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Abstract. Breast cancer occurring following injection with 
polyacrylamide hydrogel (PAMG) for augmentation mamma-
plasty is rare. The present study reports the case of a 43-year-old 
female presenting with bilateral breast cancer 10 years after 
augmentation mammaplasty with PAMG injection and no 
family history of breast cancer. A 5.5x6.0-cm mass in the 
right breast with multiple intumescent axillary lymph nodes 
was revealed and a palpable mass of ~1.0 cm was identified 
in the outer upper quadrant of the left breast. Multiple smaller 
nodules were observed in the pulmonary field. Pathological 
examination revealed invasive lobular grade II carcinoma in 
both breasts with ER(+++), PR(+++), C-erbB2(-), Top-2(+), in 
the right breast and ER(++), PR(++), c-erb-B2(-), Top-2(+) in 
the left. Preoperative chemotherapy, modified radical bilateral 
mastectomy with axillary clearance, postoperative chemo-
therapy, and an oophorectomy were conducted, followed by 
treatment with Arimedex® until the present date A number 
of valuable insights can be garnered from this case. First, 
close follow-up is required for female patients who receive an 
injection of PAMG for augmentation mammaplasty in order to 
achieve an early diagnosis and to intervene in any incidences 
of breast cancer. Second, the differential diagnosis of dual 
primary carcinoma versus metastatic breast cancer is important 
and may be aided by the use of molecular technology. Third, 
it remains difficult to determine gene expression values for the 
prediction of chemotherapy sensitivity. Thus, discrimination 
between primary and secondary carcinomas is the principle 

barrier for identifying an appropriate treatment strategy when 
a patient is diagnosed with bilateral breast cancer.

Introduction

Medical polyacrylamide hydrogel (PAMG), consists of 
polyacrylamide and nonpyrogenic water, is an extensively 
cross‑linked polymeric soft tissue filler substance (1) that has 
been used in Ukraine, Russia and China in plastic and aesthetic 
surgical procedures for the past 15-20 years (2-4). However, 
different types of complications associated with PAMG 
injection have been reported, particularly in association with 
augmentation mammaplasty (5). For example, breast cancer 
has been identified as one type of serious complication (6‑7). 
The Chinese State Food and Drug Administration (SFDA) has 
banned the production, sale and use of PAMG (8).

The incidence of synchronous bilateral infiltrating breast 
cancer, reported about 0.2-2%, is rare (9). the standard of 
definitive diagnosis and management of patients with this 
disease is not well established (10). The present study reports 
a rare case of bilateral breast cancer with common histologies 
following augmentation mammaplasty with PAMG injection. 
Furthermore, the current study provides a number of insights 
into the appropriate diagnostic and therapeutic approaches for 
bilateral breast cancer. Written informed consent was obtained 
from the family of the patient.

Case report

A 43 year-old female received augmentation mammaplasty 
with a 100-ml PAMG injection 10 years previously. The 
patient had no family history of cancer and no acute complica-
tions following the PAMG injection. The patient was married 
at 22 years and, at the age of 24 years, gave birth to a child that 
was breast fed for ~10 months. The patient's hormonal profiles, 
including testosterone, prolactin and thyroid function tests, 
were normal.

On November 16th, 2010, the patient was admitted to the 
Breast Unit of Baoji Municipal Central Hospital (Baoji, China) 
with a 1-year history of a palpable, tender lesion of ~0.3x0.5 cm 
in diameter in the right breast, with sharp pain and a mild 
occasional cough. However, no additional symptoms, such as 
weight loss, fever or loss of appetite, were noted.
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Clinical examination revealed mastoptosis of the right 
breast, with edema, an orange peel-like appearance to the skin 
and a 5.5x6.0‑cm mass. The mass was fixed to the underlying 
structure of the breast, was not tender and exhibited an obscure 
boundary. Furthermore, no bloody discharge developed upon 
palpation just under the right nipple, and the overlying skin of 
the breast, the nipple and the areola were not involved. Further-
more, multiple intumescent lymph nodes were felt in the right 
axilla, one of which was large in size (diameter, ~1.5 cm) and 
mobile. In addition, a palpable mass with a maximum diameter 
of ~1.0 cm was identified in the outer upper quadrant of the left 
breast, 3 cm away from the nipple; however, no lymph nodes 
were palpable in the left axilla.

