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Abstract
BACKGROUND
The incidence of breast cancer among women of reproductive age is increasing, as well as the desire for children at late childbearing age. Identifying factors that may be associated with fetal malformation and maternal and fetal prognosis has gained importance. We describe a 32-year-old woman with breast cancer who gave birth to a son with congenital bilateral cryptorchidism after treatment, with a literature review performed.

CASE SUMMARY
A 32-year-old woman with breast cancer who had been treated by surgery and radiotherapy experienced recurrence and underwent a second surgery, adjuvant chemotherapy, and targeted therapy. Her tumor cells were negative for estrogen receptor (ER) α, progesterone receptor (PR), and p53; positive for ERβ, human epidermal growth factor receptor-2 (HER2), epidermal growth factor receptor (EGFR), and Ki67. She had pathogenic BRCA gene mutations. She became pregnant within 2 years and delivered a boy with congenital bilateral cryptorchidism. The boy underwent bilateral orchidopexy. As of this writing, the woman and her son are both healthy.

CONCLUSION
HER2 overexpression, positivity for EGFR, Ki67, and ER, and PR negativity are associated with a poor prognosis in breast cancer. While no link has been established statistically between treatment for breast cancer and cryptorchidism in a subsequent pregnancy, this case suggests the possibility that ERβ and gene mutations may be contributing factors.
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Core Tip: The number of young premenopausal women with breast cancer is increasing and they usually have a worse prognosis. Most studies focus on therapy for breast cancer. Only a few reports are published regarding fetal malformations that occur after cancer therapy. In this article, a patient got pregnant after breast cancer treatment and her son was diagnosed with congenital bilateral cryptorchidism. We conclude that there has no established link between treatments for breast cancer and cryptorchidism. Estrogen receptor β and gene mutations may be related to bilateral cryptorchidism.


INTRODUCTION
Breast cancer is a leading cause of death among women worldwide[1]. Although the median age at diagnosis is around 60 years, approximately 20% of patients are younger than 49 years, and 6% are younger than 40 years[2,3]. Annually, about 3000 women of childbearing age receive a new diagnosis of breast cancer[4], and the number is increasing in young premenopausal women in Asian countries[5]. 
Younger women with breast cancer tend to have a worse prognosis and therefore require more intensive therapy. Some studies have reported that fetal malformations occur after cancer therapy[6-8], but most experts believe that pregnancies are not at increased risk of fetal malformation or hypophrenia. However, information is limited. Of note, one study reported that pregnancy after trastuzumab treatment appeared safe for fetal and maternal prognosis, in patients with early breast cancer and positive for human epidermal growth factor receptor-2 (HER2)[9]. Yet, there remains concern that therapy given for breast cancer may lead to fetal congenital abnormalities in latter pregnancies.

CASE PRESENTATION
Chief complaints
A 24-year-old woman presented to the Surgery Department of Peking Union Medical College Hospital complaining of an increasing left breast mass.

History of present illness
The patient’s symptoms started a month ago with slight lancinating pain in the menstrual cycle of left breast mass.

History of past illness
The patient had appendectomy about ten years ago. The patient had accidental abortion two years ago and details were unclear.

Personal and family history
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The patient was an ex-smoker and had a free family history.

Physical examination
At surgery department of Peking Union Medical College Hospital, the patient’s temperature was 36.8 ℃, heart rate was 78 bpm, respiratory rate was 19 breaths per minute, blood pressure was 115/70 mmHg, and oxygen saturation in room air was 98%. The clinical physical examination revealed a mass in the upper outer quadrant of the left breast, about 3 cm in diameter, tough, immobile, and its boundary was obscure. Our clinical consideration was breast cancer.

Laboratory examinations
Blood analysis and prothrombin and partial thromboplastin times were normal. D-dimers were slightly increased at 5.41 mg/L. Blood biochemistries, as well as urine analysis were normal. Electrocardiogram was also normal.

Imaging examinations
Imaging evaluation by ultrasound revealed a 27 mm × 14 mm suspected malignant mass in the lower outer quadrant around 4 o’clock direction without axillary lymphadenopathy (BI-RADS 4). A 21 mm × 8 mm nodule in the upper outer quadrant of the left breast around 2 o’clock direction and a 6 mm × 4 mm nodule in the upper outer quadrant of the right breast around 2 o’clock direction were observed (BI-RADS 3).

FINAL DIAGNOSIS
The final diagnosis of the presented case was intraductal carcinoma of the left breast.

