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Abstract 

Background: The vast heterogeneity of breast cancer 
(BC) patients, together with relatively long survival in the 
early stages of the disease, leads to methodological issues 
in designing clinical trials, particularly in case of thera-
pies targeted for narrow patients subsets. That situation 
led to the need and search for early, reliable predictors 
of long-term outcomes.However, in countries adopting 
HTA methodology to reimbursement decisions non-final 
(“surrogate”) endpoints may not be accepted as a measure 
of clinical benefit.

Methods: We searched PubMed and EMBASE for me-
ta-analyses investigating association of pathologic com-
plete response to BC neoadjuvant therapy with lon-
ger-term clinical outcomes. To be eligible analyses had to 
pool primary studies identified in a systematic manner. 
The results of the included studies were discussed in the 
context of current regulatory and reimbursement recom-
mendations.

Results: The 4 included meta-analyses varied in method-
ological approaches, eligibility criteria and number of in-
cluded patients. Three of them assessed predictive value 
of pCR in overall non-metastatic BC population and two 
– in HER2-positive subgroup. The existing differences in 
conclusions are consistent with the variability in method-
ological assumptions. 

Conclusion: Significant heterogeneity of BC population 
and low number of studies showing substantial treatment 
effect on pCR could bias the results of “trial-level” anal-
yses. In contrast, studies consistently show significant 
patient-level association of pCR with clinical outcomes, 
particularly strong for aggressive tumour subtypes. The 
existing EMA and FDA guidelines show how to make use 

of the existing evidence, in spite of its limitations, in a 
pursuit of satisfying the unmet medical needs.

Introduction
Long-term overall survival, together with signs and 
symptoms, safety and quality of life assessment consti-
tute the most desirable set of endpoints for oncology clin-
ical trials. The need for providing strong, direct evidence 
for “final” outcomes in the appraisal of new therapies for 
life-threatening diseases, preferably overall survival (OS), 
are emphasized in the European health technology as-
sessment (HTA) guidelines.[1] In countries adopting HTA 
methodology to reimbursement decisions, providing 
definite evidence for OS improvement, that may be quite 
easily translated into quality-adjusted life-year gain esti-
mate, seems to become a prerequisite for public funding 
for new oncology drug treatment, while other endpoints 
(“surrogate outcomes”) may be rejected as not sufficient 
or not relevant as a measure of clinical benefit.[2, 3] Yet 
there are therapeutic areas where unmet clinical need co-
exists with significant obstacles in obtaining meaningful 
final endpoint assessment with reasonable time and costs. 
Development of new treatments for early-stage breast 
cancer (eBC) is a well-recognised area of such difficulties. 
Breast cancer (BC) is the most common female cancer in 
the world, in both more and less developed regions.[4] Ad-
vances in early diagnosis, related to an increasing imple-
mentation of population screening programmes, in addi-
tion to improvements in adjuvant systemic therapy led to 
substantial decrease in BC mortality in United States and 
western European Countries.[5, 6] At the same time, BC is a  
heterogeneous condition, where treatment outcomes may 
be inf luenced not only by clinical stage, but also by histo-
logical, molecular and functional features.[7] Correlations 
between differences in gene expression and response to 
treatment shown in recent studies add to the complexity 
of the disease and justify more personalised approach to 
BC therapy.[8]

The vast heterogeneity of BC patients, together with rel-
atively long disease-free and overall survival in the early 
stages of the disease, inevitably leads to methodological 
issues in designing clinical trials for regulatory purposes, 
particularly in case of therapies targeted for narrow pa-
tients subsets. That situation led to the need and search 
for early, reliable predictors of long-term outcomes in 
eBC trials. Currently, an increase in pathologic complete 
response (pCR) rate after systemic, preoperative (neoad-
juvant) treatment is an endpoint accepted by both the Eu-
ropean Medicines Agency (EMA) and the U.S. Food and 
Drug Administration (FDA), though under additional, 
specified conditions and, in case of the FDA, sufficient 
only to support accelerated approval. The need for fast-
er access to novel, improved therapies for high-risk/poor 
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prognosis BC patient subgroups was a key point justify-
ing the use of pCR in the absence of definitive survival 
or event-free survival data, in spite of unavoidable uncer-
tainty around surrogate-based efficacy assessment.[9, 10]

