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ABSTRACT:

The health of women worldwide is gravely threatened by breast cancer, the most prevalent cancer diagnosed
and the main cause of death for female patients. Multidisciplinary collaboration and consideration of tumor
load and molecular makers are necessary for the treatment of breast cancer. The standard of care for early-
stage breast cancer is still breast-conserving surgery combined with radiation therapy or mastectomy alone.
The condition of lymph nodes, hormone receptors, and human epidermal growth factor receptor-2
determines whether adjuvant systemic therapy is administered. Treatments for metastatic breast cancer aim
to preserve quality of life and increase survival. This review will present the current advances and
controversies of surgery, chemotherapy, radiotherapy, endocrine therapy, targeted therapy, immunotherapy,
gene therapy, and other innovative treatment strategies in early-stage and metastatic breast cancer.
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INTRODUCTION :

Breast cancer is the primary cause of cancer-related mortality and the most prevalent malignancy diagnosed
in female patients. One According to the 2023 estimate, invasive breast cancer accounted for around 30% of
all malignancies in women in the United States, with 300,590 new cases and 43,700 fatalities'.Surgery,
chemotherapy, radiotherapy (RT), endocrine therapy, targeted therapy, and immunotherapy are among the
treatments for breast cancer. The treatment plans necessitate the collaboration of several subspecialties. The
usual course of treatment for non-metastatic breast cancer is surgery. Additionally, preoperative systemic
therapy based on chemotherapy can decrease the breast tumor’s volume, allowing for breast conservation
and lowering the necessity for axillary lymph node dissection (ALND). 2 Systemic treatment remains the
preferred Option for metastatic breast cancer, and surgery is only used for palliative therapy in selected
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metastatic patients®. The Advances in endocrine therapy, targeted therapy, and immunotherapy provide

additional treatments for patients with metastatic And nonmetastatic breast cancer. Some innovative
therapies are also being investigated, such as gene therapy, vaccines, Adoptive cell therapies, including T cell
receptor therapy and chimeric antigen receptor T (CAR-T) therapy, and achieved Promising results. This review
aims to summarize the current status and controversies of surgery, chemotherapy, RT, endocrine Therapy,
targeted therapy, immunotherapy, gene therapy, and other innovative therapies in breast cancer, and
provides better Management for oncologists*

SURGERY:

1. Surgical Option: Breast-Conserving Surgery, or Lumpectomy: This procedure removes just the tumor
and a tiny margin of surrounding tissue. A mastectomy involves removing one or both breasts completely.
Only the breast tissue is removed during a simple mastectomy. A radical mastectomy, which is rarely
performed these days, involves removing the breast along with the underlying muscles and lymph nodes.
More breast skin is preserved with a skin-and breast-sparing mastectomy, which improves the results of
reconstruction ®

2. Lymph Node Surgery: Sentinel Lymph Node Biopsy (SLNB): Determines whether lymph nodes have
been affected by malignancy. If cancer is found, several lymph nodes are removed during axillary lymph node
dissection (ALND)®

3. Adjuvant Therapies (Treatments After Surgery): Radiation therapy is used to kill any cancer cells that
remain after a mastectomy or lumpectomy. Chemotherapy: Often used for aggressive or advanced tumors,
this systemic treatment either kills or stops the proliferation of cancer cells. Hormone treatment. Blocking
estrogen/progesterone (e.g., tamoxifen, aromatase inhibitors) is a treatment option for hormone receptor-
positive breast cancer. For tumors with particular molecular markers, targeted therapy is used (e.g., HER2-
positive breast cancer treated with trastuzumab). Immunotherapy: Sometimes used to treat triple-negative
breast cancer 7/&

CHEMOTHERAPY:

Systemic chemotherapy is typically advised for high-risk individuals. There are a number of common
chemotherapy methods that usually include both a taxane and an anthracycline. Doxorubicin and
cyclophosphamide for four cycles, followed by paclitaxel for four cycles (AC-T) is a typical treatment plan in
the US. An earlier schedule of every three weeks was outperformed by dose-dense (dd) AC-T administered
every two weeks with growth factor support following each chemotherapy cycle. ° Additional ideal AC
regimens for a taxane include weekly paclitaxel for 12 weeks or docetaxel every 3 weeks for 4 cycles. '°
Although DAC, docetaxel with AC, is another common choice, it is not better than the regimens mentioned

above, and docetaxel is linked to higher incidence of febrile neutropenia and greater toxicity than paclitaxel.
1
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Adjuvant chemotherapy has been shown to reduce breast cancer mortality and recurrence in meta-analyses;
the benefit is greater for patients with HR negative disease. “'*” According to Berry et al.’s analysis of trial
data from the US Breast Cancer Intergroup and Cancer and Leukemia Group B, chemotherapy reduced the
relative risk of cancer in patients with HR negative disease by 21-25%, while HR positive patients experienced
a relative risk reduction of 8-12% ™.An estimate of the treatment benefit is provided by Oncotype DX for
patients with HR positive, node-negative breast cancer. Chemotherapy decreases the risk of recurrence
significantly for patients with high Oncotype recurrence scores (> 31) (relative risk [RR] 0.26), but it has little
to no effect on patients with low scores. "For patients with intermediate-risk Oncotype recurrence scores,
there is not enough data to make a consensus on adjuvant treatment until the TAILORx (Trial Assigning
Individualized Options for Treatment) trial is completed (Figure 1). Participants in this study were randomly
assigned to receive either endocrine therapy alone or endocrine therapy plus chemotherapy if their Oncotype
recurrence scores were between 11 and 25. For patients in this category, chemotherapy may include
regimens that contain or do not contain anthracyclines. The use of endocrine therapy alone is adequate for
patients with low Oncotype recurrence scores, particularly those beneath 11. The 5-year overall survival rate
for these patients using endocrine therapy alone is 98%, which is a good result. A *

RADIOTHERAPY:

A key part of treating breast cancer is radiation therapy, which is frequently used to lower the chance of loca
recurrence following mastectomy or breast-conserving surgery (lumpectomy). It targets and destroys any
remaining cancer cells using high-energy X-rays or other radiation sources.

Different Types of Radiation Therapy:

The most popular kind, external beam radiation therapy (EBRT), involves several sessions spread out over
several weeks. Brachytherapy: Partial breast irradiation using internal radiation therapy with implanted
radioactive sources. In certain situations, intraoperative radiotherapy (IORT) is a single dosage of radiation
administered during surgery"’

IJNRD2502313

International Journal Of Novel Research And Development (www.ijnrd.org) di135



http://www.ijrti.org/

© 2025 IJNRD | Volume 10, Issue 2 February 2025 | ISSN: 2456-4184 | INRD.ORG
Indications:

To reduce the risk of recurrence after a lumpectomy. Post-mastectomy in individuals with high-risk
characteristics (lymph node involvement, tumor >5 cm). Adverse effects: Acute: Fatigue, erythema, and
desquamation of the skin. Late: heart toxicity (for left-sided breast cancer), fibrosis, and lymphedema.

Latest developments: Hypofractionation: Provides more effective dosages per fraction in a shorter amount of
time. Proton therapy lowers the amount of radiation that reaches the surrounding organs'

ENDOCRINE THERAPY:

One of the most important treatments for hormone receptor-positive (HR+) breast cancer is endocrine
therapy, sometimes referred to as hormone therapy. It inhibits tumor development and recurrence by
targeting the estrogen and/or progesterone pathways.

Most individuals with HR-positive illness are advised to undergo endocrine therapy.

Endocrine therapy may be used to treat patients for five to ten years, and possibly longer.

