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Summary

Background HER2-low cancers are heterogeneous with different degrees of HER2 expression and hormone receptor
(HR) status. Currently, its analysis is mostly focused on the standard clinic-pathologic features or common
biomarkers expression, without considering the heterogeneity within the category. A further characterization and
understanding of this cancer subgroup will facilitate its management.

Methods A large cohort of HER2-negative cancers (N = 1464) was included. The HER2-low (N = 412) and HER2-zero
cancers (N = 1052) were compared and correlated with a comprehensive panel of clinico-pathologic features and
biomarker expression according to different HER2 expressions and HR statuses. The prognostic values of these
features in HER2-low cancers were also evaluated.

Findings The characteristics of HER2-low breast cancers, as compared to HER2-zero, varied with the HR status.
HER2-low luminal cancers were associated with younger age, larger tumor, high pAKT and high HLA expression.
Among TNBCs, opposite trends in age and tumor size were found. Additionally, HER2-low TNBC showed less
necrosis, higher pN, lower c-kit and CK14 than HER2-zero cancers. Nonetheless, regardless of HR status, HER2-
low status was associated with increased COX2 and AR expression, implicated in the biology of HER2-low
cancers. HER2-low cancers showed high expression of HLAs in tumors and PD-L1 in immune cells. In particular,
the co-expression of HLAs was found to be associated with better survival in HER2-low cancers.

Interpretation This study revealed further characteristic of HER2-low breast cancers as compared to HER2-zero
cancers, provided further insights into its prognostication and therapeutic strategies.
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Introduction from the conventional anti-HER2 treatments. Recent

The current anti-HER2 treatments have been well developments in anti-HER2 antibody-drug conjugates

established for HER2 gene amplification/HER2 protein ~ (ADCs) open new therapeutic options for breast cancers.
overexpressed breast cancers and achieved a high Recent trials of metastatic breast cancers showed that

response rate. The conventional HER2 diagnosis mainly ~ the anti-HER2 ADC, Trastuzumab Deruxtecan (T-Dxd),
focused on the binary classification into HER2-positive ~ Was effective in HER2-positive breast cancers as well as
and negative cancers. Patients with tumors that are  those with HER2-low expression."” The distinction of
IHC-0 to 1+ and IHC2+ without gene amplification are IHC-0 from IHC1+, which once has no clinical rele-
all diagnosed as HER2-negative as they do not benefit ~ vancy, has now sparked intense interest, leading to the
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Research in context

Evidence before this study

Existing data mainly examined all HER2-low cancers as a
single entity. However, they constitute a spectrum of cancers
with different degrees of HER2 expression and HR status.
Currently its analysis is mostly focused on the standard
clinico-pathologic features or common biomarkers expression.
A further characterization and understanding of this cancer
subgroup will facilitate its management.

Added value of this study

Here, we have revealed further characteristics of HER2-low
breast cancers. These features varied with the HR status.
Moreover, the existence of AR and COX2 signaling in HER2-
low cancers, providing further insights into the biology of this

reclassification of HER2-negative cancers into HER2-
low and HER2-zero cancers.

HER2-low breast cancers accounted for up to 55%
of all breast cancers** and a higher proportion was
found in luminal cancers than TNBC.**” Moreover,
HER2-low cancers were associated with ER positivity,
lower grade and lower Ki67. There was also a higher
proportion of invasive lobular cancers among them.>”
Nonetheless, results from these studies were not all
consistent. One study reported the association of
HER2-low with older age and higher pT,’ but such
associations were not found by others.®” The distri-
bution of PAMS50 subtypes between HER2-low and
HER2-zero were reported differently.>® In fact, HER2-
low cancers could be heterogeneous, constituting a
spectrum of cancers with different degrees of HER2
expression and hormone receptor (HR) status. Existing
data examined all HER2-low cancers as a single entity,
i.e.,, IHC 1+ and 2+ without amplification as one group.
However, these two groups could be different.’ In
general, a better survival of HER2-low cancers was
observed.**'* However, cancers with IHC2+ without
amplification may have a poorer prognosis compared
to those with IHC 0/1+, regardless of HR status."
IHC1+ cancers had better survival than IHC-0 can-
cers, but not for IHC2+ cancers."? The differences can
be found also among HER2-low cancers with different
HR status. HR-positive HER2-low cancers had a higher
expression of ERBB2 and luminal-related genes
compared to HER2-zero cancers, but no differential
gene expression was found among the triple negative
breast cancers (TNBC).* The HER2-low status was
associated with fewer T4 tumors, a higher histologic
grade and a negative lymphatic invasion in
HR + cancers, but a positive lymphatic invasion in
TNBC.” Therefore, it would be of interest to refine
further the characteristics of HER2-low cancers. So far,
only the prognostic significance of HER2-low cancers,
as compared to HER2-zero and HER2+ cancers, has

cancer. HER2-low cancers showed high expression of HLAs in
tumors and PD-L1 in immune cells. In particular, the co-
expression of HLAs was found to be associated with better
survival in HER2-low cancers. These immune features may
imply potential immunotherapeutic targeting strategies in
HER2-low cancers.

