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Introduction

Breast cancer is one of the most commonly diagnosed and leading
cause of death in women. It has been estimated that 25% of the cancer
cases are due to breast cancer alone and accounts for 15% cancer
related deaths in women [1]. Breast cancer is a complex and
heterogeneous disease categorised into different molecular subtypes
having different various prognoses. The understanding of the specific
biology of the different subtypes is important for the treatment plan
[2-6].

occurs most commonly in the younger group of women, in AfroAmericans and in the group of women having BRCA gene mutated
[17,18]. This subtype is associated with increased genomic complexity
and less stable in comparison to the other subtypes [14]. They are
chemoresponsive but have shown to be a poor prognosis subtype [14].
Despite the extensive researches taking place, this subtype lacks
specific targets for therapy [19].

Gene expression profiling has helped to identify the major breast
cancer subtypes beyond the hormone receptor positive and hormone
receptor negative types. The luminal A and luminal B are the hormone
receptor positive cancers while the HER2 and basal-like are the major
subtypes identified as the hormone negative cancers. Approximately
70% of invasive breast cancers are Estrogen Receptor/Progesterone
Receptor (ER/PR) positive, 15% are ER/PR negative, Human
Epidermal Growth Factor Receptor 2 (HER2) positive and also 15% of
the invasive ductal carcinoma are basal-like i.e., ER/PR/ HER2
negative. In case of the ER/PR positive type i.e., luminal type, some
overexpress HER2 [7-13].

Early detection of breast cancer by mammogram enables the
removal of the tumor at an early stage by surgery [6]. But, it has been
reported that in a study of a 30 year follow-up of breast cancer patients
about 90% of the women treated with surgery alone, the mortality rates
exceeds 50%. This indicates the microscopic dissemination of the
disease from the local area which may recur back even after complete
surgical resection. Hence, to eliminate or suppress the disease led to
the advent of systemic adjuvant therapy, including chemotherapy,
endocrine therapy and targeted therapy. It had improved the outcomes
of the patients with early breast cancer [20-22]. Adjuvant therapy has
been considered as the gold standard for breast cancer treatment. But
recently, neoadjuvant therapy has been stated as a standard treatment
option [6,23]. Here, we will review the different treatment type with
relation to the stage of the cancer and the molecular subtypes.

Breast Cancer Subtypes

Adjuvant Therapy in Luminal Cancers

Luminal breast cancers or the hormone receptor positive breast
cancers accounts for the largest portion of the breast cancers diagnosed
i.e., about 70%. Breast cancers expressing high levels of ER but low
expression of HER2 with low histological grade and low proliferation
rate are categorised as luminal A intrinsic subtype [3,14]. While
Luminal B is of higher histological grade and are more aggressive than
that of Luminal A [15]. The TP53 pathway is conserved in the luminal
A but frequently inactivated in the luminal B. Luminal A breast
cancers are less responsive to chemotherapy and is dependent on the
antiendocrine therapy while luminal B shows response to
chemotherapy and do not respond to antienstrogen therapy [14]. Of all
the subtypes of breast cancer Luminal A has the best prognosis [6].

The Early Breast Cancer Trialists’ Collaborative Group (EBCTCG)
published report on randomized controlled trials (RCTS) in 2005 of
adjuvant chemotherapy or hormonal therapy that began in 1995 [24].
The result reported a reduction of about 50% of the overall mortality in
15 yrs, when the breast cancer patients who were hormone receptor
positive received adjuvant chemotherapy and tamoxifen for 5 yrs after
the surgery [24]. The anthracycline based regimen achieved the
recurrence free survival by about 8% when compared with the
untreated group. Cyclophosphamide, methotrexate and fluorouracil
(CMF) was first introduced by Bonadonna et al., and is one of the
oldest poly-chemotherapy regimen developed for the breast cancer
treatment [25]. The CMF improved the survival and gained recurrence
free survival by about 10% [26]. There was a comparison between the
CMF with the anthracycline based regimen such as FAC (5fluorouracil-doxorubicin-cyclophosphamide) or FEC (5-fluorouracilepirubicin-cyclophosphamide). The study not only reported the long
term benefits of the 6 months polychemotherapy with FAC or FEC but
also reported a reduction in the annual breast cancer death rate by 38%
for women less than the age of 50 and by 20% for the women between
the age of 50-69. The National Surgical Adjuvant Breast and Bowel
Project (NSABP) B-11, B-12 trials showed that the Stage II breast
cancer patients who had received doxorubicin plus melphalan and
fluorouracil (PF) improved the DFS (Disease Free Survival) and OS
(Overall Survival) in 6 yrs compared to those patients who received the