TREATMENT
On April 23, 2013, a 32-year-old woman was confirmed to have a 21 mm × 8 mm high-grade intraductal carcinoma (Figure 1A) in the upper outer quadrant of the left breast, and a 6 mm × 4 mm nodule in the upper outer quadrant of the right breast without axillary lymphadenopathy through lumpectomy. The cells of the mass were negative for estrogen receptor (ER) α, progesterone receptor (PR), CD10, CK5/6, p63, and p53, but positive for ERβ (70%) and HER2 (3+). The Ki67 index was 25%. 
The patient strongly preferred to retain her breasts. A local resection of the left breast and left sentinel lymph node biopsy (SLNB) were performed under local anesthesia on May 3, 2013 at Peking Union Medical College Hospital. The SLNB was negative. After surgery, the patient received 30 Gy radiation to the left breast.
On October 21, 2014, a 30 mm × 30 mm suspected malignant mass was discovered. A BRCA gene test showed BRCA1 (17q21) and BRCA2 (13q12-13) pathogenic mutations. She was given modified radical surgery of the left breast, mastectomy of the right breast, SLNB, and expander implantation in both breasts.
The pathology results revealed low-grade invasive ductal carcinoma (Figure 1B). The cells were negative for ERα, PR, p53, p63, CD10, CK14, and CK5/6, but positive for ERβ (90%), epidermal growth factor receptor (EGFR) (1+), and HER2 (3+). The Ki67 index was 50% (Figure 1C). SLNB showed two negative sentinel nodes. 
The patient underwent postoperative adjuvant chemotherapy with pirarubicin + cyclophosphamide for four cycles (every 21 d), and then paclitaxel + trastuzumab for four cycles (every 21 d). Therapy was well tolerated, despite one instance of myelosuppression.

OUTCOME AND FOLLOW-UP
On December 14, 2016, the patient became pregnant and was closely monitored at Beijing Obstetrics and Gynecology Hospital. She did not receive any kind of therapy related to breast cancer during that time. All examinations were normal. A cardiology study of the fetus showed normal results during the entire gestation. At the 38th week of gestation, on September 10, 2017, the patient gave birth to a boy via spontaneous vaginal delivery (3250 g). Apgar scores at 1, 5, and 10 min after birth were 10/10. The child had congenital bilateral cryptorchidism.
During the first year, the child twice had fever and urinary tract infection. Computed tomography detected moderate hydronephrosis of the left side. Cystography showed vesicoureteral reflux on the left and membranous urethral stenosis. The child recovered after treatment for inflammation. The testicles did not spontaneously descend into the scrotal sac within one year. Therefore, the boy underwent bilateral orchidopexy on October 9, 2018 at Capital Institute of Pediatrics. 
The last follow-up occurred on October 4, 2020. As of this writing, the boy is healthy. The mother is examined regularly and there has been no sign of recurrence.

DISCUSSION
In this case, the woman patient underwent surgery, radiotherapy, and chemotherapy in chronological order. These therapies can cause toxic reactions or fetal malformations. It is recommended that pregnancy should be delayed more than six months after the last breast cancer treatment[8]. In this case, the baby’s testicles did not descend, and the cryptorchidism (i.e., failure of the testis to descend to the scrotum within 4 mo of age) was treated by bilateral orchidopexy at the age of 13 mo.
We cannot draw a conclusion regarding the relationship between maternal cancer treatment and fetal malformation from this case alone.

Associations among BRCA, immunohistochemical markers, and breast cancer
BRCA mutation can elevate the risks of breast cancer and ovarian cancer. For women with BRCA1 and BRCA2 mutations, the risks of breast cancer development by age 80 are estimated at 72% and 69%, respectively[10]. Unmutated BRCA1 and BRCA2 can repair homologous DNA[11]. Clinical studies of the potential correlations between BRCA1 and BRCA2 mutations and outcomes in patients with breast cancer provide conflicting results[12].
Estrogen binds to ER, which promotes breast cancer progression and regulates the transcription of PR. ER is an important predictive biomarker for endocrine therapy[13], and ER-positive patients should receive endocrine therapy. ER-positive and PR-negative tumors are a distinct subset of breast cancers that have shown aggressive behavior, greater genomic instability, a higher proliferation rate, poor outcome, and tamoxifen resistance[14]. ER-positive and PR-negative patients have higher levels of epidermal growth factor receptor and HER2 compared with patients who are both ER- and PR-positive[14]. The percentage of patients with breast cancer with amplified ERBB2 (erb-b2 receptor tyrosine kinase 2) is 13% to 15%. ERBB2 activates the HER2 pathway. 
HER2 overexpression promotes proliferation, metastasis, and adhesion of cancer cells. Endocrine therapy combined with anti-HER2 agents is the initial treatment, and the maintenance treatment, for ER- and HER2-positive patients[15]. In the present case, the patient was ER-positive and PR-negative. The patient would have received aromatase inhibitors as endocrine therapy, but she willingly refused.
Ki67 is related to proliferation, metastasis, and chemosensitivity. High Ki67 positivity correlates with tumor-node-metastasis stage, infiltration, aggressive behavior, and lymph node metastasis. P53 mutations contribute crucially to tumorigenesis and are associated with more aggressive behavior, infiltration, and worse overall survival. Elevated EGFR is linked to breast cancer pathogenesis and poor prognosis and is an important target of breast cancer treatment[16]. In the present case, the Ki67 index was 50%, p53 was negative, and EGFR had 1+ staining intensity.