Implications of all the available evidence

This study reported further characteristics of HER2-low
cancers depending on the HR status, deepening the
understanding of their underlying biology. The immune
features may provide valuable information for treatment
strategies in this cancer subgroup.

been evaluated. Factors associated with patients’ out-
comes in the group itself have yet to be explored.

In this study, we aimed to examine the clinic-
pathologic features of HER2-low cancers in compari-
son with HER2-zero according to different HER2 ex-
pressions and HR statuses. The features that affected
the prognosis of HER2-low cancers were also evaluated.

Methods

Study cohort

The current cohort study included all consecutive cases
diagnosed with breast cancer for seven (PWH:
2002-2008), seven (KWH: 2003-2009) and eight (TMH:
2003-2010) years in three of the involved institutions.
The following clinical and pathologic parameters were
retrieved from the medical records: basic demographic
characteristics (age and sex), pathologic parameters
(tumor size, lymph node involvement, pN and pT
stages), and outcome data (date of death, cause of death,
date of relapse and type of relapse). Histopathologic
features, including histologic types (WHO criteria),
grade (Bloom and Richardson grading), lympho-
vascular invasion (LVI), phenotypic apocrine feature,
fibrotic focus (FF), necrosis and stromal tumor infil-
trating lymphocytes (sTILs), for each case were assessed
by reviewing the archival haematoxylin and eosin (H&E)
stained slides as previously reported.” Disease-free
survival (DFS) time was calculated from the date of
the surgery to the date of the first relapse or death.
Overall survival (OS) was calculated from the date of
surgery to the date of death from any cause. Breast
cancer-specific survival (BCSS) was calculated from the
date of surgery to the date of death caused by breast
cancer. Data on histological and IHC analysis could be
missing due to either insufficient tumor materials for
evaluation or loss of tissue section during staining.
However, it was generally less than 5% of the population
and would not affect the overall conclusion.
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Tissue microarray (TMA) construction and
immunohistochemistry (IHC)

TMA was prepared as previously described for IHC
analysis.'* Representative tumor areas were selected and
two 0.6 mm cores were taken from each case for TMA
construction. H&E stained slides were reviewed to
confirm the presence of tumor tissues. Immunohisto-
chemical (IHC) staining was carried out on TMA sec-
tions with the selected antibodies with BenchMark XT
automated slide-staining instrument (Ventana, Arizona,
USA) and Ultraview Universal DAB Detection Kit
(Ventana, Arizona, USA) after deparaffinization, rehy-
dration and antigen retrieval. All slides were counter-
stained with hematoxylin. The IHC staining was
evaluated based on staining intensity (graded from 0 to
3) and the percentage of positively stained cells in the
corresponding cellular location according to different
antibodies. HER2 THC analysis was performed with
PATHWAY anti-HER2 antibody (clone 4B5) (Ventana)
according to manufacturer’s instruction. The interpre-
tation of THC results were carried out blindly by two of
the authors without any clinical information and the
staining results of other markers. Any discrepancies
were resolved by discussion to reach a consensus.
Expression data on TMA for hormonal receptors
(androgen receptor (AR), oestrogen receptor (ER) and
progesterone receptor (PR)), Ki67, EGFR, basal markers
(c-kit, p63, CK5/6 and CK14), immune markers (HLA-
A, HIA-B, HLA-C and PD-L1) and markers on cell
signaling (COX2 and pAKT) were retrieved from our
database. Details of staining and assessment of all
markers involved in the study were shown in
Supplementary Table S1.

[HC surrogates for molecular subtype classification
are as follows': luminal A (ER/and PR+, HER2, Ki67-),
luminal B (ER/and PR+, HER2+/and Ki67+), HER2-
overexpressed (HER2-OE) (ER-, PR-, HER2+), Basal
like breast cancer (BLBC) (ER-, PR-, HER2-, CK5/6+/
and EGFR+) and unclassified (S5NP) (ER-, PR, HER2,
CK5/6-, EGFR-).

HER2 evaluation

The HER2 test were evaluated according to the latest
ASCO guideline."*"” For IHC analysis, IHC 0 was
defined by no staining or incomplete weak membrane
staining in <10% tumor cells. IHC 1+ was defined by
incomplete weak staining in >10% of tumor cells. Tu-
mor with weak to moderate complete membrane stain-
ing in >10% of tumor cells was scored as IHC 2+ and
was considered equivocal. A homogeneous intense
membrane staining of >10% tumor cells was considered
IHC 3+. For HER2 IHC 2+ cases, reflex testing by IHC
or FISH was performed to confirm HER2-low status.
FISH analysis was performed using the PathVysion
HER2 DNA probe kit (Vysis) following the manufac-
turer’s protocol.
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Statistical analysis

All analyses were performed using SPSS software
(version 26). Chi-square analysis or Fisher’s exact test
was used to test for the association of categorical vari-
ables. Survival curves were estimated with the Kaplan—
Meier method and the comparisons between groups
were performed using a log-rank test. Multivariate Cox
proportional hazards model with the backward Wald
model was used to identify variables that were inde-
pendently associated with survival. All statistical tests
were two-sided, and p-value of<0.05 was considered
statistically significant.