HER2 positive breast cancers are characterised by the overexpression of HER2 protein [16]. Apart from the rest of the members
of the HER family, over-expression of the HER2 is considered as an
important feature that leads to the induction of carcinogenesis. This
subtype expresses high level of proliferative genes and genomic
instability [14]. They are chemosensitive but categorised as a poor
prognosis subtype until the introduction of the HER2 targeted drugs
[14]. Expression of HER2 is the prognostic and predictive marker for
the HER2 targeted therapy [16].
Basal-type is also commonly known as the triple negative breast
cancer as this subtype of breast cancer is negative for ER/PR/HER2
[17]. They are defined as triple negative breast cancers (TNBCs) [14]. It
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same regimen excluding doxorubicin [27]. In another trial, where
NSABP B-16 compared 4 cycles of AC (Adriamycin and
Cyclophosphamide) regimen plus tamoxifen and tamoxifen alone as
an adjuvant therapy, there was a reduction of about 15% in the relapse
or death with 25% risk reduction in comparison to tamoxifen only at
10 yrs follow-up. The anthracycline based regimen presented an overall
reduction in the breast cancer related morbity and mortality than that
of CMF [28]. This has led to the initiation for the development of
anthracycline based poly-chemotherapy as an adjuvant therapy.
The introduction of taxane with better efficacy in advanced breast
cancer led to the incorporation of docetaxel in the adjuvant settings in
the Breast International Trial (BIG) 02-98 trial. The trial led to the
finding that the docetaxel arms presented improved survivals for the
lymph node positive breast cancer [29]. In another trial involving the
TAC (docetaxel, doxorubicin, and cyclophosphamide), or FAC
(fluorouracil, doxorubicin, and cyclophosphamide), with the DFS as an
end point study revealed that the TAC group has a better DFS and OS
compared to OS group at a 10 yr follow-up [30]. From the various trial
studies and from the EBCTCG meta-analysis, was observed there was
a reduction in the recurrence and mortality by adding taxane to the
anthracycline regimen [26].
Another study, was undertaken to reduce the burden of
chemotherapy in adjuvant therapy, by the Shulman et al., involving the
use of single agent Paclitaxel, doxorubicin and cyclophosphamide. This
study showed that the use of the single agent paclitaxel induces less
toxicity in comparison to that odf doxorubicin and cyclophospahmide
[31].
Adjuvant endocrine therapy is categorised in two main agents:
selective estrogen receptor modulators (SERMs) and aromatase
inhibitors (AIs). The SERMs competitively bind to ERs and comprises
of three main drugs: tamoxifen, raloxifen, and toremifene. While the
AIs works by the process of aromatization and inhibits the enzyme
‘aromatase’. Exemestane, anastrazole and letrozole comprises the AIs
[32]. Tamoxifen was developed during 1960s and responded to the
metastatic condition of breast cancer [33]. The Early Breast Cancer
Trialists’ Collaborative Group (EBCTCG) stated that there was a
reduction of about 31% mortality in tamoxifen-treated patients [34].
Treatment with tamoxifen resulted in an extended DFS [35,36]. The
EBCTCG also concluded that tamoxifen treatment in the hormone
positive breast cancer patients reduced the recurrence rate by about
13% and mortality rate by about 9.1% [34].
The adjuvant therapy in ER positive post-menopausal patients, the
choice of regimen is AIs as it provides better outcomes compared to
tamoxifen [37-41]. In a trial to compare the efficacy of anastrazole and
tamoxifen for postmenopausal women, ATAC was given (anastrazole,
tamoxifen, alone or in combination). A prolonged DFS and reduced
metastatsis was resulted sinificantly in the anastrazole group in
comparison to the tamoxifen group after a median follow-up of 68
months [42]. In another case, in phase three trials, Tamoxifen and
Exemestane Trial (TEXT) and Suppression of Ovarian Function Trial
(SOFT), in which the premenopausal women with ER positive breast
cancers were given exemestane plus ovarian suppression or tamoxifen
plus ovarian suppression for a period of 5 yrs. There was an increase in
the DFS by 3.8% in the exemestane plus ovarian suppression group
when compared to tamoxifen plus ovarian suppression group after a
median follow-up of 68 months [43]. In the MA-17 trial of National
Cancer Institute of Canada Clinical Trials Group (NCIC CTG), a group
of post-menopausal patients, who had previously given tamoxifen for 5
years, were assigned to receive 5 years of letrozole or a placebo. After
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the follow-up of 4 years, the DFS was about 94.4% in the letrozole
group and a reduction in the disease recurrence in comparison to the
placebo group [44]. In another trial, BIG-98 trial that suggests the
superiority of letrozole from tamoxifen in the endrocrine therapy
consisted of three groups in which one group received letrozole for 5
years, another one received tamoxifen for 5 years and the last one
received sequential therapy. The letrozole group presented a superior
outcome while the outcome of tamoxifen followed by letrozole was the
same as using letrozole alone [45].

