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Editorial
5

T-cell bispecific antibodies to bypass MHC
class I loss in breast cancer

In the current issue of Annals of Oncology, Messaoudene et al. [1]
provide novel and relevant insights on the immune contexture of

10 early breast cancer. The authors showed that human leukocyte
antigen (HLA) loss of heterozygosity (LOH) is a frequent event in
early breast cancer and is associated with an increase in regulatory
T-cell infiltration and high T-cell immunoglobulin and mucin-
domain containing-3 expression, minimizing immuno-

15 stimulatory effects of chemotherapy. Notably, T-cell bispecific
antibodies (TCBs) bridging CD3 and HER2 or CEACAM5AQ2 are
able to bypass major histocompatibility complex (MHC) class I
loss, partially restoring T-cell functions in metastatic lymph
nodes (mLNs).

20 The immune system plays a crucial role in breast cancer devel-
opment and progression, strongly influencing disease course.
The presence of tumor-infiltrating lymphocytes (TILs) in pri-
mary breast cancer has been correlated with a better prognosis,
especially in triple negative and HER2þ subtypes [2–4]. TILs can

25 also act as predictive indicators for improved pathological com-
plete response and survival after neoadjuvant chemotherapy
(NACT) [5]. In the last years, the presence of tertiary lymphoid
structures (TLSs), characterized by an architecture similar to ca-
nonical secondary lymphoid organs, in primary organ or in

30 mLNs has been associated with improved outcomes in several
malignancies, including breast cancer [6, 7]. Meanwhile, as this
evidences has been accumulated, the introduction in clinical
practice of immune checkpoint-based treatment radically
changed the approach to a broad spectrum of tumors. However,

35 breast cancer has been marginally transformed by this revolution,
with some results obtained only in the triple-negative subtype
and programmed death-ligand 1 (PD-L1)-positive tumors [8, 9].

The findings provided by Messaoudene et al. [1] have consid-
erable implications, shedding new light on immune escape mech-

40 anisms adopted by breast cancer cells. Immune infiltrate presents
substantial changes during breast cancer progression moving
from primary tumor to lymph nodes. Invasive breast cancer is
characterized by an impaired immune response compared with
carcinoma in situ, mainly related to reduced CD8þ T-cell func-

45 tion and high PD-L1 expression [10]. In the current study, the
authors showed that CD8þ T cells markedly increase in primary
tumor after exposure to chemotherapy, while this effect is less
pronounced in mLNs. Immunogenic chemotherapy is able to
switch on effector T cells in primary lesions, while it cannot exert

50 this effect at lymph node level where an immunosuppressive
tumor microenvironment (TME) is sustained by T-regulatory
cells. However, in the current work, the expression of other im-
mune checkpoint molecules (e.g. PD-L1 and LAG-3), as well as

the TLSs, was not assessed. It would be interesting to know
55whether there are substantial differences in TLSs between pri-

mary tumors and mLNs. Moreover, since the selection of patients
for immunotherapy in breast is based on PD-L1 expression, it
would be useful to evaluate whether there are differences in terms
of PD-L1 expression between primary tumor and mLNs (and

60possibly also in the metastatic site).
Noteworthy, the authors demonstrate that TCB bridging CD3

and HER2 or CEACAM5 are able to increase CD8þ and NK cell
activation and proliferation mainly in lymph nodes. Conversely,
primary tumor-resident T cells, already exposed to chemotherapy

65in the neoadjuvant setting, were not reactivated by the exposure
to TCBs. These observations suggest that TCB could have a role
in triggering T-cell function before chemotherapy.

The authors also investigated whether MHC class I loss could
lead to breast cancer progression, promoting immunosuppres-

70sion in TME. MHC class I downregulation is a well-known mech-
anism of immune escape adopted by different tumors, resulting
in reduced antigen presentation and so promoting tumor im-
mune evasion [11]. In addition, MHC class I downregulation is
recognized as a resistance mechanism to immunotherapy in mel-

75anoma and lung cancer [12, 13]. Despite about 40% of breast
cancers presenting with MHC class I downregulation, contrasting
results have been reported about its predictive and prognostic
value [14–16]. The authors reveal a marked MHC class I downre-
gulation in mLNs compared with primary breast cancer, regard-

80less of tumor subtype. Not surprisingly, chemotherapy was able
to restore MHC class I expression in mLN. Indeed, chemotherapy
administration, inducing an immunogenic cell death, can pro-
mote T-cell recruitment and activation in TME, thus increasing
IFN-c levels that facilitate MHC class I upregulation on tumor

85cells. However, this immunomodulating effect of chemotherapy
cannot be exerted when MHC class I loss is related to genetic
abnormalities. Interestingly, the authors report that genetic
defects in beta-2-microglobulin (B2M), an essential component
of MHC class I, are found across all breast cancer subtypes, espe-

90cially in triple negative. Defective MHC class I antigen processing
through deleterious mutations in B2M have been reported as
common resistance mechanism to immune checkpoint
inhibitor-based immunotherapy [12, 17].