Ethics

The study was approved by Joint Chinese University of
Hong Kong—New Territories East Cluster clinical
research ethics committee (2014.500). Tissue from pa-
tients was acquired with informed consent following the
local institutional review and the Declaration of
Helsinki.

Role of funders

The Funders made it possible to conduct the study. They
supported the cost of research reagents and salaries of
supporting staffs. However, they did not have any role in
study design, data collection, data analyses, interpreta-
tion, or writing of report.

Results

A total of 1464 HER2-negative cases were included.
Among them, 1052 cases were HER2-zero and 412 cases
were HER2-low (377 cases of IHC1+ and 35 cases of
[HC2+ without amplification). The mean patients’ age
at diagnosis was 54.6 + 12.9 years (range 22-101 years)
and the mean tumor size was 2.56 + 1.42 cm (range
0.1-10.2 cm). There were 237 (16.2%) grade I cases, 657
(44.9%) grade II cases and 570 (38.9%) grade III cases.
One thousand three hundred and three cases (89.0%)
were infiltrating duct carcinoma-not otherwise specified
(IDC-NOS), 46 cases (3.1%) were ILC, 26 cases (1.8%)
were mucinous carcinoma, 13 cases (0.9%) were meta-
plastic cancers, 33 cases (2.3%) were IDC with medul-
lary phenotype and 43 cases (2.9%) were of other special
histotypes. ER and PR positivity were found in 77.6%
and 73.2% of the cases respectively; while 17.5% of
cases were TNBC. Treatment data on chemotherapy
(CT) and hormonal therapy (HT) were available for 1163
and 1171 patients respectively. Overall, there were
65.1% of patients received chemotherapy (CT) and
76.3% of them received hormonal therapy (HT). In
HER2-low cancers, a similar proportion of patients
received CT (66.2%) and a slightly higher proportion
received HT (79.6%). No significant differences were
found between the treatments received with HER2
expression.
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Clinico-pathologic and biomarker association
Table 1 showed the clinico-pathologic association of
HER2-low compared to HER2-zero cancers. Apart from
the association with non-IDC (p = .045) and a trend with
the absence of necrosis (p = .071), no differences were
found in patients’ age, tumor size, grade, apocrine fea-
tures, fibrotic focus, sTIL, LVI, pT and pN stage. Similar
results were found when comparing HER2-zero to
IHC1+ cancers. Of note, IHC2+ cancers were signifi-
cantly associated with the absence of fibrotic focus
(p = .005* and .002*, compared with HER2-zero and
IHC1+ respectively). When compared to HER2-zero
caners, HER2-low status was positively associated with
the expression of ER (p = .001%), AR (p < .001%), COX2
(p = .004%), pAKT (p < .001%), HLAD (p = .004¥), HLAc
(p = .022%), and the co-expression of HLA (p = .022%),
but negatively with Ki67 (p = .028%) and CK14
(p = .012%). Despite its correlation with ER expression,
there were no significant association with PR and no
differential distribution in molecular subtypes by IHC.
Additionally, the expression of EGFR, c-Kit, p63, CK5/6,
tumoral PDL-1, PDL-1 positivity in immune cells and
HLAa were also not associated with HER2-low cancers.
Although PDL-1 did not appear to be enriched in HER2-
low cancers, a remarkable population (32% of HER2-low
cancers) showed PDL-1 expression in immune cells.
The comparison between HER2-zero and IHC1+ can-
cers showed similar observations. For IHC2+ cases, we
noted a trend of a negative association with COX2
expression (p = .089%) (Table 2).

Tables 3 and 4 showed the clinic-pathologic and
biomarker association of HER2-low cancers according to
HR status. The HER2-low luminal cancers were signif-
icantly correlated with a younger age (p = .016") and a
trend with large tumors (p = .083"). However, an
opposite trend was observed in TNBC, being associated
with older age (p = .035") and smaller tumors
(p = .027%). A significant differential distribution in
histotypes was found only in luminal HER2-low cancers
(p = .016%). By contrast, HER2-low TNBCs were asso-
ciated with the absence of necrosis (p = .015) and a
higher pN stage (p = .033*) (Table 3). Regarding bio-
markers, HER2-low luminal cancers showed positive
associations with ER (p = .016%), AR (p = .002¥), pAKT
(p < .001%), HLAa (p = .001%), HLAb (p = .001%), HLAc
(p=.002%), and HLA co-expression (p = .001%), as well as
a marginal association with c-kit (p = .082%) and COX2
(p = .054%). HER2-low TNBC, likewise, was positively
associated with AR (p = .004%) and COX2 (p = .042%), but
negatively with c-Kit (p = .018") and CK14 (p = .022%).
However, there was no association of HER2-low status
with Ki67 when analysed based on HR status (Table 4).
Intriguingly, different from IHC1+ luminal cancers, the
THC2+ cancers had a negative association with fibrotic
focus (p = .027* and .008%, compared with HER2-zero
and IHC1+ respectively) (Table 3) and were negatively
associated with COX2 (p = .020) (Table 4).

wtta

(“** indicated Fisher’s exact test and indicated

chi-square analysis).