Ultrasonography of the breasts identified a dark region in 
each of the interspaces of the mammary glands. Additionally, 
an ill‑defined, inhomogeneous, low echo level lesion measuring 
5.0x5.0x4.0 cm was identified in the root of the right nipple. The 
lesion was non-enveloped and irregular in appearance (similar 
to the foot of a crab). Sufficient blood flow signals were recorded 
using color Doppler ultrasonography. Multiple intumescent 
lymph nodes were detected in the right axilla, one of which was 
large in size (diameter, ~1.9 cm) and exhibited sufficient blood 
flow signals. Additionally, a low echo level nodule measuring 
~0.8x0.6x0.8 cm was observed in the upper outer quadrant of 
the left breast, with an obscure boundary and uneven internal 
echoes. Multiple oval nodes were clearly visible in the left axil-
lary cavity, the largest of which (diameter, ~1.9 cm) exhibited 
sparse blood flow signals. A computed tomography (CT) scan 
performed in November 2010 demonstrated the presence of a 
soft-tissue mass around the root of the right nipple, localized 
conglutination of the bilateral pleura, a narrow band shadow 
of water in the bilateral pleural cavity, and lesser tubercles in 
the field of the lung and pleura. Furthermore, nodosity was 
identified in the right axillary space and multiple lesser nodules 
were observed in the pulmonary field (Fig. 1). Additional scans, 
including abdominal ultrasonography SPECT, revealed no 
other metastases.

Fine-needle aspiration cytology confirmed the malig-
nancy of the breast masses and the two lesions were 
diagnosed as invasive ductal carcinoma (grade II according 
to the WHO Classification of Oncopathology and Genetics 
of Mammary Glands and Female Genital Organs). Immu-
nohistochemical staining of the right breast lesion revealed 
the following: Estrogen receptor (ER)(+++), progesterone 
receptor (PR)(+++), c-erbB2(-), Top-2(+), cytokeratin 5 (CK5)(-) 
and E-cadherin(+) (Fig. 2). Immunohistochemical staining of 
the right breast lesion revealed the following: ER(++), PR(++), 
c-erb-B2(-), Top-2(+), CK5(-) and E-cadherin(+) (Fig. 3). A 
multiplex branched DNA (bDNA) liquidchip technology was 
developed for the quantitative measurement of gene mRNA 
levels. bDNA is a non-PCR-based technology. It is a nucleic 
acid sandwich hybridization platform in which the targets are 
captured through the cooperative hybridization of multiple 
probes which are conjugated with a fluorescence signal 
amplification system. The fluorescence value of each sample 
was analyzed using the Luminex 200 system (Luminex, 
Austin, TX, USA). SPSS 18.0 (SPSS Inc., Chicago, IL, 
USA) was used to analyze data in this study. Further-
more, gene mRNA expression levels, which were detected 
by Guangzhou SurExam Bio-Tech Co., Ltd. (Guangzhou, China), 

Figure 1. Computed tomography scan of the chest identifying (A) intumes-
cent lymph nodes in the right axilla and (B) multiple lesser nodules in the 
pulmonary field and on the pleura. (C and D) Soft‑tissue masses around the 
root of the right nipples are clearly visible. 
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were compared to that of a database of Chinese Breast 
Cancer patients (Guangzhou SurExam Bio-Tech Co., Ltd.) 
to obtain relative mRNA expression levels (%). The results 
were as follows: Thymidylate synthetase, ≥67.3% [increased 
versus control; expression level is inversely correlated with 
fluorine/pemetrexed/capecitabine treatment (11,12)]; ribo-
nucleotide reductase M1, ≥86.7% [increased versus control; 
expression level is inversely correlated with gemcitabine (GEM) 
treatment (13)]; tubulin β3 class III (TUBB3), ≥21.2% [decrea

sed versus control; expression level is inversely correlated 
with anti-microtubule agent treatment (14)]; and topoisom-
erase (DNA) IIα (TOP2A), ≥70.0% [increased versus control; 
expression level is directly correlated with etoposide and 
anthracycline treatment (15,16)].

