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A B S T R A C T   

Introduction: To provide evidence explaining the poor association between pCR and patients’ long-term outcome at trial-level in neoadjuvant RCTs for breast cancer 
(BC), we performed a systematic-review and meta-analysis of all RCTs testing neoadjuvant treatments for early-BC and reporting the hazard ratio of DFS (HRDFS) for 
the intervention versus control arm stratified by pathological response type (i.e., pCR yes versus no). 
Methods: The objective was to explore differences of treatment effects on DFS across patients with and without pCR. 
We calculated the pooled HRDFS in the two strata of pathological response (i.e., pCR yes versus no) using a random-effects model, and assessed the difference between 
these two estimates using an interaction test. 
Results: Ten RCTs and 8496 patients were included in the analysis. 
Patients obtaining pCR in the intervention-arm had a higher, although not statistically significant, risk of DFS-event as compared with patients obtaining pCR in the 
control-arm: the pooled HRDFS for the experimental versus control arm was 1.23 (95%CI, 0.91–1.65). On the opposite, the risk of DFS-event was higher for control as 
compared with the intervention-arm in the stratum of patients without pCR: the pooled HRDFS was 0.86 (95%CI, 0.78–0.95). 
Treatment effect on DFS was significantly different according to pathological response type (interaction test p: 0.014). 
Conclusion: We reported new evidence that contributes to explaining the poor surrogacy value of pCR at trial-level in neoadjuvant RCTs for early-BC.   

1. Introduction 

The pathological complete response (pCR) is supported by regulatory 
agencies as surrogate endpoint for long-term patients’ clinical outcome 
in neoadjuvant randomized clinical trials (RCTs) for early breast cancer 
(BC) [1]. However, a meaningful association between pCR and patients’ 
survival has been proven only at patient-level (i.e., significantly better 
survival of patients who achieved pCR as compared with those who did 
not), but not at trial-level (i.e., poor association between degree of 
improvement in pCR-rate and survival reported across trials) [2,3]. 

Several hypotheses have been put forward to explain the weak as-
sociation between pCR and both DFS and OS at trial-level [1]. 

One explanation is that pCR measures the effects of a therapy only on 

the primary tumor and not on micrometastases, and they could be 
meaningfully different [1]. 

The strong association between pCR and long-term outcome 
observed at patient-level in early neoadjuvant trials testing older 
chemotherapy regimens seemed to disprove such hypothesis [3]. How-
ever, since new neoadjuvant treatment regimens achieve substantially 
higher pCR rates than older chemotherapy regimens, it is possible that 
the degree of dissociation between the response obtained on primary 
tumors versus micrometastases increases and becomes clinically rele-
vant in recent neoadjuvant RCTs [1]. 

To test this hypothesis, we performed a systematic review and meta- 
analysis of all randomized clinical trials (RCTs) testing neoadjuvant 
treatments in patients with early BC and reporting the long-term 
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patients’ outcome (i.e., HRDFS) stratified by pathological response type 
(i.e., pCR yes versus no). 

2. Methods 

We followed the Preferred-Reporting-Items-for-Systematic-Reviews- 
and-Meta-analyses (PRISMA) and guidelines in this study [4]. 

We systematically searched PubMed, MEDLINE, Embase, and Sco-
pus, up to December 1, 2022, for all RCTs testing neoadjuvant chemo-
therapy given alone or combined with other treatments. 

The following search terms were used: “breast cancer”, “neoadjuvant 
therapy”, “preoperative therapy” and “pathologic complete response”. 

We used the following inclusion criteria:  

i) RCTs performed in neoadjuvant setting in patients with early-BC, 
independently of the included disease molecular subtypes; 

ii) RCTs comparing different types and/or schedules and/or dura-
tion of chemotherapy, and/or chemotherapy combined with 
targeted therapy and/or antivascular agents and/or 
immunotherapy;  

iii) RCTs with available data on HR-DFS for intervention versus 
control arm stratified by pathological response type. 

We deemed eligible any trial in which additional post-surgical 
adjuvant treatments were delivered if it was the same for all patients. 

