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Breast cancer is the most diagnosed cancer in women 
globally, with 287,850 new cases and 43,250 new deaths 
in 2022 in the USA (1). Breast cancers are traditionally 
categorised based on their immunohistochemical (IHC) 
expression of classic hormone and growth factor receptors 
including estrogen receptor (ER), progesterone receptor 
(PgR), human epidermal growth factor receptor 2 (HER2), 
as well as expression of proliferation marker Ki-67  
protein (2). This is because the distinct molecular profile of 
each breast cancer has broad implications on its prognosis 
and choice of treatment. According to the 2013 St. Gallen 
International Breast Cancer Conference, breast cancer can 
be grouped based on IHC expression, as surrogate intrinsic 
subtypes, into the following breast cancer molecular 
subtypes of the above markers: luminal A, luminal B, HER2 
overexpression, basal-like triple-negative breast cancer 
(TNBC) (3).

In the recent years, a subset of HER2-negative subtypes 
of breast cancer including TNBC have been shown to be 
amenable to immunotherapy. Immunotherapy describes a 
broad range of drugs that works broadly by activating the 
immune system to better recognise and attack cancer cells. 
Recent evidence shows that in the highly immunogenic 

tumour microenvironment of TNBC there is an ongoing 
immune response linked to a greater number of tumour 
infiltrating lymphocytes (TILs) and higher expression of 
programmed cell death ligand 1 (PD-L1) (4). TILs are 
necessary for response to immunotherapy, and therefore a 
higher PD-L1 expression is thought to occur as an adaptive 
method of tumour resistance to TILs. Blockade of immune 
checkpoints such as the PD-L1/programmed cell death 1 
(PD-1) checkpoint therefore restores the cytotoxic effect of 
immune cells in the tumour microenvironment, improving 
the efficiency of the immune response to the tumour and 
thus the efficacy of classical chemotherapy through a 
synergistic effect.

Immune checkpoint inhibitors (ICIs) have been shown 
to prolong survival in lung cancer, melanoma and more 
recently breast cancer, and new immune molecule-based 
therapies are constantly being trialled and approved for 
breast cancer therapy in many countries. One of the 
prominent roles anticancer immunotherapies have taken 
is the additive effect when combined to neoadjuvant 
chemotherapy treatment in early stage TNBC, allowing 
beyond disease downstaging, higher rates of breast 
conservation, but also impacting positively the pathologic 
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complete response (pCR) rates and survival (5). Recently, 
atezolizumab, a humanised monoclonal antibody against 
PD-L1, was approved in the UK in combination with 
nab-paclitaxel for use in unresectable locally advanced or 
metastatic TNBC with PD-L1 expression. Additionally, 
pembrolizumab, another humanised monoclonal antibody 
that works by blocking PD-1 receptors on lymphocytes, has 
also been approved as neoadjuvant and adjuvant treatment 
of triple-negative early or locally advanced breast cancer, 
and in combination with chemotherapy for untreated, 
triple-negative, locally recurrent unresectable or metastatic 
breast cancer. While further studies are necessary to study 
these therapies in the long-run and determine the optimal 
duration and sequence of ICIs in treating early-stage 
TNBC, their clinical promise is irrefutable.

The study recently published in Annals of Translational 
Medicine, by Gong et al. presents a single-centre prospective 
randomised double-blind phase 2 trial investigating the 
benefit of neoadjuvant Pseudomonas aeruginosa mannose-
sensitive haemagglutinin (PA-MSHA) in addition to 
paclitaxel and carboplatin (PCb) chemotherapy in previously 
untreated Chinese individuals with early-stage HER2-
negative breast cancer (6). This genetically engineered 
heat-killed strain of Pseudomonas aeruginosa that exhibits 
mannose-sensitive haemagglutination type I fimbriae 
on its surface has been approved by the State Food and 
Drug Administration in China for complementary cancer 
treatment since 1998. PA-MSHA exerts its antiproliferative 
effects through both direct tumoricidal action as well as 
through its ability to act as an immunostimulant adjuvant 
particularly through inducing dendritic cell maturation in 
a Toll-like receptor 4 (TLR4)-dependent manner, T cell 
activation and M1 macrophage polarisation (7).

A total of 75 patients were randomised with a 1:1 ratio 
to the experimental (37 patients) and control (38 patients) 
arms of the study and treated in parallel. Both groups were 
treated with paclitaxel 80 mg/m2 and carboplatin (area under 
the time curve =2) chemotherapy on days 1, 8 and 15 every 
28 days for 4 cycles. In addition to this standard regime, the 
patients in the experimental arm received a subcutaneous 
injection of PA-MSHA on the upper arm every other day, 
from the first day of neoadjuvant chemotherapy up to 3 days 

prior to surgery. Median follow-up duration was 95 months. 
Clinical response was assessed every 2 days using the 
Response Evaluation Criteria in Solid Tumours (RECIST) 
and the objective response rate (ORR) was measured as the 
primary endpoint.

In this study, Gong et al. demonstrate a significantly 
higher ORR in the PA-MSHA group (86.5%) compared 
to the control group (60.5%) (95% confidence interval 
5.9-43.5%, P=0.011). The study’s secondary endpoints, 
compri s ing  of  pCR rate ,  surv iva l  outcomes  and 
immunological index remained unchanged. PA-MSHA 
therapy had a similar safety profile to the control group and 
no added toxicity. However, there was a greater number of 
patients with immune-related adverse events (irAEs) in the 
treatment group (56.8%) compared to the control group 
(13.2%), and those exhibiting these effects benefitted from 
much-improved outcomes to those who didn’t, suggesting 
that irAEs could act as a clinical biomarker of benefit from 
PA-MSHA treatment.