Despite positive, pragmatic attitude of the regulatory bod-
ies towards early, pCR-based assessment of new therapies 
for high-risk BC, doubts may still be raised at the stage of 
post-approval appraisal on the national or regional level.
[11] A quick review of recommendations issued by HTA 
agencies for neoadjuvant use of dual HER2-blockade 
(pertuzumab added to trastuzumab and chemotherapy) 
in HER2-positive, locally advanced or large operable BC 
between 2015 and 2017 shows considerable reluctance to 
acknowledge the clinical benefit of the treatment in the 
absence of direct evidence of the survival gain. In July 
2015 the Canadian Agency for Drugs and Technologies in 
Health (CADTH) considered a significant increase in the 
pCR rate as not sufficient to conclude that the assessed 
technology resulted in a net clinical benefit compared 
with a current standard (trastuzumab and chemotherapy 
without pertuzumab addition).[12] The CADTH conclu-
sion was justified by the statement that pCR “has not been 
validated as a surrogate for either event-free or overall 
survival”[12] (p1). In the same year German Institute for 
Quality and Efficiency in Health Care (IQWIG) issued a 
report for double HER2-blockade therapy in which pCR 
data were deemed “not patient-relevant” and as such ex-
cluded from assessment.[13] In January 2016, the IQWIG 
supplemented its assessment with additional data, re-
garding pCR results and their transferability to clinical 
outcome in a single clinical trial, sent by the Marketing 
AuthorisationHolder (MAH). Still, the IQWIG denied 
to accept those data, holding on to the assumption that 
only the occurrence of disease recurrence itself was the 
relevant endpoint, which could had not been substitut-
ed by its predictor.[14] In contrast to the CADTH and the 
IQWIG resolutions, in December 2016 the National Insti-
tute for Health and Care Excellence (NICE), on the base 
of the same clinical data, recommended use of neoadju-
vant pertuzumab.[15] Despite “no reliable trial evidence of 
event-free or overall survival benefit”[15] (p18) and uncer-
tainty about the exact relationship of pCR with long-term 
outcomes, the NICE committee came to the conclusion 
that “the complete disappearance of cancer in the breast 
and nodes was more likely to be associated with improved 
long-term outcomes than completely unrelated”[15] (p18). 
Hence, pCR was “more likely than not to have an associ-
ation with longer-term survival”[15] (p18).

Puzzling as it may be, in the considerations of pCR value 
as an endpoint both CADTH and NICE referred to the 
same meta-analysis of the Collaborative Trials in Neo-
adjuvant Breast Cancer (CTneoBC) group[16] established 
by the FDA, that aimed at the assessment of pCR surro-
gacy for long-term clinical outcome. Moreover, the same 

CTneoBC work seems to be the key basis for pCR value 
appraisal that underlay EMA and FDA regulatory guide-
lines on this topic.[9, 10] Beyond the CTneoBC analysis, 
both regulatory documents refer also to other studies 
adding to the knowledge on pCR predictive value[9, 10], 
though none of them were discussed in CADTH, IQWIG 
or NICE recommendations.[12 – 15]

We aimed to address the existing inconsistency in ap-
proaches to selection and interpretation of data on pCR 
surrogacy in neoadjuvant BC treatments assessment by 
attempting an explicit, systematic approach to publica-
tions selection and review of their methodological as-
sumptions. We searched for the best available evidence 
for pCR value as an surrogate outcome in HER2-positive, 
non-metastatic BC. To provide the relevant context for 
data interpretation, our review was not restricted to stud-
ies that focused solely on HER2-positive subgroup, but 
analyses conducted in broader eBC population, irrespec-
tive of molecular subtype, were also included.

Materials and methods
We searched PubMed and EMBASE in October 2017 for 
meta-analyses investigating association of pathologic 
complete response to neoadjuvant therapy in breast can-
cer with long-term clinical outcomes. Searches of data-
bases were conducted using combinations of the following 
keywords: ((pathologic OR pathological) AND complete 
response[ti]) AND (breast cancer OR breast carcinoma) 
AND (pooled OR meta-analysis OR systematic). Refer-
ence lists were also searched for related articles. Eligible 
were analyses that pooled primary studies identified on 
the basis of systematic search and explicit selection crite-
ria, that assessed association of pCR with overall, progres-
sion-free, event-free, disease-free or relapse-free survival 
in non-metastatic breast cancer population, unrestricted 
to any molecular subtype or restricted to HER2-positive 
patients, published in English or Polish. We excluded me-
ta-analyses not based on systematic review or restricted 
to subpopulations other than HER2-positive. Purely nar-
rative reviews and research not published as a full-text 
article was not eligible. From included papers we extract-
ed selection criteria, required pCR definition (if stated), 
number of included studies, pooled population size, key 
methodological assumptions and results.

Results
A total of 65 potentially revelant articles were identified 
after the initial database search, of which 15 were ana-
lysed in full text. Four systematic-review based pooled 
analyses were included in the review, of Kong et al.,[17] 
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Table 1. Key eligibility criteria for primary data sources and other methodological features of included meta-analyses.
Feature Kong 2011[17] Berruti 2014[18] CTneoBC[16] Broglio 2016[19]

Searched period Jan 1985 – Nov 2010 up to March 2013 Jan 1990 – Aug 2011 up to Dec 2014

Patients BC BC BC, primary stage I-III HER2-positive 
BC

Analysis in non-metastatic BC 
population, not selected by 

subtype
yes yes yes no

Analysis in HER2-positive BC 
patients population no no yes yes

Treatment

neoadjuvant chemother-
apy delivered before loco 

regional therapy of BC, no 
additional post-surgical 
adjuvant treatment (i.e. 

radiotherapy)

neoadjuvant chemotherapy 
or neoadjuvant HER2 tar-

geted therapy and cytotoxic 
therapy

preoperative chemothera-
py followed by surgery

neoadjuvant systemic 
therapy

Study design -** RCTs

clinical trials including 
at least 200 patients, with 
a median follow-up of at 

least 3 years

randomised or cohort 
studies (prospective or 

retrospective), studies that 
pooled trial participants 

and cohorts

Definition of pCR* explicit

explicit and based on 
excision histology; choice of 

the pCR definition for the 
primary analysis followed 
hierarchical order: ypT0 

ypN0, ypT0/is ypN0, ypT0, 
ypT0/is

ypT0 ypN0, ypT0/is ypN0, 
ypT0/is

publications were included 
regardless of definition of 
pCR, ypT0/is was used if 

available

Clinical outcomes OS, DFS and RFS OS and DFS (deemed equiv-
alent to PFS, RFS and EFS) OS and EFS

