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Abstract

Purpose—While various studies have highlighted the prognostic significance of pathological 

complete response (pCR) after neoadjuvant chemotherapy (NAT), the impact of additional 

adjuvant therapy after pCR is not known.

Experimental Design—PubMed was searched for studies with NAT for breast cancer and 

individual patient-level data was extracted for analysis using plot digitizer software. Hazard ratios 

(HRs), with 95% probability intervals (PIs), measuring the association between pCR and overall 

survival (OS) or event-free survival (EFS), were estimated using Bayesian piecewise-exponential 

proportional hazards hierarchical models including pCR as predictor.

Results—Overall, 52 of 3209 publications met inclusion criteria, totaling 27,895 patients. 

Patients with a pCR after NAT had significantly better EFS (HR 0.31, 95% PI: 0.24–0.39), 

particularly for triple negative (HR 0.18, 95% PI: 0.10–0.31) and HER2+ (HR 0.32, 95% PI: 0.21–

0.47) disease. Similarly, pCR after NAT was also associated with improved survival (HR 0.22, 

95% PI: 0.15–0.30). The association of pCR with improved EFS was similar among patients who 

received subsequent adjuvant chemotherapy (HR 0.36, 95% PI: 0.19–0.67) and those without 

adjuvant chemotherapy (HR 0.36, 95% PI: 0.27–0.54), with no significant difference between the 

two groups (p = 0.60).
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Interpretation—Achieving pCR following NAT is associated with significantly better EFS and 

OS, particularly for triple negative and HER2+ breast cancer. The similar outcomes with or 

without adjuvant chemotherapy in patients who attain pCR likely reflects tumor biology and 

systemic clearance of micrometastatic disease, highlighting the potential of escalation/de-

escalation strategies in the adjuvant setting based on neoadjuvant response.

Introduction

Neoadjuvant chemotherapy (NAT) is increasingly being utilized as the frontline therapy for 

the management of high-risk localized breast cancer. Studies have demonstrated no 

difference in survival between adjuvant or neoadjuvant setting.1,2 NAT for breast cancer is 

an established therapeutic option for selected high-risk, locally advanced or unresectable 

breast cancers, or to improve eligibility for breast conserving surgery (BCS).2 Because the 

primary tumor remains intact during therapy, the neoadjuvant treatment strategy allows for 

monitoring of treatment response and discontinuing of therapy in the event of disease 

progression.

From a research perspective, the neoadjuvant setting has become recognized as a human in 
vivo system to evaluate predictive biomarkers, surrogate endpoints, and the efficacy of 

therapies including novel agents.3 The neoadjuvant therapy model provides a potential 

efficient trial design to explore the efficacy of novel therapies utilizing pathological 

complete response (pCR) as a surrogate marker for disease free-survival and overall 

survival.3

Yet, the prognostic significance of pCR after neoadjuvant chemotherapy remains somewhat 

controversial. While pCR demonstrates sensitivity to agents received in the neoadjuvant 

setting, true demonstration of treatment efficacy is dependent on its ability to predict long-

term outcomes of recurrence and death, and this issue has not been completely settled in the 

literature. In a pooled analysis of 12 clinical trials by Cortazar et al., the authors 

demonstrated that pCR is associated with improved event-free survival (EFS), but the 

association between the magnitude of treatment-induced pCR change and corresponding 

improvement in EFS could not be established (i.e. delta pCR and delta EFS).4 Similarly, a 

meta-regression of 29 randomized prospective studies of NAT demonstrated pCR to be a 

strong prognostic factor, but the magnitude of relationship between pCR and EFS varied by 

type of NAT.5 However, most neoadjuvant trials are powered to detect a difference in pCR 

among regimens, and likewise are not powered for long-term outcomes. Furthermore, these 

studies did not evaluate the impact of pCR on the utility of adjuvant therapy, which could 

potentially influence the clinical outcomes in patients with localized breast cancer. 