When adjuvant tamoxifen is used for five years, the risk of recurrence is reduced by over 50% in years 0—4
and by more than 30% in years 5-9. Additionally, throughout the first 15 years, there was a 30% decrease in
the annual breast cancer death rate."Patients who took tamoxifen for 10 years as opposed to 5 years saw a
further decrease in recurrence (by almost 25%) and breast cancer mortality (by nearly 30%) with longer
medication duration, especially after year 10.The 2° The MA.17 trial shows that after 5 years of tamoxifen, an
extra 5 years of aromatase inhibitors results in a 40% relative risk decrease in recurrence.?’MA.17R showed a
34% decrease in recurrence risk after 10 years of aromatase inhibitor (Al) treatment. Individuals on 5 years of
Al (some also had previously taken tamoxifen) were randomized to an additional 5 years of Al versus placebo.
As a result, longer therapy sessions offer more advantages??

TARGETED THERAPY:

Drugs used in targeted therapy for breast cancer target cancer cells while causing the least amount of harm
to healthy cells. Depending on the kind of breast cancer, it is frequently used in conjunction with
immunotherapy, hormone treatment, or chemotherapy.

Various forms of targeted therapy include:

1.HER2-positive breast cancer is treated with HER2-targeted therapy. Medication: Lapatinib, Ado-
trastuzumab, Emtansine, Pertuzumab, and Trastuzumab.

2.HR-positive, HER2-negative breast cancer is treated with CDK4/6 inhibitors. Medicines: Abemaciclib,
Ribociclib, and Palbociclib.

3.PIK3CA mutations in advanced HR-positive, HER2-negative breast cancer. Alpelisib and Everolimus are
medications.

4.PARP Inhibitors for Breast Cancer with BRCA1/2 Mutations. Medications: talazoparib and olaparib.

5.Antibody-drug conjugates, or adcs, are used to treat triple-negative and advanced breast cancer.
Medication: Trastuzumab deruxtecan, Sacituzumab govitecan
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IMMUNOTHERAPY:

Immunotherapy has completely changed how breast cancer is treated, especially for aggressive subtypes like
triple-negative breast cancer (TNBC). Immunotherapy strengthens the body’s immune system to identify and
combat tumor cells, in contrast to conventional chemotherapy, which targets cancer cells directly.

Checkpoint Inhibitors:

These drugs stop the immune system from attacking tumors by blocking proteins. In combination with
chemotherapy, the FDA has approved pembrolizumab, an anti-PD-1 antibody, for both early-stage and
metastatic TNBC. The anti-PD-L1 antibody atezolizumab was once in use but was later taken off the market
because it did not provide enough therapeutic advantages.

Antibody-drug conjugates (adcs):

ADCs give cancer cells direct access to cytotoxic medications. Sacituzumab govitecan and trastuzumab
emtansine (T-DM1) have been approved for HER2-positive and TNBC, respectively, and have shown notable
improvements in survival. Emerging therapies include new ADCs such as datopotamab deruxtecan, which
showed encouraging clinical results and received FDA approval in 2025 for hormone receptor-positive, HER2-
negative breast cancer.?®

GENE THERAPY:

Gene therapy, which is defined as introducing genetic material into target cells via a vector to modify the gene
and alter the expression of a gene’s product, is another promising method for treating cancer. Targeting
transcription factors, microRNA, breast cancer cells, gene editing, DNA or RNA vaccination, and other
techniques are examples of gene therapy techniques. The safety and effectiveness of genetic prodrug
activation treatment, which targeted the human HER-2 gene promoter, were evaluated in a Phase | clinical
trial. Twelve individuals with breast cancer were enrolled in the trial, and the outcome demonstrated the
safety of the method and found that up to 90% of patients had targeted gene expression.?” Using 28 patients
with metastatic TNBC, another Phase 2 trial examined the effectiveness of in situ virus gene therapy
(ADV/HSV-tk) in combination with stereotactic body radiation and pembrolizumab. The results showed a
21.4% clinical benefit rate, and patients who experienced clinical benefit had long-lasting improvements in
their median treatment duration (9.6 months) and overall survival (14.7 months).?2 MicroRNA’s application in
anti-cancer treatment also demonstrated outcomes in preventing the growth and multiplication of breast
cancer cells. MRX34 is now undergoing clinical studies and, as far as we know, was one of the first miRNA
replacement medications (miR-34a). For the future, it is thought to be essential in the treatment of breast
cancer. Few gene therapy experiments have been published to yet, however numerous tactics have entered
clinical trials in breast Cancer .** We summarized several clinical studies on breast cancer gene therapy in
Table.1
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table 1. ongoing trials of gene therapy, vaccine, and car-t therapy of breast cancer

