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Abstract 

This review examines the complex relationship between assisted reproductive technology (ART) and the 
potential risk of breast cancer. Through a thorough analysis, we explore various aspects of this association, 
considering both the theoretical and mechanistic overlap between ART and breast cancer, as well as the 
growing body of empirical research aimed at elucidating this relationship. Theoretical analysis suggests that 
ART exposure inevitably increases levels of reproductive hormones over a relatively short period, potentially 
elevating susceptibility to breast cancer. However, current clinical evidence does not strongly support this 
hypothesis, and no direct correlation between ART and breast cancer development has been established. Our 
study lays the groundwork for informed discussion and offers recommendations for further research in this 
area of women's health, based on a comprehensive review of both theoretical and clinical research. The findings 
provide valuable information to guide both specialists and patients in decision-making regarding ART 
treatment. As we navigate the complexities surrounding conception, this manuscript serves as an essential 
resource for understanding and addressing the potential risks of breast cancer in the context of ART. 

Keywords: Assisted Reproductive Technology; Breast Cancer; Risk Factors; Reproductive Health; Oncogenic Mechanism; 
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1. Introduction 
Breast cancer is a prevalent form of cancer 

worldwide. As indicated by recent statistics on the 
Global Cancer Burden, in 2020, there were 
approximately 2.26 million newly diagnosed cases of 
breast cancer[1]. The occurrence of breast cancer is 
projected to rise significantly in both economically 
developed regions and regions experiencing 
economic transition[2]. Therefore, the prevention of 
breast cancer is an especially significant global 
concern in contemporary times. In recent decades, 
there has been significant advancement in the field of 
breast cancer epidemiology, leading to the 

identification of numerous influencing factors 
associated with the development of breast cancer, 
including risk and protective factors[3] (Table 1). 
There exists a multitude of recognized risk factors 
associated with breast cancer, which are well 
documented in numerous studies[4-12]. Given that the 
mammary gland is a hormone-sensitive organ, it is 
crucial to pay close attention to risk factors for 
hormone-related breast cancer. It has been 
documented in the existing literature that elevated 
levels of endogenous estradiol and progesterone are 
linked to an augmented susceptibility to breast cancer 
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in both premenopausal and postmenopausal 
women[13-17]. Exposure to exogenous hormones 
primarily including the use of menopausal hormone 
replacement therapy (HRT) and oral contraceptives 
(OC) have also been linked to an elevated risk of 
breast cancer[18, 19]. Conversely, medications with 
anti-estrogenic properties, such as tamoxifen, have 
demonstrated efficacy in reducing the risk of breast 
cancer[20]. 

With the rapid advancement of society, women 
are postponing marriage and the initiation of their 
first childbirth[21]. Female fertility starts to decrease 
as early as the age of 30, so postponing childbirth 
raises the risk of infertility in women[22]. This has 
resulted in the recognition of infertility as a crucial 
component of contemporary reproductive medicine. 
According to an assessment conducted by the World 
Health Organization (WHO), it has been determined 
that over 10% of married couples have encountered 
challenges with infertility[23]. Moreover, it has been 
estimated that in the year 2020, more than 8 million 
couples globally sought ART and achieved successful 
conception[24]. Assisted reproductive technology 
(ART) has proven to be a valuable solution for women 
experiencing reduced fertility, successfully fulfilling 
the fertility goals of numerous families. 

However, the administration of assisted 
reproductive drugs during this process stimulates the 
production of ovarian hormones, including estrogen 
and progesterone[25]. The breast is a 
hormone-sensitive organ, and around 80% of breast 

cancers are hormone-sensitive. Both estrogen and 
progesterone, as well as their metabolites, also play 
important roles in the development and progression 
of breast cancer[26]. Therefore, the impact of ART on 
the breast is a matter of significant concern. In the 
context of clinical implementation of ART, a common 
concern among most reproductive physicians and 
patients is whether undergoing ART procedures is 
associated with an elevated risk of developing breast 
cancer. This inquiry poses a significant clinical 
question that necessitates prompt elucidation and 
response. 

2. Exploration into ART and hormones 
pathophysiology in breast cancer 

Assisted reproductive technology (ART) is a 
comprehensive clinical concept that encompasses 
multiple procedures involved in in vitro fertilization 
for reproductive purposes. These procedures include 
ovarian stimulation therapy (including ovarian 
stimulation and trigger ovulation), surgical extraction 
of oocytes from the ovaries, in vitro fertilization (IVF) 
or intracytoplasmic single-sperm injection (ICSI), 
preimplantation genetic testing (PGT), and embryo 
transfer (ET)[27]. Several or all of the above 
operational processes may be included in an ART 
cycle. Since the initial introduction of IVF in 1978, 
ART has undergone significant advancements over 
more than four decades[28-32] (Fig. 1).  

 

Table 1: Factors Associated with Breast Cancer Development 

Categories Categories   Incidence 
Risk factors Non-hormone 

related 
 Hereditary The risk of breast cancer is 250% higher for individuals diagnosed in the immediate family and 50% 

higher for those diagnosed in the non-immediate family.[4] 
   Germline mutations Women carrying the BRCA1/2 gene exhibit a cumulative risk of breast cancer development that 

surpasses twice the risk observed in the general population.[11] 
   Smoking Women who are current smokers have a 24% higher risk of breast cancer than non-smokers, and 

women with a history of previous smoking have a 13% higher risk of breast cancer than 
non-smokers.[6] 

   Chest radiotherapy Patients who received a radiation dose of 4 Gy or more to the breast had a nearly threefold increased 
risk of developing breast cancer compared to those who did not undergo radiation therapy.[7] 

   Alcohol Women who consume alcohol 2-3 times a day have a 20% higher risk of developing breast cancer 
compared to those who abstain from alcohol.[10] 

 Hormone 
related 

Endogenous Menstruation period Earlier age at menarche (less than 12 years) increases the risk of breast cancer by a factor of 1.050, while 
later age at menopause (greater than 55 years) increases the risk of breast cancer by a factor of 1.029.[15] 

  Exogenous OC Recent use of oral contraceptives (within the past year) was associated with a 50% higher risk of breast 
cancer compared to never using them or using them in the past.[18, 19] 

   HRT Receiving hormone replacement therapy increases the risk of breast cancer by more than 40 percent. 
Additionally, women who use a combination of estrogen and progestin therapy have a higher incidence 
of breast cancer compared to those who use estrogen-only therapy.[18, 19] 

Protective 
factors 

  Nutritional 
supplementation 

Recent use of oral contraceptives (within the past year) was associated with a 50% higher risk of breast 
cancer compared to never using them or using them in the past.[5] 

   First childbirth Women in the youngest age at first birth category had a 27% lower risk of HR+ breast cancer than 
women in the highest age at first birth category.[16] 

   Breastfeeding Women in the youngest age at first birth category had a 27% lower risk of HR+ breast cancer than 
women in the highest age at first birth category.[16] 

   Exercise Women who engage in regular exercise have a 10-20% lower risk of developing breast cancer.[9] 
   Obesity Premenopausal obese women have a more than 20 percent lower risk of breast cancer, while 

postmenopausal obese women have a 70 percent higher risk of breast cancer.[8] 

Gy, Gray; HR, hormone receptor; BRCA, breast cancer susceptibility gene 
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Figure 1: Brief history of ART development. Since its first successful implementation in 1978, ART has been one of the most important technologies in the field of reproductive 
medicine, and has made great strides over the decades. This figure presents a timeline and offers a brief overview of the historical development of ART therapy, focusing 
particularly on the invention and application of key technologies. In addition, a brief schematic diagram is included to illustrate some of the techniques commonly used in ART 
therapy, providing the reader with a clearer understanding of the technology. ART, assisted reproductive technology; IVF, in vitro fertilization; PGT, preimplantation genetic 
testing; COS, controlled superovulation; ICSI, intracytoplasmic single sperm injection; TESE, testicular spermatocyte extraction technique; GIFT, gamete intrafallopian transfer. 

 
Most women who undergo ART typically 

receive ovarian stimulation therapy. This therapy 
aims to stimulate the development of follicles and 
synchronize them to initiate the ovulatory cascade 
response[33]. Ovarian stimulation therapy involves 
the use of ovarian stimulants to promote the 
development and maturation of multiple follicles 
within a single cycle, ultimately increasing the success 
rate and number of oocytes available for subsequent 
fertilization[34]. Numerous ovarian stimulants have 
been developed and utilized in the ART process. 
Currently, the most frequently employed ovarian 
stimulants include gonadotropin-releasing hormone 
agonists (GnRH-a) and GnRH antagonists[35], 
aromatase inhibitors such as letrozole[36], selective 
estrogen receptor modulators like clomiphene[37], 
human membrane gonadotropin (HMG)[38] or 
recombinant follicle-stimulating hormone (FSH)[39], 
and human chorionic gonadotropin (HCG)[40], 
among others. Controlled ovulation hyper-ovulation 
(COH), which involves the administration of multiple 
ovarian stimulating medications, is currently the 
more prevalent approach[41]. Specifically, in this 
treatment regimen, a GnRH antagonist is employed to 
inhibit pituitary function, in order to prevent 
spontaneous ovulation. GnRH-a is prescribed to 
stimulate the release of gonadotropins from the 
pituitary gland and can downregulate by binding to 
receptors in a supersaturated manner. Gonadotropin 
is administered to induce ovulation, while progestin 
is used to counteract the downregulation of GnRH 
which may impact the luteal phase to prepare the 
uterus for potential pregnancy and to maintain its 
functionality, among other considerations[42, 43]. 