Adjuvant Therapy in HER2 Positive Breast Cancers
Trastuzumab is the first monoclonal antibody developed as an anti
cancer therapeutic. It binds to the juxtamembrane domain of HER2
receptor [46] and downregulates the HER2 dimerization and signalling
cascades downstream of HER2 including the PI3K/AKT/mTOR
pathway [14]. It has been reported that in large phase III trials,
addition of trastuzumab to postoperative chemotherapy for 1 year
reduced the risk of recurrence by one-half approximately and risk of
death from breast cancer by one-third [14]. In the Breast Cancer
International Research Group (BCIRG) trial, a comparison between
three groups were made: AC-T (adriamycin, cyclophosphamide, and
paclitaxel), AC-TH (adriamycin, cyclophosphamide, paclitaxel and
trastuzumab), and TCH (docetaxel, cyclophosphamide, and
trastuzumab). The AC-T group resulted in 75% DFS, AC-TH with 84%
and TCH with 81% DFS after a median follow up of 65 months. In
another study conducted by Tolaney and Barry, consisting of 406
patients with node negative tumors less than 3 cm were given
paclitaxel plus trastuzumab for 12 weeks, followed by 9 months of
trastuzumab. Interestingly, only four recurrences were observed which
suggested an good approach for the selected patients [47]. In addition,
a subcutaneous trastuzumab presented a safety and an efficient
approach in comparison to standard intravenous administration [48].
Besides being a valid treatment option, subcutaneous trastuzumab was
preferred by most of the patients [49]. Resistance to trastuzumab
therapy still being a challenge to the treatment of HER2 overexpressing
breast cancer, lapatinib, a small molecule, was developed to overcome
the resistance. It inhibits HER2 as well as HER1. But lapatinib faced
failure when a set of the patients were grouped into lapatinib and
placebo without trastuzumab resulted in 13% DFS in lapatinib to 17%
in placebo group at 47.4 months follow-up study [50]. Newer agents
have been developed which are targeting HER2 overexpression in
breast cancer: TD-M (emtansine-trastuzumab conjugate), and
pertuzumab. These agents have been approved by the US FDA [51].

Adjuvant Therapy in Triple Negative Breast Cancer
This subtype of breast cancers responds very well to both
anthracycline or taxane based regimen. The regimen for therapy is the
same as that of the hormone positive cancers [52,53]. Triple negative
breast cancers (TNBCs) have a mutation in the TP53 and respond to
platinum treatments as has been reported that breast cancer cells
exhiviting mutation in the p53 family proteins are sensitive to
platinum agents [54]. Platinum agents like carboplatin is also used for
the treatment of the TNBC as this subtype has a reduced capacity to
repair DNA damage [55,56]. ‘Dose dense’ therapy is another approach
for the treatment of the TNBCs. Based on the analysis of Cancer and
Leukemia Group B (CALGB 97-41) trial at 6 years of median follow
up, this therapy may serve as a valid option [57,58]. From different
CALGB trials where two different chemotherapy regimens, CAF
(cyclophosphamide, adriamycin, 5-FU) with dose dense Q2 weekly
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AC-T were compared, a relative reduction of 55% and an absolute
reduction of 28% were obtained for the TNBCs [58]. Treatment
including the anti angiogenic strategies are taken up as the metastasis
depend on angiogenesis [59,60]. This suggests the efficacy of VEGF
targeted therapy [61].

