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Introduction

Breast cancer (BC) is one of the most prevalent 
malignancies among women and remains a significant 
global health concern [1]. Over the past decades, its 
incidence has steadily increased, with more than 1 
million new cases diagnosed annually worldwide [2]. 
Overexpression of Human epidermal growth factor 
receptor 2 (HER2)-positive constitutes an aggressive 
subtype of disease and is associated with poor prognosis 
[3]. A high molecular heterogeneity adds complexity for 
the management of this malignancy [4]. 
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REVIEW

Pertuzumab and Pathological Complete Response in Early 
HER2+ Breast Cancer: A Systematic Review and Meta-analysis 
of Real-World Studies

Trastuzumab (Herceptin), a humanized monoclonal 
antibody, was the first FDA-approved anti-HER2 therapy. 
When combined with chemotherapy, trastuzumab 
significantly improves overall response rate and survival 
compared to chemotherapy alone. This breakthrough 
established neoadjuvant chemotherapy combined 
with trastuzumab as the standard treatment for early 
HER2+ BC [5, 6]. The emergence of novel targeted 
therapies changed the treatment landscape. Among these, 
pertuzumab introduced improvements in disease-free 
survival (DFS) when used in conjunction with neoadjuvant 
trastuzumab and chemotherapy, as demonstrated by the 
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phase II NEOSPHERE trial [7]. Moreover, the adjuvant 
use of pertuzumab was shown to improve the rates of 
invasive-disease-free-survival by the APHINITY trial [8]. 
Achievement of pathological complete response (pCR) is 
a reliable predictor of prognosis and plays an important 
role in management decision-making [9, 10]. For instance, 
achievement of pCR in the breast and axilla often guides 
the choice of  breast conserving surgery and omission of 
axillary lymph node dissection, respectively [11]. Major 
clinical trials have shown higher pCR rates with the use 
of  dual HER2 blockade with pertuzumab and trastuzumab 
compared to  single blockade with trastuzumab [7, 12, 13].

Real-world evidence (RWE) is the scientific evidence 
based on routine healthcare data, which includes 
electronic health records [14]. While randomized clinical 
trials (RCTs) remain the gold standard evidence for 
the assessment of drugs efficacy and safety, inherent 
limitations of these studies often do not reflect outcomes 
in the routine healthcare setting. In this context, RWE has 
gained attention as a useful tool to complement data from 
RCTs and reveal clinical outcomes in diverse populations 
[15]. In Oncology, RWE has begun to be incorporated in 
frameworks to support approval of drugs by regulatory 
agencies [16]. Numerous  BC studies were conducted 
using RWE and some results vary considerably to those 
of RCTs [17–19].

Here we aim to conduct a systematic review and 
meta-analysis of real-world studies to compare pCR rates 
between neoadjuvant regimens using single-agent HER2 
blockade with trastuzumab and dual HER2 blockade with 
pertuzumab and trastuzumab in patients with early-stage 
HER2+ BC.

Materials and Methods

A systematic search of articles published up to 28 
February 2025 was carried out in PubMed, Embase and 
Scopus databases. The search strategy encompassed 
key terms, Boolean operators and characters as follows: 
(“pathological complete response” OR “pathological 
response” OR “pathologic complete response” OR 
“pathologic response”) AND “breast” AND (“prospective” 
OR “retrospective” OR “real-world” OR “phase IV”) 
AND (“pertuzumab”). A list of results was downloaded 
from each database and subsequently exported to Rayyan 
software where one investigator removed duplicates 
manually, with the assistance of the duplicate recognition 
tool [20]. On Rayyan, two independent investigators 
screened the resulting list of studies, using the Blind 
mode. Divergences were resolved by a third investigator.

PICOS criteria
Our study design employed the following PICOS 

criteria: 1) Population: female patients with early-
stage HER2+ BC; 2) Intervention: patients treated with 
neoadjuvant chemotherapy plus dual HER2 blockade with 
trastuzumab and pertuzumab; 3) Control: patients treated 
with neoadjuvant chemotherapy plus single-agent HER2 
blockade with trastuzumab; 4) Outcome: pCR rates; 5) 
Study design: real-world prospective or retrospective 
studies comparing pCR rates of  single agent vs. dual 

HER2 blockade.