Patients undergoing ART experience a distinct 
set of physiological changes specific to this treatment 

modality. Although the changes following a 
successful embryo transfer are similar to those 
observed in a natural pregnancy, the process of 
follicular stimulation are markedly different. In 
addition to the physiological changes occurring in the 
body, this process also induces a significant alteration 
hormone levels within the female body. This 
hormonal shift is essential for ART, but it has also 
raised numerous concerns[25]. Through the actions of 
GnRH and gonadotropins, etc., the levels of HMG, 
HCG, prolactin, and gonadotropins are elevated 
during the ART process. Additionally, and most 
importantly, there is a significant increase in the levels 
of estrogen and progesterone. The peak circulating 
estrogen level during an ART cycle is approximately 
4,000 pg/mL and can even reach 5500 pg/mL in high 
cases[44, 45], which is significantly higher than the 
peak estrogen level of approximately 300 pg/mL 
during a normal menstrual cycle[46]. Additionally, 
the peak dose of progesterone exposure during ART 
cycles is at least twice as high as the peak dose during 
a normal pregnancy[47].[48]Estrogen and 
progesterone are the two main sex hormones in the 
female body and play crucial roles in a woman's 
physiological function and health. Nevertheless, the 
elevated hormone stimulation associated with 
reproduction also gives rise to concerns, particularly 
in light of the potential risk of breast cancer, a disease 
intricately connected to hormone. According to a 
substantial amount of research, estrogen, and 
progesterone have been found to exert not only 
independent effects, but their metabolites also appear 
to play a significant, if not more crucial and definitive, 
role in the development and progression of breast 
carcinoma. Estrogen is primarily synthesized in the 
female body by the ovaries. Figure S1 illustrates the 
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pathway by which estrogen is synthesized in the 
body[49, 50]. Then the metabolism of estradiol and 
estrone results in the formation of catechol-estrogens 
through three irreversible competitive pathways, 
including the production of 2-hydroxyestrone 
(2-OHE1), 4-hydroxyestradiol (4-OHE2), estriol, 
etc.[51] Catechol estrogens are not stable metabolite 
forms and are subsequently metabolized by oxidation 
and conjugation[52] (Figure S2). In the female body, it 
has been observed that estrogen levels in breast tissue 
are significantly higher, ranging from 10 to 50 times 
higher than blood levels[53]. Furthermore, studies 
have detected the presence of estrogen metabolite and 
conjugate levels ranging from 3-13 pmol/g in female 
breast tissue, indicating the active involvement of the 
estrogen metabolic pathway in human breast 
tissue[54]. On the other hand, progesterone, similar to 
estrogen, is highly susceptible to over 100 
progesterone metabolites through redox 
processes[55]. Like estrogen, progesterone and its 
metabolites accumulate in significant amounts in the 
mammary gland in an active form[56]. Thus, the 
breast is an organ that is characterized by, and 
strongly influenced by, elevated concentrations of 
estrogen, progesterone, and their metabolites. 

Breast carcinoma is a malignant tumor that result 
in uncontrolled multiplication of abnormal cells with 
the potential to invade other parts of the organism. 
The process of its carcinogenesis is typically regarded 
as a multi-hit sequence that starts with initiation at the 
genetic level and culminates in promotion and 
enhanced proliferation[57]. As previously stated, the 
mammary gland, a hormone-sensitive organ, exhibits 
a strong correlation between hormone levels and the 
development of cancer. Particularly, hormones 
associated with reproductive processes in women, 
such as estrogen and progesterone, play a significant 
role in the carcinogenic process of the mammary 
gland. It is important to note that estrogen and 
progesterone primarily affect hormone 
receptor-positive breast cancers, while having less of 
an effect on triple-negative breast cancers, and the 
incidence of triple-negative breast cancers is at the 
lower end of the spectrum of breast cancers[58]. 
Therefore, in the literature or studies discussing the 
relationship between estrogen and breast cancer, the 
breast cancers studied are generally considered to be 
hormone receptor-positive breast cancers. The 
concentration of estrogen is found to be higher in 
malignant breast tissue compared to non-malignant 
tissue[53], and many existing reports in the literature 
have demonstrated elevated levels of estrogen in the 
blood are associated with an increased risk of 
developing breast cancer[59]. Regarding 
progesterone, the limited availability of accurate tests 

and low levels of circulating progesterone have 
hindered attempts to conduct epidemiologically 
relevant studies on the association between 
endogenous progesterone levels and breast cancer. 
However, it has been observed that long-term 
exposure to high doses of exogenous progesterone, in 
combination with estrogen, from sources such as the 
use of short-acting contraceptives or postmenopausal 
hormone therapy can increase the risk of breast 
cancer[18, 60]. Additionally, a mounting body of 
research indicates a significant correlation between 
endogenous progesterone levels and the risk of 
developing breast cancer[61]. Pike et al. conducted a 
study that revealed that the risk of breast cancer could 
potentially be influenced by the cumulative exposure 
of breast tissue to estrogen and progesterone[62]. This 
suggests that the development of breast carcinoma 
may be attributed to a combination of multiple 
factors, or "multiple strikes". 

3. The impact of ART on breast cancer - 
theoretical perspectives 

In this section, we will conduct an analysis from 
a theoretical perspective based on principles from 
molecular biology, cell biology, histology, and related 
mechanisms in order to analyze how changes in 
hormone levels induced by ART, particularly 
estrogen and progesterone, may impact the sites and 
mechanisms involved in the development of breast 
cancer. 

3.1 Oncogenic estrogen and progesterone 
signaling 

The interaction of estrogen and progesterone 
with their cognate receptors and subsequent 
activation of various signaling pathways is 
recognized as a significant factor in the initiation and 
progression of breast carcinogenesis. This theoretical 
mechanism serves as a convincing link between ART 
treatment and a potential elevation in the risk of 
breast cancer. Numerous studies have documented 
the involvement of estrogen-related signaling 
pathways in the pathogenesis of breast carcinoma 
from various angles, and relevant mechanisms have 
been fully described[51]. Activation of estrogen 
receptor (ER) by estrogen triggers various signaling 
pathways, resulting in transcription factors that 
facilitate the progression of cancer. Among various 
signaling pathways implicated in breast cancer, the 
Ras/Raf/MAPK pathway has been extensively 
investigated. It has been found that breast cancers in 
patients with overexpression of Ras and MAPK 
proteins exhibit a more aggressive phenotype[63]. 
Estrogen can activate various protein kinases, 
including the original activated protein kinase known 
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as silk crack, and this activation leads to an 
enhancement of second messenger systems, such as 
cyclic adenosine monophosphate (cAMP) levels. 
These mechanisms are crucial in regulating cell 
proliferation and inhibiting apoptosis[64, 65]. Also, it 
has been discovered that the transcriptional 
regulation, facilitated by estrogen-activated ERα and 
p53, results in the suppression of ERβ expression in 

breast cells[66], while ERβ has been demonstrated to 
have a protective effect against breast 
tumorigenesis[67]. The signaling pathways related to 
estrogen in breast carcinogenesis have been 
extensively studied and documented for many years, 
thus we provide a comprehensive schematic (Fig. 2A) 
representation without delving into excessive detail 
here. 

 

 
Figure 2: Carcinogenic mechanisms of estrogen and its metabolites in breast cells. A. This figure illustrates the potential oncogenic signaling pathways of estrogen and its 
metabolites in breast cells. There are three main oncogenic signaling pathways associated with estrogen, all of which involve the participation of ER. 4-OHE2, an estrogen 
metabolite, also plays a significant role in the oncogenic signaling pathway. It may act on ER to induce oncogenic signals and may also be capable of generating oncogenic signals 
through a pathway that is independent of ER. B. This figure illustrates the mechanism through which the genotoxicity of estrogen and its metabolites leads to breast cancer. The 
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potential mechanisms primarily involve depurination and redox cycling. This genotoxic effect ultimately leads to damage or breakage of the DNA structure, thereby causing the 
transformation of breast cells into cancerous cells. cAMP, cyclic adenosine monophosphate; 4-OHE2, 4-hydroxyestradiol; ER, estrogen receptor; EGFR, epidermal growth factor 
receptor; mtProtein, mitochondrial protein; mRNA, messenger RNA; MAPK, mitogen-activated protein kinase; PI3K, phosphoinositide 3 kinase; HIF-1, hypoxia-inducible 
factor-1; VEGF, vascular endothelial growth factor; NF-ĸB, nuclear factor-kappa B; ROS, reactive oxygen species. Dashed-line arrows indicate putative pathways. 

 
Additionally, endogenous levels of progesterone 

are significantly increased during ART, and they may 
also have a contributing effect on the development of 
breast cancer through associated signaling pathways. 
In a comparative analysis of tissues obtained from the 
follicular and luteal phases, it was observed that the 
expression of 221 genes was significantly upregulated 
during the luteal phase. These genes are associated 
with various pathways related to the cell cycle, 
mitosis, and DNA damage and repair. Additionally, 
abnormal expression of three paracrine factors, 
namely RANKL, WNT4, and ectodomain proteins 
was detected[68]. These findings suggest a potential 
correlation between elevated levels of endogenous 
progesterone and the development of breast cancer. 
Researchers have also found that progesterone can 
directly regulate the microenvironment of breast 
organogenesis and breast tumors through the Notch 
signaling pathway, and regulate the self-renewal and 
differentiation of breast stem cells, thereby activating 
the signal for breast proliferation. Interestingly, this 
process has been found to contribute to the 
development of more aggressive forms of breast 
carcinoma[69, 70]. 

3.2 Atypical ER and PR expression 
Previous research has also indicated that 

changes in estrogen and progesterone levels in human 
can directly influence the expression of ER and PR, 
thereby affecting breast cancer development. Graham 
et al. have comprehensively summarized the available 
evidence on this topic that normal breast tissue and 
primary cell models have demonstrated that 
endogenous high levels of estrogen in normal human 
breast tissue result in increased expression of ER and 
PR[69]. It is widely accepted that receptor-positive 
cells do not directly respond to hormonal signals, but 
instead promote the proliferation of breast cells 
through paracrine effects on surrounding 
receptor-negative cells[71]. Moreover, in hormone 
receptor-positive breast cancer cells, there is an 
increasing number of aberrantly proliferating cells 
expressing steroid hormone receptors[72]. These 
steroid receptor-positive cells undergo a switch to 
autocrine signaling mechanisms, which is not 
unrelated to high levels of steroid hormones[73, 74]. 
Therefore, exposure to high-dose estrogen and 
progesterone through ART leads to an increase in ER 
and PR expression in breast cells, and it is possible 
that some still-unknown mechanism may cause this 
fraction of steroid receptor-positive cells to transition 

from a paracrine to an autocrine signaling 
mechanism, thereby inducing breast cancer 
development and progression. 

Additionally, PR can be classified into two 
isoforms, namely PRA and PRB. In normal mammary 
epithelium, both isoforms are typically expressed in 
equal amounts[75]. However, inappropriate exposure 
to exogenous progesterone or its analogs can lead to 
abnormal expansion of progenitor or progenitor-like 
cells in the human mammary gland[73], which can 
disrupt the balance between PRA and PRB in all 
PR-expressing mammary cells. Studies have shown 
that this imbalance between PRA and PRB ratios 
occurs early in the development of breast cancer, and 
the isomer ratio gradually increases with the 
progression of breast cancer[76]. More importantly, 
the alteration in the expression ratio of PRA and PRB 
may have significant implications for breast cancer 
progression observation and treatment options. It 
could serve as a monitoring indicator for early 
detection of breast cancer and the implementation of 
personalized treatment regimens, offering promising 
prospects for breast cancer patients. 