Neoadjuvant Therapy in Luminal Cancers
Despite the limitations in neoadjuvant therapy like slow rate of
response of tumors, longer duration of therapy etc in the hormone
receptor positive breast cancer patients, trials had been carried out on
the use of neoadjuvant therapy [62,63]. A trial was conducted on the
use of endocrine therapy as a neoadjuvant therapy in a group of
postmenopausal women, who were not fit for chemotherapy, aiming to
change from mastectomy to breast conserving operation. A significant
high response was obtained from the AI group in comparison to the
tamoxifen group [64]. In another trial, the Immediate Preoperative
Anastrozole, Tamoxifen, or Combined with Tamoxifen (IMPACT) trial
where response rate in postmenopausal women were compared
between anastrozole, tamoxifen and combination group. A similar
response was obtained whilst degree of surgery was reduced to breast
conserving surgery from mastectomy [65]. In case of neoadjuvant
chemotherapy in hormone receptor positive breast cancer,
personalised neoadjuvant cytotoxic therapy is preferred over the
standardised one [6]. Some of the well-known chemotherapy regimens
used are Anthracycline/taxane based chemotherapy, AC, docetaxel,
pacitaxel, epirubicin etc. [6,66,67].

therapy was better than that of the patients who did not received the
platinum-based therapy [71]. In a study consisting of 12 women with
BRCA1 associated TNBCs receiving cisplatin for 4 cycles, 83% of
women achieved pCR in contrast to 10-22% of women achieving pCR
with anthracycline or taxane based therapy. In a phase II study of
single-agent platinum in TNBC by the Translational Breast Cancer
Research Consortium, observed approximately 30% in the response
rate (RR) and 34% in the clinical benefit rate [14].

Conclusion
The advent of the adjuvant as well as the neoadjuvant therapy in the
breast cancer patients has tremendously increased the outcome of the
patients in the last few years. But the greatest challenge to the clinicians
in the breast cancer treatment like the metastasis of the primary tumor
or recurrence of the disease is still a nightmare. A thorough study of
the fundamentals of the complex heterogenous disease will enable a
better advancement of the therapeutic approach. A better
understanding of the disease might improve the design of the clinical
trials for a better therapeutic approach.

Acknowledgments
Authors wish to express their thanks to DST-FIST. AM wishes to
express her thanks to CSIR for providing SRF fellowship.

References

Neoadjuvant Therapy in HER2 Positive Breast Cancers

1.

It has been reported that the addition of trastuzumab in the
preoperative chemotherapy increased the rate of pathologic complete
response (pCR) from 22% to 44% and from 16% to 32% in the
NeOAdjuvant Heceptin study and phase III GeparQuattro study
respectively [14]. This leads to the recognition of chemotherapy plus
tratuzumab as a standard care in the neoadjuvant therapy. Another
small molecule inhibitor of both the EGFR (HER1) and HER2 kinases
known as Lapatinib exert antitumor effect by inducing apoptosis and
growth arrest along with blocking the downstream MAPK and AKT
signalling pathways. It has been reported from a phase II study that a
combination of lapatinib and trastuzumab a better therapy than that of
trastuzumab or lapatinib alone in combination with paclitaxel followed
by FEC in HER 2 positive breast cancers [68]. The trial conducted by
the Taxol Epirubicin Cyclophosphamide Herceptin NeOadjuvant
(TECHNO) utilizing EC (epirubicin+cyclophosphamide) and TH
(paclitaxel+trastuzumab) appear as promising [69]. In another trial
(NSABP B-41), it has been studied the comparison between lapatinib
with ACT and lapatinib and trastuzumab and ACT [70]. After the
Neoadjuvant Study of Pertuzumab and Herceptin in an Early Regimen
Evaluation (NeoSphere) trial on the use of ertuzumab, trastuzumab
and docetaxel, the US FDA accepted the use of pertuzumab in
combination with trastuzumab and docetaxel as a neoadjuvant therapy
of HER2 positive breast cancers [6].

2.

Neoadjuvant Therapy in Triple Negative Breast Cancer
It has been reported from the NSABP-18 trial that the comparison
between the groups with neoadjuvant therapy and non-neoadjuvant
therapy, resulted in a more success in the breast conserving surgery in
neoadjuvant therapy. In the case of chemotherapy given to the TNBC
patients, the clinical outcome of the patients receiving platinum-based

