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INTRODUCTION

Malignant disease in breast cancer is seeing advances to a great extent, due to development in 
molecular targets. Neoadjuvant treatments leading to pathological complete response (pCR) 
and adjuvant treatments targeting specific molecules have helped improve survival. Tumor 
infiltrating lymphocytes (TIL’s) as part of evaluation have gained momentum, especially in the 
chemosensitive solid tumors. Triple negative breast cancers (TNBC) and HER2 positive diseases 
particularly respond to neoadjuvant chemotherapy, where TIL’s can help to predict this response. 
They would also be helpful in the adjuvant setting with prognostication.[1] These subtypes have 
high mutation rates with greater heterogeneity. Further studies would be required to prove the 
utility of TIL levels and TIL density in response to the treatment. There have been developments 
to issue international guidelines for TIL in solid tumors by the biomarker immune-oncology 
working group as well.[2] Breast cancer was initially thought to be less immunogenic (cold tumor) 
as compared to other solid tumors such as melanoma. The evolution of molecular subtypes 
and various other targets including TIL’s has rendered them immunogenic with options of 
immunotherapy.[3]

Cancer cells acquire the characteristics of evading the immune system due to the genetic mutations 
in the native tissue. The existence of anticancer immunity is proven by the success of immune 
checkpoint inhibitors in various malignancies.[4] The advances in the field of vaccination for 
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solid tumors with a better understanding of immunological 
pathways would mark the renaissance in breast cancer 
immunotherapy as well.[5] The concept of immunoediting 
including elimination, equilibrium, and escape could help 
us define the various targets of immunotherapy.[6-8] Mortality 
in breast cancer amounts to about 20% despite the various 
modalities of the treatment. Biomarker assessment could 
help in this regard, enhancing the utility of markers like PDL-
1 approved by the FDA.[9] Various combinations of immune 
checkpoint inhibitors can be a therapeutic strategy based on 
the evaluation of these markers.[10] Metastatic breast cancer 
(MBC) is another group that is highly heterogenic with poor 
response to therapy. Attempts to increase survival include 
changing patient characteristics, tumor characteristics, 
physician expertise and clinical situations including 
surgery, availability of chemotherapy, and radiation.[11] The 
introduction of immunotherapy in early breast cancers 
comes with the idea that the tumor becomes less immune 
responsive and immune resistant over time.[12] Immuno-
oncology has also penetrated into the field of treating 
metastatic breast secondary’s.[13] A good biomarker should 
be reproducible, affordable, and accessible to pathologists 
to be used consistently.[14] The evolution of immunotherapy 
beginning with radiotherapy and moving on to chemotherapy 
followed by targeted treatment has now progressed to involve 
immune check point inhibitors.[15,16] The contribution to this 
field of immunotherapy has been recognized by the award of 
Nobel prize to Allison and Tasuku Honjo for the discovery 
of Cytotoxic T lymphocyte associated protein 4 and PDL1. 
With the advent of anti PDL1 trials, understanding the 
immunology of these tumors becomes more relevant.[7] The 
tumor microenvironment, various host tumor interactions, 
targeting elements in breast cancer necessitates the review of 
the literature in immune oncology.[8,9]