3.3 Breast proliferation and involution 
It is also worth noting that the accelerated 

development of mammary glands, induced by high 
doses of estrogen and progesterone, may also serve as 
an alternate explanation for the potential elevated 
susceptibility to breast cancer associated with ART. 
The process of mammary gland development and 
maturation is a complex and intricate process that is 
regulated by systemic hormones and local growth 
factors. Throughout this process, the mammary 
gland's environment, structure, and cells are 
constantly changing[77]. This indicates that the 
developmental maturation of the mammary gland is 
heavily influenced by the endocrine environment[78]. 
Recent research has confirmed that estrogen plays a 
crucial role in regulating ductal elongation during the 
development of the mammary gland[79], while 
progesterone is responsible for regulating the 
development of mammary collateral and lobular 
structures[80]. When breast tissue is exposed to 
elevated levels of estrogen and progesterone during 
the ART process, it triggers a process of mammary 
gland development that closely resembles that of 
pregnancy. This process involves the expression of 
signals that form luminal alveolar cells and tertiary 
ductal and lobular alveolar structures, facilitating the 
expansion of ductal tissue and differentiation of 



Int. J. Biol. Sci. 2025, Vol. 21 
 

 
https://www.ijbs.com 

2653 

mammary epithelial cells[77]. The density of 
mammary lobules increases during this 
developmental process, which is believed to be the 
primary source of cancer precursors. Studies 
conducted on women who have undergone benign 
breast biopsy have demonstrated that a decrease in 
the level of lobular regression is associated with an 
elevated risk of breast cancer. In other words, the 
development of the mammary glands, influenced by 
estrogen and progesterone, leads to an increase in the 
density of the lobules, which is considered a potential 
risk factor for breast cancer[81, 82]. 

The development and maturation of the 
mammary gland exhibits a complex and dynamic 
process, rather than a simple and stable progression. 
After a transient exposure to high doses of 
reproductive-related hormones, and in the absence of 
sustained stimulation, the mammary gland also 
experiences a process of remodeling referred to as 
degeneration. During this process, the structural 
configuration of the gland gradually returns to its 
pre-hormone exposure state. During the degenerative 
process, the mammary gland undergoes not only 
apoptosis of structures such as alveoli and epithelium 
but also remodeling of fat, extracellular matrix (ECM), 
and changes in the immune microenvironment[77]. 
The ECM undergoes a significant reconstruction of 
fibrillar collagen during this process, which does not 
affect the ongoing formation of fat. This change can 
mediate alterations in the protective effects against 
cancer[83]. High fibrillar collagen in the ECM, along 
with a high mammographic density, is associated 
with a more than four-fold increase in the risk of 
cancer[84]. Furthermore, the recruitment and 
activation of immune cells during involution can 
potentially modify the immune microenvironment of 
the body, leading to the formation of a tumor 
microenvironment and an increased risk of 
subsequent breast cancer[85-87]. If ART treatment is 
not completed in one session, the mammary gland 
will experience an involution after transient high-dose 
exposure to reproduction-related hormones. The idea 
that the involution process, not just the glandular 
development process, increases the risk of breast 
cancer development not only helps to explains how a 
single ART session can increase cancer risk, but also 
provides a theoretical explanation for the association 
between multiple ART sessions and a higher risk of 
breast cancer. 

On the cellular level, the proliferation that is 
associated with mammary gland development and 
maturation holds the potential to increase the risk of 
breast cancer as well. In the mammary gland, estrogen 
and progesterone induce the expression of cyclin D1. 
Cyclin D1-dependent mechanisms can promote 

tumor invasiveness and high proliferative activity[88]. 
This mechanism has been found to play a significant 
role in the carcinogenesis of breast cells and the 
progression of cancer cells[89]. Paracrine secretion is 
recognized as an important mechanism through 
which estrogen and progesterone contribute to the 
development of the mammary gland. Activation of 
multiple paracrine signaling pathways, such as 
up-regulation of amphiregulin and activation of 
mediators like WNT4 and NF-κB ligand (RANKL), by 
estrogen and progesterone, can lead to the extensive 
proliferation of breast cells. It is still worth noting that 
these processes are also associated with the 
carcinogenesis of breast cells[90, 91]. Furthermore, 
progesterone can exhibit exclusive mechanisms in 
mammary gland development, making it the most 
crucial proliferative hormone in this context. The 
follicular phase, characterized by higher serum 
progesterone levels than estradiol levels, exhibits 
lower levels of mitosis and proliferation compared to 
other phases[92]. Progesterone, known for its 
potential mitogenic activity, possesses a unique 
mechanism whereby it stimulates progenitor cell 
proliferation in the normal mammary gland and plays 
a role in tissue-specific responses[93]. The effects of 
progesterone-induced progenitor proliferation not 
only promote the development of the mammary 
gland by increasing the proliferation of normal 
luminal progenitors but also contribute to the 
expansion of cancer-sensitive luminal progenitor 
populations, thereby influencing the development of 
breast cancer. Additionally, researchers have 
discovered that telomere dysfunction may occur in 
normal luminal progenitors during this rapid 
proliferation process[94], and meanwhile, extensive 
telomere fusion has been observed in early breast 
cancer lesions[95], providing potential evidence for 
the theory of the specific cellular origin of breast 
cancer. Thus, the administration of ART treatment, 
which results in heightened exposure to 
estrogen-pregnant stimuli, not only facilitates the 
regular proliferation and differentiation of breast cells 
but also potentially fosters cellular carcinogenesis and 
the advancement of malignant cells. 

3.4 Metabolite genotoxicity 
Numerous studies have indicated that, in 

addition to the direct participation in the oncogenic 
signaling pathway, estrogen and progesterone 
metabolites, particularly catechol estrogens, may also 
play a role in this process through distinct mecha-
nisms. It has been observed that 4-OHE2 exhibited a 
greater capacity to stimulate the proliferation of breast 
cancer cells at lower concentrations when compared 
to other estrogen-related compounds[96, 97]. On the 
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other hand, 4-OHE2 not only induces cellular 
transformation pathways but also enhances the 
growth of cancer cells by activating specific 
intracellular signaling[98, 99]. Exposure to high doses 
of estrogen from ART, it is evident that the production 
of 4-OHE2 also experiences a significant increase. This 
phenomenon also plays a crucial role in the initiation 
of breast cancer. 

Lareef et al. conducted an experiment where they 
treated mammary epithelial cells with E2 and its 
catechol metabolites. They discovered that even in the 
presence of anti-estrogen treatment, these metabolites 
could induce DNA damage and tumorigenic 
transformation of the cells in vitro, suggesting that the 
genotoxicity of estrogen metabolites may play a role 
in the process of cellular transformation[100]. The 
genotoxicity primarily results from the DNA damage 
caused by estrogen metabolites, leading to genetic 
mutations and these mutations can accumulate over 
an extended period, ultimately inducing neoplastic 
transformation[101]. Recent studies have identified 
multiple potential mechanisms associated with this 
process (Fig. 2B). The first notable aspect is that 
certain metabolites of estrogen induce the release of 
estrogen-adenine/guanine adducts from DNA via a 
depurination mechanism, resulting in structural 
impairments to the DNA[102]. Another reason is that 
substances such as quinones and semiquinones 
produced by the oxidation of catechol estrogen 
metabolites and catechol estrogens activated by 
lactoperoxidase can undergo redox cycling during 
metabolism, producing oxidation products that can 
lead to DNA damage and mutations[103]. The 
theoretical implication is that a patient undergoes 
ART, there is a temporary and significant elevation in 
endogenous estrogen levels within the body. In 
women's bodies, when an imbalance in estrogen 
metabolism occurs, characterized by elevated levels of 
endogenous or exogenous estrogen, there is an 
overexpression of estrogen-activating enzymes and a 
deficiency of inactivating enzymes. Consequently, the 
levels of estrogen quinone and depurin adducts are 
elevated, leading to more severe DNA damage[100]. 
Furthermore, it is believed that an elevated dosage or 
additional exposure to estrogen can result in an 
increase in oxidative free radicals within breast tissue. 
Fussel et al. conducted a study that revealed that 
treatment with catechol estrogen led to the generation 
of higher levels of hydroxyl radicals and H2O2 in the 
lysates of mammary epithelial cells, ultimately 
resulting in oxidative modification of DNA[104]. 

Unlike with estrogen, there is a scarcity of 
studies that provide substantial evidence for the 
involvement of progesterone in the promotion of 
breast carcinogenesis through genotoxicity. No 

evidence of DNA damage induced by progesterone 
has been observed in the in vivo or in vitro 
experiments[105, 106]. Furthermore, no direct DNA 
damage was detected through the measurement of 
DNA adducts in the livers of patients undergoing 
mono-progesterone treatment[107]. Therefore, it 
should not be assumed that exposure to high-dose 
progesterone through ART leads to breast carcinoma 
via genotoxic DNA damage specifically. 

3.5 Oncogenic metabolite signaling 
In addition to causing genotoxic DNA damage, 

catechol estrogen metabolites are themselves capable 
of participating in oncogenic signaling pathways, 
especially 4-OHE2. In the context of breast 
carcinogenesis, the mechanism of 4-OHE2 appears to 
involve two distinct pathways: ER-dependent and 
non-ER-dependent (Also shown in Fig. 2A). The 
ER-dependent pathway is primarily associated with 
the PI3K-AKT signaling pathway. In the investigation 
of the malignant transformation of MCF10A cells, it 
was observed that the activation of 
phosphatidylinositol 3-kinase (PI3K) occurs after the 
treatment of cells with 4-OHE2. Additionally, it was 
found that PI3K may further induce an elevation in 
the phosphorylation of serine/threonine protein 
kinase (Akt). This increase in phosphorylation is 
believed to mediate the cancerous process in breast 
cells[96]. Meanwhile, previous studies have provided 
evidence that 4-OHE2 can stimulate the expression of 
hypoxia-inducible factor-1 (HIF-1) and vascular 
endothelial growth factor A (VEGF-A) through the 
PI3K/AKT signaling pathway in a specific human 
ovarian cancer cell line[108, 109]. Furthermore, 
non-ER-dependent pathways also seem to contribute 
to the development of breast carcinoma through the 
action of 4-OHE2. Kwon et al. demonstrated that the 
enzyme CYP1B1 plays a role in promoting cancer cell 
survival by upregulating the specificity protein 1 
(Sp1), which is involved in DNA 
hypermethylation-mediated inhibition of death 
receptor 4 (DR4). Additionally, CYP1B1 may induce 
epithelial-mesenchymal transition (EMT) and activate 
the Wnt/β-catenin signaling pathway, both of which 
contribute to the progression of the carcinoma. 
Interestingly, it was also observed that treatment of 
MCF cells with 4-OHE2 produces similar effects to 
CYP1B1 overexpression[110, 111]. This finding 
suggests a potential new mechanism for 
4-OHE2-induced tumorigenesis. Furthermore, not 
only elevated levels of ROS produced during the 
metabolism of estrogen enhance the DNA binding 
capacity of nuclear factor-kappa B (NF-ĸB) by 
stimulating the activity of Ikappa B kinases alpha and 
beta, but also the exposure to 4-OHE2 result in the 
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transient activation of NF-ĸB. That is to say, estrogen 
and its metabolite 4-OHE2 have the potential to exert 
an influence on the development of breast cancer cells 
by modulating the IĸK-NF-ĸB signaling pathway[112, 
113]. As for 16α-OHE1, it is found that its 
concentration in breast cancer tissues is eight times 
higher compared to nearby mammary adipose 
tissues[114], and additionally, animal experiments 
have indicated that 16α-OHE1 may stimulate 
extra-programmed DNA synthesis in mammary 
epithelial cells by promoting the expression of the Ras 
oncogene, thus potentially contributing to breast 
carcinogenesis[115]. 

