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Breast cancer is the most commonly diagnosed and 
the leading cause of  cancer-related deaths among 
women worldwide [1]”ISSN”:”00079235”,”PMI
D”:”30207593”,”abstract”:”This article provides 
a status report on the global burden of  cancer 
worldwide using the GLOBOCAN 2018 estimates 
of  cancer incidence and mortality produced by the 
International Agency for Research on Cancer, with 
a focus on geographic variability across 20 world 
regions. There will be an estimated 18.1 million new 
cancer cases (17.0 million excluding nonmelanoma 
skin cancer. At present, several treatment 
modalities are in clinical practice, including surgery, 
hormonal therapy, chemotherapy, radiotherapy, and 
immunotherapy or targeted therapy etc. These 
therapies could be in the form of  a single therapy or 
as neo-adjuvant and adjuvant therapies along with 
surgery and radiotherapies, based on clinical practice 
guidelines and tumour types. Breast tumours could 
be luminal-A type (ER+/PR+), luminal-B type 
(ER+, /PR+/HER-2+), HER-2+ type or basal-like 
triple-negative type (ER-/PR-/HER-2-) [2]. The 
majority of  breast cancers are luminal-A type, and 
are generally treated with hormonal therapies such 
as selective estrogen receptor modulators/blockers, 
aromatase inhibitors, ovarian suppressants along 
with surgery and radiotherapy. On the other hand, 
Luminal-B type of  breast cancers are treated by 
several treatment modalities including hormonal 
therapy, chemotherapy, and HER-2 targeted 
therapy apart from surgery and radiotherapy. 

HER-2 positive breast cancers are metastatic in 
nature and are difficult to treat. Among several 
chemotherapeutic agents that are employed to treat 
these cancers, only monoclonal antibodies (viz: 
trastuzumab and pertuzumab) and tyrosine kinase 
inhibitors (Lapatinib) are able to selectively target 
the HER-2 receptors and kill these cells. Basal-like 
triple-negative breast cancers are highly metastatic 
and aggressive in nature and are difficult to contain, 
as none of  the therapies are able to selectively kill 
these types of  cancer cells. However, the only option 
to treat these types of  cancers is to use chemotherapy 
apart from surgery and radiotherapy  (very toxic), 
and hence, the patients’ noncompliance is seen [2]. 

Immunotherapy is often considered as the better 
approach in the treatment of  breast cancer because 
of  its target specificity and fewer toxicities. It 
works by stimulating the patients’ own immune 
system against cancer cells. The effectiveness of  
immunotherapy depends on the ability of  individual 
patient’s immune systems, and it may not work 
equally well as everyone has a different level of  
immune system. This is evident from the fact that 
the cancer tumour cells may have innate resistance 
or have acquired resistance against the cytotoxic 
T-cells (CTL) due to the expression of  PDL1 at 
different levels on the tumour cells. Immunotherapy 
can be in the form of  artificial antigens/antigen-
presenting cells, modified tumour/blood cells, 
or antibodies/DNAs to induce immunological 
reactions against tumourcells. Immunotherapy 
can also be used to enhance the sensitivity of  the 
chemotherapeutic agents in some cancer types. 
Trastuzumab and pertuzumab, the only HER-2 
specific monoclonal antibodies, are approved for the 
treatment of  HER-2 positive breast cancers. Several 
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other immunotherapeutic approaches have been 
tested in clinical trials for the treatment of  breast 
cancers.

Vaccines are emerging strategies in cancer 
immunotherapy. Breast cancer vaccines are capable 
of  inducing immunological responses against a 
specific tumour or tumour-associated antigens. 
The implication of  the first cancer vaccine, 
Sipuleucel-T, was based on the concept of  antigen-
presenting cells (APCs) [3]. These cells include 
a heterogenous group of  white blood cells (i.e., B 
lymphocytes, macrophages, and dendritic cells, etc.), 
which mediate cellular immune responses upon 
recognition by certain lymphocytes (T-lymphocytes 
such as CD4 and CD8 cells) after processing and 
presenting antigens on their surfaces. Among them, 
dendritic cells are more potent in presenting an 
antigen and initiating anticancer activities from 
naïve T-cells as well as memory T-cells [4]. The 
APCs first engulf  the invaders or foreign bodies to 
take them into the cytoplasm, where they are broken 
down into small fragments to process them into 
antigens (peptides). These peptide-antigens are then 
loaded onto the Class I or Class II MHC molecules 
to present the antigens to T-cells. While the CD4-
Th cells recognize the antigen loaded onto the MAC 
Class II molecules on the surface of  the APC-cells 
through the T-Cell Receptors, the CD8 cells engage 
the antigen loaded onto the Class I MHC molecules 
on the surface of  the APCs or cancer-tumour cells. 
Based on the nature of  the antigen involved, the 
CD4 cells, so activated by the APCs, may induce the 
cell mediated immunity (activation of  macrophages, 
CTLs, NK cells) through the release of  cytokines 
(such as INFγ, TNFβ, IL2, IL12), or activate the 
humoral immunity, through the cytokines such 
as IL4, IL5, IL6, IL10, to cause the release of  
antibodies. On the other hand, the CD8 cells (CTLs), 
upon activation, causes the release of  performins 
and granizymes, which induce the apoptosis on 
the target cells (APC or tumour cells).  Hence, all 
of  the tumour cell vaccines have been modified 
genetically to express chemokines, cytokines, or 
other costimulatory molecules to stimulate the 
immune responses against the tumour cells [5]. 

