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PIK3CA mutation in non-metastatic triple-negative breast cancer as a potential biomarker of early relapse: A case report
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Abstract
BACKGROUND
Currently, the detection of PIK3CA mutations is of special interest in personalized medicine because it is frequently found in triple-negative breast cancer (TNBC). The PI3KCA mutation is an independent negative prognostic factor for survival in metastatic breast cancer, and its prognostic value in liquid biopsy as a biomarker of treatment and early relapse is under investigation, both for metastatic disease and neoadjuvant scenario with curative intent.

CASE SUMMARY
A 54-year-old female patient with TNBC clinical stage IIIA, who, after receiving neoadjuvant chemotherapy (based on anthracyclines and taxanes), surgery, radiotherapy, and adjuvant capecitabine, was detected with a PI3KCA mutation in tissue and peripheral blood (ctDNA in liquid biopsy). After 10 mo, the patient had disease relapse of left cervical node disease.

CONCLUSION
The detection of PIK3CA mutation in TNBC after neoadjuvant treatment might be associated with early relapse or rapid disease progression.
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Core Tip: This case report evaluates the detection of a PIK3CA mutation in liquid biopsy and tumor tissue in a patient with locally-advanced triple-negative breast cancer after receiving conventional oncological therapy and its association with early relapse and progression disease. This case highlights the importance of detecting the PIK3CA mutation as a potential biomarker of early relapse. In addition, the PIK3CA mutation could lead to additional interventions to detect metastatic disease earlier in the follow-up. There is limited information of liquid biopsy studies after surgery. Furthermore, there is very limited data about trials of PIK3CA mutations in Peruvian patients with non-metastatic breast cancer.


INTRODUCTION
Triple-negative breast cancer (TNBC) is a highly heterogeneous disease, with limited options of medical treatment. Currently, there is a great interest in the need to investigate the presence of predictive and/or prognostic biomarkers, as well as new personalized therapies. Despite the initial sensitivity to neoadjuvant chemotherapy, TNBC patients are more likely than other subtypes to develop relapse within the first 3 years after diagnosis, both distantly and locally, usually with visceral and brain metastases[1].
The phosphatidylinositol-3-kinase (PI3K)/AKT signaling pathway is activated in some cancers (including breast cancer) and is important not only as a biomarker, but also as a possible therapeutic target in TNBC. Large-scale genomic analyses have characterized the heterogeneous nature of this subtype, identifying a subgroup with activation of the PI3K/AKT pathway through somatic mutations in the PIK3CA gene, which induces tumorigenesis and angiogenesis[2]. PIK3CA mutations are found in a 28%-40% of patients with breast cancer, while in the luminal androgen receptor TNBC subtype (associated with high mutational load), it presents mutations enriched in PIK3CA up to a 55%[3-5]. The complexity of the PI3K pathway, as well as the presence of multiple mediators within the same signaling pathway, explain part of the resistance to treatment, as well as the risk of disease relapse. The PIK3CA mutation is considered an independent negative prognostic factor in advanced breast cancer. It can be detected using tumor tissue or liquid biopsy[6].

CASE PRESENTATION
Chief complaints
Fifty-four-year-old female patient, postmenopausal, with a family history of a maternal aunt with breast cancer (62 years).

History of present illness
Patient detected a tumor in her left breast of 3 years of evolution, without pain, without nipple involvement nor changes in color.

History of past illness
The patient has controlled hypertension and diabetes mellitus.

Physical examination
Clinical examination showed an Eastern Cooperative Oncology Group (ECOG) performance status of 1. Lymphatics: 6 cm left axillary conglomerate. Breasts: Two tumors in the left breast, one in R12 of 5.5 cm, at 2 cm from the nipple, the other in R2 of 2.5 cm, without skin involvement.

Imaging examinations
The mammography and breast ultrasound showed signs suggestive of left breast multicentric compromise associated with ipsilateral nodal involvement. The Breast Imaging-Reporting and Data System (BIRADS) score was 6.
Chest computer tomography (CT) showed signs suggestive of a malignant neoformative process of the left breast associated with ipsilateral nodal involvement (Figure 1). Abdominal CT and bone scans were without metastatic lesions.