TIL’S: IN POST-NACT SETTING

NACT is a standard of care in most of the operable breast 
cancers due to the advantage of down staging and making 
breast conservation surgeries possible. The added advantage 
of achieving pCR signifies better outcome. The HER2+ breast 
cancers and TNBC’s respond better to NACT, by attaining 
pCR. While some patients without pCR survive longer, some 
patients with pCR have early recurrences. This makes pCR an 
unreliable surrogate marker of response. The need for newer 
biomarkers led to the use of combination of residual cancer 
burden and TIL for assessment of response and predicts 
response. TILs are usually assessed with hematoxylin and 
eosin stain making it feasible in routine practice. They are 
classified into two categories: Hot (TIL rich and inflamed) 
and cold (TIL poor and non-inflamed). The present evidence 
of chemotherapy in TNBC post-NACT is observation. 
Alternative option is use of Capecitapine, which showed 
reduced mortality. TIL assessment in these cases with residual 
disease post-NACT could predict disease recurrence and 
overall survival. RING study was conducted by the working 
group to standardize TIL evaluation. TILs are particularly 
assessed after NACT to evaluate residual disease as they 
are expected to elicit antitumor response. TIL was initially 
evaluated in the samples of Geparsixto group. A 20% increase 
in pCR rate was seen with 10% increase in TILs. Areas post-
NACT are categorized into areas of regression and residual 
cancer burden. The other areas of normal lobules, fibrosis, 
in situ carcinoma, and necrosis have to be excluded from 
the study. Stromal TILs account for about 6.5% including 
CD4 cells, CD 20+ cells, and T regulatory cells. The presence 
of TILs in in situ carcinoma signify aggressive disease with 
higher nuclear graded, higher necrosis, ki67 and triple 
negative, and HER2+ subtypes.[1,17-19]

History of cancer immunity dates back to Burnet who 
described the immune surveillance theory 50  years ago. 
T-cells form an important part of adaptive immunity 
with developments in the field of cancer immunotherapy. 
Immunoediting proposed by Schreiber included three 
phases. Elimination phase incudes elimination of tumor 
cells by natural killer cells. Tumor cells undergo genetic and 
epigenetic changes which exhibit malignant behavior while 
being dormant due to antitumor activity. In the escape phase, 
tumor cells escape the immunogenicity and proliferate into 
tumor masses. These changes are driven by neo antigens 
associated with passenger and driver mutations. TNBC’s 
and HER2 positive subtypes have higher tumor mutation 
burden as compare to the luminal subtypes. A 10% increase 
in TIL is known to cause lesser TNBC tumor recurrence and 
offers better survival according to the BIG 2-98 and ECOG 
group trials. This immunomodulation forms the basis of 
immunotherapy. Certain combination chemotherapy adds 
to reduction immune response, hence, combined with 

Table 1: Various studies regarding immunochemotherapy, targeted 
therapy, and immunotherapy and dual immunochemotherapy.

Immunochemotherapy Phase 
of study

Tumor 
type

Combination 
chemotherapy 
agent

Chemotherapy+ 
immunotherapy

Atezolizumab Phase 3 TNBC Paclitaxel
Pembrolizumab Phase 3 TNBC Nab paclitaxel

Targeted 
therapy+immunotherapy

Atezolizumab Phase 1 HER2+ Paclitaxel
Pembrolizumab Phase 3 HER2+ HER2 activated 

T cells
Dual Immune 
chemotherapy

Ipi/Nivo Phase 1 MBC Entinostat
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immune check point inhibitors.[2,20,21] [Table 1] KEYNOTE 
012 and JAVELIN trials assessed response to immunotherapy 
including pembrolizumab and Avelumab.[22,23]

COMBINATION IMMUNOCHEMOTHERAPY

Circulating tumor cells and circulating tumor DNAs are 
soluble proteins which serve as useful biomarkers to predict 
response to therapy. The issue with development of these 
techniques has been its’ reproducibility. Prediction of benefit 
of chemotherapy and targeted therapy has been assessed with 
the help of certain genomic assays such as Oncotype  Dx, 
Mammaprint, and Prosigna which have been validated with 
multiple trials.[9-11]

Early breast cancers have two different approaches to 
immunotherapy based clinical trials – 1. Immunogenicity 
driven approach based on immune characteristics. 2. Subtype 
driven approach based on certain novel tests and clinical 
criteria. Immunotherapy has an advantage of chemo de-
escalation reducing the toxic side effects of chemotherapy and 
minimizing resistance to chemotherapy.[12] Next generation 
sequencing has made giant advances in the field of breast 
cancer. It identifies various mutations associated with breast 
cancer, adding prophylactic surgeries, hormonal therapy, and 
PARP inhibitors to the armamentarium the armamentarium 
of breast cancer therapy.[13,14]

FUTURE OF IMMUNOTHERAPY

Tumor cells benefit from aerobic glycolysis in the presence 
of hypoxia. Hypoxia on the other hand is detrimental to 
immune cells. Metformin can cause hypoxia in the tumors, 
hence, being investigated in this direction.