3.6 Other hormone signaling 
In addition to short-term fluctuations in estrogen 

and progesterone during ART, elevated levels of 
prolactin (PRL), HCG, gonadotropins, and other 
hormones may also affect the development of breast 
cancer. PRL is a hormone that interacts with its 
respective receptors and progesterone in women, 
leading to the proliferation of mammary ductal and 
luminal epithelial cells[116]. Both in vitro experiments 
and epidemiological studies have demonstrated a 
stimulatory effect of PRL on the growth of human 
breast cancer cells[117, 118]. This may be attributed to 
PRL's ability to influence feedback from the RANKL 
pathway and subsequently affect epithelial cell 
processes through mammary luminal 
progenitors[116]. Additionally, PRL may regulate the 
actin cytoskeleton via the Src pathway, thereby 
promoting cancer cell proliferation, a significant 
factor in the development of cancer[119]. HCG is also 
an important hormone associated with pregnancy and 
can be used as an ovarian stimulator during ART, 
leading to a rapid increase in HCG levels in women's 
bodies. The impact of HCG on cancer development is 
currently a subject of controversy. Some studies 
suggest that HCG can reduce the carcinogenesis of 
breast cells and exhibit anti-proliferative effects on 
breast cancer cells by down-regulating estrogen 
receptors and reducing the susceptibility of breast 
tissue to toxic substances[120, 121]. However, it 
appears that this anticancer effect is limited to 
placental HCG, while β-HCG seems to have a 
tumor-promoting function and is associated with a 
poor prognosis of breast cancer[122]. 

4. The impact of ART on breast cancer - a 
systematic review of clinical studies 
4.1 Methods of systematic review 

From aforementioned theoretical standpoint, the 
administration of ART treatment is expected to result 
in elevated levels of estrogen, progesterone, and other 

reproductive hormones, as well as hormone 
metabolites, within the patient's body. Consequently, 
this phenomenon may potentially serve as a risk 
factor for the onset and progression of breast cancer. 
Nevertheless, given the intricate nature of the ART 
procedure, there is currently no foundational research 
available that explicitly substantiates the claim that 
ART can result in a heightened susceptibility to breast 
cancer. Besides, after undergoing ART, patients may 
subsequently engage in childbirth, breastfeeding, and 
other physiological processes that have been shown to 
provide protective effects against the development of 
breast cancer. Therefore, in order to establish the 
clinical relevance of previous theoretical analyses, it is 
imperative to conduct a comprehensive review and 
analysis of pertinent clinical studies[123]. 

In this section of the article, a comprehensive 
systematic review will be conducted on the notable 
clinical studies published within the last two decades 
regarding the correlation between ART and the risk of 
breast cancer. We try to elucidate any potential 
association between ART and susceptibility to breast 
cancer. To identify pertinent clinical studies, an 
extensive search was initially conducted utilizing 
databases such as PubMed, Web of Science, and other 
relevant sources. We conducted our study by 
examining articles that were published in the past two 
decades (from January 2003 to December 2023). Our 
search scheme table is presented in the table in 
Supplementary information 2. All articles that were 
retrieved were manually downloaded in their 
entirety. The data was subsequently integrated into a 
database utilizing EndNote X9 to ensure consistent 
management. The studies examined in this section of 
the review exclusively encompassed case-control, 
retrospective, and prospective cohort studies. All 
articles included in the study met the following 
inclusion criteria: they had complete full text 
available, were written in English, and had complete 
keywords in the title or abstract[124]. We have also 
registered related protocols on Prospero under the 
code CRD42023494618. 

Based on the aforementioned criteria, a 
comprehensive search of the selected databases was 
conducted, resulting in the inclusion and review of a 
total of 395 articles in the preliminary study. Fig. 3 
illustrates the flow of this inclusion of articles. A total 
of 32 articles meet the predetermined purpose and 
inclusion criteria, and were deemed eligible for 
inclusion in this review of clinical studies. 

In addition to conducting the standard data 
abstraction and analysis of the articles included in our 
study on the association between ART and breast 
cancer risk, we also evaluated the potential errors 
present in these clinical studies (Table S1). To facilitate 
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a more thorough examination of the issues and 
potential sources of errors in these clinical studies, we 
systematically classified the potential sources of errors 
according to the experimental design, experimental 
procedure, and data analysis. Additionally, codes 
were allocated to signify the specific type of 
errors[125]. For this review, all articles were 
thoroughly examined and categorized according to 
the potential errors previously discussed. Through 
conducting these analyses, our objective is to enhance 
the evaluation of the reliability and validity of the 
findings and interpretations. We also aim to elucidate 
the reasons behind the divergence of certain clinical 
studies from the conclusions drawn in previous 
theoretical analyses. The progressing objective is to 
offer valuable insights aimed at enhancing the design 
of clinical experiments and addressing current 
challenges. 

It is crucial to emphasize that, apart from the 
significance of acquiring precise and comprehensive 
data regarding variables related to the study, such as 
the treatment regimen and duration, the influence of 
confounding factors on the study outcomes should 
not be disregarded, since they can significantly impact 
the results. These factors are recognized or assumed 
to be risk factors for breast cancer and failure to 
exclude or adjust for these factors in different groups 
can lead to an imbalance and subsequently affect the 
study results. This, in turn, can influence the 
assessment of the risk level associated with breast 
cancer or potentially alter the study's conclusions. 
There exists a multitude of confounding factors, and 
the ones presented in Table 1 exert a significant 
influence on the susceptibility to breast cancer. It is 
evidently challenging to account for all the 
confounding variables in a study involving patients 

 

 
Figure 3: Flowchart of the included eligible studies. This is a schematic representation of endogenous estrogen metabolism. In the female body, estradiol and estrone are 
metabolized into catechol estrogens through several competitive and irreversible pathways. Catechol estrogens are intermediate products of metabolism. They are not very 
stable and can undergo further metabolism catalyzed by different enzymes to produce more stable products for excretion or storage or to produce active products that cause 
other biochemical reactions in the cells. E1, estrone; E2, estradiol; CYP, cytochrome P450; 2-OHE1, 2-hydroxy estrone; 4-OHE1, 4-hydroxy estrone; 2-OHE2, 2-hydroxy 
estradiol; 4-OHE2, 4-hydroxy estradiol; 2-MeOE2, 2-methoxy estradiol; 4-MeOE2, 4-methoxy estradiol; 2-MeOE1, 2-methoxy estrone; 4-MeOE1, 4-methoxy estrone; COMT, 
catechol-O-methyltransferase; Q, quinone; SQ, semiquinone; 6-N3-Ade, 6-N3-Adenine; 1-N7-Gua, 1-N7-Guanine. 
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undergoing ART or in the broader population. 
Therefore, this paper aims to examine the impact of 
age, fertility (including number of births and time to 
first birth), family history of breast cancer, and other 
hormonal treatments (such as oral contraceptives and 
hormone replacement therapy) on the risk of breast 
cancer in patients undergoing ART. This analysis is 
conducted in conjunction with the consideration of 
confounding factors that have been highlighted in 
clinical studies and theoretical analyses, as these 
factors may have a significant and discernible 
influence on breast cancer risk in ART patients. The 
association between pregnancy, fertility-related 
factors, and the risk of breast cancer has been 
extensively studied and documented in various 
scholarly articles[77, 126, 127]. Also, it is evident that 
the administration of other hormonal therapies to the 
patient can exert a substantial influence on the 
susceptibility to hormone-sensitive breast cancer[18, 
19]. Regarding the influence of family history as a 
confounding factor, it is widely accepted that family 
history is associated with an elevated risk of 
developing various types of cancers. Gauthier et al. 
have proposed in their article that there might be a 
significant correlation between family history and the 
utilization of ovulation-promoting drugs in the onset 
of breast cancer[128]. 

4.2 Results and analysis of the systematic 
review 

There are 32 articles on clinical studies that were 
included in the review analysis. Detailed information 
about the study is presented in Table S2. Among these 
articles, 7 concluded that there was an overall increase 
in the risk of subsequent breast cancer in patients 
treated with ART[33, 125, 129-133]. Another 8 articles 
did not conclude that ART treatment as a whole led to 
an increase in the risk of breast cancer but rather 
found an association between ART treatment and the 
development of breast cancer in specific populations, 
specific treatment regimens, or certain types of breast 
cancer[44, 123, 134-139]. One article provided indirect 
evidence that ART causes an increased risk of breast 
cancer[140]. However, the findings of 7 other articles 
suggest that ART treatment may reduce a patient's 
risk of developing breast cancer[141-147]. The 
remaining 9 articles did not find a clear correlation 
between ART and the risk of developing breast 
cancer[128, 148-155]. 

There were eight studies that, while failing to 
find a relationship between ART and overall breast 
cancer risk, found an association between ART and 
breast cancer development under specific 
conditions[44, 123, 134-139]. This deserves more 
attention and analysis with a view to discovering 

more relevant information. A comprehensive cohort 
study conducted in Great Britain examined a large 
population and reported their findings. The study 
revealed that there was no significant alteration in the 
overall risk of breast cancer (SIR = 0.98, 0.94-1.01) 
among the participants. However, a slight elevation in 
the risk of in situ breast cancer (SIR = 1.15, 1.02-1.29) 
was observed in individuals who underwent 
ART[139]. In a cohort study conducted, there was no 
overall increase in the proportion of women treated 
with IVF who developed breast cancer (HR = 1.10, 
95% CI 0.88-1.36), while there was an increase in the 
proportion of women who started IVF at a young age 
(under 24 years) and developed breast cancer (HR = 
1.59, 95% CI 1.05-2.42)[44]. This finding conflicts with 
the findings of Vassard et al.[33],and a comparative 
analysis of the two studies may yield interesting 
conclusions. Lerner-Geva et al. discovered that 
women treated with clomiphene citrate had a 
significantly higher risk of breast cancer (SIR = 1.4; 
95% CI 1.0-1.8)[135]. Also, Reigstad et al. indicate that 
there was an increased risk of breast cancer in women 
who had successfully given birth (HR = 1.26; 95% CI 
1.03-1.54)[138]. Burkman et al. also found that the 
relative risk of breast cancer was significantly higher 
for women using hMG for an extended period (OR = 
2.7, 95% CI 1.0-6.9)[137]. Kristiansson et al. found an 
increased risk of breast cancer with progesterone use 
during ART (RR = 3.36; 95% CI 1.3-8.6)[134]. The 
details of these studies, the conclusions of the results, 
and the presence of errors can also be obtained in 
Table 2A-B. 