Adv Genet Eng
ISSN:2169-0111 AGE, an open access

3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, et al. (2015) Global
cancer statistics, 2012. CA Cancer J Clin 65: 87-108.
Lehmann BD, Bauer JA, Chen X, Sanders ME, Chakravarthy AB, et al.
(2011) Identification of human triple-negative breast cancer subtypes and
preclinical models for selection of targeted therapies. J Clin Invest 121:
2750-2767.
Voduc KD, Cheang MC, Tyldesley S, Gelmon K, Nielsen TO, et al. (2010)
Breast cancer subtypes and the risk of local and regional relapse. J Clin
Oncol 28: 1684-1691.
van de Vijver MJ, He YD, van't Veer LJ, Dai H, Hart AA, et al. (2002) A
gene-expression signature as a predictor of survival in breast cancer. N
Engl J Med 347: 1999-2009.
van 't Veer LJ, Dai H, van de Vijver MJ, He YD, Hart AA, et al. (2002)
Gene expression profiling predicts clinical outcome of breast cancer.
Nature 415: 530-536.
Miller E, Lee HJ, Lulla A, Hernandez L, Gokare P, et al. (2014) Current
treatment of early breast cancer: adjuvant and neoadjuvant therapy.
F1000Res 3: 198.
Sørlie T, Perou CM, Tibshirani R, Aas T, Geisler S, et al. (2001) Gene
expression patterns of breast carcinomas distinguish tumor subclasses
with clinical implications. Proc Natl Acad Sci U S A 98: 10869-10874.
Sorlie T, Tibshirani R, Parker J, Hastie T, Marron JS, et al. (2003) Repeated
observation of breast tumor subtypes in independent gene expression
data sets. Proc Natl Acad Sci U S A 100: 8418-8423.
Brenton JD, Carey LA, Ahmed AA, Caldas C (2005) Molecular
classification and molecular forecasting of breast cancer: ready for clinical
application? J Clin Oncol 23: 7350-7360.
Rakha EA, El-Sayed ME, Reis-Filho JS, Ellis IO (2008) Expression
profiling technology: its contribution to our understanding of breast
cancer. Histopathology 52: 67-81.
Parker JS, Mullins M, Cheang MC, Leung S, Voduc D, et al. (2009)
Supervised risk predictor of breast cancer based on intrinsic subtypes. J
Clin Oncol 27: 1160-1167.
Sotiriou C, Pusztai L (2009) Gene-expression signatures in breast cancer.
N Engl J Med 360: 790-800.

Volume 4 • Issue 3 • 1000132

Citation:

Anupam Basu and Anuradha Moirangthem (2015) Advances of Non-Surgical Therapy for Different Molecular Subtypes of Breast
Cancer. Adv Genet Eng 4: 132. doi:10.4172/2169-0111.1000132

Page 4 of 5
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.

25.
26.

27.

28.

29.

30.

31.

32.