Pathology
The core biopsy of the left breast reported the following: The R12 lesion (Figure 2) corresponds to an infiltrating carcinoma of the breast, invasive ductal carcinoma not otherwise specified (NOS)/invasive breast carcinoma of no special type (NST) with lobular pattern infiltration areas, and histological grade noted high, lymphovascular invasion was present, but perineural invasion was not observed. Immunohistochemistry analysis determined that the tumor was negative for estrogen receptor (ER), progesterone receptor (PR), cerbB2 (or human epidermal growth factor, HER2) , positive for e-cadherin, and had 60% positive for ki67 (Figure 3). The lesion in R2 corresponds to an infiltrating carcinoma of the breast, NOS/NST with areas of infiltration of lobular pattern, and histological grade noted that neither high, lymphovascular infiltration or perineural invasion were observed. Immunochemistry analysis had similar characteristics to those described in radius 12 (R12; clockwise), with negative staining for ER, PR, cerbB2, positive for e-cadherin, and 60% positive for ki67 In both lesions, significant intertumoral lymphocytic population less than 10% was not identified.

FINAL DIAGNOSIS
The final diagnosis was TNBC IIIA with left breast multicentric compromise.

TREATMENT
The patient began standard neoadjuvant therapy (NAT) (doxorubicin-cyclophosphamide for 4 courses, followed by weekly paclitaxel for 12 wk) reaching partial clinical response (R12: tumor 4 cm × 2 cm, R2: 1.5 cm tumor, left axillary node: 2 cm × 2 cm).
The patient underwent a modified radical mastectomy with radical axillary dissection. The biopsy indicated that R12 was an infiltrating ductal carcinoma, NOS/NST, histological grade III, with lymphovascular infiltration. The larger diameter of the invasive component showed the following: 40 mm × 32 mm, pT2 (Figure 4), free section borders, immunohistochemistry in relation to TNBC. In R2, a TNBC of similar characteristics to the pathology of R12 was reported, with a larger diameter of the invasive component of 6 mm × 4 mm. Macrometastases and extracapsular extension of lymph nodes 12 and 16 were detected, pN3a (Figure 5). The residual cancer burden group after neoadjuvant therapy (NAT) was III. In addition, tumor-infiltrating lymphocytes (TILs) were performed on residual tissue (post-neoadjuvant scenario), with a count of less than 10% (Figure 6). CD8 Lymphocyte staining showed a count of 40% (Figure 7).
Subsequently, the patient received external radiotherapy at a dose of 5000 cGy in 25 sessions at the level of the left rib cage and ipsilateral supraclavicular region, and continued with adjuvant capecitabine, completing 6 mo of treatment. She has continued with follow-up since May 2018 after negative images for the disease.
After surgery, she was included in two biomarker local studies. The first research study, called “Evaluation of prognostic markers of survival and predictive of treatment response in cancer population through the first platform in Peru for the detection and gene determination without amplification of DNA or RNA”, carried out an analysis in tumor tissue with nCounter® Pan Cancer from a panel that included 770 genes, showed the presence of high “anergic” (exhausted) CD8 (Figure 8)[7].
The other study was conducted using a liquid biopsy and called: “Circulating tumor DNA as biomarkers in triple negative breast cancer”, resulted in the detection of PIK3CA H1047R (110 alpha), which was mutated, both in liquid biopsy (Figure 9) and in paraffin tissue (Figure 10)[8].

OUTCOME AND FOLLOW-UP
In March 2019, after a 10-mo disease-free interval, the patient’s disease relapsed with the presence of multiple lymphadenopathies in the left cervical region, the largest at 3 cm. Biopsy of the left cervical node indicated metastases of infiltrating primary breast carcinoma with an intermediate histological grade (Figure 11A), and immunohistochemistry analysis in relation to TNBC finding 60%-70% positive cells for ki67 (Figure 11B). However, chest and abdomen tomography without signs of visceral recurrence. Genetic counseling was requested, but the patient was negative for the BRCA mutation. The patient started chemotherapy with carboplatin-gemcitabine for 6 courses, reaching a complete clinical response and reassessment imaging without evidence of disease. She continued maintenance with gemcitabine.