We excluded neoadjuvant RCTs testing endocrine therapy, due to the 
very low rate of pCR achieved with endocrine therapy. 

Two investigators (FC and LP) independently reviewed the list of 
retrieved articles to choose relevant articles, and disagreements were 
resolved by consensus with all investigators. Two investigators (IS and 
EP) independently extracted data from the studies and discrepancies 
were resolved by consensus with all investigators. The following data 
were extracted: study design, number of patients enrolled, type of 
treatments administered, pCR-rate, definition of pCR used, number of 
disease-free-survival events, duration of follow-up. 

The primary objective of the analysis was to explore potential dif-
ference between treatment effects, measured in terms of log (HR-DFS), 
across patients with and without pCR. 

For each trial, we used the classification reported in the original 
paper to define treatments as either intervention or control arms. 

2.1. Statistical analysis 

From each trial, we extracted treatment effects (i.e., HR-DFS with 
corresponding 95 % confidence intervals (95 % CI)) according to strata 
of pathological response type (i.e., pCR yes or not). When data were 
reported only in Kaplan-Meier (KM) survival curves, we used a web 
based validated tool (WebPlotDigitizer) to extract data coordinates from 
published KM curves [5]. Then, pseudo IPD were reconstructed using 
the validated algorithm proposed by Guyot et al. [6] In brief, this al-
gorithm converts digitized curves to KM data by finding numerical so-
lutions to inverted KM equations, using available information on 
number of events and numbers at risk. For each trial, we calculated the 
pCR relative risk (RR-pCR), and its corresponding 95 % CI, as the ratio of 
the risk of event in the intervention group versus the risk of event in the 
control group. For trials for which information was available, we also 
extracted (or reconstructed) the effect of pCR (yes vs no) in terms of 
HR-DFS with the corresponding 95 % CI. HRs and RRs were considered 
on a log scale in the models. 

Using random-effects models, we calculated the pooled RR-pCR of 
the effect of treatment (intervention vs control arm) on pCR and the 
pooled HR-DFS of the effect of pCR (yes vs no) on DFS. The 
DerSimonian-Laird method was used to fit the models. 

Then, we calculated the pooled HR-DFS in the two strata of the 
pathological response using a random-effects model. The heterogeneity 
between the two estimates was assessed with an interaction test to give 

the p for interaction. The I2 statistics, which express the percentage of 
the total observed variability due to heterogeneity, was also calculated. 

Finally, a χ2 test with 2 degrees of freedom was used to test the 
heterogeneity of results, according to the three types of treatment 
administered in the experimental arm (i.e., i) different schedule or new 
chemotherapy agents; ii) anti-HER2 drugs; iii) antivascular agents). 

All reported p-values are two-sided. Analyses were performed using 
the SAS software v. 9.4 (SAS Institute, Cary, NC) and the R software v. 
4.0.2. 

3. Results 

Ten RCTs, for a total of 8496 patients, fulfilled the inclusion criteria 
and were included in the analysis (Table 1) [7–16]. 

Two trials evaluated an intense dose-dense chemotherapy regimen 
versus standard-dose or different intensified/dose-dense regimens, 3 
trials an anti-HER2 agent, 3 trials the antivascular agent bevacizumab, 
one trial the addition of a new chemotherapy agent (nab-paclitaxel) 
versus a standard-dose anthracycline and taxane-based chemotherapy, 
and one trial an anti-PD1 drug combined with chemotherapy. 

Three trials only enrolled HER2-positive tumors, one trial only triple- 
negative tumors, while all other trials enrolled mixed molecular 
subtypes. 

All trials but one applied a pCR definition to breast and lymph nodes 
(i.e., ypT0/is-ypN0). 

Notably, none of the trials included was published before 2010 (year 
of publication range: 2010 to 2020). 

The pooled pCR rate in the intervention arm was 37.5 % (95 % CI: 
28.1%–47.8 %). The pCR rate was higher in the intervention arm in 8 
out of 10 trials, and the pooled pCR relative risk (RR-pCR) was 1.22 (95 
% CI: 1.12–1.33), significantly favoring the intervention arm (Fig. S1). 