Survival

Follow-up data were available for 1282 patients. The
median follow-up time was 73 months (range, 1-210
months). During the follow-up period, 192 cases of
relapse/death were noted, with 135 patients died of
breast cancer. There were no significant differences in
DFS and BCSS between HER2-low and HER2-zero
groups in the overall population and according to HR
status (Fig. 1). The results were similar when compared
according to HER2 IHC level (Fig. S1). Next, we char-
acterised the prognostic features in HER2-low cancers
and compared them to HER2-zero cancers. Conven-
tional pathological features, including grade. LVI, pT,
pN, ER, PR and Ki67 expression, demonstrated prog-
nostic significance in both HER2-low and HER2-zero
cancers (data not shown). Regarding immune features,
STIL and individual HLA were not associated with sur-
vival in the overall HER2-low cancers (Fig. 2 and
Fig. S2). Interestingly, the HER2-low cases with co-
expression of HLAs in all loci demonstrated a trend of
better survival. Particularly in those with high sTIL,
significantly better survival was found (Log-rank test-
DFS: chi-sq = 6.945, p = .031; BCSS: chi-sq = 6.110,
p =.047). Multivariate cox hazard analysis including age,
grade, sTIL, LVI, pT stage, pN stage, ER, PR and Ki67
expression demonstrated that HLA co-expression status
was an independent factor of DFS (Multivariate cox
regression- HR = .173, p = 0.026, 95%CI = 0.037-0.814)
in patients with HER2-low cancers (Table 5). By
contrast, the HLA co-expression status was associated
with the worst survival, particularly in those cases with
low sTIL (Fig. 2).

Discussion

With the promising efficacy of novel anti-HER2 ADC,"*
HER2-low cancers have gained a lot of attention in
recent research studies. Despite that, the characteristic
of this cancer has not been fully examined. Currently its
analysis is mostly focused on the standard clinico-
pathologic features or common biomarkers expression
and without considering the heterogeneity within the
category. Here, we have characterised HER2-low can-
cers in comparison to HER2-zero cancers according to
the different HER2-low subgroups, with a comprehen-
sive panel of clinico-pathologic features and biomarkers.
Similar to the earlier reports,**” we found more HER2-
low cancers that were HR-positive than TNBC and were
associated with high ER expression as well as lower
Ki67. Further, we found its positive correlations with
AR, COX2, HLAs and pAKT, but a negative relationship
with CK14. Notably, the significant correlations of AR
and COX2 remain regardless of HR status. However,
differential associations among HR subgroups were
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Features HER2 p-value
0 1+ 2+ 0 vs low 0 vs 1+ 0 vs 2+ 1+ vs 2+
Age
<50 469 183 19 143 195 260 .515
>50 581 194 16
Missing 2 0 0
Tumor size
<2 480 164 13 583 .693 446 .549
>2 561 202 20
Missing 11 11 12
Grade
1 163 64 10 265 307 424 672
2 472 175 10
3 415 138 16
Missing 2 1 0
Apocrine
Neg 970 342 31 .561 .601 .683 .835
Pos 73 29 3
Missing 9 6 1
Necrosis
Neg 821 308 28 .071 .089 .658 .916
Pos 204 58 5
Missing 27 11 2
FF
Neg 764 261 32 717 267 .005 .002
Pos 275 109 2
Missing 13 7 1
sTIL
<20 735 206 19 .937 .954 872 .896
>20 215 61 6
Missing 102 110 10
LvI
Neg 784 258 22 317 518 1105 191
Pos 238 86 12
Missing 30 33 1
pT
1 478 164 15 .671 738 .551 .638
2 488 172 14
3 43 21 3
4 24 6 1
Missing 19 14 2
pN
0 532 181 18 247 362 294 486
1 292 105 7
2 106 52 6
3 72 23 4
Missing 50 16 0
Histotype
IDC-NOS 947 324 31 .066 .081 .620 .861
(Non-IDC NOS) (105) (52) () (.045) (.044) 773 1.00
ILC 30 15 1
Mucinous 20 6 0
Metaplastic 11 2 0
MDL 20 11 2
Others 24 18 1
Missing 0 1 0
(Table 1 continues on next page)
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Features HER2 p-value
0 1+ 2+ 0 vs low 0 vs 1+ 0 vs 2+ 1+ vs 2+
(Continued from previous page)
Subtype
Lum A 498 201 15 122 117 466 375
Lum B 345 124 15
BLBC 91 25
SNP 106 27
Missing 12 0
Chemotherapy
No 312 87 7 .660 862 317 362
Yes 573 164 20
Missing 167 126 9
Hormonal therapy
No 220 48 9 146 .063 305 .080
Yes 672 204 18
Missing 160 125 9
Bold indicates p value <.05. FF, fibrotic focus; sTIL, stromal tumor infiltrating lymphocyte; LVI, lymphovascular invasion; IDC-NOS, invasive ductal carcinoma-not otherwise
specified; ILC, invasive lobular cancer; MDL, IDC with medullary phenotype; Lum, luminal; BLBC, basal like breast cancer; 5NP, quintuple negative breast cancer.
Table 1: Clinico-pathological features of HER2 negative breast cancer.

