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Abstract
BACKGROUND
The development mechanisms of Lynch syndrome (LS)-related breast cancer (BC) and rectal cancer are complex and variable, leading to personalized variations in diagnosis and treatment plans.

CASE SUMMARY
This paper presents a comprehensive review of clinical diagnosis and treatment data from a patient with LS-associated BC and rectal cancer. Moreover, screening data and management guidelines, as well as relevant literature on LS, are included in this report. This study summarizes the molecular pathogenesis, clinicopathological features, and screening and management protocols for LS-associated BC and rectal cancer. 

CONCLUSION
Implementing early screening, prevention, and timely diagnosis and treatment measures is expected to reduce mitigate the incidence and mortality of LS-related BC and rectal cancer.
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Core Tip: Lynch syndrome (LS) is the most common hereditary cancer syndrome and is characterized by a predisposition to a range of cancers, mainly colorectal cancer and endometrial cancer. In this case, a patient suffered from breast cancer 10 years ago and was subsequently diagnosed with rectal cancer, which is different from traditional LS development. Developing methods to diagnosis LS patients and giving their relatives corresponding genetic counselling advice can significantly reduce the incidence of LS-related tumours.

INTRODUCTION
Lynch syndrome (LS), also known as hereditary nonpolyposis colorectal cancer syndrome, is a rare hereditary cancer susceptibility syndrome. It is characterized by autosomal dominant genetic disorders resulting from germline mutations in DNA mismatch repair genes (MMR), with a penetrance rate of 80% to 85%. Roudko et al[1] proposed that LS predisposes individuals to a spectrum of cancers, primarily colorectal cancer and endometrial cancer, displaying familial aggregation. Patients with LS carry an allele mutation in the MMR gene, rendering all somatic cells potential precancerous cells. Sinicrope[2] proposed the subsequent somatic cell mutations pose a significant clinical risk across various cancer types, including endometrial cancer, colorectal cancer, ovarian cancer, breast cancer (BC), and gastric cancer. Accurate diagnosis of LS in patients and the provision of appropriate genetic counseling to their relatives can significantly reduce the incidence of LS-related tumors. In our retrospective study, we presented a rare case of LS observed at our hospital and discussed its pathogenesis in conjunction with the existing literature. 

CASE PRESENTATION
Chief complaints
Case data of BC: The patient was a 39-year-old woman. In April 2013, a hard finger-shaped mass was discovered in the upper part of the right breast. There were no accompanying local swelling, pain, or nipple discharge at the time of admission. The patient reported no chest pain, cough, low-grade fever, or night sweats. B-mode ultrasound indicated multiple solid masses in the right breast (the largest one measures 2.1 cm × 1.2 cm) , leading to a provisional diagnosis of "right breast tumor". Following examinations and biopsy, the pathology results confirmed right breast invasive ductal carcinoma and partial ductal carcinoma in situ (stage IIa infiltrating ductal carcinoma of the right breast). In July 2013, the patient underwent a modified radical mastectomy under general anesthesia, which postoperative pathology indicating grade 2 invasive ductal carcinoma in the right breast, with localized fibrocystic changes observed in the surrounding breast tissue (Figure 1). No carcinoma infiltration was observed in the nipple and breast basal membrane. No evidence of metastatic tumor was found in seventeen lymph nodes in the rubber fossa lymph nodes. The patient's postoperative condition is good. They received 4 cycles of chemotherapy, along with antiemetic, acid suppression, and supportive therapy. In addition, immunohistochemical results showed that endoplasmic reticulum (ER) (++), progesterone receptor (PR) (+++), C-erbB-2 (+++), P53 (++), the DNA topoisomerase II (TOPO II) (++), Ki-67 (approximately 50%). Gene detection revealed medium-level expression of the oncogene (P53) and drug resistance gene (TOPO II), with proliferative cells displaying high activity. 