It has become a consensus among scholars that 
pregnancy and lactation are protective factors against 
breast cancer. Pregnancy and breastfeeding are 
common processes that occur during a woman's 
reproductive life. These processes protect against the 
development of breast cancer through various 
mechanisms, including reduced estrogen exposure, 
enhanced mammary cell differentiation, regular 
emptying of the mammary gland, and a reduced risk 
of inflammation[16, 156]. For infertile women, who 
are inherently at higher risk for breast cancer than the 
general population due to infertility, ART has enabled 
many infertile women to become pregnant, while 
some patients remain infertile after ART[77]. This 
situation has raised questions among physicians and 
patients about whether fertility status after ART also 
affects the risk of breast cancer. Among the clinical 
studies we reviewed, there were 5 studies related to 
this topic[33, 136, 138, 150, 154]. However, upon 
analysis, we found that the results of these studies 
were not consistent. Therefore, based on the current 
clinical studies, it is challenging to determine whether 
there is a definitive association between pregnancy 
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and breastfeeding after ART treatment and the 
subsequent risk of breast cancer. This issue requires 

further clarification through additional clinical 
studies. 

 

Table 2A: Clinical researches on ART 

Authors Publication 
years 

Designs Districts Periods of 
study 

Populations Following up 
years 

Adjusting factors Type of infertility 
treatment 

Cycles 

Lundberg et al.[140] 2016 Cross-sectional Sweden 2010-2013 Total: 43,313  Age 
Fertility status 
Smoking and 
Drinking 
Family history of 
breast cancer 

Hormonal stimulation 
COS 

 

Machtinger et 
al.[148] 

2022 Cohort Israel 1994-2019 Case: 32,366 
Control: 32,366 

9.1 years -mean 
time 

Age 
Fertility status 
Smoking 

Urinary 
Recombinant 

1-≥8 

Perri et al.[147] 2021 Cohort Israel 1995-2019 Total: 1,824 
Case: 332 
Control: 1,492 

86,065 person 
years-total 

Age 
Fertility status 
OCP and HRT 

Clomiphene citrate 
Gonadotropins 
IVF 

 

Vassard et al.[33] 2021 Cohort Denmark 1994-2016 Case: 61,579 
Control: 
579,760 

Case: 9.69 years 
Control: 9.28 
years 

Age 
Fertility status 
Family history of 
breast cancer 

Programs of access of 
ART 

1-≥5 

Tsafrir et al.[129] 2020 Cohort Israel 1994-2002 Total: 501 16.7 years 
-mean time 

Age 
Fertility status 

IVF 1-≥4 

Derks-Smeets et 
al.[146] 

2018 Cohort Netherlands 2010-2013 Total: 2,514  Age IVF  

Williams et al.[139] 2018 Cohort UK 1991-2002 Total:255,786 2,257,789 
person 
years-total 
8.8 years-mean 
time 

Age 
Fertility status 
History of cancer 
disease 

 1.8 in 
average 

Reigstad et al.[138] 2017 Cohort Norway 1960-1996 Total: 1,353,724 
Case: 56,194 
Control: 
1,297,530 

12,354,392 
person 
years-total 
11.0 years 
-mean time 

Age 
Fertility status 

IVF 
Clomiphene citrate 
Other medications 

1-≥6 

Lundberg et al.[141] 2017 Cohort Sweden 1982– 2012 Total:1,340,211 Case: 9.6 years 
Control: 14.6 
years 

Age  
Parity 
Age at first birth  
Family history of 
breast cancer 

Clomiphene citrate 
Gonadotropins 

 

Kessous et al.[151] 2016 Cohort Israel 1988– 2013 Total:10,6031 
Case:4,363 
Control:101,668 

11.6 years 
-mean time 

Age 
Fertility status 
Obesity 

OI 
IVF 

 

van den 
Belt-Dusebout et 
al.[150] 

2016 Cohort Netherlands 1980-1995 Total: 25,108 
Case: 19,158 

21.1 years 
-median time 

Age 
Fertility status 
Family history of 
breast cancer 

IVF 1-≥7 

Reigstad et al.[130] 2015 Cohort Norway 1984– 2010 Total:808,834 
Case: 16,626 
Control: 
792,208 

12,401,121 
person 
years-total 
16.0 years 
-mean time 

Age  
Fertility status 
 Region of 
residence 

IVF、ICSI  

Luke et al.[142] 2015 Cohort USA 2004-2009 Total:113,226 
Case: 59,354 
Control: 53,872 

263,457 person 
years-total 
4.8 years-mean 
time 

Age  
Fertility status 
Cumulative FSH 
dosage 

FSH 
Clomiphene citrate 

1, 2, 3, 4, or 
≥5 

Brinton et al.[123] 2014 Cohort USA 1965-1988 Total: 9,892 285,332 person 
years-total 
30.0 years 
-median time 

Age 
Fertility status 
Family history of 
breast cancer 

Clomiphene 
Gonadotrophins 

<6->12 

Brinton et al.[143] 2013 Cohort Israel 1994-2011 Total: 87,403 704,241 person 
years-total 
8.1 years -mean 
time 

Age 
Fertility status 
Smoking and 
Drinking 

IVF including (GnRH 
analogues, 
Clomiphene, 
Progestogen) 

1-≥4 

Lerner-Geva et 
al.[131] 

2012 Cohort Israel 1964– 1974 Total:2,431 88,186 person 
years-total 
33.8 years 
-mean time 

Age Clomiphene citrate 
hMG 

 

Stewart et al.[44] 2012 Cohort Australia 1983-2002 Total: 21,025 
Case:7,381 
Control: 13,644 

16.3 years 
-mean time 

Age 
Fertility status 
Race 

IVF  

Yli-Kuha et al.[152] 2012 Cohort Finland 1996-2004 Total: 18,350 
Case: 9,175 
Control: 9,175 

7.8 years -mean 
time 

Socio-economic 
position 
Marital status 

IVF  
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Authors Publication 
years 

Designs Districts Periods of 
study 

Populations Following up 
years 

Adjusting factors Type of infertility 
treatment 

Cycles 

Källén et al.[145] 2011 Cohort Sweden 1982– 2006 Case:24,058 
Control: 
1,394,061 

 Age  
Fertility status  
Smoking 

IVF  

Silva Idos et al.[132] 2009 Cohort UK 1963– 1999 Total: 9,152 
Case:7,425 
Control: 1,727 

21.4 years 
-mean time 

Age  
Fertility status 

Clomiphene citrate  
Gonadotropins 

2–3 

Calderon-Margalit et 
al.[133] 

2009 Cohort Israel 1974– 2004 Total:14,463 424,193 person 
years-total 
29.0 years 
-mean time 

Age 
Socioeconomic 
status  
Geographic origin  
Fertility status 

Clomiphene citrate  

Orgéas et al.[153] 2009 Cohort Sweden 1961– 2004 Total:1,135 35,092 person 
years-total 
30.9 years 
-mean time 

Age  
Fertility status 

Clomiphene citrate  
Gonadotropins 

1-≥4 

Pappo et al.[125] 2008 Cohort Israel 1986– 2003 Total:3,375 27,327 person 
years-total 
8.1 years -mean 
time 

Age  
Fertility status 
Family history 

IVF 1–18 

Kristiansson et 
al.[134] 

2007 Cohort Denmark 1965-1998 Total:54,379 8.8 years -mean 
time 

Fertility status FSH 
hCG  
hMG 
GnRH 

 

Jensen et al.[154] 2007 Cohort Sweden 1981– 2001 Case: 8,716 
Control: 
64,0059 

Case: 6.2 years 
Control: 7.8 
years 

Age 
Fertility status 

IVF of COH  

Lerner-Geva et 
al.[135] 

2006 Cohort Israel 1964-1984 Total: 120,895 
Case: 5,788 

13.1 years 
-mean time 

Age  
Fertility status 
Use of oral 
contraceptives 

Clomiphene citrate 
hMG 

1-≥6 

Gauthier et al.[128] 2004 Cohort France 1990– 2000 Total:92,555  
Case: 6,602  
Control:85,953 

9.7 years -mean 
time 

Smoking  
BMI  
Self and familial 
history of breast 
cancer  
Age at menarche  
Menopausal status  
Fertility status 

Clomiphene citrate  
Gonadotropins 

 

Brinton et al.[136] 2004 Cohort USA 1965-1988 Total: 12,193 18.8 years 
-mean time 

Age  
Fertility status 
Family history of 
breast cancer 

Clomiphene 
Gonadotrophins 

<6->12 

Lerner-Geva et 
al.[155] 

2003 Cohort Israel 1984-1996 Total: 1,082 
Case: 5 

6.5 years -mean 
time 

Fertility status IVF 1-≥6 

Taheripanah et 
al.[149] 

2018 Case–control Iran 2011-2013 Case: 928 
Control: 928 

 Age 
Fertility status 
Family history of 
breast cancer  
OCP and HRT 

Clomiphene citrate 
hCG 

less or 
more than 
6 months 

Fei et al.[144] 2012 Case–control Worldwide 2008-2010 Total:3,091 
Case:1,422 
Control: 1,669 

 Age 
Fertility status 
Smoking and 
Drinking 

Clomiphene citrate 
FSH 

 

Burkman et al.[137] 2003 Case–control USA 1994– 1998 Case: 4,575  
Control: 4,682 

 Age  
Race 
Strata of study 
center 

Clomiphene, 
hMG 

<6-≥6 

 
 

Table 2B: Clinical researches on ART, detailed 

Estimating data Conclusions Possible errors 
Women with a history of infertility had 1.53 cm^3 higher absolute dense 
volume compared to non-infertile women (95% CI 0.70-2.35). Among 
infertile women, only those who had gone through COS treatment had a 
higher absolute dense volume than those who had not received any 
hormone treatment (adjusted MD=3.22, 95% CI 1.10-5.33). 