‘ Identifier Patients Trial phase | Intervention Endpoints
NCTO0B49459 | mBC Phase | Adenowwus-meduted human interfeulon. | Serum antibodies (titer) to adencvina,
b toxioty and safery
NCT00880464 | Operable BC Phase b Vacomation with autologous tumor cells | Minimum number of vaccine doses, adverse
engneered by adenoviral mecated gene ovents
transfer to secrete GM.CS
NCTOOS05271 | RM BC Phase VIl Rewn-G Chnvvcal towicity
NCT00673829 | mBC Phase | Gene modffied T Cells and Interfesdon 2 | The safety of usng modfied T-colls, optima
bwlogic dose of Interfesin 2
NCTDI829971 | TNEC and other Phase | MRX34, micro RNA therapy Maximum twlerated dose for MRX34
cancers
NCT00093834 | mBC Phase | Allogeneic GM.CSF.Secreting Breast Toxicity of vaccing
Cancer Vaccine
NCTOO784524 | mBC Phase Il LMI Vaconaoon + IL-2 Disease response
NCTO4674306 | IIA-IRC TNBC Phase | o-lactalbumen vaccing Treatment cohort maximuen tolerated dose
of ulactaumin vaccine
NCTO4430595 | -V BC Phase VI ASCAR T cels Number of patients with adverse events
NCT02792114 | mBC Phase | Masotheln-targoted T colls Muomem tolerated dose

Abbreviations: BC, breast cancer; mBC, mesastatx: breast cancer; RM, recurrestimetntanc. TNBC, tiple negative breast cancer; CAR-T, chimenc snugen recepror T

Abbreviations: BC, breast cancer: mBC, metastatic breast cancer: R/M, recurrent/metastanic: TNBC, triple
negative breast cancer: CAR-T, chimeric antigen receptor T.

CONCLUSION AND FUTURE PERSPECTIVE:

It is commonly known that both systemic and local medicines are beneficial in treating breast cancer. The
standard of care for early-stage breast cancer is surgery-based systemic and local therapies. Chemotherapy-
based systemic treatments are still the best option for metastatic breast cancer, and surgery is only utilized as
palliative therapy in a small number of patients. However, the advantages of conventional treatment methods
for survival were minimal. The development of immunotherapy and targeted therapy further altered the way
that early and metastatic breast cancer are treated. The FDA has approved atezolizumab or pembrolizumab
in combination with chemotherapy as the first-line treatment for metastatic TNBC that is PD-L1 positive.
Neoadjuvant Pembrolizumab, an adjuvant, is also authorized for early TNBC. Clinical trials for a number of
new ICls and IClIbased combination therapies have begun. Furthermore, a number of cutting-edge treatments
for breast cancer are being researched, including gene therapy, vaccines against the disease, adoptive cell
therapies, such as T cell receptor therapy and CAR-T therapy, and others.

REFERENCES :

1)Siegel RL, Miller KD, Wagle NS, Jemal A. Cancer statistics, 2023. CA Cancer J Clin. 2023,73(1):17-48.
D0i:10.3322/caac.21763.

2)Cardoso F, Kyriakides S, Ohno S, et al. Early breast cancer: ESMO clinical practice guidelines for diagnosis,
treatment and follow-up. Ann Oncol. 2019;30(8):1194-1220. D0i:10.1093/annonc/mdz173.

3)Senkus E, Lacko A. Over-treatment in metastatic breast Breast. 2017;31:309-17.