Passive vaccination refers to the process of  
transferring the activated T-lymphocytes, 
natural killer cells or ready-made antibodies 
as active humoral immunity. The adoptive 
T-cell transfer technique is a novel approach in 
cellular immunotherapy, in which peritumoral 
T-lymphocytes are extracted from the body and 
then cultivated and activated for transfusion. These 
activated cells can produce a long-lasting response 
in more than 25% of  cancers [6]the infusion of  
large numbers of  activated autologous lymphocytes, 
can mediate objective tumor regression in a majority 
of  patients with metastatic melanoma (52 of  93; 
56%. In clinical studies, researchers have isolated 
the tumour antigen-specific CD8+ T-lymphocytes 
from patients’ bone marrow and re-transfused after 
activation. About 50% of  the metastatic breast 
cancer patients showed a significant immunological 
response and overall survival as well [7,8]there 
has been an increased interest in optimizing this 
technology in order to make it a clinically feasible 
treatment. One of  the main treatment modalities 
within cancer immunotherapy has been adoptive T 
cell therapy (ACT. 

Although natural killer cells possess less potential 
than T-lymphocytes, they could still be used for 
passive vaccination. As natural killer cells do not 
express many surface markers, they can be useful in 
helping dendritic cell-based vaccines. However, in 
many studies, stem cell-derived natural killer cells 
have shown better cytotoxic potential against cancer 
cells [9–11]. Moreover, these cells have also shown 
synergistic potential with chemotherapeutic agents 
in metastatic breast cancer patients [12]. 

Another interesting perspective, of  the adoptive 
T-cell transfer technique, in which the T-cells 
represent chimeric antigen receptors on their 
surfaces, is also studied. In this regard, the T-cells 
are extracted from the patients and transfected with 
genes that encode particular types of  proteins to 
express on their cell surface as receptors that can be 
recognized by immune cells and then re-administered 
into the patients to initiate immunological responses 
against cancer cells. For the first time, the FDA has 
approved chimeric antigen receptor T-cells as the 
first cell-based immunotherapy for leukemia patients 
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due to their clinical effectiveness in a randomized 
clinical trial [13]. 

More efforts have been made to develop ready-
made antibodies such as trastuzumab and 
pertuzumab more effectively for the treatment of  
HER-2-positive breast cancers. These monoclonal 
antibodies specifically bind to HER-2 receptors 
and attract immune cells to kill these particular 
types of  cells. In the clinical setting, trastuzumab, 
as a single adjuvant therapy or in combination 
with chemotherapy, showed greater effectiveness 
and reduced recurrence rate in 50% of  the HER-2 
positive breast cancer patients [14]. Pertuzumab 
has also been approved as a single therapy as well 
as in combination with docetaxel and trastuzumab 
for the treatment of  HER-2 positive breast cancer 
[15]. 

The whole concept of  cancer vaccination depends 
on the patient’s immune system and cancer types. 
Among all the breast cancer types, triple-negative 
breast cancer is the most immunogenic and 
expresses more MHC Class I molecules on their 
cell surfaces, which helps in being recognized by the 
T-lymphocytes (CTL); whereas, luminal-A type of  
breast cancer cells express very low levels of  MHC-I 
and are dependent on estrogen for their growth. 
These cells are the least immunogenic, which can be 
poorly recognized by immune cells and hence, are 
less responsive to the immunotherapy. Monoclonal 
antibodies that are widely involved in the therapy of  
breast cancer, such as trastuzumab and pertuzumab, 
target the membrane receptors HER-2; whereas, 
atelizumab, which is used against triple-negative 
breast cancers, acts as a checkpoint inhibitor. But 
its clinical utility is needed to be proven. Moreover, 
chemotherapy in combination with immunotherapy, 
has been shown to be more effective and hence, 
the direct or indirect mechanism for improving 
the immune reactivity of  chemotherapy is now 
becoming interesting and needs to be evaluated. 
The vaccine therapy could be a great option for the 
immunotherapy, for the prevention as well as the 
treatment of  breast cancer in the future.

References
1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, 

Torre LA, Jemal A. Global cancer statistics 
2018: GLOBOCAN estimates of  incidence 
and mortality worldwide for 36 cancers in 185 
countries. CA Cancer J Clin 2018;68:394–424. 
doi:10.3322/caac.21492.

2. Fragomeni SM, Sciallis A, Jeruss JS. Molecular 
subtypes and local-regional control of  breast 
cancer. Surg Oncol Clin N Am 2018;27:95. 
doi:10.1016/J.SOC.2017.08.005.