found in other features. The HER2-low luminal cancers
were associated with a younger age, higher expression of
HLAs and pAKT, as well as a trend with a smaller tumor
size and higher c-kit expression. By contrast, in the
TNBC counterpart, opposite associations were found
with patients’ age, tumor size, and expression of c-kit.
Also, HER2-low TNBC had association with an absence
of necrosis, a higher pN stage and lower CK14. The
differential clincio—pathological associations of HER2-
low in cancers among the HR subgroups has also
been recently reported.” Our data reaffirmed that char-
acteristics of HER2-low cancers were determined by the
HR status. This should be take into account in the
management of HER2-low cancers.

Regardless of HR status, HER2-low status was
associated with increased COX2 and AR expression.
COX2, an enzyme catalysing the conversion of arach-
idonic acid to prostaglandin E2 (PGE2), has been shown
to promote breast cancer development.'® Its expression
has been reported to correlate with HER2 over-
expression.'” On one hand, HER2 upregulation in breast
cancers was found to be driven by COX2 expression
through RAS/MAPK pathway.”” On the other hand,
COX2 and its product PGE2 can lead to the induction of
HER2 expression.”’ In our findings, a significant posi-
tive correlation with COX2 was found when comparing
[HC 0 to IHC1+, but an opposite trend was found when
comparing IHC1+ to 2+. The differential correlation of
IHC1+ and 2+ HER2-low cases was also observed with
fibrotic focus. These may suggest differences could exist
between the two groups. Nonetheless, a positive feed-
back loop of COX2 and HER?2 pathways could be at least

operated among the IHC1+ cases. Notably, a recent
study suggested detrimental effects on anti-tumor im-
munity by the upregulation of COX2 in breast cancer
cells with pre-existing COX2 activity after chemo-
therapy. The pharmacological inhibition of COX2
alongside immune checkpoint blockade and chemo-
therapy showed a better tumor control.”” In the HER2-
low setting, one could speculate that a similar situa-
tion could also be implicated. In TNBCs, the molecular
apocrine phenotype (defined by co-expression of AR and
FOXA1) was demonstrated to be more frequent in
HER2-low than HER2-zero cancers.”” Supporting this
result, we showed the positive association of HER2-low
status with AR in TNBC. Such relationship was also
demonstrated in luminal cancers. Mechanistically, a
direct upregulation of the HER2 gene by AR and an
upregulation of AR gene by cAMP response element
binding protein 1 as a result of HER2-stimulated ERK
activity were reported,” explaining their positive corre-
lation in our data. The co-expression of AR and HER2-
low status, together with the reported functional inter-
action between the two pathways, could also have clin-
ical implications. AR targeting strategies have been
evaluated in breast cancers, including HER2+ tumors
and TNBC. Results from a recent phase II trial on the
efficacy of combining enzalutamide and trastuzumab in
patients with metastatic advanced HER2+AR + breast
cancer previously progressed on trastuzumab showed
durable disease control on a subset of patients.”
Notably, 33.3% of anthracycline-insensitive patients
with AR + TNBC achieved pCR or RCB-I with enzalu-
tamide and paclitaxel treatment.*® The AR-associated
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HER2 p-value
0 1+ 2+ 0 vs low 0 vs 1+ 0 vs 2+ 1+ vs 2+
ER
0 256 64 6 .001 .001 334 .895
1-10 25 5 1
>10 764 307 28
Missing 7 1 0
PR
0 289 88 11 378 221 .407 206
1-20 85 39 4
>20 668 249 19
Missing 10 1 1
AR
Neg 315 125 8 <.001 <.001 .021 358
Pos 253 177 17
Missing
Ki67
Low 675 268 22 .028 .017 785 262
High 362 105 13
Missing 15 4 0
EGFR
Neg 995 363 33 248 179 .659 275
Pos 44 10 2
Missing 13 4 0
c-Kit
Neg 897 328 30 741 694 871 766
Pos 138 47 5
Missing 17 2 1
P63
Neg 1000 361 34 .998 949 1.00 1.00
Pos 38 14 1
Missing 14 2 1
CK5/6
Neg 898 327 29 441 .402 .883 .658
Pos 144 45 5
Missing 10 5 1
CK14
Neg 955 356 35 .012 .032 .078 385
Pos 85 18 0
Missing 12 3 0
PDL-1 (tumor)
Neg 883 309 31 134 228 357 493
Pos 98 26 1
Missing 71 42 3
PDL-1 (immune cell)
Neg 714 237 20 371 .526 201 317
Pos 293 106 13
Missing 53 37 2
HLAa
Lo 441 205 18 138 174 381 727
Hi 134 78 8
Missing 477 94 10
HLAb
Lo 411 174 16 .004 .004 315 .961
Hi 172 111 10
Missing 471 92 9
(Table 2 continues on next page)
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HER2 p-value
0 1+ 2+ 0 vs low 0 vs 1+ 0 vs 2+ 1+ vs 2+
(Continued from previous page)
HLAc
Lo 370 159 15 .032 .030 674 741
Hi 206 122 10
Missing 476 96 11
HLA co-expression
All low 285 116 11 .022 .029 478 .927
Mixed 169 93 8
(Mixed/low) (454) (209) (19) (-:062) (.046) (:253) (738)
All hi 83 56 6
Missing
COX2
Lo 317 131 15 .004 .001 521 .089
Hi 225 149 8
Missing 510 97 13
PAKT
Lo 191 41 2 <.001 <.001 .007 .549
Hi 351 236 22
Missing 510 100 12
Bold indicates p value <.05. ER, estrogen receptor; PR, progesterone receptor; AR, androgen receptor; EGFR, epidermal growth factor receptor; CK, cytokeratin; PDL-1,
programmed death ligand 1; HLA, human leucocyte antigen; COX2, cyclooxygenase 2.
Table 2: Biomarker association of HER2 negative breast cancer.