OS and EFS (used as an 
umbrella term for EFS, 

RFS, RcFS and DFS)

Other criteria for inclusion

detailed statistics reported 
for complete and partial 
responders; detailed out-
comes for OS, RFS or RFS 
reported (not limited to 

p-values); published in En-
glish; primary results only

both pCR rates and survival 
outcomes reported; any 

post-surgical adjuvant treat-
ments allowed; no language 

restrictions

data for pCR, EFS, and OS 
available

publications were included 
regardless of neoadjuvant 

regimen and definition 
of EFS

Patient-level analysis‡ yes, literature based no yes, IPD-based yes, literature based

Trial-level analysis‡‡ no yes, literature based yes, IPD-based (RCTs 
only)

yes, literature based (RCTs 
only)

Number of included studies 16 29 12 38†
Number of included pa-

tients†† 3776 14 641 11 955 (1989 HER2-pos-
itive) 5768 (all HER2-positive)

* ypT0 ypN0 - absence of invasive cancer and in-situ cancer in the breast and axillary nodes, ypT0/is ypN0 - absence of invasive cancer in the breast and 
axillary nodes, irrespective of ductal carcinoma in situ, ypT0 - absence of invasive cancer and in-situ cancer in the breast irrespective of nodal involve-
ment; ypT0/is  - absence of invasive cancer in the breast irrespective of ductal carcinoma in situ or nodal involvement; ** eligibility criteria for study 
design not given; ‡ chance/risk of clinical endpoint in responder vs in non-responder subgroup; ‡‡ percentage variability of treatment effect on clinical 
outcome explained by variability of treatment effect on pCR; † CTneoBC meta-analysis for HER2-positive subgroup was used as a primary source and 
counted as a single study; †† the table shows a total number of patients in pooled population of included study arms but the actual number of included 
patients differed for each variant of a meta-analysis

Abbreviations: BC  - breast cancer; DFS – disease-free survival; EFS – event-free survival; HER2 – human epidermal growth factor receptor 2; IPD - in-
dividual patient data; pCR – pathologic complete response; OS – overall survival; RCTs – randomised controlled trials; RcFS – recurrence-free survival; 
RFS - relapse-free survival
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Berruti et al.,[18] the Collaborative Trials in Neoadjuvant 
Breast Cancer (CTneoBC) group[16] and Broglio et al.[19] 
Kong[17] and Berruti[18] assessed predictive value of pCR 
in general population of non-metastatic BC patients, re-
gardless of molecular subtype. The analysis of FDA-es-
tablished CTneoBC group was conducted both in gen-
eral population and in prognostic subgroups, including 
HER2-positive group. The most up-to-date work of Bro-
glio et al.[19] was restricted solely to HER2-positive BC pa-
tients. Table 1. summarizes key methodological features 
of each of the analyses included.
  
The earliest meta-analysis[17] included 3776 BC patients, 
treated with neoadjuvant chemotherapy in 16 clinical tri-
als. Included patients received various chemotherapies, 
but the vast majority of patients received a regimen that 
consisted of an anthracycline and/or taxane with other 
agents. To avoid confounding related to post-surgical 
treatment, studies in which additional adjuvant treat-
ment was delivered (i.e. radiotherapy) were excluded. 
Pooled odds ratio (OR) with 95% confidence interval (CI) 
of achieving beneficial endpoint (overall, relapse-free or 
disease-free survival) in patients who achieved pCR (re-
sponders) versus those who did not achieve pCR (non-re-
sponders) after neoadjuvant treatment served as an in-
dicator of pCR predictive value. Meta-analyses showed 
positive, significant association of pCR with OS [OR = 
3.44 (95% CI: 2.45 to 4.84); p < 0.00001], as well as with 
disease-free survival (DFS) [OR = 3.41 (95% CI: 2.54 to 
4.58); p < 0.00001] and relapse-free survival (RFS) [OR 
= 2.45 (95% CI: 1.59 to 3.80); p < 0.0001]. There was no 
separate analysis for HER2-positive subgroup. The re-
sults led to conclusion that pCR was a prognostic indica-
tor for relapse-free, disease-free and overall survival and 
suggested that patients achieving pCR after neoadjuvant 
chemotherapy had favourable outcomes.
 
The next included study[18] was based on meta-regres-
sion of 29 randomised controlled trials (RCTs), jointly 
comprising of 59 arms. A total of 14 641 patients were 
treated with neoadjuvant chemotherapy or neoadju-
vant anti-HER2 targeted therapy and cytotoxic therapy. 
Post-surgical adjuvant treatment was allowed. The value 
of pCR as a surrogate endpoint for clinical outcome was 
assessed by the means of “trial-level surrogacy”, defined 
as the association between treatment effects on the surro-
gate outcome (OR of pCR between experimental and con-
trol arms) and treatment effects on the clinical outcome 
(HR of OS or DFS between experimental and control 
arms). The coefficient of determination (R2), obtained 
through weighted meta-regression, with 95% CIs (esti-
mated by bootstrap methods) served as a quantificator of 
the surrogacy level of pCR. The analysis demonstrated a 
weak association between pCR and DFS [R2 = 0.08 (95% 
CI: 0 to 0.47; p = 0.12)] or OS [R2 = 0.09 (95% CI: 0.01 to 
0.41; p = 0.11)], indicating that 8% and 9% of the variabil-