3.  Anassi E, Ndefo UA. Sipuleucel-T (provenge) 
injection: the first immunotherapy agent 
(vaccine) for hormone-refractory prostate 
cancer. P T 2011;36:197–202.

4.  N. Towards superior dendritic-cell vaccines for 
cancer therapy. Nat Biomed Eng 2018;2:341–6. 
doi:10.1038/s41551-018-0250-x.

5.  Keenan BP, Jaffee EM. Whole cell vaccines-
-past progress and future strategies. Semin 
Oncol 2012;39:276–86. doi:10.1053/j.
seminoncol.2012.02.007.

6.  Goff  SL, Dudley ME, Citrin DE, Somerville 
RP, Wunderlich JR, Danforth DN, et al. 
Randomized, Prospective Evaluation Comparing 
Intensity of  Lymphodepletion Before Adoptive 
Transfer of  Tumor-Infiltrating Lymphocytes 
for Patients With Metastatic Melanoma. J 
Clin Oncol 2016;34:2389–97. doi:10.1200/
JCO.2016.66.7220.

7.  Perica K, Varela JC, Oelke M, Schneck J. Adoptive 
T cell immunotherapy for cancer. Rambam 
Maimonides Med J 2015;6:e0004. doi:10.5041/
RMMJ.10179.

8.  Domschke C, Ge Y, Bernhardt I, Schott S, 
Keim S, Juenger S, et al. Long-term survival 
after adoptive bone marrow T cell therapy of  
advanced metastasized breast cancer: follow-up 
analysis of  a clinical pilot trial. Cancer Immunol 
Immunother 2013;62:1053–60. doi:10.1007/
s00262-013-1414-x.

9.  Becker PSA, Suck G, Nowakowska P, Ullrich E, 
Seifried E, Bader P, et al. Selection and expansion 
of  natural killer cells for NK cell-based 
immunotherapy. Cancer Immunol Immunother 
2016;65:477–84. doi:10.1007/s00262-016-
1792-y.

10. Nham T, Poznanski SM, Fan IY, Vahedi F, 
Shenouda MM, Lee AJ, et al. Ex Vivo-expanded 

3

Kumar and Rao: Passive Vaccination: An emerging tool in immunotherapy of breast

Published by Impressions@MAHE, 2022



Rao CM, et al: Passive Vaccination: An emerging tool in immunotherapy of breast cancer

4 Manipal Journal of Pharmaceutical Sciences | September 2019 | Volume 5 | Issue 2

Natural Killer Cells Derived From Long-term 
Cryopreserved Cord Blood are Cytotoxic Against 
Primary Breast Cancer Cells. J Immunother 
2017;41:1. doi:10.1097/CJI.0000000000000192.

11. Yang HG, Kang MC, Kim TY, Hwang I, Jin HT, 
Sung YC, et al. Discovery of  a novel natural killer 
cell line with distinct immunostimulatory and 
proliferative potential as an alternative platform 
for cancer immunotherapy. J Immunother 
Cancer 2019;7:138. doi:10.1186/s40425-019-
0612-2.

12. Gebremeskel S, Lobert L, Tanner K, Walker 
B, Oliphant T, Clarke LE, et al. Natural Killer 
T-cell Immunotherapy in Combination with 
Chemotherapy-Induced Immunogenic Cell 
Death Targets Metastatic Breast Cancer. 
Cancer Immunol Res 2017;5:1086–97. 
doi:10.1158/2326-6066.CIR-17-0229.

13. Kochenderfer JN, Dudley ME, Carpenter RO, 
Kassim SH, Rose JJ, Telford WG, et al. Donor-
derived CD19-targeted T cells cause regression 
of  malignancy persisting after allogeneic 
hematopoietic stem cell transplantation. 
Blood 2013;122:4129–39. doi:10.1182/
blood-2013-08-519413.

14. Romond EH, Perez EA, Bryant J, Suman VJ, 
Geyer CE, Davidson NE, et al. Trastuzumab 
plus Adjuvant Chemotherapy for Operable 
HER2-Positive Breast Cancer. N Engl 
J Med 2005;353:1673–84. doi:10.1056/
NEJMoa052122.

15. Howie LJ, Scher NS, Amiri-Kordestani L, Zhang 
L, King-Kallimanis BL, Choudhry Y, et al. FDA 
Approval Summary: Pertuzumab for Adjuvant 
Treatment of  HER2-Positive Early Breast 
Cancer. Clin Cancer Res 2019;25:2949–55. 
doi:10.1158/1078-0432.CCR-18-3003.

4

Manipal Journal of Pharmaceutical Sciences, Vol. 5 [2022], Iss. 2, Art. 1

https://impressions.manipal.edu/mjps/vol5/iss2/1


	Passive Vaccination: An emerging tool in immunotherapy of breast cancer
	Recommended Citation

	tmp.1643712123.pdf.A2W3C