Additionally, clinical subtype of breast cancer is an important factor to consider given 

differences in tumor biology as well as targeted therapy usage. The association of pCR with 

improved long-term outcomes is recognized for human epidermal growth factor receptor-2 

positive (HER2+) breast cancer and triple negative (TN) breast cancer (TNBC),6 but is less 

understood for hormone receptor-positive (HR+)/HER2- breast cancer, where pCR is less 

common and adjuvant endocrine therapy is the mainstay of systemic therapy.
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The objective of this study was to conduct a comprehensive meta-analysis of studies on 

neoadjuvant chemotherapy for localized breast cancer using extracted patient level data to 

ascertain the potential association between pCR and subsequent breast cancer recurrence as 

well as survival, with careful consideration of tumor subtype, and the relationship between 

pCR and adjuvant treatment in modulating clinical outcomes.

Materials and Methods

Identification of Studies

Based on the guidelines of the Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) statement,7 a librarian-led systematic search restricted to English of 

PubMed was initially performed in September 2016 to identify potentially eligible studies. 

Meeting abstracts were excluded. The search strategy keywords included “breast cancer,” 

“neoadjuvant therapy,” “preoperative therapy,” “pathologic complete response,” “survival”, 

and “recurrence.” The detailed search strategy (eAppendix 1) and the flow diagram detailing 

study selection (eFigure 1) are available in the Supplement. We also reviewed reference lists 

of eligible studies, manuscripts citing the selected studies, and relevant reviews to identify 

additional publications. If it was determined that more than one publication reported on the 

same trial or patient cohort, the outcomes from the most recent publication were included.

Eligibility Criteria

Inclusion criteria were clinical trials, prospective cohort studies, or retrospective cohort 

studies that reported pCR results after neoadjuvant chemotherapy as well as breast cancer 

recurrence and/or survival stratified by the presence or absence of pCR, with a total sample 

size of 25 patients or greater. Publications were included regardless of neoadjuvant regimen 

received. Studies including any neoplasm other than female breast cancer were excluded, as 

well as studies analyzing unresectable or metastatic breast cancer. Endocrine-therapy based 

neoadjuvant studies and neoadjuvant studies with radiation were also excluded. Studies were 

excluded from sub-analyses based on receptor subtypes if HER2 status was unknown. 

Furthermore, only those publications where individual patient level data was extractable 

either in the form of Kaplan Meier curves with event data and/or survival estimates (e.g. 

median survival, and/or another landmark event such as 5 year survival with event data) 

were included.

Data Extraction

For each selected manuscript, the following information was recorded by two independent 

reviewers: primary author name, year of publication, sample size, duration of follow-up, 

definition of pCR, patient and tumor characteristics, neoadjuvant regimen, adjuvant regimen 

if applicable, number of patients achieving a pCR, and number of outcome events by pCR 

status. When available, outcomes based on the major breast cancer subtypes were extracted. 

We obtained the individual patient data (IPD) used in our analysis from the selected 

manuscripts by one of two methods. If available, method one used the Kaplan-Meier (KM) 

curves (extracted from the manuscript using the DigitizeIt (c) software)8 to reconstruct the 

IPD data via the method of Guyot et al.9 Alternatively, if KM curves were not available, 

method two used either a measure of median survival or a landmark event, and assumed an 

Spring et al. Page 3

Clin Cancer Res. Author manuscript; available in PMC 2020 December 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



exponential distribution to impute the IPD from the metric. Identical methods to recover the 

IPD data were used for both the pCR and non-pCR groups within each study to reduce bias.

Evaluation of Bias

A broad inclusion criterion was utilized as detailed above. All manuscripts were peer-

reviewed publications and abstracts were therefore not included. Studies were allowable 

regardless of industry sponsorship. Demographic information on the study population and 

treatment details for each included manuscript was extracted and is presented in Table 1 and 

the Supplement (eTable1) for comparison. A broad global population was represented.

End Points

The primary clinical outcomes were breast cancer recurrence and overall survival. Results 

were examined in the overall study population and in sub-analyses based on tumor subtype 

and treatment characteristics. Overall survival (OS) results were used to determine survival. 