DISCUSSION
Patient with TNBC IIIA with left breast multicentric compromise, who, after receiving standard neoadjuvant treatment, followed by surgery, radiotherapy, and adjuvant capecitabine, presents cervical lymph node recurrence after a 10-mo disease-free interval. After surgery, she participated in 2 biomarker research studies, detecting the presence of a positive PIK3CA mutation in tumor tissue and peripheral blood (liquid biopsy).
The PI3K/AKT/mTOR pathway is an oncogenic intracellular pathway that regulates cell proliferation, metabolism, growth, survival, and apoptosis. The PIK3CA mutation, being the most common of the PI3K/AKT signaling pathway amplifications, is present in all molecular subtypes of breast cancer, and is detected in 20%-25% of all cases[2]. Although these individual mutations are rare, the combined activated mutations in PIK3CA and AKT1, with inactivating mutations in PTEN (a tumor suppressor gene that is inactivated when mutations are detected), occur in 25%-30% of metastatic TNBC (mTNBC)[2]. It has been determined that the PIK3CA mutation has an independent negative prognostic value of survival, as a systematic review has shown that patients with breast cancer and high levels of ctDNA after receiving neoadjuvant treatment have early disease relapse[9-11].
Liquid biopsy is being evaluated in breast cancer as a potential tool to capture tumor evolution in real time, to guide and monitor systemic treatment, as well as being a promising method to identify drug resistance mechanisms through the detection of genomic alterations[9,10]. ctDNA corresponds to a small fraction (0.01%-10%) of short cell-free DNA fragments from tumors and are detectable in body fluids (for example: Blood, saliva, or urine)[11]. In TNBC, there is evidence that evaluation of mutated PIK3CA in circulating tumor DNA (ctDNA) using liquid biopsy has a potential prognostic value as a biomarker, including diagnosis and follow-up during treatment (response to NAT)[12,13]. Furthermore, in the early disease scenario (with curative intention), its value for monitoring during treatment has been demonstrated, as well as for detecting relapse and early metastasis, as happened in our patient[12,13]. Some trials have demonstrated the potential of ctDNA in peripheral blood (both early and metastatic disease) for diagnosis, treatment, and prognosis[14]. There are currently no guidelines or regulatory approvals to monitor response in breast cancer patients[15].
Novel trials has shown that ctDNA has a prognostic value in TNBC, predicting minimal residual disease (MRD) and early relapse after neoadjuvant chemotherapy with curative intent with high specificity[16,17]. ctDNA detection is useful for monitoring micrometastases or MRD after neoadjuvant chemotherapy and surgery with apparent curative intent in patients with early breast cancer either at a single point (post-surgery) or with serial plasma samples (during follow-up). Consistently, post-surgical levels of ctDNA were found to be predictive of poor prognosis and risk of relapse[16,17]. In one trial, detection of PIK3CA mutation using post-surgical ctDNA predicted disease relapse after 8.1 mo of follow-up[16]. Another trial demonstrated the ability of ctDNA to identify patients at risk of relapse [23/26 patients who relapsed (88.4%) had a history of ctDNA detection with a median time of 10.7 mo before clinical relapse][18]. These results regarding time to early relapse are very similar with our patient. Moreover, the BRE 12-158, a phase II trial presented at the San Antonio Breast Cancer Symposium 2019, showed that the presence of frequent mutations in breast cancer detected by ctDNA and circulating tumor cells are useful to predict recurrence after neoadjuvant chemotherapy in patients with early TNBC. ctDNA was detected in 64% of samples, and TP53 was the most frequent gene. ctDNA was associated with poor distant disease-free survival (DDFS): after 24 mo, the likelihood of DDFS was 25% worse in patients with positive ctDNA (56%) vs those with negative ctDNA (81%) (hazard ratio [HR]: 2.99, 95% confidence interval [CI]: 1.38-6.48, P = 0.0055). Women with positive ctDNA have 3 times the risk of developing distant disease recurrence compared to those with negative ctDNA (disease-free survival: HR: 2.67, 95%CI: 1.28-5.57, P = 0.0069). Furthermore, ctDNA-positive women had a 4.1-fold higher risk of death compared to ctDNA-negative women (overall survival: HR: 4.16, 95%CI: 1.66-10.42, P = 0.0024)[19].
Although there is a positive PIK3CA mutation result in this case report, to date, there are no standardized procedures for PIK3CA detection in breast cancer in Peru. Therefore, the application of ctDNA should be based on defined protocols to ensure reproducibility of results, due to mostly undetectable levels of ctDNA in early breast cancer[20]. Finally, it is not known whether the presence of the PIK3CA mutation in peripheral blood and tumor tissue confers a worse prognosis compared to having the mutation in 1 of the 2 samples evaluated (blood, tissue). These findings could increase the interval of control visits or earlier approaches for follow-up to detect local or distant relapse.