Correa Geyer F, Reis-Filho JS (2009) Microarray-based gene expression
profiling as clinical tool for breast cancer management: are we there yet?
Int J Surg Pathol 17: 285-302.
Cadoo KA, Traina TA, King TA (2013) Advances in molecular and
clinical subtyping of breast cancer and their implications for therapy. Surg
Oncol Clin N Am 22: 823-840.
Schnitt SJ (2010) Classification and prognosis of invasive breast cancer:
from morphology to molecular taxonomy. Mod Pathol 23 Suppl 2:
S60-64.
Yarden Y (2001) Biology of HER2 and its importance in breast cancer.
Oncology 61 Suppl 2: 1-13.
de Ruijter TC, Veeck J, de Hoon JP, van Engeland M, Tjan-Heijnen VC
(2011) Characteristics of triple-negative breast cancer. J Cancer Res Clin
Oncol 137: 183-192.
Hudis CA, Gianni L (2011) Triple-negative breast cancer: an unmet
medical need. Oncologist 16 Suppl 1: 1-11.
Metzger-Filho O, Tutt A, de Azambuja E, Saini KS, Viale G, et al. (2012)
Dissecting the heterogeneity of triple-negative breast cancer. J Clin Oncol
30: 1879-1887.
Adair F, Berg J, Joubert L, Robbins GF (1974) Long-term followup of
breast cancer patients: the 30-year report. Cancer 33: 1145-1150.
Bonadonna G (1992) Evolving concepts in the systemic adjuvant
treatment of breast cancer. Cancer Res 52: 2127-2137.
Berry DA, Cronin KA, Plevritis SK, Fryback DG, Clarke L, et al. (2005)
Effect of screening and adjuvant therapy on mortality from breast cancer.
N Engl J Med 353: 1784-1792.
Akyurek S, Yavas G (2013) Role of postmastectomy radiation therapy
after neoadjuvant chemotherapy in locally advanced breast cancer. Exp
Oncol 35: 267-271.
Early Breast Cancer Trialists' Collaborative Group (EBCTCG) (2005)
Effects of chemotherapy and hormonal therapy for early breast cancer on
recurrence and 15-year survival: an overview of the randomised trials.
Lancet 365: 1687-1717.
Bonadonna G, Brusamolino E, Valagussa P, Rossi A, Brugnatelli L, et al.
(1976) Combination chemotherapy as an adjuvant treatment in operable
breast cancer. N Engl J Med 294: 405-410.
Group EBCTCG, Peto R, Davies C, Godwin J, Gray R, et al. (2012)
Comparisons between different polychemotherapy regimens for early
breast cancer: meta-analyses of longterm outcome among 100,000
women in 123 randomised trials. Lancet 379: 432-444.
Fisher B, Redmond C, Wickerham DL, Bowman D, Schipper H, et al.
(1989) Doxorubicin-containing regimens for the treatment of stage II
breast cancer: The National Surgical Adjuvant Breast and Bowel Project
experience. J Clin Oncol 7: 572-582.
Dignam JJ, Huang L, Ries L, Reichman M, Mariotto A, et al. (2009)
Estimating breast cancer-specific and other-cause mortality in clinical
trial and population-based cancer registry cohorts. Cancer 115:
5272-5283.
Francis P, Crown J, Di Leo A, Buyse M, Balil A, et al. (2008) Adjuvant
chemotherapy with sequential or concurrent anthracycline and docetaxel:
Breast International Group 02-98 randomized trial. J Natl Cancer Inst
100: 121-133.
Mackey JR, Martin M, Pienkowski T, Rolski J, Guastalla JP, et al. (2013)
Adjuvant docetaxel, doxorubicin, and cyclophosphamide in nodepositive breast cancer: 10-year follow-up of the phase 3 randomised
BCIRG 001 trial. Lancet Oncol 14: 72-80.
Shulman LN, Berry DA, Cirrincione CT, Becker HP, Perez EA, et al.
(2014) Comparison of doxorubicin and cyclophosphamide versus singleagent paclitaxel as adjuvant therapy for breast cancer in women with 0 to
3 positive axillary nodes: CALGB 40101 (alliance). J Clin Oncol 32:
2311-7.
Trunet PF, Vreeland F, Royce C, Chaudri HA, Cooper J, et al. (1997)
Clinical use of aromatase inhibitors in the treatment of advanced breast
cancer. J Steroid Biochem Mol Biol 61: 241-245.

Adv Genet Eng
ISSN:2169-0111 AGE, an open access

33.
34.

35.
36.
37.

38.

39.

40.

41.

42.

43.
44.
45.

46.
47.
48.

49.

50.

51.