ity among treatment effects on DFS and OS, respectively, 
was explained by the treatment effects observed on pCR. 
According to the authors those results supported pCR as 
a prognostic marker but not as a valid surrogate for long-
term clinical outcomes. However, further preplanned 
interaction analyses showed an improved correlation 
between the treatment effects on pCR and the treatment 
effects on DFS [R2 = 0.79 (95% CI: 0.26 to 0.95); p =0.003] 
and OS [R2 = 0.57 (95% CI: 0.19 to 0.93); p = 0.031] for 
the trials comparing intensified/dose-dense versus stan-
dard-dose chemotherapy regimens which brought au-
thors’ conclusions that “pCR may potentially meet the 
criteria of surrogacy with specific systemic therapies”. 
Of note, the analysis in a subset of trials comparing che-
motherapy and anti-HER2 treatment (trastuzumab) ver-
sus chemotherapy alone was not run because of insuffi-
cient number of studies (n = 2) and there was no separate 
analysis for HER2-positive subgroup.
 
The CTneoBC group [16] pooled 12 clinical trials including 
at least 200 primary BC patients who received preoperative 
chemotherapy with a median follow-up of at least 3 years. 
Pooled population comprised 11 955 patients, including 
1 989 (17%) with HER2-positive tumours. The assess-
ment of pCR value in the CTneoBC analysis was two-fold: 
(1) in a patient-level analysis EFS and OS were compared 
between responder and non-responder subgroups, ir-
respective of treatment assignment, by the estimation 
of hazard ratio (HR) with 95% CI and (2) in a trial-lev-
el analysis the potential of pCR as a surrogate endpoint 
was explored, by the assessment of the correlation be-
tween treatment effect on pCR (OR of a favourable out-
come) and EFS and OS (HR of an unfavourable outcome) 
within a weighted regression model and estimation of 
R2 coefficient with 95% CI. While all included prima-
ry studies were pooled in the patient level analysis, the 
trial-level analysis was restricted to randomised trials. 
The patient-level analysis showed a significant associa-
tion between pCR, defined as absence of cancer, invasive 
or invasive and in situ, in the breast and axillary nodes 
(ypT0 ypN0 or ypT0/is ypN0), with both EFS [HR = 0.44 
(95% CI: 0.39 to 0.51) for ypT0 ypN0 and HR = 0.48 (95% 
CI: 0.43 to 0.54) for ypT0/is ypN0] and OS [HR = 0.36 
(95% CI: 0.30 to 0.44) for ypT0 ypN0 and HR = 0.36 (95% 
CI: 0.31 to 0.42) for ypT0/is ypN0]. The relationship with 
clinical outcomes was weaker for pCR defined as absence 
of invasive cancer in the breast irrespective of ductal car-
cinoma in situ or nodal involvement (ypT0/is). For this 
reason the authors used the ypT0/is ypN0 definition for 
all subsequent analyses. In subgroup analyses the associ-
ation between pCR and clinical outcomes was strongest 
in patients with most aggressive molecular subtypes: tri-
ple-negative [HR = 0.24 (95% CI: 0.18 to 0.33) for EFS and 
HR = 0.16 (95% CI: 0.11 to 0.25) for OS] and HER2-pos-
itive hormone receptor-negative BC [HR = 0.15 (95% CI: 
0.09 to 0.27) for EFS and HR = 0.08 (95% CI: 0.03 to 0.22) 
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for OS]. Pathologic complete response was also associated 
with clinical outcomes in whole HER2-positive subgroup, 
irrespective of hormone receptor status [HR = 0.39 (95% 
CI: 0.31 to 0.50) for EFS; HR = 0.34 (95% CI: 0,24; 0,47) 
for OS]. In the trial-level analysis, relationship between 
pCR and long-term outcome was weak, for both EFS [R² 
= 0.03 (95% CI: 0.00 to 0.25)] and OS [R² = 0.24 (95% CI: 
0.00 to 0.70)] in a pooled population of RCTs. A correla-
tion between improvement in pCR and treatment effect 
on PFS and OS at the trial level was not found in subgroup 
analyses either, including HER2-positive subtype (R² not 
shown). The authors concluded that patients who at-
tained pCR defined as an absence of cancer in the breast 
and axillary nodes (ypT0 ypN0 or ypT0/is ypN0) had im-
proved survival and the prognostic value was greatest in 
aggressive tumour subtypes. At the same time they could 
have not validated pCR as a surrogate endpoint for im-
proved EFS and OS.
 