D0i:10.1016/j.breast.2016.06.024.

cancer.

4)Zumsteg ZS, Morrow M, Arnold B, et al. Breast-conserving therapy achieves locoregional outcomes
comparable to mastectomy in women with T1-2NO triple-negative breast cancer. Ann Surg Oncol.
2013;20(11):3469-76. D0i:10.1245/s10434-013-3011-9.

5) Harris JR, Lippman ME, Morrow M, Osborne CK. Diseases of the Breast. 5" ed. Philadelphia: Wolters Kluwer,
2014.

IJNRD2502313 d138

International Journal Of Novel Research And Development (www.ijnrd.org)



http://www.ijrti.org/

© 2025 IJNRD | Volume 10, Issue 2 February 2025 | ISSN: 2456-4184 | INRD.ORG
6.Bland KI, Copeland EM. The Breast: Comprehensive Management of Benign andMalignant Diseases. 5™ ed.

Elsevier; 2017.
7)Love SM, Lindsey K. Dr. Susan Love’s Breast Book. 6™ ed. Philadelphia: Da Capo Press; 2015.

8). Devita VT, Lawrence TS, Rosenberg SA. Cancer: Principles and Practice of Oncology. 11" ed. Wolters Kluwer,
2018.

9) Citron ML, Berry DA, Cirrincione C, Hudis C, Winer EP, Gradishar WJ, et al. Randomized trial of dose-
dense versus conventionally scheduled and sequential versus concurrent combination chemotherapy as
postoperative adjuvant treatment of node-positive primary breast cancer. First report of Intergroup Trial
C9741/Cancer and Leukemia Group B Trial 9741. J Clin Oncol. 2003;21(8):1431-9.
D0i:10.1200/JC0.2003.09.081.

10) Sparano JA, Wang M, Martino S, Jones V, Perez EA, Saphner T, et al. Weekly paclitaxel in the adjuvant
treatment of breast cancer. N EnglJ Med. 2008;358(16):1663-71. D0i:10.1056/NEJM0a0707056.

11) Sparano JA, Zhao F, Martino S, Ligibel JA, Perez EA, Saphner T, et al. Long-term followup of the E1199
Phase Ill trial evaluating the role of taxane and schedule in operable breast cancer. J Clin Oncol.
2015;33(21):2353-60 d0i:10.1200/JC0.2015.60.9271.

12) Swain SM, Tang G, Geyer CE Jr, Rastogi P, Atkins JN, Donnellan PP, et al. Definitive results of a phase Il
adjuvant trial comparing three chemotherapy regimens in women with operable, node-positive breast
cancer: the NSABP B-38 trial. J Clin Oncol.

2013;31(26):3197-204. D0i:10.1200/JC0.2012.48.1275.

13) Early Breast Cancer Trialists’ Collaborative Group, Peto R, Davies C, Godwin J, Gray R, Pan HC, et al.
Comparisons between different polychemotherapy regimens for early breast cancer. Meta-analyses of long-
term outcome among 100,000 women in 123 randomised trials. Lancet. 2012;379(9814):432-44.
D0i:10.1016/S0140-6736(11)61625-5.

14)Berry DA, Cirrincione C, Henderson IC, Citron ML, Budman DR, Goldstein LJ, et al. Estrogen-receptor status
and outcomes of modern chemotherapy for patients with nodepositive breast cancer. JAMA.
2006,295(14):1658-67. D0i:10.1001/jama.295.14.1658.

15) Paik S, Tang G, Shak S, Kim C, Baker J, Kim W, et al. Gene expression and benefit of chemotherapy in
women with node-negative, estrogen receptor-positive breast cancer. J Clin Oncol. 2006;24(23):3726-34.
D0i:10.1200/JC0.2005.04.7985.

16)Whelan TJ, Pignol JP, Levine MN, et al. Long-term results of hypofractionated radiation therapy for breast
cancer. N Engl J Med. 2010;362(6):513-520.