A variety of end points were used among the manuscripts to describe breast cancer 

recurrence, including event-free survival (EFS), progression-free survival, recurrence-free 

survival, relapse-free survival, disease-free survival, and distant disease-free survival. These 

end points were treated as equivalent for the aggregate analyses and EFS is used throughout 

this article as a representative term, as done in previous meta-analyses.6 Endpoints with local 

recurrence only were excluded. The number of patients with and without a pCR (both breast 

and lymph nodes) in each manuscript was extracted. Allowable definitions of pCR were 

ypT0 ypN0 (no invasive or noninvasive residual in breast or nodes) and ypT0/is ypN0 (no 

invasive residual in breast or nodes; noninvasive breast residuals allowed), as suggested by 

FDA guidelines.10 If results were available for both of the allowable pCR definitions, 

ypT0/is ypN0 was utilized. Studies only listing pCR breast (with no information on lymph 

nodes) were excluded as well as studies utilizing the Sataloff criteria for pathologic tumor 

status given this definition allows minimal residual disease in the breast.11 Studies were 

considered to have used adjuvant chemotherapy if the majority (≥90%) of patients received 

adjuvant chemotherapy, and studies were considered to have not used adjuvant 

chemotherapy if the minority (<10%) of patients received adjuvant chemotherapy.

Statistical Methods

Hazard ratios (HRs) measuring the association between pCR and OS or EFS, were estimated 

using Bayesian piece-wise exponential proportional hazards hierarchical models 

(considering dispersed prior distributions) using pCR as a predictor, together with their 95% 

probability intervals (95% PIs, the Bayesian equivalent of a confidence interval). A piece-

wise exponential model assumes the hazard of an event to be constant within pre-specified 

time intervals.12 Following Broglio et al., in our analyses we assumed that the hazard of OS 

or recurrence remained constant within each of 22 intervals of follow-up, the first 2 spanning 

6 months and the remaining each spanning 12.6 Random effects were considered when 

pooling data across multiple studies to account for heterogeneity. More details, including 

specification of the prior distributions and the computational strategy adopted to fit the 

model, are provided in the Supplement (eAppendix 2). In addition, to explore the effect of 

pCR on OS or EFS in selected subgroups, we performed several stratified analyses using the 

model described above.
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Results

A total of 3,209 citations with associated abstracts were reviewed. Of these, a total of 166 

were selected for full review. From these, 107 were excluded for not meeting eligibility 

criteria and 12 were excluded because individual patient level data could not be extracted 

using the described methods. An additional 5 manuscripts were identified through reviewing 

reference lists of eligible studies, manuscripts citing the selected studies, and relevant 

reviews. Ultimately, 52 studies met the criteria for inclusion (Figure 1).4,14–63

Study Characteristics

The selected studies were published from 1999 to 2016. The study sample size available for 

analysis ranged from 27 to 11,955, and featured a broad global patient population, including 

Europe, the United States, Mexico, Kuwait, Saudi Arabia, China, Japan, and Korea. 

Summary details on the selected studies are shown in eTable1 in the Supplement and a 

detailed list of each study is shown in Table 1. Further details on each individual study and 

the associated patient population can be found in the Supplement (eTable 2). The CTNeoBC 

FDA meta-analysis,4 a pooled analysis of 12 randomized control trials (RCTs), was treated 

as a single study for this analysis given most of its studies did not make extractable IPD 

publicly available. The 52 studies included in our analysis represent 27,895 total evaluable 

patients, with 14,254 (51.1%) from RCTs, 1,709 patients (6.1%) from non-randomized 

clinical trials, and 11,932 patients (42.8%) from retrospective cohort studies. The overall 

pCR rate based on all 52 studies was 21.1% (range: 10.1–74.2%), with the highest rates of 

pCR seen in HER2+ tumors at 36.4% (range: 17.5–74.2%) and TN tumors at 32.6% (range: 

20.3–62.2%), with HR+/HER2- tumors the lowest at 9.3% (range: 5.5–31.3%).

Event-free survival and overall survival

Overall, patients who had pCR, as compared to absence of pCR, had significantly better EFS 

(HR 0.31, 95% PI: 0.24–0.39, n = 26,378) as outlined in Figure 2A. Similarly, patients who 

had pCR, as compared to absence of pCR, had significantly better overall survival (HR 0.22, 

95% PI: 0.15–0.30, n = 23,329) as outlined in Figure 2B.

Trial data vs. retrospective data

The association of pCR with significantly improved EFS remained when only clinical trials 

were considered (HR 0.30, 95% PI: 0.20–0.46, n = 15,873; eFigure 1). Similarly, when only 

clinical trials were considered, the association of pCR with significantly improved OS was 

also observed (HR 0.31, 95% PI: 0.14–0.68, n = 14,431, eFigure 2).