Effects of breast cancer treatment on the fetus
In the present case, the baby had cryptorchidism and underwent bilateral orchidopexy at the age of 13 mo to avoid further consequences. Drug therapy for the mother consisted of anthracycline, cyclophosphamide, paclitaxel, and trastuzumab. Anthracyclines can cause irreversible cardiomyopathy and congestive heart failure[7]. Although the incidence of abnormalities among children born after their mothers are treated for cancer is similar to the average rate of 3%, we should still consider potential drug toxicity to a fetus.
Cyclophosphamide can cause immunotoxicity and urotoxicity[17]. The side effects of paclitaxel are peripheral neuropathy, born marrow suppression, and muscle toxicity. In addition, a study found that using paclitaxel in pregnant mice can lead to delayed testis descension[18]. A case was reported on a child with congenital hearing loss who was exposed to paclitaxel and cisplatin in utero[7].
The major side effect of trastuzumab (trade name Herceptin) is cardiotoxicity, which can persist 2 years after the end of therapy. The Herceptin Adjuvant trial is a large phase III randomized clinical trial in which 33 patients with breast cancer became pregnant after trastuzumab use, and one patient had a child with Down’s syndrome[6].
In conclusion, no link has been established between treatments and cryptorchidism. Further multicenter, randomized controlled studies are needed to draw definitive conclusions.

Possible factors of cryptorchidism
Normally, the testes begin to spontaneously descend into the scrotum at 28 wk of gestation and complete descension at birth. Testes in an abnormal location after birth can influence their normal function. The incidence of cryptorchidism among full-term newborn boys is 2% to 4%[19]. The etiology of cryptorchidism is complex. The following discusses mainly genes and different hormonal environments[20].
Cryptorchidism may be related to gene mutations. For example, insulin-like factor 3 (INSL3) participates in testicular descent, and gene mutation may be related to bilateral cryptorchidism[21]. HOXA10 gene mutation may influence the pathogenesis of cryptorchidism[22,23]. Haploinsufficiency of the MKX gene may affect the process of testis descension or lead to cryptorchidism[24]. Nuclear receptor subfamily 5 group A member 1 regulates sex determination, testis descension, differentiation, and steroidogenesis. Associations have been determined among WT1 abnormalities, renal abnormalities, and cryptorchidism[25].
In addition, testis-derived testosterone, estrogen, and INSL3 may affect testis descension[21]. Estrogen can decrease the secretion of testosterone and INSL3, resulting in cryptorchidism. ERα and ERβ mediate estrogenic effects. ERα participates in the development of the male reproductive tract and may increase the risk of cryptorchidism[26]. A study concluded that oxytocin receptor expression, ERβ, and their correlation may be involved in the pathogenesis of cryptorchidism[27], but was based on animal models, and no additional studies on ERβ and cryptorchidism are available. The patient in the present case had tumor cells that were ERα-negative and ERβ-positive. ERβ may eventually be proven to influence cryptorchidism.

CONCLUSION
In this case, the baby was a term infant without a family history of cryptorchidism. There was no exposure during the pregnancy to chemicals associated with infant reproductive hormone levels. Furthermore, no link has been established between treatments for breast cancer and cryptorchidism. We conclude that the cryptorchidism in this infant was likely related to ERβ and gene mutations. Elevated levels of HER2 and Ki67 promote proliferation and metastasis, and EGFR overexpression, ER positivity, and PR negativity have been linked to a poor prognosis. Our patient remains living without progression, and she and her baby are healthy.
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