Selection criteria
We included studies with the following criteria: 

1) early HER2+ BC patients treated with neoadjuvant 
chemotherapy plus  single agent or  dualHER2 blockade; 
2) explored the predictive significance of  single vs. dual 
HER2 blockade in relation to pCR; 3) provided an Odds 
Ratio (OR) and 95% Confidence interval (CI); 4) Study 
written in English; 5) Full text manuscripts or conference 
abstracts. The exclusion criteria were: 1) Studies with lack 
of data for pCR; 2) Studies exploring reporting pCR rates 
with a measure of association other than HR; 3) reviews, 
expert opinions, case reports and studies with animals.

Data extraction
Data extraction was independently performed by 

two reviewers, encompassing the first author’s surname, 
year of publication, country of origin, early HER2+ BC 
stage included, period of patients treatment, neoadjuvant 
therapy, number of participants, fashion of institution 
(single institution/multicentric), endpoints, follow-
up period and OR analysis. The extracted data were 
subsequently entered into Microsoft Excel (2019 version). 
Any discrepancies were reviewed and resolved by a third 
reviewer. 

Risk of bias assessment
Since all studies in our analysis were observational 

and retrospective, Newcastle-Ottawa scale was employed 
to evaluate risk of bias. Each study was assigned ratings 
by two independent investigators. Disagreements were 
resolved by a third reviewer. Studies with a score of 7 
or greater were considered as having a low risk of bias.

Statistical analysis
All statistical analyses were made using the R system 

for statistical computing (version 4.4.2; R core team, 
Vienna, Austria). A significance level of p < 0.05 was 
adopted.

PROSPERO registration
This work has been registered in the PROSPERO 

network under the registration number CRD420251087018.

Results

1012 articles were retrieved from the three databases. 
After the removal of 462 duplicates, 550 studies were 
screened by two investigators based on titles and abstracts, 
of which 525 were excluded. Subsequently, an accurate 
full-text appraisal of the remaining 25 articles was 
conducted and this resulted in the elimination of 7 articles. 
The total number of included studies was 18 [21–38]. The 
details can be seen in Figure 1.

Study characteristics
The included studies represent a diverse patient 

population across three continents: Asia, Europe and North 
America. Most studies focused on patients with stage I–III 
HER2-positive breast cancer, although a few excluded 
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Figure 1. PRISMA Flowchart for Study Selection

stage I disease. All studies were retrospective in design. 
Sixteen studies evaluated breast pCR, three examined 
axillary pCR, and one assessed both breast and axillary 
pCR. A variety of neoadjuvant chemotherapy regimens 
were used across studies. Fasching et al. [26] analyzed 
dual HER2 blockade using pertuzumab in combination 
with trastuzumab or a trastuzumab analogue; however, it 
was the only study that did not clearly report whether a 
univariate or multivariate approach was used [26]. Two 
Chinese studies investigated dual versus single HER2 
blockade in early HER2-positive breast cance. The first, 
Chen (I) et al. 34], focused on differences in estrogen and 
progesterone receptor expression, while the second, Chen 
(II) et al. [35], did not address hormone receptor status. 
The full details of the studies can be seen in Supplementary 
Table 1.

Analysis
This meta-analysis evaluated the differences in 

pCR rates between single-agent HER2 blockade with 
trastuzumab and dual HER2 blockade with trastuzumab 
plus pertuzumab in early-stage HER2-positive breast 
cancer. We pooled odds ratios (ORs) and corresponding 

95% confidence intervals (CIs) from the included studies, 
prioritizing multivariate-adjusted estimates whenever 
available.

Among the studies, Fifty percent reported a statistically 
significant benefit in pCR rates with dual HER2 blockade, 
while the remaining half showed no significant difference. 
Notably, Cha et al. [29] was the only study that trended in 
favor of single agent blockade, although this finding was 
not statistically significant.

The overall pooled analysis demonstrated a significant 
benefit with dual blockade, with an OR of 1.81 (95% 
CI: 1.56–2.09), favoring pertuzumab plus trastuzumab. 
Heterogeneity across studies was minimal (I² = 0%).

Subgroup analysis
Despite the low heterogeneity observed, the included 

studies encompassed a diverse range of ethnic populations, 
warranting a subgroup analysis based on geographical 
location. additional subgroup analyses were conducted 
based on institutional model, sample size (≥250 vs. 
<250 patients), follow-up duration, type of pCR reported 
(breast vs. axillary), and use of multivariate analysis. 
Unfortunately, due to limited and inconsistent reporting 
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[21–25, 27–30, 32–38] out of eighteen studies scored 7 
or higher, indicating a low risk of bias, while two studies 
[26, 31] scored below 7 and were considered to have a 
high risk of bias (Figure 2).