Following six cycles of post-operative epirubicin plus 
docetaxel (TA) chemotherapy (100 mg/m2 epirubicin 
and 75 mg/m2 docetaxel every 3 weeks, supported by 
G-CSF), 18F-f luorodeoxyglucose positron emission 

Figure 3. Histopathological features of the left breast mass. (A) The mass was pathologically diagnosed as invasive ductal carcinoma (grade II; hematoxylin 
and eosin staining). Immunohistochemical staining identified (B) estrogen receptor(++) (C) progesterone receptor(++) and (D) c‑erbB2(‑) (magnification, x20).

Figure 2. Histopathological features of the right breast mass. (A) The mass was pathologically diagnosed as invasive ductal carcinoma (grade II; hematoxylin and 
eosin staining). Immunohistochemical staining identified (B) estrogen receptor(+++), (C) progesterone receptor(+++) and (D) c‑erbB2(‑) (magnification, x10).
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tomography (PET)/CT identified a 5.4x1.2x4.3‑cm lump in the 
root of the right nipple, with a high maximum standardized 
uptake value of 6.5, and pachyderma around the nipple. By 
contrast, the left breast was almost normal. Multiple nodes 
of the bilateral lung fields exhibited no abnormal metabolic 
activity, and the metabolic activity of the intumescent lymph 
nodes in the neck and armpit exhibited close to normal 
values (Fig. 4).

Due to the only minor to partial remission identified by 
PET/CT evaluation, a modified radical bilateral mastec-
tomy with axillary clearance was performed. Pathological 
examination of the two specimens determined a diagnosis 

of invasive ductal lobular mixed carcinoma of the mammary 
gland. However, the incised margins of the two breasts and 
the substrate of the left nipple were negative. Furthermore, 
the lower region of the right nipple was invaded by carci-
noma. Cancer metastasis was observed in the axillary lymph 
nodes (8/13 and 11/11 lymph nodes were positive for metastasis 
in the left and right breasts, respectively).

One month after surgery, imaging evaluation identi-
fied disease progression, as shown in Fig. 5. Following 
the completion of two regimens of post-operative vinorel-
bine plus cisplatin chemotherapy (25 mg/m2 vinorelbine, 
days 1 and 8; and 25 mg/m2 cisplatin, days 1-3) and GEM 

Figure 4. Positron emission tomography-computed tomography scan following six cycles of epirubicin plus docetaxel chemotherapy revealing (A) a high 
maximum standardized uptake value of the mass in the right breast and nodules in the fields of the lung, with no abnormal metabolic activity. (B) The left 
breast was almost normal.
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plus capecitabine (1,000 mg/m2 GEM, days 1 and 8; and 
1,000 mg/m2 capecitabine, days 1-14), a metastatic tumor of 
~2 cm in diameter was detected in the liver by abdominal 
ultrasonography. Therefore, the patient underwent an oopho-
rectomy, followed by treatment with Arimedex® (Letrozole, 
2.5 mg/d) until the present date.

Discussion

PAMG is a type of polymer composed of acrylamide mono-
mers. Based on its theoretical safety, PAMG has commonly 
been applied as a body filler in esthetic surgical procedures 
for a number of years. However, as an increasing number of 
complications have been reported (5-7), the safety of PAMG 
has been called into question. Therefore, the injection of 
PAMG for augmentation mammaplasty was discontinued in 
2006 in China.

A number of cases of sporadic breast cancer following 
PAMG injection have been reported (6,7). Although there 
is no direct evidence with regard to the carcinogenicity of 
PAMG in humans, doctors should carefully consider the use 
of the agent, as various studies have indicated that PAMG 
exhibits cytotoxicity, inhibits the growth of human fibroblasts 
and causes the apoptosis of human fibroblasts. Additionally, 
PAMG appears to induce the mRNA expression levels of 
specific genes, for example, c‑myc (17).