Case data of rectal cancer: The patient is a 49-year-old female who, since September 2023, has experienced unformed, loose stools without an apparent cause. These stools are often accompanied by small amounts of blood, mostly adherent to the surface, and occasionally mixed with mucus. She does not report tenesmus or diarrhea, and has a bowel movement frequency of 12-13 times every day. Notably, there were no other discernible abnormalities. Initially evaluated at an external hospital, the patient received a diagnosis of a sigmoidal mass with pelvic lymph nodes enlargement. Subsequently, the patient was referred to our hospital for further investigations (Figure 2), eventually confirming the diagnosis of rectal tumor. On September 26, 2023, the patient underwent laparoscopically assisted radical resection of the rectal tumor under general anesthesia. Postoperatively, enhanced antimicrobial treatment is administered, symptomatic management is provided, complications are prevented, and regular follow-up examinations are scheduled. Postoperative histopathological analysis revealed a moderately to poorly differentiated adenocarcinoma with a maximum tumor diameter of approximately 5.5 cm. The tumor exhibited infiltration into the outer fibrous tissue, and an intravascular cancer thrombus was observed. Importantly, there was no definitive evidence of nerve invasion, and the circumferential incision margin was free of cancer. Examination of nineteen mesenteric lymph nodes identified metastatic tumors in 9 of them, while both the upper and lower incision margins displayed no evidence of malignancy. Immunohistochemical analysis provided further insights, showing expression levels of Ki-67 (approximately 80%), positive results for PMS2, MSH2, MSH6, and MLH1, and weakly positive expression for Her-2 (Figure 3).

History of present illness
The patient was diagnosed with rectal cancer.

History of past illness
The patient was diagnosed with BC.

Personal and family history
The patient's family history included siblings affected by hyperthyroidism, with two sisters also diagnosed with BC. Remarkably, a decade later, the emergence of secondary rectal cancer with lymph node metastasis aligned with the prototypical features of LS. 

Physical examination
B-mode ultrasound revealed multiple solid masses in the right breast (the largest mass measured 2.1 cm × 1.2 cm), leading to a provisional diagnosis of "right breast tumour". When initially evaluated at an external hospital, the patient received a diagnosis of a sigmoidal mass with pelvic lymph node enlargement. The patient was subsequently referred to our hospital for further investigations (Figure 2), which confirmed the presence of a rectal tumour.

Laboratory examinations
In addition, the immunohistochemical results revealed the following: ER (++), PR (+++), C-erbB-2 (+++), P53 (++), the TOPO II (++), and Ki-67 (approximately 50%). Immunohistochemical analysis provided further insights, revealing high expression levels of Ki-67 (approximately 80% of cells were positively stained), positive results for PMS2, MSH2, MSH6, and MLH1, and weakly positive results for Her-2 (Figure 3).

Imaging examinations
The patient received a diagnosis of a sigmoidal mass with pelvic lymph node enlargement.

FINAL DIAGNOSIS
Following examinations and biopsy, the pathology results confirmed right breast invasive ductal carcinoma and partial ductal carcinoma in situ (stage IIa infiltrating ductal carcinoma of the right breast). When initially evaluated at an external hospital, the patient received a diagnosis of a sigmoidal mass with pelvic lymph node enlargement. The patient was subsequently referred to our hospital for further investigations (Figure 2), which confirmed the presence of a rectal tumour.

TREATMENT
The patient received 4 cycles of chemotherapy, along with antiemetics, acid suppressants, and supportive care.

OUTCOME AND FOLLOW-UP
The patient remained stable postoperatively, adhered to a structured rehabilitation regimen, and exhibited no signs of recurrence. Regular follow-up evaluations demonstrated that all clinical parameters remained within normal limits, with no evidence of tumour recurrence or metastasis, indicating a favourable prognosis.

