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EDITORIAL
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Abstract
We discussed the potentialities of tumor mutation burden (TMB) as a predictive marker for immunotherapy in breast cancer, 
also highlighting the limits that have hindered its introduction in the clinical practice. Although some studies have demon-
strated the possibility to select patients more responsive to immune-checkpoint inhibitors by evaluating TMB, some issues 
emerged regarding the complexity of the methodologies for its determination, the costs of the analysis, and the necessity to 
improve the TMB determination with that of neoantigen identification.
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Editorial

Immune-checkpoint inhibitors (ICIs) represent a new treat-
ment strategy for a variety of cancers. However, not all 
patients respond to anti-programmed cell death protein-1 
(PD-1) or programmed cell death protein-ligand 1 (PD-L1) 
therapies; therefore, it is important to identify biomarkers 
that can predict clinical response.

Tumor mutation burden (TMB) emerged as a prominent 
independent biomarker for prediction of response to PD-1/
PD-L1 pathway inhibitors in several cancer types [1]. While 
TMB has been widely investigated in lung cancer, few stud-
ies have been conducted on Breast Cancer (BC) and the sig-
nificance of TMB in this tumor type remains unclear. TMB 
is the measure of the number of somatic/acquired muta-
tions within a tumor genome, defined as the total number 
of non-synonymous point mutations per coding area of a 
tumor genome (Mut/Mb) [2], and it is very heterogeneous 
among different tumor types. It is well known that tumors 
with high TMB produce a larger number of neoantigens, 
making them more immunogenic [1]. However, not all muta-
tions are able to generate neoantigens, since a wide series 
of biological processes are necessary, from the presence of 

a DNA mutation to the effective generation of a neoantigen 
and its recognition by the immune cells.

Previous studies have demonstrated that TMB could be 
a potential predictive biomarker for ICIs, but difficulties on 
its detection arose [1, 3]. TMB is a highly dynamic entity 
and some authors demonstrated that it is very heterogene-
ous and can change even between primary tumor tissue and 
metastasis [3]. Moreover, it can be difficult to be evaluated 
in small tumors.

Several studies have highlighted the possibility to evalu-
ate TMB in liquid biopsy on free-circulating DNA with 
promising, but conflicting results [4]. To establish the role 
of TMB on tissue and liquid biopsies, further studies are 
needed. Another factor that can explain the different results 
obtained is the wide disparity in the platforms and cut-off 
used and proposed to evaluate TMB [4]. The main question 
is how many genes have to be analyzed for “a perfect” TMB. 
Different cut offs, in terms of number of mutations, have 
been proposed (e.g., 10, 16, 20 Mut/MB) to reach the best 
accuracy in identifying an ICI responsive patient. The lack 
of standardization in terms of which and how many genes 
have to be considered affects the interpretation of the results. 
Moreover, the tests are often company-sponsored and strictly 
dependent on the platform present in the lab. The choice of 
the test and the type of platform used are conditioned by 
the country where the patient lives. Among the economic 
problems, one of the reasons why TMB is not routinely per-
formed is the lack of reimbursement of the test. The gene 
panel assay FoundationOne CDx for profiling solid tumors 
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for molecular alterations has been approved by the US Food 
and Drug Administration (FDA). Nowadays, this assay is 
available in clinical practice, but many other tests are avail-
able for research use only. The assays differ for the number 
of genes and the types of mutations analyzed, sequencing 
system, enrichment approach and bioinformatic pipeline.

Given the complexity of the immune response and tumor 
biology, some authors have tried to compare and combine 
TMB with other biomarkers, to improve the accuracy in 
patient selection for immunotherapies. Recently, the treat-
ment of triple-negative BC patients has changed, due to the 
results obtained in IMpassion130 clinical trial in terms of 
survival using the combination of Nab-Paclitaxel plus Ate-
zolizumab [5, 6]. In this study, to select ICIs responders, 
PD-L1 was identified as the best biomarker, even if it has 
some limitations.

Only about 10% of BCs show PD‐L1 expression, meas-
ured either on tumor cells or on TILs, with higher rates in 
TNBC. Contrary to other tumor types, PD‐L1 expression on 
tumor cells is not a valid predictive biomarker of ICI efficacy 
in BC. PD‐L1 in IMpassion130 trials was assessed on infil-
trating immune cells and measured as the fraction of positive 
immune area in relation to the whole tumor area, considering 
as positive tumors with expression on ≥ 1% [6, 7].

In the IMpassion130 study, the anti-PD-L1 antibody 
clone SP142 (Roche Ventana) was used. As we observed in 
our experience on different BC subtypes, the SP142 clone 
was able to identify not only PD-L1-positive tumor cells, but 
also PD-L1-positive immune cells (Fig. 1).

The main question is whether TMB could be used instead 
or together with PD-L1 in the clinic to better select ICIs 
responders. It has been demonstrated that TMB does not 
correlate with PD-L1 expression, since these biomarkers 

identify different populations of patients, even if some 
authors reported that both biomarkers had similar predic-
tive value [8].

The role of TMB in BC, particularly in relation to PD-L1 
expression, remains unclear. Some authors demonstrated 
that high TMB was observed with a low frequency (3/62 
cases, 4.8%) in BC [9]. TMB levels were positively asso-
ciated with tumor-infiltrating lymphocytes (TILs), and a 
significantly higher TMB was observed in breast carcino-
mas with DNA-damage repair (DDR) gene mutation(s) 
[9]. These data indicate the importance of DDR proteins in 
maintaining DNA integrity and immune reaction and breast 
carcinoma, indicating that patients with mutations in DDR 
genes may benefit from immunotherapy [9].

In another study, a durable complete response with ICIs 
in BC patients with high TMB and APOBEC signature was 
seen [10]. The study highlights that some patients may still 
experience response to ICIs despite having low levels of 
TILs and PD-L1 negativity [10]. Probably, the incorpora-
tion of both TMB and PD-L1 expression into multivariable 
predictive models should give a higher predictive power [8].

Despite the promising results, TMB is still not conven-
tionally used in the clinical practice in BC, mostly due to low 
reproducibility of its results among different laboratories, 
even if several efforts have been done for TMB harmoniza-
tion. Methodological standardization of TMB assay must be 
obtained before it can be fully usable in clinical practice. In 
addition, its detection in liquid biopsy compared to its evalu-
ation on the tissue needs to be better explored.
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Fig. 1   Immunohistochemical staining for PD-L1 expression at ×40 magnification, using Ventana Platform and Ventana antibody (clone SP142) 
of a Luminal BC and b triple-negative BC tissues, showing a low and a high PD-L1 expression in immune cells, respectively.
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