One of the strengths of this study is that it is the first 
randomised controlled trial to evaluate the effects of 
neoadjuvant PA-MSHA on early-stage HER2-negative 
breast cancer, and it presents a statistically significant 
improvement in ORR with the suggested treatment regime. 
Additionally, the use of randomisation and double blinding 
might have contributed to reduce bias.

On the other hand, there are a few aspects that require 
attention in interpreting the results. Although the 
intention-to-treat and parallel arm design closely mimics 
the real clinical setting, there is a question of whether 
the subcutaneous administration protocol of PA-MSHA 
induced clinically meaningful benefit. Moreover, it would 
be useful to further understand if the patients’ quality of life 
during the study changed compared to the control arm.

In clinical practice, neoadjuvant therapy for breast 
cancer is a decision taken based on a combination of 
factors, but the specific molecular subtype play a major 
role. The demographic of this study, however, comprises 
several molecular breast cancer subtypes, with most 
participants with luminal subtype (77.3%), which is usually 
not responsive to neoadjuvant chemotherapy, and stage III 
breast cancer (64.0%). The inclusion of patients with more 
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than one molecular subtype of breast cancer allows for 
subgroup analysis to be conducted to investigate the effect 
of molecular subtype of breast cancer on treatment success. 
Indeed, the study demonstrates a statistically significant 
ORR difference of 31.0% (95% confidence interval:  
7.8–50.5%, P=0.009) between experimental and control arm 
response in a total of 58 patients with luminal breast cancer, 
but no such significant difference in results in a total of  
17 patients with TNBC. Despite this, it would be ideal 
to focus on a larger and perhaps more homogeneous 
populat ion for  future studies  with this  regimen. 
Furthermore, exploratory analysis could be considered 
to find an optimal subgroup population for PA-MSHA 
treatment. The study’s protocol could be further enhanced 
by considering additional parameters in the subgroup 
analysis. These include tumour mutation burden and 
neoantigen load, intratumoral TIL (iTIL) and stromal TIL 
(sTIL) density, immune gene signatures and predictive 
immune biomarkers that determine the response of 
conventional ICIs, such as PD-L1 expression. This is 
especially important given the heterogeneity feature 
of TNBC and associated challenge of selecting the 
subpopulation of patients predicted to benefit most from 
treatment.

The lack of a statistically significant improvement in 
the pCR of the experimental arm compared to the control 
arm (16.2% vs. 10.5%, P=0.516) is an important caveat of 
this study, considering that pCR is a US Food and Drug 
Administration approved surrogate endpoint for disease-
free survival and overall survival in randomised clinical 
trials testing neoadjuvant treatments in early-stage breast 
cancer (8). pCR is defined as the absence of residual invasive 
cancer upon evaluation of the resected breast tissue and 
regional lymph nodes. Compared to ORR which measures 
the proportion of patients who experience a reduction 
in tumour size regardless of the extent of reduction, 
pCR is a more stringent endpoint as it requires complete 
local eradication of the invasive tumour. pCR acts as a 
quantitative surrogate endpoint for long-term outcomes 
and this has enabled its applicability in risk stratification and 
selection of subsequent adjuvant treatment (8). Conversely, 
ORR may be a less reliable predictor of long-term outcomes 
than pCR, as some patients who have a partial response may 

still experience disease progression or recurrence. On the 
other hand, other studies have shown that obtaining a pCR 
is not necessary for achieving important survival benefits, as 
demonstrated by the use of endocrine treatments in patients 
with luminal-like breast cancers (9).

Several key clinical trials use both pCR and ORR as 
endpoints to evaluate neoadjuvant immunotherapy with 
ICIs, in early stage TNBC but results so far showed no 
significant benefit, except in the KEYNOTE-522 trial (10). 
The KEYNOTE-522 trial was a randomized, double-blind, 
phase 3 trial that evaluated the addition of pembrolizumab, 
a PD-1 inhibitor, to neoadjuvant chemotherapy for 
patients with TNBC. In this study, the addition of 
pembrolizumab to chemotherapy resulted in a higher 
rate of pCR than chemotherapy alone (64.8% vs. 51.2%, 
P=0.00055). Remarkably, two randomised neoadjuvant 
trials of antibodies against PD-L1, GeparNuevo which 
tested durvalumab plus chemotherapy in early-stage TNBC 
and NeoTRIP Michelangelo which tested atezolizumab 
plus chemotherapy in early-stage TNBC, failed to show a 
statistically significant increase in pCR with the neoadjuvant 
immunotherapy in addition to chemotherapy (11,12). 
They are underpowered compared to the KEYNOTE-522 
trial. The i-SPY2 trial is a platform trial that evaluated 
the efficacy of multiple neoadjuvant treatment regimens 
in different breast cancer subtypes, including TNBC (13). 
This trial includes several experimental arms that tested the 
efficacy of different immunotherapy agents in combination 
with standard neoadjuvant chemotherapy. The trial used 
pCR as the primary endpoint and has shown promising 
results with several immunotherapy agents, including 
pembrolizumab and atezolizumab. A summary of the results 
of these studies can be found in Table 1.

In conclusion, the study conducted by Gong et al. 
provides insights into the use of novel neoadjuvant 
immunotherapy strategies in breast cancer treatment. 
While the study has limitations, the results are intriguing 
and suggest that the role of PA-MSHA in addition to 
neoadjuvant chemotherapy for HER2-negative breast 
cancer patients should be further investigated, especially in 
terms of further stratifying PA-MSHA treatment based on 
biomarkers, as well as exploring its effect in combination 
with other immunotherapy agents and targeted therapies.
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