DISCUSSION
Molecular mechanism and classification of LS
LS has emerged as the most prevalent hereditary colorectal cancer syndrome and is associated primarily with mutations in key genes—MLH1, MSH2, MSH6, and PMS2-which are responsible for approximately 37%, 41%, 13%, and 9% of all LS cases, respectively. Additionally, Cerretelli et al[3] suggested that EPCAM, the upstream gene of MSH2, plays a crucial role, and its deletion will leads to hypermethylation of the MSH2 promoter, resulting in its expression being deleted. In the present case, the patient exhibited typical manifestations of LS, characterized by a history of high-risk factors for BC and the presence of abnormal breast nodules. During the operation, numerous extensive breast lesions were discovered, and postoperative pathological examination confirmed BC. The patient's family history included siblings affected by hyperthyroidism, with two sisters also diagnosed with BC. Remarkably, a decade later, the emergence of secondary rectal cancer with lymph node metastasis aligned with the prototypical features of LS. This case underscores the importance of vigilance in identifying similar cases in the future.

LS-associated colorectal cancer
According to Abildgaard et al[4], LS has demonstrated a prevalence ranging from 1/100 to 1/180 in the population, constituting approximately 3% of patients with colorectal cancer. Individuals with LS typically present with colorectal cancer at a younger age than those with sporadic colorectal cancer, with a median age of 43 years vs 69 years. Adenomas are more prevalent in LS patients than in the general population but are less common than polyposis. The number of adenomatous polyps in LS-related colorectal cancer patients is usually fewer than 10, and these adenomas exhibit high-risk characteristics such as villous and poorly differentiated features[5]. The patient in this case, who was diagnosed with rectal cancer at the age of 49 years, aligned with the typical age presentation reported in the literature. Furthermore, the pathological diagnosis of adenocarcinoma with significant lymphocyte infiltration corresponds to documented characteristics of LS-related colorectal cancer. In the reports of Møller et al[6] and Davidson[7], there was a notable tendency predilection for right-sided colon cancer in LS patients, accounting for 60%-80%, whereas in individuals without LS, the incidence of right-sided colon cancer was only approximately 30%.
In female LS patients, an increased the elevated risk of colorectal cancer is accompanied by an increased susceptibility to gynaecological cancers, particularly endometrial and ovarian cancers. The risk of endometrial cancer in female LS patients ranges from 16% to 71%, whereas the risk of ovarian cancer is between 6% and 12%. In comparison, Liu et al[8], Chao et al[9], and Lim et al[10] suggested that the risk of endometrial cancer in the general population is 2.6%, and the risk of ovarian cancer is 1.4%. Notably, women with LS-associated endometrial cancer tend to be younger, with a median age of 49 years. According to Llach et al[11] and Gentry-Maharaj et al[12] the patient in this case was diagnosed with BC and then was diagnosed with rectal cancer a decade later; thus, it is imperative to closely monitor and screen for the potential occurrence of other diseases in the future. Special attention should be given to the screening and prevention of gynaecological diseases to achieve early detection, diagnosis, and treatment and combat the increased risk of cancer associated with LS.