17)Offersen BV, Boersma LJ, Kirkove C, et al. ESTRO consensus guideline on target volume delineation for
elective radiation therapy of early-stage breast cancer. Radiother Oncol. 2015;114(1):3-10.

18)Darby SC, Ewertz M, McGale P, et al. Risk of ischemic heart disease in women after radiotherapy for breast
cancer. N EnglJ Med. 2013;368(11):987-998.

19)Early Breast Cancer Trialists’ Collaborative G. Davies C, Godwin J, Gray R, Clarke M, Cutter D, et al. Relevance
of breast cancer hormone receptors and other factors to the efficacy of adjuvant tamoxifen: patient-level
meta-analysis of randomised trials. Lancet.

2011;378(9793):771-84. Doi: 10.1016/5S0140-6736(11)60993-8. [DOI] [PMC free article] [PubMed] [Google
Scholar]

International Journal Of Novel Research And Development (www.ijnrd.org) d139

IJNRD2502313



http://www.ijrti.org/

© 2025 IJNRD | Volume 10, Issue 2 February 2025 | ISSN: 2456-4184 | INRD.ORG
20)Davies C, Pan H, Godwin J, Gray R, Arriagada R, Raina V, et al. Long-term effects of continuing adjuvant

tamoxifen to 10 years versus stopping at 5 years after diagnosis of oestrogen receptor-positive breast cancer:
ATLAS, a randomised trial. Lancet. 2013;381(9869):805—-16. Doi: 10.1016/5S0140-6736(12)61963-1. [DOI]
[PMC free article] [PubMed] [Google Scholar]

21)Goss PE, Ingle JN, Martino S, Robert NJ, Muss HB, Piccart MJ, et al. Randomized trial of letrozole following
tamoxifen as extended adjuvant therapy in receptor-positive breast cancer: updated findings from NCIC CTG
MA.17. ) Natl Cancer Inst. 2005;97(17):1262-71. Doi: 10.1093/jnci/dji250. [DOI] [PubMed] [Google Scholar]

22)Goss PE, Ingle JN, Pritchard KI, Robert NJ, Muss H, Gralow J, et al. Extending Aromataselnhibitor Adjuvant
Therapy to 10 Years. N Engl J Med. 2016;375(3):209-19. Doi:
10.1056/NEJMo0a1604700.

23)DeVita VT, Lawrence TS, Rosenberg SA. DeVita, Hellman, and Rosenberg’s CancerPrinciples & Practice of
Oncology. 11" ed. Philadelphia: Wolters Kluwer, 2019.

24) Harris JR, Lippman ME, Morrow M, Osborne CK. Diseases of the Breast. 6™ ed. Philadelphia: Wolters
Kluwer, 2019.

25)National Comprehensive Cancer Network (NCCN). NCCN Clinical Practice Guidelines in Oncology (NCCN
Guidelines): Breast Cancer. 2023. Available from:bope/www.noomarg

26)Harbeck N, Gnant M, editors. Breast Cancer: A Guide to Personalized Therapy. 3™ ed.Springer,
2023.https://www.ncon.org.

27) Dastjerd NT, Valibeik A, Rahimi Monfared S, et al. Gene therapy: a promising approach for breast
cancer treatment. Cell Biochem Funct. 2022;40 (1):28-48.

28) Pandha HS, Martin LA, Rigg A, et al. Genetic prodrug activation therapy for breast cancer: a phase |
clinical trial of erbB-2-directed suicide gene Expression. J Clin Oncol. 1999;17(7):2180-2189.

29) Sun K, Xu Y, Zhang L, et al. A Phase 2 trial of enhancing immune checkpoint blockade by stereotactic
radiation and in situ virus gene therapy in Metastatic triple-negative breast cancer. Clin Cancer Res.
2022;28(20):4392-4401.

IJNRD2502313

International Journal Of Novel Research And Development (www.ijnrd.org) d140



http://www.ijrti.org/