protein, FOXA1 which functionally co-operated and co-
expressed with AR in breast cancer, has been shown
to be a determinant of chemotherapy resistance in
breast cancer cells.” All these point towards the possi-
bility of AR inhibition may also work together with the
novel anti-HER2 ADC and increase its clinical benefit in
breast cancer treatment.

Another interesting finding was the prognostic role of
immune features in HER2-low cancers. Although the
subject of investigation, the prognostic factors in HER2-
low cancers were not well characterized. We demon-
strated the association of immune features, namely the
co-expression of HLAs, with better survival in HER2-low
cancers, specifically in those tumors with high TILs.
Similar results were found in HER2+ cancers in our
earlier study.'* On the contrary, HER2-zero cancers with
HILA co-expression showed the worst survival. The data
revealed further differences between HER2-low and
HER2-zero cancers. The high TIL level may suggest the
presence of pre-existing immune surveillance. However,
to elicit the effector functions, antigen presentation by
HLA expressed on tumor cells is also an important pre-
requisite. Recent evidence from ICB treatment has also
demonstrated that patients with HLA loss was resistant
to ICB treatment, even in tumor having an inflammatory
microenvironment™ or high TIL infiltration.”” In fact, the
prognostic impact of CD8+ T cells was found only in
HLA intact microsatellite unstable gastric cancer.”* HLA

