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The vast majority of studies investigating immune checkpoint inhibition (ICl) in patients with breast cancer have focused on triple-
negative breast cancer (TNBQ). In this study, we compared the tumor immune microenvironment (TIME) between TNBC and
hormone receptor-negative HER2-positive breast cancer based on a selection of immune markers at the protein level in an
institutional retrospective series. Additionally, we performed a similar comparison using publicly available transcriptomics data.
Altogether, the results show a comparable TIME in both groups, with possible implications for the use of ICl in patients with

hormone receptor-negative HER2-positive breast tumors.
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Research on immune checkpoint inhibitors (ICl) in breast cancer
(BC) has mainly focused on triple-negative breast cancer (TNBC),
due to the immunogenicity of these tumors and the lack of
targeted therapies to treat these patients. Although the prognosis
of patients with primary HER2-positive BC has significantly
increased since the introduction of anti-HER2-targeted therapies,
the vast majority of patients eventually develops resistance,
leading to disease relapse and progression'. Currently, the 5-year
relative survival percentages for HER2-positive BC and TNBC are 84
and 76.9%, respectively?.

ICl might therefore represent an additional treatment option for
these patients, as recently suggested by the PANACEA® and
KATE2* trials in the advanced setting. We further refer to the
review from Costa and Czerniecki for a more extensive review of
the ongoing trials®. So far, the tumor immune microenvironment
(TIME) of HER2-positive BC remains poorly characterized and
existing data usually comprise pooled analyses of hormone
receptor (HR)-positive and HR-negative HER2-positive tumors®.
Moreover, most research on the TIME in HER2-positive BC has so
far focused on the prognostic effect of stromal tumor infiltrating
lymphocytes (sTIL)”®, and the predictive value for response to
neo-adjuvant chemotherapy or HER2-targeted therapy>°~'2.

In this study, we therefore aimed to compare the TIME of TNBC
and HER2-positive HR-negative non-special type BC tumors, in
order to explore potential similarities or differences.

In the first part of our study, we analyzed sTIL, scored according
to standard guidelines', and multiple markers (CD3, CD4, CDS,
CD68, CD73, PD-1, PD-L1, FOXP3, and Ki67) by immunohisto-
chemistry (IHC) on formalin-fixed paraffin-embedded samples
from tumor resection specimens of 163 patients with HR-negative
stage 2-3 BC. All patients underwent upfront surgery at UZ
Leuven (Leuven, Belgium) between the 1st of January 2005 and
the 31st of December 2010. Tumors from 110 (67%) and 53 (33%)
patients were triple-negative and HR-negative/HER2-positive,

respectively. When comparing the clinico-pathological character-
istics of patients with TNBC and HER2-positive BC, we observed, as
expected'*'>, a higher proportion of axillary lymph node
metastases at diagnosis in patients with HER2-positive tumors
compared to patients with TNBC (Supplementary Table 1).

Considering standardly acknowledged cutpoints of sTIL for
defining highly infiltrated tumors (30 and 60%)’®, we observed 28
and 11%, respectively, highly infiltrated TNBC tumors and 21%
and 6% highly infiltrated HER2-positive tumors. Using a cutpoint
of >1%, we found 94% PD-1 positive and 17% PD-L1 positive
TNBC tumors, and 93% PD-1 and 19% PD-L1 positive tumors. A
comparative analysis of TNBC and HER2-positive BC revealed no
significant differences regarding sTIL and the majority of the
investigated immune cell subpopulations. We nevertheless
identified significantly higher levels of CD68" (p=0.002) and
FOXP3™ cells (p=0.005) in TNBC as compared to HER2-positive
tumors (Fig. 1A). Given the higher proportion of axillary lymph
node involvement in patients with HER2-positive BC, we
performed Firth logistic regressions with nodal status as covariate
and confirmed the associations independently of the nodal status
(Supplementary Fig. 1 and Supplementary Table 2).

We further generated an unsupervised hierarchical clustering
with the various immune scores (Fig. 1B). The tumors were
distributed in two main clusters. The smallest cluster of 58 patients
was characterized by infiltrated tumors, i.e. higher sTIL levels and
higher expression of CD3 and CD8. We also observed a subcluster
of tumors with high PD-L1 expression. The second main cluster of
105 patients was generally characterized by low sTIL levels and
low CD3 and CD8 expression. We observed a subcluster with
CD73-positive tumors and another with PD-1 expression.