The most recent of the included publications[19] was de-
signed as an update and an extension of the CTneoBC 
study, with restriction to HER2-positive tumour sub-
group. Thirty six primary studies were included, with a 
total population of 5768 patients, all with HER2-positive 
BC. Both clinical trials and cohort studies were eligible, 
including most recent studies (up to December 2014), 
published after the date of the CTneoBC systematic 
search (up to August 2011). As a result, the analysis of 
Broglio et al. included larger population of HER2-positive 
patients than the CTneoBC sample (3779 patients more). 
Similarly to the CTneoBC analysis, both patient-level 
(responders versus non-responders) and trial-level asso-
ciation between pCR and clinical endpoints was studied. 
The method of the trial-based analysis was comparable 
to the one adopted by the CTneoBC. The patient-level 
analysis was conducted in a different manner, with the 
use of a Bayesian hierarchical model, avoiding a simple 
pooling of results across studies, and thus incorporating 
variability due to between-study differences. The pa-
tient-level results were regarded as the main outcome and 
a basis for the conclusions, while the trial-level associa-
tion was assessed mainly for a comparison with the CT-
neoBC results. The patient-level analysis showed that the 
attainment of pCR was associated both with improved 
EFS [median HR = 0.37 (95% probability interval: 0.32 to 
0.43)] and OS [median HR = 0.34 (95% probability inter-
val: 0.26 to 0.42)]. The effect of pCR was greater in hor-
mone-negative patients compared with hormone-recep-
tor positive ones and greater for neoadjuvant anti-HER2 
therapy than for no preoperative anti-HER2 treatment, 
while there was no substantial difference between RCTs 
and cohort studies. In the trial-level analysis, including 
only RCTs and based on the weighted linear regression 
model, the R2 was 0.23 for EFS and 0 for OS. The cor-
relation was stronger when the intercept of the weighted 
linear regression model was fixed such that a pCR OR of 

1.00 corresponded to a survival HR of 1.00. In this vari-
ant the R2 was 0.63 and 0.29, respectively for EFS and OS. 
In addition, Broglio et al. presented the regression curves 
showing the expected relationship between the absolute 
(not relative) improvement in pCR rate and hazard ratios 
for EFS and OS, deemed more relevant for designing tri-
als. Those plots showed that the accuracy of clinical out-
come prediction (particularly EFS) was positively related 
to the observed absolute effect size on pCR: among the 
trials that detected an improvement in pCR rate (NOAH 
and NeoALTTO studies), observed HRs for EFS were in 
line with predicted, while no or low absolute treatment 
effect on pCR did not allow for accurate prediction of 
treatment effect on EFS. Due to lower event rate, the re-
gression model for OS was less conclusive. The authors 
concluded that pCR in HER2-positive BC was associated 
with substantially longer times to recurrence and death, 
what was shown in total sample of included trials, as well 
as in RCTs. Thus, pCR might have been an earlier end 
point suitable to estimate longer-term therapeutic benefit 
in this BC subgroup.
 

Discussion
 
Meta-analyses included in our review differed in eligi-
bility criteria and search dates and thus in number of 
included studies and patients observed. Apparent differ-
ences in conclusions though, seem to originate mostly 
from underlying differences in the concept of an accurate 
prediction and resulting variability in methodological 
approaches.
 
For unrestricted (all subtypes) BC population two “pa-
tient-level” analyses, based on comparison of clinical 
outcome in pooled responder versus non-responder sub-
groups regardless of original treatment assignment[16, 17] 
both showed clearly higher probability of favourable clin-
ical outcome (defined as OS and EFS[16] or OS, DFS and 
RFS[17]) in patients with pCR. These results led to the con-
clusion that pCR was a prognostic indicator for defined 
clinical outcomes. Similarly, strong association of pCR 
with clinical outcomes was confirmed in two patient-lev-
el analyses conducted in HER2-positive subgroup [16, 
19]. Only one of those studies could compare the effect 
of pCR between unselected BC patients and HER2-pos-
itive subgroup[16] and found out that the association was 
strongest in patients with most aggressive BC subtypes, 
including HER2-positive hormone receptor-negative 
BC. Significant association of pCR with favourable out-
come was also maintained in this study for the whole 
HER2-positive subgroup, regardless of hormone receptor 
status.
 
Trial-level association between pCR and clinical outcomes 
was defined as the association between the treatment ef-
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fect on pCR and treatment effect on clinical outcome in 
randomised trials. It was quantified as the percentage of 
clinical effect variability explained by pCR occurrence. 
Two papers provided trial-level analysis for population 
not selected by subtype [16, 18] and both of them showed 
only weak association between the treatment effects un-
der consideration (< 10% of OS, EFS or DFS variance 
explained by pCR). As for HER2-positive subgroup, two 
trial-level analyses were available[16, 19] and again, the pCR 
effect vs clinical outcomes effect association in weighted 
meta-regression models was weak (about 20% variance 
explained for EFS but 0% for OS in Broglio et al.; in the 
CTneoBC paper R2 not shown). The change in meta-re-
gression model made by Broglio et al.[19] led to notable 
shift of that estimation: about 60% of EFS variance and 
about 30% of OS variance explained by pCR in the model 
with fixed intercept. The conclusion of this study was not 
based on those results though, because of the limitations 
of the trial-level approach that had been indicated by the 
authors. In the discussion Broglio et al. point out the im-
portant limitation of the CTneoBC trial-level analysis re-
lated to inclusion mainly trials showing scarce treatment 
benefit on pCR (or no benefit at all), while it was shown 
that in the presence of absolute treatment effect on pCR 
the prediction of the treatment effect on EFS can be accu-
rate. As a consequence, currently a value of the trial-level 
model in interpreting trial results and designing future 
trials is, in a case of pCR, limited.
 