Breast cancer following the injection of PAMG is typi-
cally diagnosed 5-10 years after surgery (2,3). This extended 
period of time often results in the patient neglecting to 

consider the history of augmentation mammaplasty and 
patients rarely visit the doctor or self-examine for health 
check-ups, as with the patient in the current study. Thus, if 
the injection of PAMG is a high risk factor for breast cancer, 
missed and delayed diagnoses will occur. Furthermore, in 
incidences of self‑examination of the breast, it is difficult for 
patients to discriminate a breast mass from filler hardening 
in the breast and subcutaneous tissue. For example, it was 
reported that the patient in the present study mistook the 
cancerous lesion as deformed or displaced packing material 
upon initial self-examination. Therefore, despite the lack of 
definitive evidence that PAMG injection is associated with a 
high risk of breast cancer, close follow-up is recommended 
for those who have received augmentation mammaplasty 
with PAMG to allow an early diagnosis and intervention in 
incidences of breast cancer.

Bilateral breast carcinomas exist in two forms: 
Synchronous primary, in which the two tumors occur concur-
rently (within 1-12 months of each other); and metachronous, 
in which the carcinomas occur at different times (>12 months 
apart) (18). In the present case, cancerous lesions with the 
same pathological morphology were simultaneously detected 
in the bilateral breast upon initial diagnosis. However, it was 
unknown whether the tumor was a secondary primary cancer 
or a metastatic spread from the contralateral breast cancer. 
It is biologically and therapeutically important to make this 
differentiation, however, it is difficult to definitively deter-
mine the origin from the clinical features of an individual 
patient alone (19-22).

Figure 5. Computed tomography scan of (A) the chest one month after surgery indicating intumescent lymph nodes in the armpit and (B) multiple small 
subcutaneous nodes around the incised opening. (C and D) An increase in the number and size of nodules in the lung field was identified.
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According to Chaudary et al (23), the pathological criteria 
of synchronous primary breast cancer is as follows: i) An 
in situ change in the contralateral tumor; ii) a histologically 
different tumor in the second breast compared with the first; 
iii) a distinctly greater degree of histological differentiation 
than in the first breast; and iv) no evidence of local, regional 
or distant metastases in the ipsilateral breast. Thus, the female 
patient reported in the present study appears to have exhibited 
metastatic disease. However, these pathological criteria are 
basic, and alternative studies have concluded that in situ lesions 
should no longer be considered as a criterion for de novo carci-
nogenesis (24). Furthermore, a number of cases exist that have 
been verified as bilateral primary cancer despite exhibiting 
the same pathology as the initial breast cancer (25) or the 
metastatic carcinoma of an axillary lymph node. This indi-
cates that a reevaluation of the histological criteria commonly 
used to differentiate between primary and metastatic lesions 
is required (26).

Genetic and molecular pathologic features should also 
be considered during the differential diagnosis between 
a secondary or a metastatic breast carcinoma from the 
contralateral breast. In the present case, distinguishing 
simultaneous bilateral breast cancer from primary and 
secondary cancer was difficult using molecular pathology 
data alone. An accumulating number of studies, including a 
small number of genetic studies, are presenting contradic-
tory results with regard to whether the molecular pathology 
alone is sufficient to make this distinction. Determining 
the hormone receptor status by immunohistochemistry has 
almost no discriminatory value, as no conclusive differ-
ences in hormone receptor status have been reported 
between primary breast cancer and its metastases (27-29), 
for example, with regard to HER-2 expression status (19,30). 
An alternative study revealed that a greater number of DNA 
copy number changes occur in metachronous compared 
with synchronous bilateral breast cancer (31). However, it 
has also been reported that distinct, characteristic genetic 
alterations could not be detected using the comparative 
genomic hybridization method (32). By performing loss of 
heterozygosity studies, Saad et al (26) identified discordant 
mutations in synchronous bilateral breast carcinoma patients, 
supporting the diagnosis of de novo bilateral primary breast 
carcinoma. This indicated that the application of molecular 
technology may be important in the differential diagnosis of 
dual primary carcinoma versus metastatic breast cancer from 
the contralateral breast. However, additional studies with 
expanded sample sizes are required to clarify this proposal.