Sonnenblick A, Piccart M (2015) Adjuvant systemic therapy in breast
cancer: quo vadis? Ann Oncol 26: 1629-1634.
Early Breast Cancer Trialists' Collaborative Group (EBCTCG) (2005)
Effects of chemotherapy and hormonal therapy for early breast cancer on
recurrence and 15-year survival: an overview of the randomised trials.
Lancet 365: 1687-1717.
Jordan VC (2003) Tamoxifen: a most unlikely pioneering medicine. Nat
Rev Drug Discov 2: 205-213.
Waters EA, Cronin KA, Graubard BI, Han PK, Freedman AN (2010)
Prevalence of tamoxifen use for breast cancer chemoprevention among
U.S. women. Cancer Epidemiol Biomarkers Prev 19: 443-446.
Baum M, Budzar AU, Cuzick J, Forbes J, Houghton JH (2002)
Anastrozole alone or in combination with tamoxifen versus tamoxifen
alone for adjuvant treatment of postmenopausal women with early breast
cancer: first results of the ATAC randomised trial. Lancet 359: 2131-2139.
Arimidex, Tamoxifen, Alone or in Combination (ATAC) Trialists' Group,
Forbes JF, Cuzick J, et al. (2008) Effect of anastrozole and tamoxifen as
adjuvant treatment for early-stage breast cancer: 100-month analysis of
the ATAC trial. Lancet Oncol 9: 45-53.
Goss PE, Ingle JN, Martino S, Robert NJ, Muss HB, et al. (2005)
Randomized trial of letrozole following tamoxifen as extended adjuvant
therapy in receptor-positive breast cancer: updated findings from NCIC
CTG MA.17. J Natl Cancer Inst 97: 1262-1271.
Breast International Group (BIG) 1-98 Collaborative Group; Thürlimann
B, Keshaviah A, Coates AS, Mouridsen H, et al. (2005) A comparison of
letrozole and tamoxifen in postmenopausal women with early breast
cancer. N Engl J Med 353: 2747-2757.
Coombes RC, Hall E, Gibson LJ, Paridaens R, Jassem J, et al. (2004) A
randomized trial of exemestane after two to three years of tamoxifen
therapy in postmenopausal women with primary breast cancer. N Engl J
Med 350: 1081-1092.
Howell A, Cuzick J, Baum M, Buzdar A, Dowsett M, et al. (2005) Results
of the ATAC (Arimidex, Tamoxifen, Alone or in Combination) trial after
completion of 5 years' adjuvant treatment for breast cancer. Lancet 365:
60-62.
Budd GT, Barlow WE, Moore HC, Hobday TJ, Stewart JA, et al. (2015)
SWOG S0221: a phase III trial comparing chemotherapy schedules in
high-risk early-stage breast cancer. J Clin Oncol 33: 58-64.
Chen X, Li J, Gray WH, Lehmann BD, Bauer JA, et al. (2012) TNBCtype:
A Subtyping Tool for Triple-Negative Breast Cancer. Cancer Inform 11:
147-156.
BIG 1-98 Collaborative Group, Mouridsen H, Giobbie-Hurder A,
Goldhirsch A, Thürlimann B, et al. (2009) Letrozole therapy alone or in
sequence with tamoxifen in women with breast cancer. N Engl J Med 361:
766-776.
Vogel C, Cobleigh MA, Tripathy D, Gutheil JC, Harris LN, et al. (2001)
First-line, single-agent Herceptin(R) (trastuzumab) in metastatic breast
cancer. A preliminary report. Eur J Cancer 37: 25-29.
Tolaney SM, Barry WT, Dang CT, Yardley DA, Moy B, et al. (2015)
Adjuvant paclitaxel and trastuzumab for node-negative, HER2-positive
breast cancer. N Engl J Med 372: 134-141.
Ismael G, Hegg R, Muehlbauer S, Heinzmann D, Lum B, et al.
Subcutaneous versus intravenous administration of (neo)adjuvant
trastuzumab in patients with HER2-positive, clinicalstage I-III breast
cancer (HannaH study): a phase 3, open-label, multicentre, randomised
trial. Lancet Oncol 13: 869-878.
Pivot X, Gligorov J, Müller V, Barrett-Lee P, Verma S, et al. (2013)
Preference for subcutaneous or intravenous administration of
trastuzumab in patients with HER2-positive early breast cancer
(PrefHer): an open-label randomised study. Lancet Oncol 14: 962-970.
Goss PE, Smith IE, O'Shaughnessy J, Ejlertsen B, Kaufmann M, et al.
(2013) Adjuvant lapatinib for women with early-stage HER2-positive
breast cancer: a randomised, controlled, phase 3 trial. Lancet Oncol 14:
88-96.
Metzger-Filho O, Winer EP, Krop I (2013) Pertuzumab: optimizing HER2
blockade. Clin Cancer Res 19: 5552-5556.

Volume 4 • Issue 3 • 1000132

Citation:

Anupam Basu and Anuradha Moirangthem (2015) Advances of Non-Surgical Therapy for Different Molecular Subtypes of Breast
Cancer. Adv Genet Eng 4: 132. doi:10.4172/2169-0111.1000132

Page 5 of 5
52.
53.
54.
55.

56.

57.
58.

59.

60.
61.

62.