We then explored whether the standard clinico-pathological
characteristics correlated with the expression of the selected
immune parameters within TNBC and HER2-positive tumors
separately.
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Focusing on patients with TNBC, we observed that older
patients had significantly less sTIL (o =—0.250, p =0.008) and
lower expression of CD3 (Supplementary Table 3). The same result
towards lower expression was observed in postmenopausal
patients for sTIL, CD3, and CD8 (Supplementary Table 4).
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Body mass index did not correlate with sTIL (Supplementary
Table 3), but patients with a high BMI had a significant higher
expression of CD73 (p=0.202, p=0.036). No associations
between immune parameters and tumor size were found
(Supplementary Table 5). However an association was noted
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Fig. 1 Characteristics of the 163 tumor samples, 110 HER2-/ER-/PR- and 53 HER2+/ER-/PR-. A Immune markers scored by an experienced
pathologist. Wilcoxon test p-values are indicated for each marker. The center line is the median, the bounds of box are the first and third
quartile and the whiskers have a length of 1.5 interquartile range. The dots represent the actual individual data. B Heatmap of the hierarchical
clustering. The 2 clusters obtained are depicted in red and green on the patient dendrogram, so called low and high immune infiltrated
respectively, they account for 105 and 58 patients respectively and present 38% (40/105) and 22% (13/58) HER2+ patients respectively (fisher
p-value: 0.05432). Annotations are given for HER2 status (negative or positive in light and dark pink respectively); BMI ([18-25], [25-30],[30-42],
in green, orange, red respectively; age ([27-45], [45-70], [70-90], from light to dark blue respectively); menopausal status (negative or positive
in light and dark pink respectively); grade (Il or Ill in light and dark pink respectively); metastases (absent or present in light and dark pink

respectively). Missing values appear in gray.

between CD73 and lymph node involvement. Patients with a
positive pathological nodal status had a significant higher
expression of CD73 compared to patients with a negative nodal
status (Supplementary Table 6).

In the group of patients with a HER2-positive tumor, no
significant associations between the immune parameters and
standard clinico-pathological characteristics were found (Supple-
mentary tables 3-6).

To further characterize the TIME of HR-negative tumors
according to HER2 status, we analyzed the transcriptomic data
from METABRIC, which was available for 320 TNBC and 134 HR-
negative HER2-positive tumors. Consistently with what we
observed in our institutional cohort, we observed a larger
proportion of patients with HER2-positive BC having axillary
lymph node involvement at diagnosis compared to patients with
TNBC (Supplementary Table 5). The CIBERSORT deconvolution'®
was available for 265 TNBC-, and 109 HR-negative HER2-positive
tumors. The analyses showed significant differences between the
two groups concerning plasma cells (p = 0.014), memory resting
CD4+ T-cells (p <0.001) and resting mast cells (p <0.001), with a
consistent higher expression in HER2-positive BC (Fig. 2). No
significant difference was observed for all other immune cell
subpopulations.

Acknowledging the relatively small sample size, we currently
showed that the TIME is very similar between HR-negative HER2-
positive tumors and TNBC, using central pathology assessment of
various markers. However, at the immunohistochemical level, we
observed small differences in our study population in the levels of
CD68" and FOXP3™ cells in TNBC as compared to HER2-positive
tumors. These results were not confirmed at the transcriptomic
level in the METABRIC dataset, where higher levels of plasma cells,
memory resting CD44 T-cells, and resting mast cells were
observed in HR-negative/HER2-positive tumors as compared to
TNBC. These differences could be explained by the differences in
study population or most probably by the differences between
the transcriptomic and protein level, as recently documented by
Nederlof and colleagues'’. Of note, the observed high levels of
sTIL and PD-L1-positivity rate for a considerable proportion of
HER2-positive tumors are in agreement with previous
research®1013.18,

The similarity in the TIME for HER2-positive and TNBC tumors
suggests that patients with HER2-positive BC could also benefit
from immunotherapy combined with established or novel HER2-
targeted therapy, e.g. trastuzumab emtansine (T-DM1). The
potential benefit of ICI in patients with metastatic HER2+ BC
has been reported in several studies and PD-L1 positivity and sTIL
seemed to be predictive®. No results are available yet for early BC,
with a few trials that are currently ongoing such as a phase 2 trial
with pembrolizumab (NCT 03747120) and a phase 3 trial with
atezolizumab (NCT 03726879).

To conclude, our characterization of the TIME in HER2-positive
BC suggests a potential role for immunotherapy in these patients.
These findings warrant more research on combining immunother-
apy with traditional or novel anti-HER2 agents, which could lead to
more tailored options for patients with early HER2-positive BC.