In order to define potential genetic alterations related to MHC
95class I downregulation, the authors explored differences in terms

of HLA LOH between primary tumor and mLNs. HLA class I
genotype has been found to be an early event in lung cancer, pro-
moting and influencing response to immunotherapy [18, 19]. In
breast cancer, HLA LOH was more pronounced in mLN as com-

100pared with primary tumor region. Notably, tumors with HLA-
LOH were less likely to obtain a pathological complete response
after NACT (odds ratio 0.27, P¼ 0.04). The administration of
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TCB targeting antigens such as CEACAM5 or HER2 can restore
T-cell effector function, regardless of low target antigen expres-
sion related to HLA-LOH.

Is there any potential therapeutic implication for the use of
5 TCB in clinical practice? And, if yes, when and in which setting?

Considering that HLA-LOH is predominant in mLN and that
NACT is unable to reverse immunosuppression at this level, TCB
should act as priming strategy. Therefore, chemotherapy admin-
istration should be placed after TCB in order to ensure immuno-

10 genic cell death and an antigen release in a ‘primed’ TME. TCB-
based strategies could be implemented in the neoadjuvant setting
and afterward as adjuvant treatment. Trials testing NACT strat-
egies represent an ideal in vivo laboratory to test novel agents,
with the possibility of obtaining baseline biopsy and to reassess

15 both tumor response and TME modifications at established time
points. In a clinical scenario, considering that the backbone of
NACT is represented by chemotherapy þ/- targeted agents (de-
pending on tumor subtype), TCB could be administered before
chemotherapy. On the other hand, chemotherapy seems to better

20 target the primary tumor than the mLN, effectively increasing
CD8þ T cell at the primary site while rendering CD8þ T cells
more immunosuppressed. These observations may favor the im-
plementation of TCB-based therapies also in the adjuvant setting
(e.g. in patients not candidates for NACT).

25 The implementation of new TCB-treatment represents an
interesting way to circumvent immune escape in breast cancer.
As previously described, MHC class I is a frequent event during
breast cancer evolution, rendering chemotherapy and immune
checkpoint-based immunotherapy ineffective. TCBs are engi-

30 neered molecules, consisting of binding sites to the invariant
CD3e chain of the T-cell receptor and to a tumor-associated or a
tumor-specific antigen, which do not require MHC class I expres-
sion to exert their anti-tumor function [20, 21]. One of the prin-
cipal issues in the TCB development is the lack of well-

35 characterized extracellularly antigens, specifically exposed by

tumors and absent in normal tissues. As a result, the majority of
TCBs has been developed against antigens, expressed but limited
to tumor tissue. For future development, it will be essential to
characterize and identify new tumor-associated antigens. Several

40efforts are being made, representing a relevant challenge in the
next years [22].

In conclusion, the discovery of significant differences in the
immune infiltrate between primary breast cancers and mLNs is
important. However, a deeper characterization of TME including

45presence of TLSs, upregulation of other negative checkpoint mol-
ecules (e.g. PD-L1 and LAG-3), and abnormalities in IFN-c-
related genes, could ensure a better understanding of these find-
ings and further research in this way are warranted. Hence, im-
mune checkpoint inhibitors provide scant results in breast

50cancer, mainly limited to triple-negative tumors harboring PD-
L1 expression. The implementation of novel biomarkers that can
guide better patient selection represents an urgent need. The sug-
gestion that TCBs might normalize differences between primary
tumor, mLNs, and maybe metastatic sites is clinically relevant.

55Given that immune escape mechanisms tend to increase from
primary breast tumor to mLNs, we can speculate that AQ3immuno-
suppression would be even deeper at metastatic sites. Therefore,
the development of new therapeutic strategies that can bypass
these immune escape mechanisms, such as TCBs and others, is

60strongly encouraged. The relevant findings of the current work
pave the way for further research in this context. AQ4
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Figure 1. Breast cancer progression is associatedAQ8 with an increased immunosuppression moving from primary tumor to metastatic lymph
nodes (A). Chemotherapy can increaseAQ9 CD8þ T cells in primary breast cancer, while it cannot reverse immunosuppression at lymph node
level. Chemotherapy can alsoAQ7 partially restore major histocompatibility complex (MHC) class I expression, but with limited effect in case with
human leukocyte antigen loss of function (B). TILs, tumor-infiltrating lymphocytes.AQ10
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