Role of duration of follow-up

The median follow-up time among all studies was 48 months (range 21.3 – 107) for EFS and 

49.9 months (range 31.2 – 118) for OS. Among the subset of studies with 5 years or more of 

follow-up, the association of pCR with improved EFS (HR 0.45, 95% PI: 0.26–0.76, n = 

15,449) remained (eFigure 3).
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Clinical outcomes among major breast cancer subtypes

We evaluated the association between pCR and clinical outcomes by three major clinical 

subtypes of breast cancer (BC). The association of pCR with better EFS was statistically 

significant in patients with TNBC (HR 0.18, 95% PI: 0.10–0.31; n = 2,039), HER2+ BC 

(HR 0.31, 95% PI: 0.21–0.50; n = 5,711), and trended towards significance for HR+ BC 

(HR 0.15, 95% PI: 0.02–1.10; n = 3,385) as outlined in eFigures 4A–C. Similarly, the 

association of pCR with significantly improved survival was seen in TN BC (HR 0.20, 95% 

PI: 0.07–0.41, n = 778) and HER2+ BC (HR 0.13, 95% PI: 0.04–0.35, n = 1,654) as outlined 

in eFigures 5A–B. A significant relationship between pCR and improved survival was also 

noted in HR+ BC (HR 0.0003, 95% PI: 2.70E−11–0.81, n = 1,872) as outlined in eFigure 5C, 

but wide probability intervals were observed.

In addition, we constructed model-based survival curves to evaluate the temporal 

relationship between pCR and EFS, overall and by breast cancer subtypes. As demonstrated 

in Figure 3A–D, patients who had a pCR achieved a 5-year EFS of 88% (95% PI: 85%

−91%) while those without pCR had a 5-year EFS of 67% (95% PI: 63%−71%). Among 

patients with TNBC, patients with pCR had a 5-year EFS of 90% (95% PI: 81%−95%) 

while those without pCR had a 5-year EFS of 57% (95% PI: 41%−70%). For HER2+ 

subgroup, patients with pCR had a 5-year EFS of 86% (95% PI: 74%−94%), while those 

without pCR had a 5-year EFS of 63% (95% PI: 43%−78%). Among HR+ subgroup, those 

with pCR had a 5-year EFS of 97% (95% PI: 87%−100%), while those without a pCR had a 

5-year EFS of 88% (95% PI: 75%−95%). Similar results were observed for OS. As 

demonstrated in eFigure 6A–D, patients who experienced pCR achieved a 5-year OS of 94% 

(95% PI: 90%−96%), while those without a pCR achieved a 5-year OS of 75% (95% PI: 

65%−82%). Among TN patients with pCR the 5-year OS was 84% (95% PI: 60%−97%), 

while those without pCR had a 5-year OS of 47% (95% PI: 13%−77%). For HER2+ 

patients, those who experienced pCR achieved a 5-year OS of 95% (95% PI: 89%−99%), 

while those without a pCR achieved a 5-year OS of 76% (95% PI: 63%−88%). Among HR+ 

patients, those who experienced pCR achieved a 5-year OS of 98% (95% PI: 86%−100%), 

while those without a pCR achieved a 5-year OS of 82% (95% PI: 3%−97%).

Among HER2+ patients, we also evaluated the role of neoadjuvant and adjuvant anti-HER2 

therapy. For HER2+ patients receiving neoadjuvant anti-HER2 therapy, those with pCR had 

improved EFS compared to those with RD (HR 0.33, 95% PI: 0.19–0.61, n = 4,636), as seen 

in eFigure 7A. Similarly, among patients who did not receive neoadjuvant ani-HER2 

therapies, those with pCR experienced improved outcomes compared to those with RD (HR 

0.19, 95% PI 0.03–0.83, n = 213) as demonstrated in eFigure 7B. In the adjuvant setting, 

patients receiving adjuvant anit-HER2 therapy who had a pCR experienced superior EFS 

compared to those with RD (HR 0.38, 95% PI 0.21–0.68, n = 1,962), as seen in eFigure 8A. 