As expected, all studies lost one point in the selection 
domain due to the retrospective design and the inability 
to confirm that the outcome of interest was not present 
at the start of the study. Additionally, several studies did 
not clearly report the source of medical data collection, 
leading to a further one-point deduction in the outcome 
domain.

Publication bias
To evaluate the risk of publication bias, we performed 

of specific chemotherapy regimens, subgroup analysis by 
chemotherapy type could not be performed. The results of 
these subgroup analysis are presented in Table 1.

Risk of bias
Given that all included studies were retrospective and 

observational, the Newcastle-Ottawa scale was used to 
evaluate risk of bias. Results are shown in Table 2. Sixteen 

Subgroups number 
of studies

OR Heterogeneity

I2% p

Single institution 10 1.96 (1.59-2.42) 0% 0.65

Multicentric 8 1.73 (1.36-2.19) 21.8% 0.01

>250 patients 13 1.85 (1.53-2.23) 25.5% 0.18

<250 patients 5 1.90 (1.28-2.81) 0% 0.94

Europe 7 1.74 (1.38-2.21) 12% 0.33

Spain 2 2.20 (1.22-3.95) 0% 0.69

Germany 2 2.49 (1.58-3.90) 0% 0.86

Portugal 1 1.51 (0.58–3.94)

Italy 2 1.69 (1.15-2.49) 0% 0.87

Turkey 1 1.17 (0.81-1.67)

Asia 9 1.68 (1.33-2.13) 25.3% 0.21

China 6 2.21 (1.66-2.94) 0% 0.98

Korea 1 0.76 (0.16-3.63)

Jordan 1 1.32 (0.89-1.97)

Turkey 1 1.17 (0.81-1.67)

Median FU 
>12m

6 1.82 (1.35-2.47) 0% 0.47

Median FU 
unclear

12 1.85 (1.52-2.26) 10.6% 0.34

Axillary pCR 3 1.92 (1.12-3.26) 20.4% 0.28

Breast pCR 16 1.76 (1.51-2.05) 0% 0.53

Multivariate 17 1.70 (1.45-2.00) 0% 0.60

Unclear 1 2.44 (1.49-4.02)

Table 1. The Results of Subgroup Analysis

Study Selection Comparability Outcome Total 
score

Bueno-Muiño *** ** ** 7

Murthy *** ** *** 8

Chen (I) *** ** *** 8

Chen (II) *** ** ** 7

Sharaf *** ** *** 8

Wu *** ** *** 8

Canino *** ** *** 8

Li ** ** ** 6

Fabbri *** ** *** 8

Diaz-Redondo *** ** *** 8

Bilici *** ** *** 8

Borges *** ** ** 7

He *** ** ** 7

Fasching *** * ** 6

Matovina *** ** ** 7

Shi *** ** ** 7

Cha *** ** *** 8

Jiao *** ** *** 8

Table 2. Results of Evaluate Risk of Bias

Figure 2. Forest Plot of Included Studies; OR = odds ratio; CI = confidence interval.
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Figure 3. Funnel Plot for Included Studies

a visual assessment of the funnel plot (Figure 3). The plot 
showed slight asymmetry, primarily at the outer margins, 
with He et al. [25] positioned at the periphery; likely due 
to a small sample size and wide confidence intervals. 
Seventeen out of eighteen studies were located within the 
funnel’s triangular region, with Bilici et al. [38] falling 
just outside, suggesting a potential outlier.

To further assess for publication bias, Egger’s test was 
performed, yielding a p-value of 0.37. This result indicates 
no statistically significant evidence of publication bias 
across the included studies.

Other analyses
Although the following statistical assessments were 

not the primary endpoint of this study, we carried out 
these analyses based on questions that arose while this 
manuscript was being written.

Given the reported discrepancy of outcomes between 
HER2+/HR+ and HER2+/HR-, we decided to perform 
a meta-analysis comparing pCR rates between both 
groups. Of note, the comparisons of pCR between 
HER2+/HR+ and HER2+/HR− groups did not consider 
the type of HER2-targeted therapy administered. A total 
of 15 studies(21–30,32,34–36,38) provided ORs for 
this comparison. The pooled results indicate a resulting 
OR of 0.52 (0.42-0.64) in favor of hormone receptor 
negative status, with hormone receptor positive status 
having significantly lower rates of achievement of pCR. 
A heterogeneity of 71.1% was observed.