Vaccines against cancer have been successful in cervical 
cancers but have not seen light in breast cancers and other 
solid tumors. Cancer vaccines have least toxicity as compared 
to all other forms of therapy. Peptide vaccines anti-HER 2 
vaccines are a few attempts in this regard. HER 2 directed 
peptide vaccines have been successful and shown better 
5-year disease-free survival in the present study. Another 
strategy is to employ transfer of adoptive immunity to 
chimeric antigen receptor T (CART) cells.[4,15,23]

CONCLUSION

MAP kinase pathway and its’ targets form the most recent 
approaches in immunotherapy. Stimulator Interferon 
Genes agonists are a therapeutic strategy serving as 
direct agonists of innate immunity and overcome tumor 
characteristics. Alterations in the tumor microenvironment 
bring about significant changes in the response to therapy, 
providing the rationale for immune check point inhibitors. 
TILs both stromal and intratumoral have given insights 

into tumor immunogenicity, exploring possibilities of 
therapy post-chemotherapy. All the advances in the field 
of immunotherapy have targeted specific subtypes such as 
TNBC and metastatic disease. With the advent of tumor 
vaccines and CART cell therapy, the field of immunotherapy 
is ever expanding. Personalized patient profiling and targeted 
therapy are the way forward in cancer medicine.

Declaration of patient consent

Patient’s consent not required as there are no patients in this 
study.

Financial support and sponsorship

Nil.

Conflicts of interest

There are no conflicts of interest.

REFERENCES

1. Dieci MN, Robin NR, Fineberg S, Eynden GV, Ternes N, 
Llorca  FP, 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 2018;52:16-25.

2. Sugie T. Immunotherapy for metastatic breast cancer. Chin 
Clin Oncol 2018;7:28.

3. Schütz F, Marmé F, Domschke C, Sohn C, von Au A. 
Immunooncology in breast cancer: Active and passive 
vaccination strategies. Breast Care (Basel) 2018;13:22-6.

4. Radosa JC, Stotz L, Müller C, Kaya AC, Solomayer EF, 
Radosa MP. Clinical data on immunotherapy in breast cancer. 
Breast Care (Basel) 2020;15:450-69.

5. Ahn SK, Hwang JW. Global trends in immunotherapy 
research on breast cancer over the past 10  years. J  Oncol 
2020;2020:4708394.

6. Chun BM, Page DB, McArthur HL. Combination 
immunotherapy strategies in breast cancer. Curr Breast Cancer 
Rep 2019;11:228-40.

7. Kruger S, Ilmer M, Kobold S, Cadilha BL, Endres S, Ormanns S, 
et al. Advances in cancer immunotherapy 2019-latest trends. 
J Exp Clin Cancer Res 2019;38:268.

8. Gatti-Mays ME, Balko JM, Gameiro SR, Bear HD, Prabhakaran S, 
Fukui J, et al. If we build it they will come: Targeting the immune 
response to breast cancer. NPJ Breast Cancer 2019;5:37.

9. Marra A, Trapani D, Viale G, Criscitiello C, Curigliano  G. 
Practical classification of triple-negative breast cancer: 
Intratumoral heterogeneity, mechanisms of drug resistance, 
and novel therapies. NPJ Breast Cancer 2020;6:54.

10. Vafaizadeh V, Barekati Z. Immuno-oncology biomarkers for 
personalized immunotherapy in breast cancer. Front Cell Dev 
Biol 2020;8:162.



Rao and Mayilvaganan: Immuno-oncological era of breast cancer

International Journal of Molecular and Immuno Oncology • Volume 7 • Issue 2 • May-August 2022 | 38 International Journal of Molecular and Immuno Oncology • Volume 7 • Issue 2 • May-August 2022 | 39

11. Feinberg B, Hime S, Wojtynek J, Dokubo I, Gajra A, Smith Y, 
et al. Physician treatment of metastatic triple-negative breast 
cancer in the immuno-oncology era: A  discrete choice 
experiment. Future Oncol 2020;16:2713-22.