A current topic in the field of cancer treatment involves 
detecting the expression levels of genes in tumor tissues to 
screen out patients sensitive to specific chemotherapeutic 
agents, to thus determine the most appropriate type of 
neoadjuvant and adjuvant chemotherapy on an individual 
basis (26-28). Two such genes determined in the present case 
were TUBB3 and TOP2A.

The protein TUBB3 is reported to promote cell survival 
and represents an endogenous element of an inherent 
drug-resistance mechanism for counteracting the activity of 
microtubule-interacting agents (33). For example, the over-
expression of TUBB3 was associated with the resistance to 
taxane-based chemotherapy and may be a predictive marker 

for chemoresistance to docetaxel in patients with post-opera-
tive recurrent disease (34). Additionally, in vitro studies have 
reported that the sensitivity to TOP2 inhibitors is dependent 
on the expression levels of TOP2A in target cancer cells. Cells 
with a low concentration of TOP2A protein are less sensitive 
to TOP2-inhibiting agents compared with cells containing a 
high concentration of TOP2A (35). Numerous retrospective 
studies have investigated the predictive value of TUBB3 and 
TOP2A using different methods, occasionally resulting 
in contradictory data. In the present case, TUBB3 mRNA 
expression levels were <21.2% and TOP2A was expression 
was >70%, possibly indicating that the tumor may be sensitive 
to taxane- and anthracycline-based chemotherapy regimens. 
However, following six cycles of TA chemotherapy, the patient 
only exhibited minor remission. Furthermore, it remains 
difficult to determine gene expression values for predicting 
drug sensitivity; therefore, additional prospective randomized 
clinical trials should be performed.

Once a diagnosis was established in the present study, the 
patient received chemotherapy. Following six cycles of TA, 
PET‑CT identified that the growth of the lesion was somewhat 
controlled as a minor to partial remission, predominantly 
observed by the negative metabolic activity of the internal 
organs. At that time, the patient was eager to undergo surgery 
due to concern that the PAMG present in the breasts would 
continue to contribute to the severity of the disease. However, 
following evaluation, systemic chemotherapy was considered 
to be the most appropriate response. A number of physicians 
considered that the patient should be diagnosed with a systemic 
disease due to the metastasis to the left breast, in which case 
surgery is not advised according to evidence-based medical 
guidelines and an alternative treatment strategy may be ovarian 
ablation plus endocrine therapy.

However, an alternative view was put forward that systemic 
chemotherapy was the most appropriate response in such 
circumstances, as a diagnosis of bilateral primary cancer could 
not be definitively excluded. Instead, the patient could receive 
surgery if the lesion was technically resectable. In consideration 
of the possible treatment strategies, the patient underwent a 
modified radical bilateral mastectomy with axillary clearance, 
and it was subsequently determined that the pathological margin 
was negative. However, one month later, after two cycles of post-
surgery chemotherapy, the patient was admitted with a mild 
discontinuous cough without signs of infection. Physical exami-
nation identified multiple small nodules around the incision 
opening. Furthermore, a CT radiograph demonstrated that the 
lung nodules had increased in number and size by August 26th 
2011, compared with those observed on presentation (July 27th; 
Fig. 5), and the cancer antigen (CA)125 (58.64 U/ml; normal 
range, 0-35 U/ml) and CA15-3 (220.30 U/ml; normal range, 
0-25 U/ml) concentrations had increased. These observations 
indicated that the disease had progressed; the progression-free 
survival time was <2 months. Therefore, it is important to 
discriminate between primary and second carcinomas when a 
patient is diagnosed with bilateral breast cancer, as it is the basis 
of determining an appropriate treatment strategy.

In conclusion, although definite evidence that PAMG 
injection is associated with a high risk of breast cancer was 
not identified in the present study, close follow‑up is required 
for female patients who have received injections of PAMG. 
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Second, the differential diagnosis of dual primary carcinoma 
versus metastatic breast cancer is important, and molecular 
technology may be important for this differentiation. Third, 
the determination of gene expression values for the prediction 
of chemotherapy sensitivity remains challenging. Thus, the 
discrimination between primary and secondary carcinomas is 
the basis of determining an appropriate treatment strategy when 
a patient is diagnosed with bilateral breast cancer.