Patients who achieved a pCR had a significantly longer DFS than 
those without pCR (pooled-HR-DFS: 0.29 (95 % CI: 0.21–0.42); Fig. S2, 
three RCTs were not included in this analysis due to data unavailability). 

The analysis of DFS by pathological response type showed that pa-
tients who achieved pCR had higher, although not statistically signifi-
cant, risk of a DFS event when treated in the intervention arm: the 
pooled HR-DFS for intervention versus control arm in patients with pCR 
(n = 2826) was 1.23 (95 % CI, 0.91–1.65; I2: 26.46 %; Fig. 1A). On the 
contrary, in patients without pCR (n = 5426), the risk of a DFS event was 
higher for control as compared with the intervention arm: the pooled 
HR-DFS was 0.86 (95 % CI, 0.78–0.95; I2: 0 %; Fig. 1A). 

Subgroup analysis revealed no significant heterogeneity of results 
according to type of treatment administered in the intervention arm (p- 
heterogeneity = 0.17). 

4. Discussion 

Our results showed significantly different treatments effects on pa-
tients’ long-term outcome in neoadjuvant RCTs for early-BC, according 
to the type of pathological response obtained. Indeed, while patients 
without pCR had longer DFS when treated in the intervention arm, on 
the contrary, those who achieved a pCR had longer DFS when treated in 
the control arm. 

Several biological and methodological hypotheses have been put 
forward to explain the weak association between pCR and both DFS and 
OS at trial-level in neoadjuvant RCTs for early-BC [17,18]. For example, 
in many neoadjuvant RCTs, patients receive additional adjuvant sys-
temic treatments after surgery. Such post-surgical therapies can improve 
the prognosis of patients, particularly those who do not reach pCR, 
diluting the association at trial-level between pCR and long-term pa-
tients’ outcome [17,18]. 

Another potential explanation is that patients who do not achieve a 
pCR may not be disadvantaged, as shown by patients with endocrine- 
responsive BCs, who derive impressive survival benefit from endocrine 
treatments but rarely obtain a pCR [17,18]. 
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Our results highlight another potential mechanism that contributes 
explaining the poor surrogacy value of pCR at trial-level. Such a 
mechanism could be a dissociation between the antitumor effect exerted 
by treatments on primary tumor versus micrometastases [1]. Indeed, it 
is reasonable to assume that the degree of this divergence increases with 
higher pCR rates obtained by treatments, which explains why this 

mechanism affects the intervention arm more than the control arm. The 
very limited pCR rates reported in older neoadjuvant RCTs could have 
hidden such mechanism [1,17,18]. In our analysis we included only 
recent trials, characterized by very high absolute pCR-rates for the 
intervention arm. 

All this means that in some patients the new experimental 

Table 1 
Characteristics of RCTs included in the analysis.  

Study Experimental arm Control 
Arm 

Treatment Group N 
patients 

pCR 
definition 

Median 
FUP 

RR-pCR (95 
% CI) 

HR-DFS (95 
% CI) 

HR-OS (95 % 
CI) 

PREPARE ddE-ddP-CMF EC-P Intensified/dose-dense vs 
standard-dose or different 
intensified/dose-dense 
regimens 

733 Breast and 
lymph nodes 

43.2 1.41 
(1.01–1.98) 

0.88 
(0.66–1.18) 

0.79 
(0.54–1.16) 

GeparOcto wPMy (Cb) (H +
Per) 

ddE-ddP- 
ddC (H +
Per) 

945 Breast and 
lymph nodes 

47.0 0.99 
(0.86–1.13) 

1.16 
(0.85–1.59) 

0.90 
(0.58–1.40) 

NOAH H + AP-P-CMF AP-P-CMF Chemotherapy plus 
antiHER2-targeted 
therapies 

235 Breast 38.4 1.94 
(1.30–2.89) 

0.59 
(0.38–0.90) 

0.62 (n.a.) 