Published in partnership with the Breast Cancer Research Foundation

METHODS

Patients

A consecutive series of female patients with a non-special type ER/PR
negative invasive adenocarcinoma of at least 2 cm diameter were included.
All patients underwent upfront surgery at the University Hospitals Leuven
(UHL) between 2005 and 2010. Patients were retrospectively selected from
the prospectively collected database of the Multidisciplinary Breast Center at
the UHL. An informed consent was obtained for all patients in this database.
Receptor status was defined according to ASCO/CAP guidelines'®?°, Patients
who received neo-adjuvant systemic treatment were excluded. Clinico-
pathological parameters of all patients were retrieved from the hospital
information system. BMI categories were defined as lean (<25 kg/m?) versus
overweight (=25 and <30 kg/m?) and obese (=30 kg/m?). The study protocol
was approved by the local medical ethics committee of the UHL (S58910, 9
May 2016).

H&E and immunohistochemistry

Archival hematoxylin and eosin (H&E) stained slides were reviewed by an
experienced pathologist (K.L). sTIL were evaluated according to the
guidelines of the International Immuno-Oncology Biomarkers Working
Group'3. Paraffin blocks of the primary site of the BC tumor were selected
based on the pathology report for diagnostics and H&E stained slides.
HER2 expression was evaluated by means of immunohistochemistry,
according to the Guidelines of the American Society of Clinical Oncology/
College of American Pathologists (ASCO/CAP)?'. Equivocal cases (score 2+)
received additional testing by FISH in order to detect HER2 amplification.
Score 3+ cases received FISH confirmation as well, as this is mandatory for
reimbursement of HER2-targeted therapy in Belgium.

Immunohistochemical stains were performed on 5pum thick sections
using an automatic immunostainer (Bond Max Autostainer, Leica)
according to the manufacturer’s instructions.

A polyclonal CD3 antibody (ready-to-use, IR50361, Agilent) and
monoclonal antibodies were used for CD4 (clone 4B12, ready-to-use,
IR64961, Agilent), CD8 (clone C8/144B, ready-to-use, IR62361, Agilent),
CD68 (clone KP1, ready-to-use, IR60961, Agilent), CD73 (clone 1D7, 1/200
dilution, ab133582, Abcam), FoxP3 (clone 22510, 1/200 dilution, ab22510,
Abcam), Ki67 (clone MIB-1, ready-to-use, IR62661, Agilent), and PD1 (clone
NAT105, 1/100 dilution, ab52587, Abcam). CD3, CD4, CD8, FOXP3, and PD1
expression on sTIL and CD73 expression on tumoral cells were assessed
semi quantitatively. PD-L1 (22C3 antibody, 2pg/mL, Dako-Agilent)
immunohistochemistry was performed by Qualtek Molecular Laboratories
(Newtown PA, USA) as per agreement with Merck. QualTek provided a
modified proportion score (MPS) indicating the proportion of PD-L1-
expressing tumor cells and mononuclear inflammatory cells within
tumor nests.

Statistical analyses

The analysis of continuous variables was performed using the
Mann-Whitney U test for comparing two groups, or the Kruskal-Wallis
test for more than two groups. The association among categorical variables
was assessed by Fisher exact test and association among continuous
variables was estimated by means of the Spearman correlation coefficient.
Results were presented as hazard ratios with 95% confidence intervals. All
tests were two-sided, while a 5% significance level was adopted. No
correction for multiplicity was performed. Data analysis was conducted by
an expert biostatistician with SAS software (version 9.4 of the SAS System
for Windows).
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Fig.2 CIBERSORT deconvolution for 265 TNBC, and 109 HER2+ /ER-/PR- patients. Wilcoxon test p-values are indicated for each cell types.

Bioinformatics analyses

Wilcoxon tests were performed to compare continuous to categorical
variables. P-values were two-sided and statistical significance considered
for p<0.05. Association between IHC markers taken as continuous
percentage and subtypes were assessed by Firth logistic regressions,
considering subtypes as the outcome variable (HER2-positive vs TNBC) and
adjusting for nodal status (positive vs negative) in the multivariable
models. All analyses were performed using R 3.5.2.

Unsupervised hierarchical clustering of the continuous markers scored
on tumor tissues was performed. Data were scaled and log transformed
prior to the z-score computation. Clustering was based on Euclidian
distance and the ward linkage criterion. Optimal cluster count was
established by the gap statistic method?? and evaluated to 2.