There was higher absolute dense volume in 
women treated with COS, which may 
indicate higher cancer risk in infertile women 
who undergo COS. 

C (The intentions for fertility medicines, the 
number of cycles of ART treatment, and the 
infertility diagnosis were not made clear.) 
G (There may be a chance of misclassification 
because the study relied on self-reports of 
infertility and fertility treatments.) 

The incidence rates of breast cancer per 10,000 person years were 11.9 
(95% CI, 10.7-13.3) and 10.7 (95% CI, 9.6-12.0) in the ART group and 
general population, respectively. The adjusted risk for breast cancer was 
similar in the ART group compared with the general population 
(HR=1.10, 95% CI 0.94-1.28). And among women diagnosed with breast 
cancer, the prevalence of BRCA1/2 mutations and tumor staging did not 
differ between the ART and general population groups. 

The risk of breast cancer among women 
treated by ART was similar to the risk among 
women who did not undergo fertility 
treatments. 

C (There was no way to subclassify exposed 
patients in the database based on the cause of their 
infertility) 
D (Not having certain breast cancer risk factors, 
such as a family history, taking oral 
contraceptives, getting hormone replacement 
treatment, etc.) 
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Estimating data Conclusions Possible errors 
H (The average age of patients with breast cancer 
was 42 years old, therefore the individuals were 
still reasonably young. Since 10% of breast cancer 
occurrences occur in those over 42, the study is 
unable to determine if ART influences the risk of 
breast cancer in the remaining 90% of cases.) 

The study findings indicated that there was no significant correlation 
between the risk of breast cancer and the administration of assisted 
reproductive technology (ART) treatment (HR=1.00, 95% CI 0.81-1.22). 
The study findings indicate that there was an increased risk of breast 
cancer in women who were exposed to clomiphene citrate (HR=1.12; 95% 
CI 0.93-1.35), particularly in women who had given birth (HR=1.26; 95% 
CI 1.03-1.54). 

The administration of ART is not generally 
linked to an elevated risk of breast cancer, 
while the administration of clomiphene 
citrate has been found to increase the risk of 
breast cancer. 

C (The study was susceptible to potential 
misclassification of exposure due to the limited 
scope of the database, which only encompasses 
data from 2004.) 
D (Insufficient family history information and the 
use of other treatments like OC) 
H (The participants in the study were relatively 
young, even at the conclusion of the study period.) 

5861 women were diagnosed with breast cancer, 695 among ART-treated 
and 5166 among untreated women (1.1% versus 0.9%, P < 0.0001), while 
after using Cox regression adjusted analyses, the risk of breast cancer was 
slightly increased among women treated with ART (HR=1.14, 95% CI 
1.12–1.16). 
The risk of breast cancer increased with higher age at ART treatment 
initiation and was highest among women initiating treatment at age 40þ 
years (HR=1.37, 95% CI 1.29–1.45). 

There is a slightly increased risk of breast 
cancer in women who underwent ART 
treatment, and also an increased risk of breast 
cancer associated with a higher age at ART 
treatment initiation has been shown. 

C (This study was unable to separate the possible 
impact of ART treatment on breast cancer risk 
from infertility since it did not include a reference 
group of infertile women not receiving ART 
treatment.) 
G (The study's limitations were the inability to 
discriminate between different subtypes of breast 
cancer and the exclusion of ductal carcinoma in 
situ as an outcome owing to national policy.) 

22 women were diagnosed with invasive breast cancer, compared with 
19.84 expected (SIR=1.11, 95% CI 0.69-1.68). 

Older women (≥40) undergoing IVF 
treatment were not significantly associated 
with an excess risk of cancer at long-term 
follow up. 

A (The overall sample was definitely small, as 
accessed from only two medical centers rather 
than being population based) 
C (No available treatment programs of IVF) 
D (There was a lack of all the breast cancer risk 
factors when considering adjusting factors as the 
dataset's deficiency) 
H (Use the SIR as a statistical parameter, and fail 
to consider other factors that influence breast 
cancer risk.) 

Of the 2514 BRCA1/2 mutation carriers, 76 were exposed to ovarian 
stimulation for IVF, and 938 BRCA1/2 mutation carriers were diagnosed 
with breast cancer. IVF exposure was associated with risk of breast cancer 
(HR=0.79, 95%CI 0.46-1.36). Similar results were found for the subgroups 
of subfertility women (n=232; HR=0.73, 95% CI 0.39-1.37). 

It was found for a negative association 
between ovarian stimulation for IVF and 
breast cancer risk in BRCA1/2 mutation 
carriers. 

A (Since fewer women were subjected to IVF 
overall, the study's power was nevertheless 
constrained by the small sample size.) 
C (Since data were self-reported, exact details on 
the regimens and cycles utilized in IVF were 
absent) 
D (When taking into account modifying variables, 
there was a deficiency in all breast cancer risk 
factors, partially owing to recollection bias 
resulting from the investigation's methods). 
G (Survival bias may have arisen from the 
retrospective research design if women exposed to 
IVF had tumors with a poorer prognosis) 

There is no significant change in risks of breast cancer overall (SIR=0.98, 
95% CI 0.94-1.01) or invasive breast cancer SIR=0.96, 95% CI 0.92-1.00), 
while an increased risk of in situ breast cancer (SIR=1.15, 95% CI 
1.02-1.29) 

No association between ART and invasive 
breast cancer risk, but increased risks of in 
situ breast cancer 

C (No ART treatment programs available) 
H (Use the SIR as a statistical parameter and 
neglect to take into account additional variables 
that can directly affect the risk of breast cancer 
from the entire set of data) 

The study findings indicated that there was no significant correlation 
between the risk of breast cancer and the administration of assisted 
reproductive technology (ART) treatment (HR=1.00, 95% CI 0.81-1.22). 
The study findings indicate that there was an increased risk of breast 
cancer in women who were exposed to clomiphene citrate (HR=1.12; 95% 
CI 0.93-1.35), particularly in women who had given birth (HR=1.26; 95% 
CI 1.03-1.54). 

The administration of ART is not generally 
linked to an elevated risk of breast cancer, 
while the administration of clomiphene 
citrate has been found to increase the risk of 
breast cancer. 

C (The study was susceptible to potential 
misclassification of exposure due to the limited 
scope of the database, which only encompasses 
data from 2004.) 
D (Insufficient family history information and the 
use of other treatments like OC) 
H (The participants in the study were relatively 
young, even at the conclusion of the study period.) 

The risk of breast cancer in women who gave birth after ART compared 
with women who gave birth after spontaneous conception were exhibited 
as follow (adjusted HR=0.84; 95%CI 0.74-0.95). 

Women treated with ART had a lower risk 
for breast cancer 

C (Fail to ascertain the number of ART cycles each 
woman had gone through) 

A total of 528 patients developed breast cancer during the follow-up 
period. The incidence of breast cancer was 0.4% among those treated with 
IVF (n=1149), 0.5% among those treated with OI (n=3214), and 0.4% 
among those not treated with ART. A t-test was conducted, yielding a 
p-value of 0.926, indicating no significant differences were found. 

No significant association was found 
between fertility treatments (OI and IVF) and 
future risk of breast cancer. 

D (Lack of knowledge about parity, family history, 
and awareness on other treatments like OC) 
H (The effect of other effects on patients who 
underwent ART compared to other patients could 
not be excluded because this study only used 
t-tests for patients who acquired breast cancer.) 

Breast cancer risk in IVF-treated women was not significantly different 
from that in the general population (SIR=1.01, 95% CI 0.93-1.09) and from 
the risk in the non-IVF group (HR=1.01, 95% CI 0.86-1.19).  
The SIR did not increase with longer time since treatment (≥20 years) in 
the IVF group (SIR=0.92, 95% CI 0.73-1.15) or in the non-IVF group 
(SIR=1.03, 95% CI 0.82-1.29]). 

The finding is consistent with absence of a 
significant increase in long-term risk of breast 
cancer among IVF-treated women. 

D (A number of possible confounding variables 
had high missing data rates, and there was an 
imbalance with the non-IVF group having 33% 
more missing data than the IVF group (16%)) 
G (Because cancer incidence was only known for 
responding women before to 1989 and not for 
nonresponding women due to statistical 
limitations, some instances may have gone 
unnoticed.) 

Compared with controls, an HR of 1.20 (95% CI 1.01-1.42) for women 
treated with IVF  
1.35 (95% CI 1.07-1.71) for women with follow-up >10 years 

Increased risk of breast cancer in women 
with ART. 

C (The number of cycles of ART treatment and the 
diagnosis of infertility were not specified.) 
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Estimating data Conclusions Possible errors 
Women treated with ART had a lower risk for breast cancer (for all 
women: SIR=0.83, 95% CI 0.75-0.91; women without prior ART: SIR=0.77, 
95% CI 0.66-0.89) 

Women treated with ART had a lower risk 
for breast cancer 

E (Only 4.8 years were followed up on) 
H (Use the SIR as a statistical metric; no specific 
risk factor information is available, but the 
research analyzes the HR of several adjusting 
factors.) 

Ever use of clomiphene citrate was not associated with risk (HR=1.05, 
95% CI 0.90-1.22) vs. never use.  
While ever use of gonadotrophins was slightly associated with risk 
(HR=1.14, 95% CI 0,89–1,44) vs. never use, and a significant relationship 
of use gonadotrophins with invasive cancers was seen among women 
who remained nulligravid (HR=1.98, 95% CI, 1.04-3.60). 

Fertility drugs stimulating ovulation are not 
associated with increased risk for breast 
cancer, but use of gonadotrophins was 
slightly associated. 

D (Not all women's possible confounders were 
included in the investigation.) 
F (There are comparatively few occurrences of 
breast cancer) 
H (Some of the derived risks had poor precision, 
especially within subgroups, and the subjects were 
still relatively young (52.7 years on average for 
patients with breast cancer).) 

There was a slightly decreased alteration in breast cancer risk among 
women who had received fertility treatment compared with those who 
received no treatment (HR=0.87, 95% CI 0.71–1.06). 

There were a slightly negative relationships 
of IVF exposures to the risks of breast 
cancers. 

C (Only roughly half of the study participants had 
information on the etiology of infertility.) 
D (Some information about other known risk 
factors, such as a family history of cancer and the 
use of oral contraceptives, was lacking.) 

Women treated for infertility had a higher risk for breast cancer (SIR=1.1, 
95% CI 0.98-1.36) 

Women treated for infertility had a 
borderline increased risk for breast cancer. 

A (The sample size was tiny overall.) 
C (The precise number of ART treatment cycles 
was not disclosed.) 
D (Inadequate knowledge about family history, 
parity, and other treatments like OC) 
F (There are comparatively few occurrences of 
breast cancer) 
H (Use the SIR as a statistical measure without 
considering additional variables that affect the risk 
of breast cancer.) 