In summary, the conclusions of the included analyses 
varied and those differences seem to be consistent with 
the variability in methodological assumptions. The con-
clusions for pCR surrogacy, in general patient popula-
tion or HER2-positive subgroup, were positive if authors 
based them solely[17] or mainly[19] on the patient-level (re-
sponder) analysis, while limiting the concept of surroga-
cy strictly to the trial-based association[16, 18] led to rather 
negative conclusion. However, the most recent analysis 
(Broglio et al.)[19] showed that the results in the latter ap-
proach, at least for HER2-positive data subset, are strong-
ly related to the actual size of the absolute effect on pCR 
observed in a clinical trial. As most of the included tri-
als showed little or no differences in pCR rates between 
treatment groups, such a sample may not be feasible to 
assess pCR surrogacy exclusively within trial-level ap-
proach, ignoring unequivocally positive results of the re-
sponder analysis.
 
Of note, the authors of both papers with overall “nega-
tive” conclusions based on trial-level results[16, 18] point-
ed out the limitations of their approach, that might have 
changed the data interpretation, particularly with respect 
to pCR surrogacy in subpopulations with aggressive BC 
subtypes. Berruti et al. highlighted substantial hetero-
geneity of the BC population with respect to probability 

of obtaining pCR and prognosis and recalled individual 
clinical trials that indirectly suggested that pCR might 
have been a valid surrogate outcome in triple-negative 
and HER2-positive BC subpopulations. They also noted 
that their trial sample consisted mostly of chemothera-
py trials, while studies on anti-HER2 agents would have 
been more relevant for pCR surrogacy assessment in 
HER2-positive patients.[18] In the discussion of the CT-
neoBC paper several limitations of the analysis were also 
noted, which could have obscured the existing associa-
tion between pCR and long-term outcomes. Most of the 
included trials enrolled women with heterogeneous BC 
subtypes, while different molecular subtypes may re-
spond differently to the same treatment or gain different 
absolute improvements in frequency of pCR. With respect 
to HER2-positive subgroup, it was noted that anti-HER2 
treatments were used in only three trials and only one of 
them (the NOAH study) estimated treatment effect of ad-
junct HER2-agent (trastuzumab) to chemotherapy. The 
NOAH study differed from other included trials in terms 
of the effect size on pCR (absolute difference of 20% in 
NOAH versus 1-11% in other trials) and the difference 
in the proportion of patients achieving EFS at 5 years in 
this trial was as high as 13%. Moreover, it was found that 
the addition of the NOAH study to the trial-level analysis 
changed its results in a way suggesting possible correla-
tion between frequency of pCR and long-term outcome. 
According to the authors, the substantial patient-level 
association between pCR and survival may justify the in-
ference that a marked absolute increase in frequency of 
pCR produced by novel neoadjuvant therapy compared 
with standard therapy alone will translate into long-term 
improvements in EFS or OS.[16]

 
Reaching a definite conclusion on the most suitable ap-
proach to pCR validation is beyond the objective of our 
review. A shift in the results of trial-level meta-analyses 
seems quite plausible provided that clinical trials show-
ing treatment effect on pCR are better represented. Until 
more such trials are published, testing new treatments 
improving pCR rate and with follow-up sufficient to 
gather meaningful survival data, it seems reasonable to 
account to a certain extent for the strong pCR association 
with long-term outcomes shown in patient-level analyses. 
Such a pragmatic approach was apparently adopted by 
regulatory authorities. In the guideline on the evaluation 
of anticancer medicinal products the EMA[9] highlights 
the need of an endpoint that would allow the assessment 
of efficacy at an earlier point in time than DFS and OS, for 
a benefit of the patients with high-risk eBC. On the basis 
of the CTneoBC meta-analysis the EMA argues that asso-
ciation between pCR and EFS in patients with aggressive 
tumour subtypes appears to be stronger compared to pa-
tients with less aggressive tumours and notes that in case 
of biomarker guided (targeted) therapy, the value of pCR 
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Table 2. Overview of the EMA and the FDA guidelines for the use of pCR as an endpoint for a marketing  
authorisation of new drug therapies for early-stage BC. 

Preferred/recommended 
feature  

of an application
EMA guideline[9] FDA guidance*[10]

Target population  
of patients

patients with high-risk early-stage BC, expressing suitable 
biomarkers in relation to the selected background regimen and 
the experimental compound (e.g. HER2 expression, hormone 

receptor status, BRCA status)

- patients with early-stage BC, judged to have a high risk of 
distant disease recurrence and mortality despite use of op-

timal modern local and systemic therapy (e.g., patients with 
high-grade tumours lacking ER, PR, and HER2 receptors)

- patients can be classified as high risk for recurrence on the 
basis of conventional histologic features or by appropriately 
validated genomic measures, but in general should have a 

5-year EFS of less than 75 percent
- only populations with an unmet medical need patients 

with hormone receptor-positive tumours lacking high-risk 
features should not be enrolled

Candidate treatment

- added to standard neo(adjuvant) regimen (add-on treatment)
- well-known mechanism of action of the experimental com-

pound
- neoadjuvant (preoperative treatment), i.e. systemic therapy 
given before lumpectomy or mastectomy to reduce the risk of 

breast cancer recurrence
- strong biological and clinical rationale for a drug’s activity in 

high-risk subtypes of breast cancer
- an add-on treatment, added to standard therapy

- postoperative cytotoxic therapy intended to treat residual 
disease found at the time of surgery should generally be avoided

 

Comparator treatment an established (neo)adjuvant regimen standard therapy alone

Definition of pCR

ypT0/is ypN0 (absence of any residual invasive cancer on hae-
matoxylin and eosin evaluation of the resected breast specimen 
and all sampled ipsilateral lymph nodes following completion of 

the neoadjuvant systemic therapy)