expression in HER2-low cancers, having an intact anti-
gen presentation in the presence of high TIL, favors anti-
tumor immunity for controlling tumor progression.
Multiple mechanisms are involved in immune evasion.
Tumors can lose their HLA expression via reversible or
irreversible processes.’’ Similarly, their intrinsic proper-
ties could govern TIL activity against tumor and dynamic
of TIL level.* It is conceivable that the different intrinsic
properties of HER2-low and HER2-zero cancers could
have impact on anti-tumor immunity. With the emer-
gence of anti-HER2-ADC treatment on HER2-low can-
cers, understanding the features that associated with the
cancer outcome could be important. The therapeutic
actions of anti-HER2 ADC are expected to act in coor-
dination with immune responses. As with Trastuzumab,
it could activate antibody-dependent cellular cytotoxicity,
complement-dependent cytotoxicity, and antibody-
dependent cellular phagocytosis.**** Similar to conven-
tional chemotherapy, tumor cell killing by the payload
could increase tumor antigen presentation in the tumor
microenvironment, consequently activation of anti-
tumor immunity. As shown in patients treated with T-
DM]1 (the other anti-HER2 ADC), an increased TIL level
was found after the treatment.*® Preclinical models have
shown that T-Dxd enhanced antitumor immunity.
Interestingly, the study also found that T-Dxd combined
with PD-1 antibody was more effective than mono-
therapy with either agent alone.** Moreover, a robust
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Features Lum TNBC
HER2 p-value HER2 p-value
0 1+ 2+ 0 vs low 0 vs 1+ 0 vs 2+ 1+ vs 2+ 0 1+ 2+ 0 vs low 0 vs 1+ 0 vs 2+ 1+ vs 2+
Age
<50 377 166 19 .016 .040 .041 199 90 17 0 .035 .098 .067 .308
>50 472 159 11 108 35 5
Tumor size
<2 419 141 11 .083 111 270 .586 59 23 2 .027 .028 .636 797
>2 421 175 17 140 27 3
Grade
1 156 63 9 .916 .941 932 917 6 1 1 118 240 .070 218
2 442 162 9 28 13 1
3 250 100 13 165 38 3
Apocrine
Neg 798 301 28 941 .838 1.00 1.00 169 41 3 121 282 160 319
Pos 45 18 1 28 11
Necrosis
Neg 719 271 26 .900 .705 564 .557 99 37 2 .015 .007 1.00 312
Pos 106 43 2 98 15 3
FF
Neg 622 225 27 .565 222 .027 .008 139 36 5 762 931 324 .308
Pos 215 93 2 60 16 0
sTIL
<20 636 183 17 336 332 761 773 97 23 2 .607 432 .660 379
>20 136 47 3 79 14 3
LvI
Neg 623 225 18 751 934 .100 .106 159 33 4 101 .085 1.00 1.00
Pos 202 72 11 36 14 1
pT
1 417 141 13 134 160 377 .698 59 23 2 160 155 .826 797
2 374 150 12 114 22 2
3 27 17 2 16 4 1
4 15 4 1 9 2 0
pN
0 419 159 14 .803 996 255 257 111 22 4 .033 .022 923 453
1 237 92 7 55 13 0
2 91 43 6 15 9 0
3 58 17 3 13 6 1
Histotype
IDC 772 280 27 .016 .019 717 919 173 44 4 .611 .551 .896 613
(Non-IDC NOS) (78) (44) 3) (.038) (.032) (751) (.781) (26) () (@) (:662) (:653) (:512) (1.00)
ILC 26 12 1 3 3 0
Mucinous 19 6 0 1 0 0
Metaplastic 4 0 0 7 2 0
MDL 7 8 1 13 3 1
Others 22 18 1 2 0 0
Subtype
Lum A 498 201 15 544 387 321 203 - - - 914 .832 378 362
Lum B 345 124 15 - - -
BLBC - - - 91 25
SNP - - - 105 27 4
Chemotherapy
No 264 77 6 462 .638 282 .856 43 10 1 .596 .588 1.00 1.00
Yes 448 141 17 121 22 3

(Table 3 continues on next page)
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Features Lum TNBC
HER2 p-value HER2 p-value
0 1+ 2+ 0 vs low 0 vs 1+ 0 vs 2+ 1+ vs 2+ 0 1+ 2+ 0 vs low 0 vs 1+ 0 vs 2+ 1+ vs 2+
(Continued from previous page)
Hormonal therapy
No 77 19 7 .501 387 .097 169 - - -
Yes 641 201 36 - - -
Bold indicates p value <.05.
Table 3: Clinico-pathological features of HER2 negative breast cancer according to HR status.
Features Lum TNBC
HER2 p-value HER2 p-value
0 1+ 2+ 0 vs low 0 vs 1+ 0 vs 2+ 1+ vs 2+ 0 1+ 2+ 0 vs low 0 vs 1+ 0 vs 2+ 1+ vs 2+
ER
0 57 12 1 .016 .020 .504 .889 198 52 5 = = = =
1-10 25 5 1
>10 764 307 28
PR
0 91 36 .255 .543 .061 115 198 52 5 - - - -
1-20 85 39
>20 668 249 19
AR
Neg 224 100 6 .002 .004 .048 310 91 25 2 .004 .006 415 1.00
Pos 235 162 19 17 15 1
Ki67
Low 587 239 19 .209 131 437 187 88 29 3 119 145 .659 1.00
High 252 82 11 110 23 2
EGFR
Neg 821 314 28 .855 842 173 175 173 49 5 .220 220 1.00 1.00
Pos 20 7 2 24 3 0
c-Kit
Neg 761 286 25 .082 138 145 428 134 42 5 .018 .040 328 .580
Pos 74 38 5 64 9 0
P63
Neg 818 313 29 .804 824 .588 1.00 182 48 5 1.00 1.00 1.00 1.00
Pos 24 10 1 14 4 0
CK5/6
Neg 779 301 25 .870 614 269 140 117 26 4 .572 425 .650 382
Pos 62 21 4 82 24 1
CK14
Neg 808 311 30 .558 751 .622 .609 144 45 5 .022 .044 329 1.00
Pos 32 11 0 53 7 0
PDL-1 (tumor)
Neg 714 271 26 .084 130 .504 1.00 166 38 5 767 .587 1.00 1.00
Pos 78 20 1 20 6 0
PDL-1 (immune cell)
Neg 623 215 18 117 193 138 347 88 22 2 .958 .976 1.00 1.00
Pos 192 81 10 101 25 3
HLAa
Lo 376 177 16 .008 .012 175 737 65 28 2 199 202 1.00 1.00
Hi 88 66 7 46 12 1