References

 1. Stephens S: Final report on the safety assessment of poly-
acrylamide. J Am Coll Toxicol 10: 193-198, 1991

 2. Christenen LH, Breiting VB, Aasted A, et al: Long-term effects 
of polyacrylamide hydrogel on human breast tissue. Plast 
Reconstr Surg 111: 1883-90, 2003

 3. de Cassia Novaes W and Berg A. Experiences with a non-
biodegradable hydrogel (Aquamid): A pilot study. Aesthetic Plast 
Surg 27: 376-81, 2003

 4. Lloyd AW, Faragher RG and Denyer SP. Ocular biomaterials and 
implants. Biomaterials 22: 769-72, 2001

 5. Lin J, Qian YL, Yang Q, et al: Clinical analysis of complications 
of polyacrylamide hydrogel injection for augmentation mammo-
plasty in 118 cases. Zhonghua Zheng Xing Wai Ke Za Zhi 23: 
101-102, 2007 (In Chinese).

 6. Abdallah A, Wesemann A, Saklaoui O, et al: Breast-conserving 
treatment of breast cancer after augmentation with injected 
hydrophilic polyacrylamide gel and review of the literature. 
Gynakol Geburtshilfliche Rundsch 49: 35‑38, 2009 (In German).

 7. Cheng NX, Liu LG, Hui L, Chen YL and Xu SL: Breast 
cancer following augmentation mammaplasty with poly-
acrylamide hydrogel (PAAG) injection. Aesthetic Plast Surg 33: 
563-569, 2009.

 8. Liu L, Long M, Wang J, et al: Quantitative analysis of 
diffusion-weighted imaging for diagnosis of puerperal breast 
abscess after polyacrylamide hydrogel augmentation mammo-
plasty: compared with other conventional modalities. Aesthetic 
Plast Surg: Jan 1, 2015 (Epub ahead of print).

 9. Carmichael AR, Bendall S, Lockerbie L, Prescott R and Bates T. 
The long-term outcome of synchronous bilateral breast cancer 
is worse than metachronous or unilateral tumours. Eur J Surg 
Oncol 28: 388-91, 2002

10. Gollamudi SV, Gelman RS, Peiro G, et al: Breast conserving 
therapy for stage I-II synchronous bilateral breast carcinoma. 
Cancer 79: 1362-1369, 1997

11. Johnston PG, Lenz HJ, Leichman CG, et al: Thymidylate 
synthase gene and protein expression correlate and are associated 
with response to 5‑fluorouracil in human colorectal and gastric 
tumors. Cancer Res 55: 1407-1412, 1995.

12. Kakimoto M, Uetake H, Osanai T, et al: Thymidylate synthase 
and dihydropyrimidine dehydrogenase gene expression in breast 
cancer predicts 5-FU sensitivity by a histocultural drug sensi-
tivity test. Cancer Lett 223: 103-111, 2005.

13. Bepler G, Kusmartseva I, Sharma S, et al: RRM1 modulated in 
vitro and in vivo efficacy of gemcitabine and platinum in non‑
small-cell lung cancer. J Clin Oncol 24: 4731-4737, 2006.

14. Sève P and Dumontet C: Is class III beta-tubulin a predictive 
factor in patients receiving tubulin-binding agents? Lancet 
Oncol 9: 168-175, 2008.

15. Braybrooke JP, Levitt NC, Joel S, et al: Pharmacokinetic study of 
cisplatin and infusional etoposide phosphate in advanced breast 
cancer with correlation of response to topoisomerase IIalpha 
expression. Clin Cancer Res 9: 4682-4688, 2003.

16. Brase JC, Schmidt M, Fischbach T, et al: ERBB2 and TOP2A in 
breast cancer: a comprehensive analysis of gene amplification, 
RNA levels, and protein expression and their influence on 
prognosis and prediction. Clin Cancer Res 16: 2391-2401, 2010.

17. Xi TF, Fan CX, Feng XM, Wan ZY, Wang CR and Chou LL: 
Cytotoxicity and altered c-myc gene expression by medical poly-
acrylamide hydrogel. J Biomed Mater Res A 78: 283-290, 2006.