For HER2+ patients who did not receive adjuvant anti-HER2 therapy, EFS was greater in the 

pCR group compared to the RD group (HR 0.12, 95% PI 0 – 1.66, n = 133), though sample 

size was limited and results were not significant (eFigure 8B).
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Role of adjuvant cytotoxic chemotherapy

We then evaluated the association between pCR and clinical outcomes by adjuvant 

chemotherapy usage. Among patients who received additional cytotoxic chemotherapy in 

the adjuvant setting, pCR remained associated with significantly improved EFS (HR 0.36, 

95% PI: 0.19–0.67, n = 1,601), as seen in Figure 4A–B and eFigure 9A. Similarly, among 

patients who did not receive cytotoxic chemotherapy in the adjuvant setting, pCR remained 

associated with significantly improved EFS (HR 0.36, 95% PI: 0.27–0.54, n = 18,462), as 

outlined in Figure 4A–B and eFigure 9A. Similar results were observed in terms of overall 

survival (eFigure 10A–B). As evident from model-based survival curves (Figure 4A), 

patients who had pCR and received adjuvant chemotherapy achieved a 5-year EFS of 86% 

(95% PI: 74%−93%), which was similar to the 5-year EFS of 88% (95% PI: 81%−92%) 

among those who had pCR but received no adjuvant chemotherapy. In statistical comparison 

of pCR with EFS among the adjuvant chemotherapy group versus the no adjuvant 

chemotherapy group, no significant difference was seen between the two groups using a 

paired T-test (difference in log-HR: 0.02, 95% PI: −0.75–0.73; p = 0.60).

Discussion

To our knowledge, this study, including a total of 52 studies representing 27,895 patients, is 

the largest meta-analysis exploring the significance of pCR following NAT. This is the first 

study to specifically explore the role of adjuvant cytotoxic chemotherapy following pCR 

after neoadjuvant treatment, and we notably found this did not further improve outcomes. 

The results of this comprehensive meta-analysis overall suggest pCR is a strong surrogate 

endpoint for TNBC and HER2+ breast cancer. Our results are consistent with other smaller 

studies and support the FDA’s decision to use pCR rate as a surrogate marker of efficacy 

from neoadjuvant treatment, particularly for TNBC and HER2+ BC.10, 65,66,67

The study results have major implications for the field. Advances in adjuvant treatment have 

significantly improved breast cancer outcomes. However, as the bar is progressively set 

higher it becomes more difficult to demonstrate therapeutic improvement in the adjuvant 

setting, with long follow-up required to see the number of events needed from a statistical 

standpoint. Between the expense of such trials, the large number of patients needed, and the 

need to assess therapies more efficiently in the era of targeted therapy, large adjuvant trials 

are becoming increasingly recognized as impractical in breast cancer.13 The neoadjuvant 

setting has therefore become recognized as an efficient model for drug development and is 

utilized by the FDA.3,13 I-SPY (Investigation of Serial Studies to Predict Your Therapeutic 

Response with Imaging and Molecular Analysis) 2, a multicenter, randomized, phase 2 trial 

with multiple arms and pCR as the primary endpoint, utilizes an adaptive strategy for 

matching targeted therapies for breast cancer with the patients most likely to benefit from 

them.68 One of the major strengths of the I-SPY2 approach is its ability to triage promising 

new therapies and novel combinations in a relatively short time frame.69 Our results support 

this approach, and continued exploration of novel neoadjuvant clinical trial designs is 

needed to advance the field. The rapidly evolving field of blood-based biomarkers may also 

change the interpretation of pCR in the future through the identification of minimal residual 

disease with circulating tumor DNA, offering a number of avenues for novel trial design.70
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The potential role of adjuvant therapy after neoadjuvant therapy in influencing the 

relationship between pCR and survival was carefully considered in our study. Our results 

demonstrate the survival benefit is maintained whether adjuvant chemotherapy was received, 

with a similar magnitude, though it should be noted that this was not a randomized trial 

between adjuvant chemotherapy (versus not) and there could be inherent differences 

between the two groups. Nevertheless, the results are based on adequately-powered meta-

analysis of multiple studies and represent the best evidence to date. The finding possibly 

reflects tumor biology wherein tumors sensitive to NAT in breast and lymph nodes are also 

typically sensitive to the therapy in micrometastatic sites. Presence of complete response in 

breast and axilla is likely associated with response in micrometastatic sites, minimizing the 

magnitude of benefit from additional adjuvant therapy. Given the potential toxicity 

associated with chemotherapy, one could potentially consider abbreviating adjuvant 