The METABRIC dataset??, including clinical data and normalized gene
expression, was retrieved through cBioportal®*. Subtypes were assessed
according to the HR and HER2 status. 320 TNBC and 134 HER2+HR-
patients were retrieved.

METABRIC transcriptomic data were processed through CIBERSORT'®
and EPIC?* software in their online versions. CIBERSORT were run using the
default signature matrix, 1000 permutations, in absolute and relative mode
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and without quantile normalization as advised for RNA-Seq data. Only
deconvolution solutions reaching significance were kept for downstream
analysis given a dataset of 265 TNBC, and 109 HER2+HR- patients.

Reporting summary
Further information on research design is available in the Nature Research
Reporting Summary linked to this article.

DATA AVAILABILITY

The METABRIC dataset analyzed during the current study is available in the cbioportal
repository, https://www.cbioportal.org/study/summary?id=brca_metabric. The H&E
and immunohistochemistry datasets generated and analyzed during the current
study are not publicly available but will be made available upon reasonable request,
following ethics committee approval and a data transfer agreement, to guarantee the
General Data Protection Regulation.

Published in partnership with the Breast Cancer Research Foundation


https://www.cbioportal.org/study/summary?id=brca_metabric
https://www.cbioportal.org/study/summary?id=brca_metabric
https://www.cbioportal.org/study/summary?id=brca_metabric

Received: 15 March 2021; Accepted: 20 August 2021;
Published online: 23 September 2021

REFERENCES

1. Barrett-Lee, P. Outcome of patients with HER2-positive advanced breast cancer
progressing during trastuzumab-based therapy. Adv. Breast Cancer 3, 43 (2006).

2. National Cancer Institute. Female Breast Cancer Subtypes — Cancer Stat Facts.
https://seer.cancer.gov/statfacts/html/breast-subtypes.html (2021).

3. Loi, S. et al. Pembrolizumab plus trastuzumab in trastuzumab-resistant, advanced,
HER2-positive breast cancer (PANACEA): a single-arm, multicentre, phase 1b-2
trial. Lancet Oncol. 20, 371-382 (2019).

4. Emens, L. A. Breast cancer immunotherapy: facts and hopes. Clin. Cancer Res. 24,
511-520 (2018).

5. Costa, R. L. B. & Czerniecki, B. J. Clinical development of immunotherapies for
HER2+ breast cancer: a review of HER2-directed monoclonal antibodies and
beyond. npj Breast Cancer 6, 1-11 (2020).

6. Annaratone, L. et al. The multifaceted nature of tumor microenvironment in
breast carcinomas. Pathobiology 87, 125-142 (2020).

7. Loi, S. et al. Tumor-infiltrating lymphocytes and prognosis: a pooled individual
patient analysis of early-stage triple-negative breast cancers. J. Clin. Oncol. 37,
559-569 (2019).

8. Denkert, C. et al. Tumour-infiltrating lymphocytes and prognosis in different
subtypes of breast cancer: a pooled analysis of 3771 patients treated with
neoadjuvant therapy. Lancet Oncol. 19, 40-50 (2018).

9. Luen, S. J. et al. Tumour-infiltrating lymphocytes in advanced HER2-positive
breast cancer treated with pertuzumab or placebo in addition to trastuzumab
and docetaxel: a retrospective analysis of the CLEOPATRA study. Lancet Oncol. 18,
52-62 (2017).

10. Krasniqi, E. et al. Inmunotherapy in HER2-positive breast cancer: state of the art
and future perspectives. J. Hematol. Oncol. 12, 111 (2019).

11. Dieci, M. V. et al. Update on tumor-infiltrating lymphocytes (TILs) in breast cancer,
including recommendations to assess TILs in residual disease after neoadjuvant
therapy and in carcinoma in situ: a report of the International Immuno-Oncology
Biomarker Working Group on Breast Cancer. Semin. Cancer Biol. 52, 16-25 (2018).

12. Perez, E. A. et al. Association of stromal tumor-infiltrating lymphocytes with
recurrence-free survival in the n9831 adjuvant trial in patients with early-stage
HER2-positive breast cancer. JAMA Oncol. 2, 56-64 (2016).

13. Salgado, R. et al. Tumor-infiltrating lymphocytes and associations with patholo-
gical complete response and event-free survival in HER2-positive early-stage
breast cancer treated with lapatinib and trastuzumab: a secondary analysis of the
NeoALTTO trial. JAMA Oncol. 1, 448-455 (2015).

14. Howland, N. K. et al. Lymph node involvement in immunohistochemistry-based
molecular classifications of breast cancer. J. Surg. Res. 185, 697-703 (2013).