- ypT0/Tis ypN0 (the absence of residual invasive cancer on 
haematoxylin and eosin evaluation of the complete resected 

breast specimen and all sampled regional lymph nodes 
following completion of neoadjuvant systemic therapy)

or
- ypT0 ypN0 (the absence of residual invasive and in situ 

cancer on haematoxylin and eosin evaluation of the complete 
resected breast specimen and all sampled regional lymph 

nodes following completion of neoadjuvant systemic therapy)

Study design / other data

- a RCT, sufficiently large
- large safety data base, with sufficiently long follow-up

- supportive evidence of efficacy and safety of the experimental 
compound derived from studies in the metastatic setting  

(in most cases)
- a RCT, intended to demonstrate superiority

- an “add-on design”, in which a standard adjuvant regimen is 
compared with the same regimen plus the investigational drug

- a double-blind, placebo-controlled design, if blinding the 
investigators and patients is feasible in view of the toxicities of 

the investigational drug
- pathologists interpreting surgical specimens for assessment of 

pCR should be blinded
- an analysis in full intent-to-treat population

- able to detect increases in pCR rate over available therapy that 
are of substantial magnitude

- able to collect long-term safety data from a number of patients 
comparable to traditional adjuvant breast cancer trials

 

Results - a major increase in pCR
- only minor add-on changes in toxicity

a clinically meaningful, not only statistically significant, 
difference in pCR

Post-approval  
obligations

confirmatory study data in terms of EFS/DFS/OS (achieved 
through prolonged follow-up of the neoadjuvant study if suffi-

ciently large or through a separate adjuvant study)

- the confirmatory trial (ongoing at the time of accelerated 
approval) should demonstrate a clinically meaningful and 
statistically significant improvement in EFS, DFS, or OS
- the confirmatory data may be derived from the original 

randomised neoadjuvant trial that supported the accelerat-
ed approval (in a longer follow up) or from a separate, larger 

trial in either the neoadjuvant or adjuvant setting
- additional safety trials may be required

 
* the FDA guidance contains nonbinding recommendations, applicable to the accelerated approval procedure 
Abbreviations: AJCC - American Joint Committee on Cancer; BC  - breast cancer; BRCA - breast cancer gene; DFS – disease-free survival; EFS – event-free 
survival; EMA - European Medicines Agency; FDA - U.S. Food and Drug Administration; HER2 – human epidermal growth factor receptor 2; pCR – pathologic 
complete response; OS – overall survival; RCT – randomised controlled trial

Neoadjuvant treatment of HER2 -positive breast cancer – pathological complete response (pCR) 
 as a surrogate of long term outcomes in the context of regulatory guidelines and reimbursement recommendations
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as outcome measure may be limited if the biomarker is 
not associated with aggressive tumours. Thus, despite 
the fact that “the true surrogacy” of pCR has not been 
established, the EMA finds an approval based on pCR 
acceptable if several, specified additional conditions are 
satisfied (Table 2).
 
The key conditions include the diagnosis of high-risk 
eBC, well-characterised mechanism of action of the nov-
el agent and a major increase in pCR rate together with 
only minor changes in toxicity. Furthermore, confir-
matory data should be submitted for clinical outcomes 
in the post-approval period. Those data can be derived 
from the neoadjuvant study, with prolonged follow-up or 
from the separate adjuvant study.[9] Likewise, the FDA 
accepts pCR as an endpoint supporting the accelerated 
approval of novel systemic therapies.[10] The accelerated 
approval regulations themselves address the areas of un-
met medical need within populations of patients with se-
rious or life-threatening diseases. It was recognized that 
a significant unmet need remains for certain high-risk or 
poor prognosis subgroups of eBC patients. For this rea-
son developing highly effective new drugs for these pop-
ulations was set as a priority. As a part of the rationale 
for use pCR as a surrogate endpoint in neoadjuvant trials 
FDA points out that, as a result of improvements in eBC 
therapy, demonstrating an adequate difference in DFS or 
OS requires RCTs with large sample sizes and prolonged 
follow-up. Consequently, time from initiation of a phase 
3 trial of a drug in metastatic BC to approval for its use in 
eBC patients (as an adjuvant treatment) has extended to a 
decade or more. A pCR, in turn, may be reasonably likely 
to predict clinical benefit and can be assessed within sev-
eral months of initiation of an investigational drug used 
preoperatively. In the guidance the results and limita-
tions of the CTneoBC meta-analysis are discussed in de-
tail. Although no correlation between magnitude of dif-
ference in pCR rates between treatment arms and EFS or 
OS at a trial level were found, FDA considers it to be “rea-
sonably likely” that a novel agent that produces a marked 
absolute increase in pCR rate compared with standard 
therapy alone in the full intent-to-treat population may 
result in long-term improvements in EFS or OS[10] (p7). 
Similarly to EMA, FDA gives additional recommenda-
tions for the use of pCR as an endpoint for accelerated 
approval, including a preference for a randomised, add-
on study design with a superiority hypothesis and a pre-
specified, target magnitude of expected pCR effect. The 
appropriate patient populations are those with a high 
risk of distant disease recurrence and mortality despite 
use of optimal modern local and systemic therapy, with 
an unmet medical need. For subsequent conversion to 
regular approval, the confirmatory trial, supposed to 
be ongoing at the time of accelerated approval, should 
demonstrate a clinically meaningful and statistically sig-
nificant improvement in EFS, DFS, or OS.[10]