Our included studies didn’t provide data for 
comparison of pCR rates associated with single vs. dual 
HER2 blockades in relation to specific chemotherapy 
regimens. However, some studies provided comparisons 
between neoadjuvant regimens containing anthracyclines 

vs. those without anthracyclines. These comparisons 
were irrespective of single or dual HER2 blockade. 
Nonetheless, we performed a meta-analysis of 5 studies 
[21,27,30,34,35] to assess the possible influence of the 
presence of neoadjuvant anthracycline in pCR rates. The 
pooled result resulted in an inconclusive OR of 0.99 (0.65-
1.53) with a heterogeneity of 50.2%.

Discussion

Our pooled analysis included 18 studies, aggregating 
8651 patients. The results indicate with a high degree of 
confidence that neoadjuvant regimens using pertuzumab 
for early-stage HER2+ BC are associated with a 
significantly higher rate of pCR compared with regimens 
without pertuzumab. Heterogeneity was negligible and 
funnel plot analysis reveals a low risk of publication 
bias, with only one study falling marginally outside the 
funnel boundaries. Egger test confirmed low risk. To the 
best of our knowledge, this meta-analysis represents the 
first comprehensive synthesis of real-world evidence 
assessing the effect of pertuzumab-containing regimens 
on pCR rates in early-stage HER2-positive breast 
cancer. This work fills a notable gap in the literature by 
providing aggregated insights from observational studies, 
complementing findings from randomized clinical trials.

Although phase III randomized clinical trials (RCTs) 
serve as the basis for drug approval and marketing, real-
world data plays an important role in the postmarketing 
assessment of drug’s efficacy in broader populations, not 
entirely limited to the restrictions of phase III trials. An 
example of the discrepancy between RTCs and real-world 
data is a 2021 study which found a 14 month survival 
decrease for metastatic HER2+ BC patients as compared 
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to the phase III CLEOPATRA trial [13,39]. Therefore, it 
is imperative to investigate differences between RCTs 
and real-world evidence in various scenarios. With 
regard to early-stage HER2+ BC, the NEOSPHERE 
trial demonstrated a significantly higher pCR in the arm 
receiving neoadjuvant dual blockade with pertuzumab, 
trastuzumab and chemotherapy (45.8%) compared to the 
arm receiving pertuzumab and chemotherapy (29.0%) [7]. 
Subsequent trials reported pCR rates ranging from 57.3% 
to 68% in groups treated with dual  blockade and different 
chemotherapy regimens [12, 13, 40]. In the real-world 
studies included, breast pCR rates ranged from 40.0% to 
66.4% for dual HER2 blockade, with a median of 57%, 
and from 30.2% to 56.8% for single-agent blockade, 
with a median of 39.6%. These numbers are consistent 
with the pCR range of RCTs. A meta-analysis of 3 RCTs 
examining the effect of pertuzumab on pCR in early-stage 
HER2+ BC reported an OR of 2.10 (1.53-2.83) in favor 
of dual blockade with pertuzumab and trastuzumab [41]. 
This result is close to the one found by our meta-analysis, 
indicating that findings are similar, albeit with some 
variation and a narrower CI in our study.

The results have implications for clinical practice 
as achievement of pCR is associated with improved 
survival and lower incidence of disease recurrence. A 
number of studies have shown that even minimal residual 
disease, represented by lack of pCR, is associated with 
a significantly higher recurrence rate in HER2+ BC 
[10, 42, 43]. Moreover, pCR can aid surgical decision-
making, as it is associated with increased rates of breast 
conserving surgery rather than mastectomy [22, 44]. 
Beyond surgical significance, pCR plays a critical role in 
guiding clinical treatment decisions.  For patients who fail 
to achieve pCR, escalation of therapy may be warranted. 
The KATHERINE trial demonstrated that adjuvant ado-
trastuzumab emtansine (T-DM1) significantly reduced 
recurrence risk compared to adjuvant trastuzumab alone 
[45].

However, it is crucial to personalize treatment 
according to other criteria. Heterogeneity within 
HER2+ BC is significant and despite advancements in 
management, approximately 15% of patients with early 
disease relapse [46]. A number of studies report worse 
outcomes for HR+/HER2+ in comparison to HR-/HER2+, 
including a lower pCR rate and higher recurrence rates 
[46, 47]. We confirmed this finding in our meta-analysis 
for the assessment of differences in pCR rates between 
HER2+/HR+ and HER2+/HR-, with HER2+/HR+ having 
significantly better pCR rates. Both real-world and RCTs 
have shown low pCR rates for early HR+/HER2+ BC 
even with the use of dual HER2 blockade [7, 33, 35, 48]. 
These patients may benefit from neoadjuvant T-DM1 
regimen, with an associated clinically meaningful pCR 
rate as shown by the ADAPT trial [49]. Real-world data 
about HR+/HER2+ early BC treated with T-DM1 is scarce 
and studies investigating this population are needed. 
Significant differences in pCR rates have also been found 
between HER2 IHC 3+ and HER2 IHC 2+/FISH+. Both 
these classifications are deemed HER2+ by the 2018 
ASCO guidelines [50], however HER2 IHC3+ exhibited 
higher pCR rates compared to HER2 IHC2+/FISH+ in 