chemotherapy in patients who attain pCR in both breast and axilla after NAT. However, 

these findings are hypothesis generating and further research is needed before it can be 

incorporated in clinical practice. For example, the ongoing DAPHNe study (NCT03716180) 

and the planned HER2Compass trial will evaluate omitting adjuvant cytotoxic chemotherapy 

for HER2+ patients who achieve a pCR after neoadjuvant paclitaxel, trastuzumab, and 

pertuzumab. Conversely, there are a number of studies exploring additional adjuvant 

therapies for TNBC patients with residual disease following neoadjuvant chemotherapy, and 

the use of adjuvant capecitabine for such patients has become a favored approach based on 

the improved overall survival results observed in the CREATE-X trial.71 However, it must be 

recognized that the strongest data for use of pCR as a surrogate exists for neoadjuvant 

cytotoxic therapies and the anti-HER2 antibodies trastuzumab and pertuzumab. More 

research, such as that being done in I-SPY2, is needed to understand the prognostic 

significance of pCR following the use of neoadjuvant targeted therapies and immunotherapy 

agents.

The results for TNBC and HER2+ breast cancer demonstrating significant improvement in 

long-term outcomes with achievement of pCR supports clinical trials triaging novel 

therapies for further development based on pCR. For HER2+ breast cancer, neoadjuvant 

trials are now exploring regimens featuring HER2-directed agents only based on pCR as 

primary endpoint.72 In TNBC, the addition of a platinum agent to anthracyline/taxane-based 

treatment has been shown to increase pCR rates, but at the expense of greater toxicity.73–75 

While trials studying the addition of neoadjuvant platinum among TNBC patients have had 

divergent long-term outcomes, these trials were not powered for survival.76,77

Major strengths of the present study are its large size and the inclusion of both trial and 

cohort studies, representing a more realistic experience and providing external validity. 

Additionally, results were highly significant despite the inclusion of a variety of neoadjuvant 

regimens, suggesting the path taken to attain a pCR may not be critical. Although trial-level 

analyses, which allow comparison of different treatments, have not validated pCR as a 

surrogate endpoint for improved long-term outcomes,4,5 it is important to note that most 

neoadjuvant trials are powered for pCR and not for measures of long-term outcomes. Further 

research into this question is needed and will benefit from improved access to direct patient-

level data in publications on this topic. Predictive data regarding pCR as a surrogate 
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endpoint could be more thoroughly assessed if more publications included a breakdown of 

the long-term data by pCR status and treatment arm.

This meta-analysis has several potential limitations. First, the analysis is subject to variable 

reporting and study specific outcome definitions used across studies. For example, a variety 

of end points were used to represent breast cancer recurrence. Some of these endpoints 

include local recurrences, which are potentially curable, while other utilized endpoints 

focused on distant events only. Endpoints with local recurrence only were excluded. The 

definition of hormone receptor-positivity also varied among some studies and over the years 

in which the studies were undertaken. The definition of pCR also varied at times between 

studies, and we included ypT0 ypN0 and ypT0/is ypN0 as allowable definitions. However, 

each study’s definition for pCR and long-term outcomes were consistently used for both the 

pCR and the non-pCR groups, minimizing bias. Some meta-analyses on this topic have 

included studies which only considered pCR in the breast and/or allowed minimal residual 

disease in the breast, which we were careful to exclude given these definitions do not confer 

the same survival advantage.78 Second, there was heterogeneity in the type of neoadjuvant 

therapies employed and the study results are broadly based on neoadjuvant chemotherapy in 

general rather than a specific therapeutic regimen. Third, a number of analyses of interest, 

such as exploring the relationship between molecular breast cancer subtypes and pCR with 

corresponding long-term outcomes, could not be performed based on the data available. 

Among HR+ tumors, pCR rates are higher and the relationship with long-term outcomes is 

stronger among grade 3 tumors compared to lower grade tumors.4 A pooled analysis by the 

German Breast Group based on 6,377 patients receiving neoadjuvant anthracycline-taxane-

based chemotherapy in seven randomized trials suggested pCR is a suitable surrogate end 

point of recurrence for patients with luminal B/HER2-negative, HER2-positive 

(nonluminal), and triple negative disease, but not for those with luminal B/HER2-positive or 

luminal A tumors.78 While luminal A versus B classification could not be evaluated in this 

study, our results support these findings, with the greatest absolute benefit of pCR being 

observed in HER2+ and TN tumors. However, a trend towards significance for HR+ tumors 

was observed, likely driven by higher grade and/or luminal B subtypes, where the recurrence 

risk tends to be earlier while late recurrences are more often seen with luminal A tumors. 