15. Chas, M. et al. Clinicopathologic predictors of lymph node metastasis in breast
cancer patients according to molecular subtype. J. Gynecol. Obstet. Hum. Reprod.
47, 9-15 (2018).

16. Newman, A. M. et al. Robust enumeration of cell subsets from tissue expression
profiles. Nat. Methods 12, 453-457 (2015).

17. Nederlof, I. et al. Comprehensive evaluation of methods to assess overall and cell-
specific immune infiltrates in breast cancer. Breast Cancer Res. 21, 151 (2019).

18. Loi, S. et al. Tumor infiltrating lymphocytes are prognostic in triple negative
breast cancer and predictive for trastuzumab benefit in early breast cancer:
results from the FinHER trial. Ann. Oncol. 25, 1544-1550 (2014).

19. Hammond, M. E. H. et al. American Society of Clinical Oncology/College of
American Pathologists Guideline recommendations for immunohistochemical
testing of estrogen and progesterone receptors in breast cancer. J. Clin. Oncol. 28,
2784-2795 (2010).

20. Wolff, A. C. et al. American Society of Clinical Oncology/College of American
Pathologists guideline recommendations for human epidermal growth factor
receptor 2 testing in breast cancer. J. Clin. Oncol. 25, 118-145 (2007).

21. Wolff, A. C. et al. Human epidermal growth factor receptor 2 testing in breast
cancer: American Society of Clinical Oncology/College of American Pathologists
Clinical Practice Guideline Focused Update. Arch. Pathol. Lab. Med. 142,
1364-1382 (2018).

Published in partnership with the Breast Cancer Research Foundation

H. Vos et al.

22. Tibshirani, R, Walther, G. & Hastie, T. Estimating the number of clusters in a data
set via the gap statisticJ. R. Stat. Soc. B 63, 411-423 (2001).

23. Pereira, B. et al. The somatic mutation profiles of 2,433 breast cancers refines their
genomic and transcriptomic landscapes. Nat. Commun. 7, 1-16 (2016).

24. Gao, J. et al. Integrative analysis of complex cancer genomics and clinical profiles
using the cBioPortal. Sci. Signal. 6, pl1 (2013).

25. Racle, J., de Jonge, K., Baumgaertner, P., Speiser, D. E. & Gfeller, D. Simultaneous
enumeration of cancer and immune cell types from bulk tumor gene expression
data. Elife 6, €26476 (2017).

ACKNOWLEDGEMENTS

This work was supported by Kom Op Tegen Kanker and Fonds Nadine De Beauffort.
Supported in part by a research grant from the Investigator Initiated Studies Program
of Merck Sharp & Dohme Corp. The opinions expressed in this paper are those of the
authors and do not necessarily represent those of Merck Sharp & Dohme Corp. The
Laboratory for Translational Breast Cancer Research (F.R. and C.D.) has received
research grants from the ERC (101003153), the Belgian Cancer Foundation (C/2020/
1441), the Luxemburg Cancer Foundation (FC/2018/07), and the FWO (G059821N). G.F.
is recipient of a post-doctoral mandate from the Klinsche Onderzoek en Opleidings-
Raad (KOOR) of the UHL.

AUTHOR CONTRIBUTIONS

HV. performed sample and data collection, the experiments, and wrote the
manuscript. K.L. performed and interpreted all histopathological data and assisted
in writing the manuscript. Data analysis was performed by F.R. and A.L; B.M. assisted
in sample and data collection. A.S. and C.D. designed the experiments and sample
and data collection and supervised manuscript writing. Critical data interpretation
and review of the article was performed by LN., KP., LB, HW. and G.F All of the
authors have read and approved the manuscript.

COMPETING INTERESTS

The authors declare no competing interests.

ADDITIONAL INFORMATION

Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/541523-021-00332-7.

Correspondence and requests for materials should be addressed to Christine
Desmedt or Ann Smeets.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons

5Y Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/.

© The Author(s) 2021

npj Breast Cancer (2021) 128


https://seer.cancer.gov/statfacts/html/breast-subtypes.html
https://doi.org/10.1038/s41523-021-00332-7
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Comparison of the tumor immune microenvironment of primary hormone receptor-negative HER2-positive and triple negative breast cancer
	Methods
	Patients
	H&#x00026;E and immunohistochemistry
	Statistical analyses
	Bioinformatics analyses
	Reporting summary

	DATA AVAILABILITY
	References
	Acknowledgements
	Author contributions
	Competing interests
	ADDITIONAL INFORMATION