12. Vranic S, Senarathne W, Stafford P, Poorman K, Pockaj  BA, 
Gatalica Z. Biomarkers of targeted therapy and immuno-
oncology in cancers metastatic to the breast. Appl 
Immunohistochem Mol Morphol 2020;28:661-8.

13. Gonzalez-Ericsson PI, Stovgaard ES, Sua LF, Reisenbichler E, 
Kos Z, Carter JM, et al. International immuno-oncology 
biomarker working group. The path to a better biomarker: 
Application of a risk management framework for the 
implementation of PD-L1 and TILs as immuno-oncology 
biomarkers in breast cancer clinical trials and daily practice. 
J Pathol 2020;250:667-84.

14. Carter S, Thurston DE. Immuno-oncology agents for cancer 
therapy. Pharm J 2020;2020:7825.

15. Denkert C. The immunogenicity of breast cancer--molecular 
subtypes matter. Ann Oncol 2014;25:1453-5.

16. Krasniqi E, Barchiesi G, Pizzuti L, Mazzotta M, Venuti A, 
Maugeri-Saccà M, et al. Immunotherapy in HER2-positive 
breast cancer: State of the art and future perspectives. 
J Hematol Oncol 2019;12:111.

17. Breast Cancer NCCN Guidelines Version 2; 2016. Available 
from: https://www.nccn.org/professionals/physician_gls/pdf/
breast.pdf [Last accessed on 2021 Jun 20].

18. Salgado R, Denkert C, Demaria S, Sirtaine N, Klauschen  F, 
Pruneri G, et al. The evaluation of tumor-infiltrating 
lymphocytes (TILs) in breast cancer: Recommendations 
by an international TILs working group  2014. Ann Oncol 

2015;26:259-71.
19. von Minckwitz G, Schneeweiss A, Loibl S, Salat C, Denkert C, 

Rezai M, et al. Neoadjuvant carboplatin in patients with triple-
negative and HER2-positive early breast cancer (GeparSixto; 
GBG 66): A  randomised phase 2 trial, Lancet Oncol 
2014;15:747-56.

20. Loi S, Sirtaine N, Piette F, Salgado R, Viale G, van Eenoo F, 
et al. Prognostic and predictive value of tumor-infiltrating 
lymphocytes in a Phase III randomized adjuvant breast 
cancer trial in node-positive breast cancer comparing the 
addition of docetaxel to doxorubicin with doxorubicin-based 
chemotherapy: BIG 02-98. J Clin Oncol 2013;31:860-7.

21. Adams S, Gray RJ, Demaria S, Goldstein L, Perez EA, 
Shulman  LN, et al. Prognostic value of tumor-infiltrating 
lymphocytes in triple-negative breast cancers from two Phase 
III randomized adjuvant breast cancer trials: ECOG 2197 and 
ECOG 1199. J Clin Oncol 2014;32:2959-66.

22. Nanda R, Chow LQ, Dees EC, Goldstein L, Perez EA, 
Shulman LN, et al. Pembrolizumab in Patients with Advanced 
Triple-Negative Breast Cancer: Phase Ib KEYNOTE-012 Study. 
J Clin Oncol 2016;34:2460-7.

23. Schneble EJ, Perez SA, Murray JL, Berry JS, Trappey AF, 
Vreeland TJ, et al. Primary analysis of the prospective, 
randomized, Phase II trial of GP2+GM-CSF vaccine versus 
GM-CSF alone administered in the adjuvant setting to high-
risk breast cancer patients. J Clin Oncol 2014;32:134.

How to cite this article: Rao S, Mayilvaganan S. Immuno-oncological era 
of breast cancer: A progressive path to better treatment. Int J Mol Immuno 
Oncol 2022;2:36-9.