(Table 4 continues on next page)

10

www.thelancet.com Vol 91 May, 2023



www.thelancet.com/digital-health

Articles

Features Lum TNBC
HER2 p-value HER2 p-value
0 1+ 2+ 0 vs low 0 vs 1+ 0 vs 2+ 1+ vs 2+ 0 1+ 2+ 0 vs low 0 vs 1+ 0 vs 2+ 1+ vs 2+
(Continued from previous page)
HLAb
Lo 353 154 15 .001 .001 296 1.00 58 20 1 763 877 .605 1.00
Hi 118 92 8 52 19 2
HLAc
Lo 317 139 13 .002 .002 325 1.00 51 20 2 372 453 587 1.00
Hi 142 103 9 64 19 1
HLA co-expression
All low 247 102 10 .001 .001 .215 .852 38 14 1 .562 .542 .993 .957
Mixed 137 78 7 32 15 1
(Mixed/low) (384) (180)  (17)  (.001) .090 521 793 (70) (290 (2  (360) (:340) (1.00) (1.00)
All high 47 46 5 36 10 1
Ccox2
Lo 230 104 14 .054 .017 130 .020 87 27 1 .042 .094 .094 254
Hi 206 137 6 19 12 2
PAKT
Lo 156 32 2 <.001 <.001 .010 .749 35 9 0 .235 .308 1.00 1.00
Hi 281 208 20 70 28 2
Bold indicates p value <.05.
Table 4: Biomarker association of HER2 negative breast cancer according to HR status.

treatment benefit of PD-L1 blockade was demonstrated
for previously untreated non-metastatic TNBC. The
benefit appeared to be consistent across HER2 THC2+
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Fig. 2: Impact of sTIL and HLA co-expression status on survival in HER2-zero and HER2-low population.

(NCT02318901, NCT04042701). Immune features have
been suggested to be predictive for ICB response, not
only in TNBC, but also in luminal B cancers.”® Apart
from high TIL and PD-L1 expression, it has become
increasingly evident that HLA-I phenotype could also
determine the clinical success of immune checkpoint
blockade.””* In our cohort, a substantial proportion of
HER2-low cancers was PD-L1 positive (32% with PD-L1

expression in immune cell) and high level of HLA
expression further suggesting the validity of the com-
bined treatment. It will be interesting to assess the pre-
dictive value of HLA expression and other immune
features for anti-HER2 ADC response and also the
combination therapy.

Limitations of study included the limited number of
cases particularly in the HER2 IHC 2+ group for

HR Lower 95% CI Upper 95% Cl P-value
DFS
LVI 2.900 1.149 7.320 .024
pT 2.235 1.037 4.816 .040
pN 1.577 1.027 2.423 .038
Ki67 2.207 1.003 4.857 .049
PR 0.576 0.371 0.895 .014
HLA co-expression
All low (ref) .061
Mixed low/high 1.136 0.507 2.547 757
All high 0.173 0.037 0.814 .026
BCSS
Age 1.035 0.999 1.072 .054
LvI 4.947 2.930 12.680 .001
pT 3.485 1.561 7.782 .002
PR 0.627 0.392 1.003 .052
Initial factors: Age, Grade, pT, pN, LVI, sTIL, Ki67, ER, PR status, HLA co-expression status (All low, mixed low/high, All high). Bold indicates p value <.05.
Table 5: Multivariate Cox regression analysis on HER2-low population.
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subgroup analysis and the use of TMA for IHC analysis.
The limited number of cases will affect the power of
statistical analysis and further studies are required to
validate the findings. Although analysis on TMA has
high concordance with that on whole section, they may
not completely agree in a minority of heterogeneous
tumors. Bias could be introduced by loss to follow-up.
However, the loss mainly related to random events,
thus would have minimal impact on the final
conclusion.

In summary, our study revealed further characteris-
tics of HER2-low breast cancers. These features varied
with the HR status. A high heterogeneity could exist
within the HER2-low category. Research studies are in
progress to dissect the heterogeneity within the category
in genomic level.* Moreover, the existence of AR and
COX2 signaling in HER2-low cancers, providing further
insights into the biology of this cancer. The clinical
relevance of their expression in HER2-low merits
further investigations. Immune feature, namely co-
expression of HLAs, was found to be associated with
better survival in HER2-low cancers. HER2 It will be
interesting to explore if it can be predictive for the novel
anti-HER2 ADC. Ongoing clinical trials have been
extended from evaluating the efficacy of T-DxD alone to
its combined treatment with immunotherapy, endo-
crine therapies, cyclin-dependent kinase inhibitors,
among others. Further characterization of the HER2-low
category in light of predictive factors for other treat-
ments and those beyond HER2-low expression are
required.
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