Martín M, Seguí MA, Antón A, Ruiz A, Ramos M, et al. (2010) Adjuvant
docetaxel for high-risk, node-negative breast cancer. N Engl J Med 363:
2200-2210.
Liedtke C, Mazouni C, Hess KR, André F, Tordai A, et al. (2008) Response
to neoadjuvant therapy and long-term survival in patients with triplenegative breast cancer. J Clin Oncol 26: 1275-1281.
Bastien RR, Rodríguez-Lescure Á, Ebbert MT, Prat A, Munárriz B, et al.
(2012) PAM50 breast cancer subtyping by RT-qPCR and concordance
with standard clinical molecular markers. BMC Med Genomics 5: 44.
Sikov WM, Berry DA, Perou CM, Singh B, Cirrincione CT, et al. (2015)
Impact of the addition of carboplatin and/or bevacizumab to neoadjuvant
once-per-week paclitaxel followed by dose-dense doxorubicin and
cyclophosphamide on pathologic complete response rates in stage II to III
triple-negative breast cancer: CALGB 40603 (Alliance). J Clin Oncol 33:
13-21.
Von Minckwitz G, Schneeweiss A, Loibl S, Salat C, Denkert C, et al.
(2014) Neoadjuvant carboplatin in patients with triple-negative and
HER2-positive early breast cancer (GeparSixto; GBG 66): a randomised
phase 2 trial. Lancet Oncol 15: 747-756.
Hudis C, Citron M, Berry D (2005) Five year follow-up of INT C9741:
dose-dense chemotherapy is safe and effective. SABCS.
Citron ML, Berry DA, Cirrincione C, Hudis C, Winer EP, et al. (2003)
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 21: 1431-1439.
Cameron D, Brown J, Dent R, Jackisch C, Mackey J, et al. (2013) Adjuvant
bevacizumab-containing therapy in triple-negative breast cancer
(BEATRICE): primary results of a randomised, phase 3 trial. Lancet
Oncol 14: 933-942.
Greenberg S, Rugo HS (2010) Triple-negative breast cancer: role of
antiangiogenic agents. Cancer J 16: 33-38.
Linderholm B, Hellborg H, Johansson U, Elmberger G, Skoog L, et al.
(2009) significantly higher levels of vascular endothelial growth factor
(VEGF) and shorter survival times for patients with primary operable
triple-negative breast cancer. Ann Oncol 20: 1639-1646.
Kaufmann M, von Minckwitz G, Mamounas EP, Cameron D, Carey LA,
et al. (2012) Recommendations from an international consensus
conference on the current status and future of neoadjuvant systemic
therapy in primary breast cancer. Ann Surg Oncol 19: 1508-1516.

Adv Genet Eng
ISSN:2169-0111 AGE, an open access

63.

64.

65.

66.
67.

68.

69.

70.

71.

Krainick-Strobel UE, Lichtenegger W, Wallwiener D, Tulusan AH, Jänicke
F, et al. (2008) Neoadjuvant letrozole in postmenopausal estrogen and/or
progesterone receptor positive breast cancer: a phase IIb/III trial to
investigate optimal duration of preoperative endocrine therapy. BMC
Cancer 8: 62.
Thomas E, Holmes FA, Smith TL, Buzdar AU, Frye DK, et al. (2004) The
use of alternate, non-cross-resistant adjuvant chemotherapy on the basis
of pathologic response to a neoadjuvant doxorubicin-based regimen in
women with operable breast cancer: long-term results from a prospective
randomized trial. J Clin Oncol 22: 2294-2302.
Smith IE, Dowsett M, Ebbs SR, Dixon JM, Skene A, et al. (2005)
Neoadjuvant treatment of postmenopausal breast cancer with
anastrozole, tamoxifen, or both in combination: the Immediate
Preoperative Anastrozole, Tamoxifen, or Combined with Tamoxifen
(IMPACT) multicenter double-blind randomized trial. J Clin Oncol 23:
5108-5116.
Bear H (2005) Primary chemotherapy for operable breast cancer: the
NSABP experience. Breast Cancer Research 7: S17.
Bear HD, Anderson S, Brown A, Smith R, Mamounas EP, et al. (2003) The
effect on tumor response of adding sequential preoperative docetaxel to
preoperative doxorubicin and cyclophosphamide: preliminary results
from National Surgical Adjuvant Breast and Bowel Project Protocol B-27.
J Clin Oncol 21: 4165-4174.
Guarneri V, Frassoldati A, Bottini A, Cagossi K, Bisagni G, et al. (2012)
Preoperative chemotherapy plus trastuzumab, lapatinib, or both in
human epidermal growth factor receptor 2-positive operable breast
cancer: results of the randomized phase II CHERLOB study. J Clin Oncol
30: 1989-1995.
Untch M, Fasching PA, Konecny GE, Hasmüller S, Lebeau A, et al. (2011)
Pathologic complete response after neoadjuvant chemotherapy plus
trastuzumab predicts favorable survival in human epidermal growth
factor receptor 2-overexpressing breast cancer: results from the TECHNO
trial of the AGO and GBG study groups. J Clin Oncol 29: 3351-3357.
Robidoux A, Tang G, Rastogi P, Geyer CE Jr, Azar CA, et al. (2013)
Lapatinib as a component of neoadjuvant therapy for HER2-positive
operable breast cancer (NSABP protocol B-41): an open-label,
randomised phase 3 trial. Lancet Oncol 14: 1183-1192.
Liu M, Mo QG, Wei CY, Qin QH, Huang Z, et al. (2013) Platinum-based
chemotherapy in triple-negative breast cancer: A meta-analysis. Oncol
Lett 5: 983-991.

Volume 4 • Issue 3 • 1000132