KRISTINE T-DM1+Pert TCb + H +
Pert 

444 Breast and 
lymph nodes 

36.8 0.84 
(0.70–1.00) 

1.11 
(0.52–2.40) 

1.21 
(0.37–3.96) 

HannaH T-FEC + H sc T-FEC + H 
iv 

591 Breast and 
lymph nodes 

40.3 1.16 
(0.93–1.45) 

0.95 
(0.69–1.30) 

0.76 
(0.44–1.32) 

ARTemis Bev + T-FEC T-FEC Chemoterapy plus 
Bevacizumab 

800 Breast and 
lymph nodes 

42.0 1.34 
(1.00–1.78) 

1.18 
(0.89–1.57) 

1.26 
(0.90–1.76) 

GeparQuinto 
group 1 

EC-T + Bev EC-T 1925 Breast and 
lymph nodes 

45.6 1.24 
(1.01–1.52) 

1.03 
(0.84–1.25) 

0.97 
(0.75–1.26) 

CALGB 40603 AC-P + Bev or AC-P 
+ Bev + Cb 

AC-P or AC- 
P + Cb 

443 Breast and 
lymph nodes 

39.0 1.15 
(0.94–1.41) 

0.80 
(0.55–1.17) 

0.76 
(0.49–1.19) 

GeparSepto EC-nabP EC-P Others 1206 Breast and 
lymph nodes 

49.6 1.33 
(1.13–1.56) 

0.66 
(0.51–0.86) 

0.82 
(0.59–1.16) 

KEYNOTE-522 PCb-A(E)C +
pembrolizumab 

PCb-A(E)C 1174 Breast and 
lymph nodes 

39.1 1.13 
(1.02–1.26) 

0.63 
(0.48–0.82) 

n.a. 

Abbreviations: A: adriamicin; Bev: bevacizumab; CddP; Cb: carboplatin; E: epirubicin; F:fluoruracil; H: trastuzumab; My: myocet; NabP: Nab-paclitaxel; P: paclitaxel; 
Pem: pemetrexed; Pert: pertuzumab; T: docetaxel; dd: dose dense; w: weekly. 

Fig. 1. Effect of treatment (intervention versus control arm) on disease-free survival (DFS) by pathological response type.  
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neoadjuvant treatments, characterized by very high antitumor activity, 
could convert partial responses obtainable with standard treatments into 
pCR, but ultimately fail to eradicate micrometastases. The biological 
mechanism underpinning such observation can be easily hypothesized 
for antivascular agents, which might induce deep shrinkage of large 
primary tumors to an undetectable level through angiogenesis inhibi-
tion, without eradicating distant micrometastases, that are less depen-
dent on neoangiogenesis for survival as compared with macroscopic 
primary tumors [1]. 

It is therefore urgently necessary to identify who are these patients 
with substantial residual risk of relapse despite pCR after neoadjuvant 
treatments. Recent evidence from the CTNeoBC project suggested that 
they could be those patients with more advanced tumor stage and nodal 
involvement before treatment start [19]. 

Stated in other words, our results and those of the CTNeoBC project, 
taken together, show that the baseline tumors’ features and type of 
neoadjuvant treatments received, meaningfully affect the long-term 
prognosis of patients achieving pCR. 

We acknowledge several limitations of our work to be considered. 
Our analysis is based on aggregate data (AD) from trials, and not on 
individual patient data (IPD). 

IPD analyses allow checking the plausibility of randomization se-
quences, verifying data integrity and consistency and adjusting the an-
alyses for baseline prognostic covariates. Nevertheless, the specific aim 
of our analysis was to assess pCR-surrogacy at trial-level and we used 
only data from RCTs of high quality, making it unlikely that an IPD 
analysis would substantially change our conclusions [20]. 

Furthermore, no significant heterogeneity of results according to 
type of treatment administered in the intervention arm was found in our 
subgroup analysis, but this might be due to lack of power. 

In conclusion, we reported new evidence shedding light on potential 
mechanisms underpinning the poor surrogacy value of pCR for long- 
term patients’ outcome at trial level. A better understanding of such 
mechanisms is useful to identify new surrogate endpoints that overcome 
the limits of pCR. 
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