Fourth, for HR+ breast cancer an alternative surrogate endpoint such as the residual cancer 

burden (RCB) index may be more appropriate as pCR rates are low, but was not evaluated in 

this study to maintain homogeneity in assessment of the primary endpoint (pCR in breast 

and nodes).79 Finally, the median follow-up time for the study overall was only 4 years, 

which is short for the natural history of certain subtypes of breast cancer (HR+), but one 

would have expected the bias to be toward the null if recurrence events did not lead to 

mortality in a shorter time frame.

In conclusion, the study results comprehensively demonstrate that pCR after neoadjuvant 

chemotherapy is associated with significantly better EFS and overall survival. This study 

highlights the impact of adjuvant therapy in modulating relationship between pCR and 

outcomes and provides guidance for clinical trials evaluating neoadjuvant therapies for 

patients with localized breast cancer.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Translational Relevance

Prior studies have highlighted the prognostic significance of pathological complete 

response (pCR) after neoadjuvant chemotherapy in breast cancer. However, the clinical 

impact of adjuvant chemotherapy following pCR is not known. In the largest individual 

patient-level meta-analysis to date on the topic (N= 27,895), we demonstrated pCR was 

strongly associated with improved event free and overall survival, and the receipt of 

additional cytotoxic chemotherapy following surgery did not further improve outcomes. 

The study results support the use of escalation/de-escalation strategies in the adjuvant 

setting based on neoadjuvant response and has broad implications for the drug approval 

process.
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Figure 1. Selection of studies for meta-analysis
Based on the search criteria, 3,209 citations with associated abstracts were reviewed. Of 

these, a total of 166 were selected for full review and ultimately 52 studies met the criteria 

for inclusion.
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Figure 2. A-B. Association of pCR with (A) event free survival and (B) overall survival
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Forest plot of the overall hazard ratio (HR) estimate with the 95% probability interval (PI) 

for the association of pathologic complete response (pCR) with the long term outcomes (A) 

event free survival (EFS) and (B) overall survival (OS), as compared to residual disease 

(RD). For comparison, the raw study specific HR estimates are reported. The location of the 

box indicates the estimated HR for that study; the size of the box represents the relative 

number of events per study. HR & 95% PI for overall effects are also reported. The dashed 

line oriented at 1 represents the Null of no difference.
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Figure 3. A-D. Relationship between pCR and EFS overall and among the major breast cancer 
subtypes
Kaplan-Meier curves depicting the relationship between pathologic complete response 

(pCR) and event free survival (EFS) overall (A), in triple negative breast cancer (B), HER2-

positive breast cancer (C), and hormone receptor-positive breast cancer (D), based on hazard 

ratio data from the studies. The blue line represents the pCR group and the orange line 

represents the residual disease group. The shaded regions represent the 95% pointwise 

probability interval for their respective color.
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Figure 4. A-B. Impact of adjuvant chemotherapy on the relationship between pCR and EFS
(A) Kaplan-Meier curves depicting the relationship between pathologic complete response 

(pCR) and event free survival (EFS) based on receipt of chemotherapy. The color blue 

represents the patient subpopulation where 10% or less of the patients received adjuvant 

chemotherapy. The color orange represents the patient subpopulation where 90% or more of 

the patients received adjuvant chemotherapy. The shaded regions represent the 95% 

pointwise probability interval for their respective color. (B) The left forest plot is 

representative of the populations with at least 90% of patients receiving adjuvant 

chemotherapy while the forest plot on the right is representative of the populations with at 

most 10% of patients receiving adjuvant chemotherapy, with both comparing pCR to 
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residual disease (RD). The hazard ratio (HR) estimate with the 95% probability interval (PI) 

are shown overall. For comparison, the raw study specific HR estimates are reported. The 

location of the box indicates the estimated HR for that study; the size of the box represents 

the relative number of events per study. The dashed line oriented at 1 represents the Null of 

no difference.
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