18. Jobsen JJ, van der Palen J, Ong F and Meerwaldt JH: Synchronous, 
bilateral breast cancer: prognostic value and incidence. Breast 12: 
83-88, 2003.

19. Matsuo K, Fukutomi T, Akashi-Tanaka S, Hasegawa T and 
Tsuda H: Histological grade, p53, HER2 and hormone receptor 
status of synchronous bilateral breast carcinoma. Breast 
Cancer 9: 127-133, 2002.

20. Tulusan AH, Ronay G, Egger H and Willgeroth F: A contribution 
to the natural history of breast cancer. V. Bilateral primary breast 
cancer: incidence, risks and diagnosis of simultaneous primary 
cancer in the opposite breast. Arch Gynecol 237: 85-91, 1985.

21. Burns PE, Dabbs K, May C, et al: Bilateral breast cancer in 
northern Alberta: risk factors and survival patterns. Can Med 
Assoc J 130: 881-886, 1984. 

22. Gollamudi SV, Gelman RS, Peiro G, et al: Breast-conserving 
therapy for stage I-II synchronous bilateral breast carcinoma. 
Cancer 79: 1362-1369, 1997.

23. Chaudary MA, Millis RR, Hoskins EO, et al: Bilateral primary 
breast cancer: a prospective study of disease incidence. Br J 
Surg 71: 711-714, 1984.

24. Pandis N, Teixeira MR, Gerdes AM, et al: Chromosome abnor-
malities in bilateral breast carcinomas. Cytogenetic evaluation 
of the clonal origin of multiple primary tumors. Cancer 76: 
250-258, 1995.

25. Imyanitov EN, Suspitsin EN, Grigoriev MY, et al: Concordance 
of allelic imbalance profiles in synchronous and metachronous 
bilateral breast carcinomas. Int J Cancer 100: 557-564, 2002.

26. Saad RS, Denning KL, Finkelstein SD, et al: Diagnostic and prog-
nostic utility of molecular markers in synchronous bilateral breast 
carcinoma. Mod Pathol 21: 1200-1207, 2008.

27. Coradini D, Oriana S, Mariani L, et al: Is steroid receptor profile 
in contralateral breast cancer a marker of independence of the 
corresponding primary tumour? Eur J Cancer 34: 825-830, 1998.

28. Intra M, Rotmensz N, Viale G, et al: Clinicopathologic char-
acteristics of 143 patients with synchronous bilateral invasive 
breast carcinomas treated in a single institution. Cancer 101: 
905-912, 2004.

29. Janschek E, Kandioler-Eckersberger D, Ludwig C, et al: 
Contralateral breast cancer: molecular differentiation between 
metastasis and second primary cancer. Breast Cancer Res Treat 67: 
1-8, 2001.

30. Safal M, Lower EE, Hasselgren PO, et al: Bilateral synchronous 
breast cancer and HER-2/neu overexpression. Breast Cancer Res 
Treat 72: 195-201, 2002.

31. Seo MY, Rha SY, Yang SH, et al: The pattern of gene copy 
number changes in bilateral breast cancer surveyed by cDNA 
microarray-based comparative genomic hybridization. Int J Mol 
Med 13: 17-24, 2004.

32. Agelopoulos K, Tidow N, Korsching E, et al: Molecular cyto-
genetic investigations of synchronous bilateral breast cancer. J Clin 
Pathol 56: 660-665, 2003.

33. Ferlini C, Raspaglio G, Cicchillitti L, et al: Looking at drug 
resistance mechanisms for microtubule interacting drugs: does 
TUBB3 work? Curr Cancer Drug Targets 7: 704-712, 2007.

34. Kaira K, Takahashi T, Murakami H, et al: The role of βIII-tubulin 
in non-small cell lung cancer patients treated by taxane-based 
chemotherapy. Int J Clin Oncol 18: 371-379, 2013.

35. Jain M, Zhang L, He M, Zhang YQ, Shen M and Kebebew E: 
TOP2A is overexpressed and is a therapeutic target for adreno-
cortical carcinoma. Endocr Relat Cancer 20: 361-370, 2013.