LS-associated BC
According to Roberts et al[13], BC serves as the initial symptom in approximately 40%-60% of female patients with LS and is the most prevalent extraintestinal manifestation of LS, often regarded as the sentinel cancer of LS. In this case, the patient was initially diagnosed with BC, and subsequent discovery of rectal lesions, coupled with genetic testing results, led to the consideration of LS. Lotsari et al[14] focused on exploring LS-associated BC (LS-BC). LS-BC typically presents between the ages of 46 years and 54 years, featuring diverse pathological types with a tendency towards low differentiation. The patient, who was diagnosed with BC at the age of 39 years, exhibited adenocarcinoma, aligning with the characteristic features observed in LS-BC. Prior studies have extensively reported mutations in the MLH1 and MSH2 genes, with this patient exhibiting a pathogenic mutation in the MSH2 gene. According to Schwartz et al[15], MSH6 mutations are occasionally detected in LS, whereas PMS2 mutations are relatively rare. Diagnosing LS-BC can be challenging, leading experts to recommend comprehensive screening measures for all newly diagnosed BC patients. According to Adam et al[16], these measures include MMR gene detection, MSI analysis, immunohistochemistry, BRAF detection, and MLH1 promoter methylation analysis to screen for LS-BC. Given the elevated risk of BC in women with LS, it is crucial to establish the association between BC and LS. In this case, with the patient diagnosed with BC a decade prior and subsequently developing rectal cancer, suspicions of LS were raised on the basis of immunohistochemical results and family history. Consequently, the patient's family was recommended for related genetic counselling. Moving forward, enhancing awareness of LS, improving gastrointestinal endoscopy methods, and incorporating genetic testing into the diagnostic process are essential for achieving early diagnosis and treatment. Identifying LS-associated BC as not only aids in the early detection and prevention of other tumours, such as colorectal cancer but also, underscores the importance of proactive screening strategies in the broader context of LS-associated malignancies.
Despite differing pathogenesis and clinical manifestations from sporadic BC, LS-BC is managed with a treatment approach akin to sporadic BC. Notably, oestrogen therapy is not applicable. Staged surgery is recommended, and for patients with stage III disease or above, a combination of radiotherapy and chemotherapy is considered. Lymph node dissection is a crucial aspect of the treatment protocol, and radiotherapy may be considered in cases where surgical interventions are contraindicated. Importantly, for tumours exhibiting microsatellite instability-high (MSI-H) or MMR deficiency (MMR-D), immunotherapy, particularly programmed cell death 1 (PD-1)/programmed death-ligand 1 (PD-L1) inhibitors, has demonstrated lasting efficacy. In Matsubayashi et al[17] and Suh et al[18], the United States Food and Drug Administration approved the use of these inhibitors in 2017 for the treatment of MSI-H or MMR-D solid tumors. The research has indicated that MSI-high BC is particularly responsive to anti-PD-1/PD-L1 immunotherapy. In this case, after the patient underwent surgery, chemotherapy, and targeted combined immunotherapy, a significant therapeutic effect was observed, with a substantial reduction in lesion size compared with the initial presentation. Moreover, prophylactic measures, including regular breast and ultrasound examinations, biopsies, and colonoscopies, can contribute to early detection and prevention. Prophylactic surgical resection of the breast has been shown to reduce tumour incidence. By implementing these comprehensive measures, early screening, diagnosis, and treatment of LS can be achieved, ultimately reducing the incidence and mortality associated with LS and its related tumours. This holistic approach highlights the importance of proactive management strategies in addressing the complexities of LS-BC.

CONCLUSION
The development of BC and rectal cancer related to LS is complex and changeable, and the diagnosis and treatment plan varies from person to person. Through the study of this case, we can learn from experience and lessons. Early screening, prevention and diagnosis and treatment are expected to reduce the incidence and mortality of LS-BC and rectal cancer.
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Figure 1 Molybdenum target mammography revealed local fibroid breast lesions around the right breast. A. Right breast axis (breast cancer-right breast upper outer quadrant); B. Right breast oblique (breast cancer-right upper outer quadrant). The red arrow points to the tumour.
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Figure 2 Pelvic magnetic resonance imaging reveals a sigmoid colon mass. A. Pelvic computed tomography (CT)-coronal position; B. Pelvic CT-sagittal. The red arrow points to the tumour.
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Figure 3 Immunohistochemical staining of mismatch repair proteins in rectal cancer tissue revealed that the MLH1, MSH2, MSH6 and PMS2 proteins were expressed in the nucleus of cancer cells (100 ×). A. MLH1 protein expression in the nucleus of cancer cells; B. MSH2 protein expression in the nucleus of cancer cells; C. MSH6 protein expression in the nucleus of cancer cells; D. PMS2 protein expression in the nucleus of cancer cells.
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