several real-world studies when exposed to pertuzumab, 
trastuzumab and various chemotherapy regimens [24, 
51, 52]. There are currently no recommendations for 
alternative treatments targeting HER2 ICH2+/FISH+ 
specifically.

While we were not able to perform a subgroup 
analysis based on different chemotherapy regimens, 
some studies provided data for differences in pCR rates 
between neoadjuvant regimens with anthracyclines and 
others without, irrespective of the use of single or dual 
HER2 blockade. We chose to perform a meta-analysis to 
examine the possible effect that anthracyclines may exert 
on achievement of pCR. Our result was not statistically 
significant and the influence of adjuvant anthracyclines 
remain inconclusive. More studies should be conducted 
to investigate this effect in patients treated with single and 
dual HER2 blockade.

Our study also included 3 articles that examined the 
differences of pCR rates between  single and dual HER2 
blockade in the axilla [23, 28, 29]. Axillary pCR has been 
less explored than the long-established breast pCR, which 
appears to be the strongest predictor for axillary pCR [28]. 
In the post-neoadjuvant setting, clinically positive node 
(cN+) patients who have axillary pCR may have omission 
of axillary surgery [53, 54]. Our pooled results suggest a 
significant association between dual HER2 blockade and 
higher achievement of pCR in early-stage HER2+ BC. 
Intriguingly, Cha et al. [29] in their multivariate analysis 
suggest that the use of trastuzumab plus chemotherapy 
may be more effective for achievement of pCR than  
dual HER2 blockade plus chemotherapy.  A previous 
network meta-analysis with different inclusion criteria 
also explored axillary response to  single and dual HER2 
blockades, but failed to find a significant difference 
between groups [55].  Our results regarding the axilla 
should be carefully considered since the small number 
of studies make it challenging to reach a final conclusion.

A meta-analysis of survival outcomes was not 
feasible given the variability in survival endpoints 
reported. However, findings from individual studies 
vary substantially. Chen (I) et al. [34] report a significant 
association between the use of dual HER2 blockade 
and a higher OS, while Canino et al. [30] failed to find 
this association. Two studies [22,34] failed to find a 
significant association between the use of dual HER2 
blockade and an improved DFS. More studies should be 
carried out with statistical assessments of OS and DFS 
before any conclusion is drawn. This study possesses a 
number of limitations. The first limitation is the inclusion 
of retrospective studies exclusively. Currently there is a 
lack of prospective real-world studies investigating the 
effect of single and dual HER2 blockades on pCR. The 
second limitation is the retrospective collection of data 
for this manuscript. The third limitation is the recruitment 
of patients over a large period of time, spanning from 
2005 to 2022. This can potentially introduce selection 
bias, since patients enrolled at the beginning of the 
recruitment period were treated solely with trastuzumab 
and chemotherapy. A fourth limitation is the variety of 
backbone chemotherapy regimens, which may explain 
differences in studies’ results. The lack of precise data 
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regarding chemotherapy in individual studies made a 
subgroup analysis for chemotherapy unfeasible.

However, this meta-analysis also has several notable 
strengths. The first strength is the large number of 
aggregated studies and patients, which provides reliability 
to our results. Remarkably, our analysis demonstrated 
no heterogeneity and a low risk of publication bias. 
Additionally, 17 of the included studies used a multivariate 
analysis, which allows the conclusion that use of 
pertuzumab in the dual HER2+ blockade is an independent 
prognostic factor for achievement of pCR. One included 
study didn’t  specify whether a multivariate or univariate 
analysis was employed [26]. A final strength is the 
selection of a majority of studies with a low risk of bias.

In conclusion, this systematic review and meta-
analysis strongly suggests that the addition of pertuzumab 
to the neoadjuvant treatment of early-stage HER2+ BC can 
increase pCR rates in the real-world setting to a similar 
degree to RCTs. Patients should be individualized as some 
subtypes of disease have a decreased benefit. Prospective 
real-world studies should be conducted in the future to 
validate our findings.
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