The National Institute for Health and Care Excel-
lence’s guidance for neoadjuvant pertuzumab for the 
neoadjuvant treatment of HER2-positive BC[15] may 
serve an example of a pragmatic approach to uncer-
tainty related to pCR-based technology appraisal on the 
level of national reimbursement decisions. The key re-
quirement for positive NICE recommendation for a new 
drug technology is a reliable demonstration of cost-ef-
fectiveness, that is, the cost of quality-adjusted life-year 
(QALY) gained with the new therapy should, in gener-
al, not exceed £20,000- £30,000 threshold.[20] In case of 
neoadjuvant pertuzumab, due to the absence of reliable 
estimate of EFS or OS gain from the randomised study 
(NeoSphere), long-term clinical benefit had to be mod-
elled on the basis of demonstrated pCR improvement. 
Consequently, the validity of clinical outcome prediction 
on the basis of treatment effect of pCR was a key condi-
tion for the economic submission to be accepted as re-
liable. The appraisal committee considered studies that 
investigated the value of pCR as a clinically meaningful 
indicator of EFS and OS, with particular emphasis on the 
CTneoBC meta-analysis, and agreed that there was con-
siderable uncertainty whether pCR could be viewed as 
a surrogate marker of long-term benefit. Yet it was also 
acknowledged that according to the clinical experts, ob-
taining a response can have an important psychological 
benefit for a patient, that a pCR indicates that not only 
tumour cells but also any micro-metastases are likely to 
have been treated and that a reduction or disappearance 
of tumour in the breast potentially allows for less radi-
cal surgery. Furthermore, the committee found it more 
likely that the complete disappearance of cancer in the 
breast and nodes is associated with improved long-term 
outcomes than that there is no such relation. The ex-
isting uncertainty in cost-effectiveness estimation was 
dealt with choosing conservative assumptions in the eco-
nomic model and additional financial agreements with 
MAH. As a result NICE has recommended pertuzumab 
use, within its marketing authorisation: for the neoad-
juvant treatment of adults with HER2-positive breast 
cancer, that is, in patients with HER2-positive, locally 
advanced, inflammatory or early-stage breast cancer at 
high risk of recurrence.[15]

The strength of our work is a presentation of the most 
comprehensive and generalisable meta-analyses, deemed 
most reliable due to systematic selection of primary data 
sources on the basis of clearly defined eligibility crite-
ria. We aimed to systematically review the methodology 
and results of the included meta-analyses, to improve 
the understanding of possible sources of existing con-
troversies and variability in conclusions on a pCR val-
ue as an surrogate endpoint in neoadjuvant BC trials. 
The meta-analytic results were put into the context of 
current regulatory and reimbursement decision-mak-
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ing. As a consequence of adopted criteria for inclusion, 
several published meta-analyses were not eligible for our 
review, including pooled analyses of German neoadju-
vant trials[21] and of prospective neoadjuvant studies of 
the Japanese Breast Cancer Society.[22, 23] As in the former 
the analysis of predictive value of pCR was focused on pa-
tients with infiltrating lobular BC and the latter were re-
stricted to Japanese patients, we believe that the exclusion 
of those studies did not bias our conclusions. The sample 
of studies included in our review was sufficient to show a 
diversity of methodological approaches to the subject and 
the way in which those differences may underlie existing 
discrepancies in the data interpretation by authors of the 
analyses themselves and by decision-makers at the stage 
of regulatory approval, as well as at the level of subse-
quent national reimbursement decisions.

Conclusions
Currently the use of pathologic complete response as a 
surrogate of long-term clinical outcomes in clinical trials 
of new systemic therapies for early-stage breast cancer is 
not unambiguously supported by meta-analyses. It was 
recognised, however, that significant heterogeneity of 
breast cancer population and low number of studies show-
ing substantial treatment effect on pCR could bias the re-
sults of “trial-level” analyses. In contrast to the weakness 
of trial-level correlation, pooled studies consistently show 
significant association of pCR with clinical outcomes on 
the individual patient-level, particularly strong for ag-
gressive tumour subtypes – including HER2-positive 
breast cancer. That inconsistency is the source of un-
certainty, which leads to conf licting data interpretation 
by researchers and health-care decision-makers. On the 
one hand the assessment of new drug therapies solely on 
the basis of pCR would carry the risk that not effective 
treatments will be used and reimbursed. On the other 
hand the urgent need for new therapies in patient sub-
groups with poor prognosis still remains and is difficult 
to meet without the possibility of early assessment and 
approval. The existing EMA and FDA guidelines show 
how to make use of the existing evidence, in spite of its 
limitations, in a pursuit of satisfying the unmet medical 
needs. Several ways of mitigating the risk of suboptimal 
decisions have been proposed, including restriction of the 
early, pCR-based approval to add-on therapies for high-
risk patients and requirement of further, post-approval 
data. We believe that unmet needs related to high-risk 
breast cancer patient populations should not be over-
looked also by national HTA bodies, whose negative de-
cisions may block access to already approved therapies. 
The example of NICE guideline for neoadjuvant pertu-
zumab in HER2-positive breast cancer shows, that in 
case of pCR-approved therapies the uncertainty related 

to cost-effectiveness can be reduced with adopting con-
servative approach in economic model and undertaking 
additional financial/risk-sharing agreements.
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