There was no overall increase in the rate of breast cancer in women who 
had IVF (HR=1.10, 95% CI 0.88-1.36) 
There was an increased rate in women who commenced IVF at a young 
age (younger than 24 years old) (HR=1.59, 95% CI 1.05-2.42) 

There was no overall increase in the rate of 
breast cancer in women who had IVF, while 
commencing IVF treatment at a young age 
was associated with an increased rate of 
breast cancer. 

A (The sample size was tiny overall.) 
C (It was not possible to determine the number of 
IVF treatment cycles or the kinds or dosages of 
fertility medications.) 
D (Not having certain risk factors for breast 
cancer, such as a family history, using oral 
contraceptives, getting hormone replacement 
therapy, etc.) 

There were 115 breast cancer cases in general population and 55 breast 
cancer cases in exposed (OR=0.93, 95% CI 0.62–1.40) 

The breast cancer incidence was similar 
among IVF women and controls. 

A (The sample size was tiny overall.) 
C (There was no sign of infertility, and the dosage 
and number of treatment cycles with the 
prescribed medicine were unclear.) 
D (When taking into account modifying factors, 
not all breast cancer risk factors were present.) 
E (Short follow-up) 
F (There are comparatively few occurrences of 
breast cancer) 

Women used IVF had a lower risk for breast cancer compared with other 
women who have an infant during the observation period (OR= 0.76, 95% 
CI 0.62–0.94) 

Decreased risk of breast cancer in women 
with IVF treatment. 

C (The precise number of ART treatment cycles 
was not disclosed.) 
D (Lack of knowledge of alternate treatments, 
such as OC, and family history) 
E (Accurate follow-up time information is not 
provided.) 

Women treated with ovarian stimulation drugs had a higher risk for 
breast cancer (RR=1.15, 95% CI 0.80 – 1.68) 
Relative to the general population, the cohort experienced higher 
incidence of breast cancer (SIR=1.13, 95% CI 0.97–1.30) 

Data shows that women treated with ovarian 
stimulation drugs had a higher risk for breast 
cancer. 

C (Do not know the diagnosis of infertility) 
D (No information pertaining to family history) 
F (There are comparatively few occurrences of 
breast cancer) 

Women treated with ovulation induction had a higher risk for breast 
cancer (multivariate HR=1.42, 95% CI 0.99, 2.05) 

Ovulation induction was associated with a 
borderline-significant increased risk of breast 
cancer, and women who used drugs to 
induce ovulation had increased risks of 
cancer at any site. 

C (Details about the kind of infertility, the kind of 
treatment, and the number of cycles were lacking.) 
D (Lack of knowledge of alternate treatments, 
such as OC, and family history) 

The study showed no overall alternation in the risks for breast cancer 
with women under any exposure to hormonal fertility treatment (rates 
adjusted, SIR=1.01, 95% CI 0.77-1.31) 

No overall association between fertility drugs 
and breast cancer risk. 

A (The sample size was tiny overall.) 
F (There are comparatively few cases of breast 
cancer, even fewer than 100) 
H (Use the SIR as a statistical metric without 
taking into account various other variables that 
affect the risk of breast cancer.) 

Among 3,375 IVF-treated women, 35 breast carcinomas were diagnosed 
compared to 24.8 cases expected (SIR=1.4, 95% CI 0.98-1.96), which shew 
increased risk of breast cancer in women who used fertility treatment 
Multivariate analysis revealed that women who underwent >or=4 IVF 
cycles compared to those with one to three cycles were at risk to develop 
breast cancer, although not significantly (SIR = 1.9, 95% CI 0.95-3.81). 

There is probably an increased risk of breast 
cancer in women who used IVF treatment, 
and women who underwent more IVF cycles 
may experience higher risk. 

A (There was undoubtedly a limited sample size 
overall) 
E (The follow-up period is comparatively 
insufficient) 
F (There are comparatively few cases of breast 
cancer—less than 100 cases—in the world.) 

The study showed no overall increased breast cancer risk after use of 
fertility drugs (RR=0.94-1.28 according to different drugs), whereas use of 
progesterone increased breast cancer risk (RR=3.36, 95%CI 1.3-8.6) 

: The results showed no strong association 
between breast cancer risk and use of fertility 
drugs, while use of progesterone increased 
breast cancer risk significantly. 

C (The number of cycles of ART treatment and the 
diagnosis of infertility were not specified.) 
D (All non-research factor information is missing, 
with the exception of parity) 
F (There are comparatively few occurrences of 
breast cancer) 
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Estimating data Conclusions Possible errors 
In a multivariate Poisson regression analysis, adjusted RR of 0.93 (95% CI 
0.58-1.43) among IVF women was found for the risk of carcinoma in situ 
(CIS) of the breast cancer 

The women who underwent IVF treatment 
had no alternation of breast cancer. 

C (The precise number of ART treatment cycles 
was not disclosed.) 
D (No information was provided for smoking, the 
use of oral contraceptives, or the incidence of 
cancer in families.) 
E (The follow-up period is comparatively 
insufficient) 

Compared to 115.2 expected breast cancer cases, 131 cases were observed 
(SIR=1.1, 95% CI 0.9-1.4).  
Risk for breast cancer was significantly higher for women treated with 
clomiphene citrate (SIR=1.4, 95% CI 1.0-1.8). 

Infertility and usage of infertility drugs are 
not associated with increased risk for breast 
cancer in general. However, breast cancer 
risk is elevated when treated with 
clomiphene citrate. 

D (Lack family history information) 
G (The age at which breast cancer incidence peaks 
is not yet the mean age at the end of the 
follow-up). 
H (Use the SIR as a statistical metric without 
considering various other variables that affect the 
risk of breast cancer.) 

The study showed no overall association between breast cancer risk and 
treatment of ART (RR=0.95, 95% CI 0.82-1.11) 

No association between ART treatment and 
breast cancer. 

C (The number of cycles of ART treatment and the 
diagnosis of infertility were not specified.) 

Infertile patients had a significantly higher breast cancer risk than the 
general population (SIR=1.29, 95% CI 1.1-1.4).  
The cohort showed clomiphene adjusted RR is 1.02(95% CI 0.8–1.3) and 
gonadotrophins adjusted RR is 1.07(95% CI 0.7–1.6). 
When seen after > or = 20 years of follow-up, the cohort showed 
clomiphene adjusted RR=1.39 (95% CI 0.9–2.1) and gonadotrophins 
adjusted RR=1.54 (95% CI 0.8–3.2). 

There was no overall increase in breast cancer 
risk associated with use of 
ovulation-stimulating drugs, while slight and 
non-significant elevations in risk were seen 
for both drugs after > or = 20 years of 
follow-up. 

D (A handful of women's workups were 
incomplete, which left the causes of their infertility 
unclear) 
G (Twenty percent of the study participants could 
not be located, and an additional eleven percent 
did not grant permission to view their medical 
data). 

5 cases of breast cancer were observed as compared to 4.88 that were 
expected (SIR=1.02, 95% CI 0.33-2.39) 

Infertility treatment is not associated with 
increased risk for breast cancer. 

A (There was undoubtedly a limited sample size 
overall) 
C (The number of ART treatment cycles and the 
planned for fertility medicines were not made 
clear.) 
D (When taking into account modifying factors, 
the majority of the breast cancer risk factors were 
absent.) 
E(The follow-up was rather brief) 
F (Even five cases of breast cancer were reported, 
indicating a certain low number of cases) 
H (Use the SIR as a statistical metric without 
taking into account additional risk variables that 
affect the chance of developing breast cancer) 

The use of ovulation induction drugs was not significantly associated 
with an increased risk of breast cancer (OR=1.13, 95% CI 0.7-1.85) among 
women with infertility (OR=1.28, 95% Cl 0.8-1.95). 

There was no statistically significant 
relationship between infertility and ovulation 
induction drugs with the risk of breast cancer 

B (The sample size was rather modest overall.) 
C (The fact that the modifications had no effect on 
the total estimates suggests that these risk factors 
are not confounding the relationship between the 
use of reproductive medications and breast cancer 
risk.) 

Women who had used fertility drugs showed a non-statistically 
significantly decreased risk of breast cancer overall compared with 
nonusers (OR=0.82, 95% CI 0.63-1.08). 

The risk of breast cancer among women 
treated by ART was decreasing compared 
with nonusers. 

B (The sample size was rather modest overall.) 
C (The information about infertility diagnosis is 
lacking and the fertility-drug use is self-reported.) 
D (On average, the case sisters were younger than 
the control sisters.) 
G (At least a year passes following diagnosis; 
hence, some case sisters with more serious cancers 
passed away before contacting.) 

For all the women, infertility drugs were not associated with an overall 
increased risk of breast cancer (OR=0.9, 95% CI 0.8–1.2). However, the 
relative risk of breast cancer was substantially higher for women who 
used hMG for at least 6 cycles, ranging from 2.7 to 3.8. 

A history of overall infertility drug use was 
not associated with the risk of developing 
breast cancer, while long-term use of hMG 
could adversely affect risk of breast cancer. 

B (There were only 28 cases in the sample of 
patients with hMG, which was much smaller than 
the whole sample size). 
C (Do not know the diagnosis of infertility) 
D (Insufficient knowledge about reproductive 
status) 

 
Interestingly, it has been observed that 

mutations in the BRCA gene have a significant 
influence on both infertility and the risk of developing 
breast cancer. There is a consensus among researchers 
that mutations in the BRCA1/2 gene can lead to a 
substantial elevation in the risk of breast cancer. A 
growing body of evidence suggests that BRCA gene 
mutations can potentially have detrimental effects on 
ovarian reserve function in women and may lead to 
infertility[157, 158].This phenomenon gives rise to further 
concerns among clinicians and genetically susceptible 
women who are considering ART treatment, as they 
are apprehensive about the potential increased risk of 
breast cancer following the treatment[159].A total of 

three clinical studies that were relevant to this topic 
were included in our analysis. A large cohort study 
conducted by Machtinger et al. indicated that there 
was no significant difference between the group 
receiving ART and the general population in terms of 
the proportion of women with BRCA1/2 mutations 
among those diagnosed with breast cancer[148]. Similar 
correlations were reported by Derks-Smeets et al. and 
Perri et al. in their studies[146, 147]. Nonetheless, the 
current results do not directly alleviate the concerns of 
the patients involved, as the sample sizes of the 
current studies are still small. Hence, there exists a 
challenge in differentiating the population with BRCA 
mutations from the general population to draw 
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personalized conclusions regarding the correlation 
between ART and the risk of breast cancer. Additional 
clinical investigations in this domain are imperative 
and hold significant clinical relevance. 

