.63

PR status 0.56

HER2 status 0.43

The bold numbers indicates statistically significant p value

TN triple-negative, LVI lymphovascular invasion, ER estrogen

receptor, PR progesterone receptor
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especially if we consider that the ultimate goal was to make

it to surgery.

One of the interesting regimens is the CT/RT regimen,

which has been developed and used at our institution

among a few others centers in our region; this regimen uses

weekly cisplatin (25 mg/m2) along with daily radiation

therapy for 5 weeks. Previous studies have assessed similar

protocols using other chemotherapy drugs (taxanes or

capecitabine) in different settings such de novo NAT for

LABC or treatment for local recurrence, and the results

were also promising [24, 25]. Work is ongoing using this

ST for TN patients who progress on NAT.

Although no difference in survival was detected

between all the ST regimens used from a statistical per-

spective, the clinical differences appeared to be meaningful

comparing the CT/RT salvage regimen compared to all

Fig. 2 DFS1 survival curve:

Median DFS1 4.4 months (95%

CI 3.7–5.7)

Fig. 3 DFS2 survival curve:

Median DFS2 14.8 months

(95% CI 2.37–NR)
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others. Numerically, the survival outcomes were in favor of

the CT/RT regimen especially for the TN phenotype.

However, due to the low number of events, conclusions

from this analysis are limited. It is quite notable, however,

that OS and DFS after ST are quite promising despite these

patients historically having a poor prognosis. The follow-

up interval was also rather short, and so longer follow-up

would be ideal to establish if these relatively good out-

comes persist.

Limitations to this work include the retrospective and

exploratory nature of the analyses, and the lack of multivari-

able regression analyses to account for potential confounders.

Furthermore, the low number of patients and eventsmay have

underpowered our analysis to detect any statistically

Fig. 4 OS survival curve.

Median OS 39.5 months (95%

CI 22.73–NR)

Fig. 5 DFS by ST type (CT/RT

vs. rest of ST). DFS: log-rank

test, p = 0.38
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significant survival difference between the ST regimens. In

addition,we recognize that it would have also been interesting

to assess the effect of dose reduction during NAT on pro-

gression rates. However, the number of patients we encounter

in the clinical setting, who progress during NAT, is very low

(5–10%), and renders such analyses challenging.

Conclusion and future work

This study identified for the first time predictors of ST

failure in patients who progress initially during NAT.

Despite their known poor outcome, a significant number of

patients were rendered operable after receiving different

non-surgical ST and their survival outcomes were quite

promising. The CT/RT regimen seemed as an interesting

ST option mainly for TNBC patients and this is currently

being evaluated at our institution.

On another hand, In order to identify these patients at an

early stage and ultimately change our treatment strategies

and their outcomes, new biomarkers such tumor infiltrating

lymphocytes need to be studied and validated in well-de-

signed prospective studies.
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