CONCLUSION
From the perspective of Personalized Medicine, it is important to characterize the genetic profile of tumors, either in liquid biopsy and/or tumor tissue, in order to detect potential biomarkers and subsequently new targeted therapies. In the case report, the detection of the PIK3CA mutation in a patient with locally advanced TNBC after neoadjuvant treatment and surgery may be associated with an early relapse of disease. Many trials have shown the value of detecting the PIK3CA mutation in liquid biopsy (ctDNA) in patients with TNBC as a potential biomarker for identifying early relapse and disease progression. The detection of PIK3CA mutations might help identify patients at risk of recurrence, and it could also generate closer therapeutic or follow-up behaviors in order to detect micro metastatic disease/ MRD and distant disease.
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Figures Legends
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Figure 1 Chest computer tomography scan used as part of staging. A: Left breast with heterogeneous area on the left side suggestive of a 38 mm malignant neoformative neoplasm; B: Associated with ipsilateral nodal involvement.
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Figure 2 Core biopsy of the left breast. A: R12 tumor sample; B: Hematoxylin-eosin staining.
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Figure 3 Immunohistochemistry of the R12 left breast. A: Estrogen receptor: Negative; B: Progesterone receptor: Negative; C: CerbB2: Negative; D: E-cadherin: Positive; E: Ki67: 60%.
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Figure 4 Surgical piece: R12 left breast tumor.
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Figure 5 Surgical piece: Left axillary node.
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Figure 6 Tumor-infiltrating lymphocytes in residual tissue (post-neoadjuvant scenario): Less than 10%.
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Figure 7 CD8 staining (× 10 magnification): 40%.
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Figure 8 List of genes determining the presence of anergic CD8 cells (“exhausted”): “high” result, from the nCounter® PanCancer Immune Profiling Panel platform.
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Figure 9 Liquid biopsy, PIK3CA 110 alpha result: Mutated.
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Figure 10 Paraffined tissue, PIK3CA 110 alpha result: Mutated.
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Figure 11 Biopsy of the left axillary node. A: Compatible with metastases of infiltrating primary breast carcinoma; B: Immunohistochemistry in relation to triple-negative breast cancer tumor (ki67: 60%-70%).
image2.png




image3.jpg




image4.jpg




image5.jpg




image6.jpg




image7.jpg




image8.png




image9.png
Liquid biopsy [ —
PIK3CA E542K (110 alpha): no mutated

PIK3CA E545K (110 alpha): no mutated

PIK3CA H1047R (110 alpha): mutated

PI3KCA H1047R
(Puntos azules indican presencia de la mutacién)
# DE COPIAS = 0.687 copias/ul.

BofcE i il




image10.png
Paraffined tissue

PIK3CA E542K (110 alpha): no mutated
PIK3CA E545K (110 alpha): no mutated
PIK3CA H1047R (110 alpha): mutated

PI3KCA H1047R (Curva de amplificacion)
#Copias = 400 copias/uL.
Fecha: 30/09/2017





image11.jpg




image1.jpg