According to the analysis of the significant 
clinical studies that were incorporated in this review, 
the conclusions derived from these studies were not 
uniform and were, in fact, contradictory. Based on the 
findings of the analysis, it is inconclusive to determine 
a definitive correlation between ART and the risk of 
breast cancer, whether positive or negative. The 
results suggest that there is no precise association 
between ART and the risk of breast cancer in patients, 
which aligns with the conclusions drawn in previous 
reviews[160, 161] and meta-analyses[25, 162-164]. 
Additionally, as previously stated, each of the clinical 
studies included in our analysis exhibited various 
factors that may have introduced errors into the 
experimental results. These factors could be attributed 
to different conditions or unavoidable issues 
encountered during the studies. Hence, it is crucial to 
approach the analysis and interpretation of these 
findings with prudence and critical evaluation. Since 
these findings are ambiguous and subject to scrutiny, 
more comprehensive and standardized clinical 
studies are still required to address this issue. 

5. Prospects for research and practices 
In the aforementioned theoretical analysis, 

various viewpoints have been investigated, indicating 
that the significant increase in estrogen, progesterone, 
HCG, prolactin, and other hormones and hormone 
derivatives resulting from assisted reproductive 
technology (ART) may potentially contribute to the 
initiation and progression of breast cancer. This 
assertion aligns with the prevailing consensus among 
numerous clinical practitioners and serves as a 
significant cause for apprehension among both 
medical professionals and patients. However, our 
subsequent review and analysis of recent clinically 
significant studies have resulted in disparate findings. 
Our analysis indicates a dearth of substantial evidence 
to establish a direct correlation between ART 
treatment and the risk of breast cancer development 
in patients. Nevertheless, it is crucial to acknowledge 
that the potential association between ART and breast 
cancer, while still uncertain and a topic of ongoing 
debate, does not pose a significant enough risk to 
compromise the breast health of individuals 
undergoing this particular treatment modality. This 
discovery holds the potential to address the concerns 
of patients and healthcare providers regarding the 
potential cancer risk linked to ART. 

In the clinical context, it is frequently observed 
that infertile women undergoing ART treatment often 

express concerns about potential side effects, 
including the development of breast cancer. However, 
the pronounced and conspicuous desire of these 
women to conceive and bear children surpasses these 
concerns, thereby rendering their motivation more 
conspicuous and persuasive[165]. As for the risk 
associated with ART, it is worth noting that although 
breast cancer is a prevalent form of cancer with a 
rising incidence rate, the overall risk to the population 
remains low, given that the incidence of breast cancer 
ranges from 30 to 90 cases per million individuals 
worldwide.[2, 166]. In fact, based on the existing 
clinical research data, it has been observed that in 
studies examining the association between ART and 
breast cancer risk, the relative risk (RR) identified is 
often below 1.5, indicating a relatively low increase in 
risk. Overall the advantages of ART are much greater 
than any potential disadvantages. Therefore, 
healthcare providers should not have concerns about 
refraining from offering ART to patients due to 
potential risks of breast cancer. 

Along with economic advancement and 
increased accessibility of information to the public, 
there is a rising public apprehension regarding the 
efficacy of medications and treatment programs. 
However, this research interest is not only exclusively 
centered on the effectiveness of the intervention but 
also encompasses an examination of the potential 
adverse effects and long-term implications. 
Furthermore, there has been a discernible increase in 
women's engagement with breast health, a 
phenomenon that carries substantial implications, as 
expounded upon in this scholarly article. When the 
potential risks associated with ART and breast cancer 
are not adequately and concisely explained to the 
patient, it may result in difficulties for the patient in 
making informed decisions about their treatment and 
result in unnecessary anxiety[167, 168]. Therefore, 
clinicians and researchers must undertake additional 
investigations into the association between ART and 
the potential risk of breast cancer, in order to elucidate 
the presence and extent of the risk. Thus, it remains 
crucial to undertake further rigorous and refined 
clinical studies. To advance our comprehension of the 
correlation between susceptibility to breast cancer and 
its association, we have compiled a set of 
recommendations on the most effective strategy for 
designing and implementing meticulously planned 
clinical trials and fundamental experiments, while 
also introducing innovative concepts into study 
design (Table 3). 

The distinctive attributes of ART treatment 
present notable medical and ethical complexities, 
rendering it unfeasible to carry out RCTs. 
Consequently, it is imperative to consider alternative 
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study designs, such as non-randomized approaches. 
Based on the analysis of existing clinical studies 
discussed in the preceding section and considering 
the established design criteria for clinical studies, it is 
crucial that clinical studies investigating the 
correlation between ART and the risk of breast cancer 
adhere to the following criteria. In the experimental 
design, the inclusion of a control group is of utmost 
importance. The control group should not only consist 
of individuals from the general population but also 
encompass infertile patients who have not undergone 
any form of fertility treatment. This criterion can be 
attributed to the absence of protective factors typically 
associated with pregnancy in infertile patients, 
resulting in a significantly higher susceptibility to 
breast cancer when compared to women who do not 
experience infertility[156]. Furthermore, in addition to 
considering the number of participants and the 
duration of follow-up, researchers must prioritize the 
inclusion of comprehensive clinical data. This 
includes accounting for confounding factors and 
factors associated with ART treatment to maintain the 
validity and reliability of the study[25]. Once the 
study has commenced, the researcher must exercise 
discretion in ensuring that the study group and the 
control group are subjected to the same level of 
follow-up. Additionally, the researcher must be 
mindful of the duration of the study's follow-up 
period and make efforts to minimize subject dropout. 
In the field of data analysis, it is of utmost importance 
to meticulously deliberate the choice of appropriate 
risk measures. This entails addressing errors factors to 
mitigate the potential influence of extraneous 
variables on the outcomes of the study[125, 169]. It is 
also advantageous to perform comprehensive 
subgroup analyses to monitor susceptible subgroups, 
thereby contributing to the examination of risk 
heterogeneity and precision medicine[162]. 

 

Table 3: Related experiments 

Levels  Experimental Types 
   
Cellular level  Signaling pathways 
  Cellular Epigenetic Assays 
  Single-cell sequencing 
  Cellular Epigenetic Assays 
   
Tissue level  Microenvironmental Analysis 
  Histopathology 
  Tissue Transcription Analysis 
  Animal and Organoid Models 
   
Clinical Level  Prospective Studies 
  Retrospective Studies 
  Subgroup Analysis 
  Meta-analysis 

 

In addition, it is crucial to perform thorough 
examinations on the breast tissue of patients who 
have undergone ART. These examinations should 
encompass a comprehensive range of analytical 
levels, comprising molecular, microenvironmental, 
and tissue assessments. Besides, it is imperative to 
investigate comparable therapeutic approaches on 
breast cells or animal models that replicate the 
hormonal and structural changes encountered by 
individuals after undergoing ART treatment. At the 
genetic and molecular biology level, researchers 
possess the capacity to perform transcriptional 
analysis on breast tissue samples acquired from 
patients. By comparing these samples with those 
obtained from infertile women and women with 
normal pregnancies, researchers can examine 
potential changes in chromosomal and genetic 
damage, as well as signaling pathways, after 
treatment[68, 101, 170, 171]. At the 
microenvironmental level, it is imperative to detect 
reproductive hormones and their metabolites in the 
breast tissue of patients undergoing ART treatment. 
This is particularly important in identifying toxic 
substances that are closely associated with cancer 
development, as well as cytokines like HIF-1[62, 77, 
108, 126]. At the tissue level, it is advantageous to 
identify epigenetic remodeling of mammary cells and 
alterations in the structure of mammary tissue to 
ascertain the predisposition to breast cancer[77, 78, 93, 
172]. While the alterations in the body resulting from 
ART are highly intricate and unpredictable, there 
remains a demand for replication of the modifications 
in the body's internal milieu induced by ART as 
closely as feasible in in vitro cellular and animal 
experiments[173, 174]. To enhance the 
comprehensiveness of the knowledge regarding the 
association between ART and the potential risk of 
breast cancer, future investigations must incorporate 
more comprehensive patient testing and fundamental 
experiments. 

According to the latest research findings, there is 
currently no conclusive evidence establishing a direct 
correlation between ART and the incidence of breast 
cancer. Therefore, it is not recommended for clinicians 
to make any specific modifications to breast health 
care or treatment plans for patients who have 
undergone ART. Of course, when a patient who is 
either on the verge of undergoing or has already 
undergone ART expresses apprehensions regarding 
the potential risk of developing breast cancer in the 
future, it is imperative that the physician offers a 
comprehensive explanation to the patient[175]. This 
explanation should highlight the absence of a 
conclusive correlation between ART and breast cancer 
and temper the psychological burden experienced by 
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patients. If, based on future extensive clinical and 
basic science research, it is established that ART 
actually does increase the risk of breast cancer in 
patients, this finding should not be a cause for 
increased concern either. Breast cancer is commonly 
acknowledged as a multi-strike ailment that 
encompasses various factors and mechanisms in its 
pathogenesis, and it is imperative to acknowledge 
that no individual risk factor in isolation presents a 
substantial peril to the well-being of patients[176]. 
Simultaneously, there are established protocols and 
clinical programs that have been specifically 
developed for women who have a higher risk of 
developing breast cancer in comparison to the general 
population. In instances where patients exhibit 
high-risk factors, it is advisable to adopt a more 
rigorous approach to screening for breast disease, 
including reducing the time intervals between 
screenings and contemplating the utilization of 
additional diagnostic tests[177-180]. Relevant 
investigations encompass a range of clinical 
assessment methods, laboratory tests, imaging tests, 
pathology tests, and other related procedures[181, 
182]. Especially for ART patients with significant risk 
factors for breast cancer, such as advanced age, a 
family history of cancer, or the presence of 

precancerous lesions, it is advisable to facilitate a 
multidisciplinary team (MDT) discussion and 
consultation[183]. This collaborative effort should 
involve reproductive physicians, breast specialists, 
and genetic counselors to ensure the preservation of 
patients' breast health and effectively manage any 
potential risks related to breast cancer. Additionally, 
breast professionals can recommend the utilization of 
advanced techniques such as X-ray and 
ultrasound[184]. Furthermore, breast specialists and 
oncologists may consider incorporating the 
BOADICEA model in the assessment of patients who 
have undergone ART treatment and exhibit multiple 
risk factors[185]. When conditions permit, it is also 
essential and advantageous to undergo testing for 
cancer susceptibility genes and to receive risk 
counseling. For patients with suspected precancerous 
lesions in the breast that have already been 
discovered, it is possible to undergo a pathological 
test of the breast lesions before receiving ART 
treatment[186].(Fig. 4) Researchers who are interested 
in this field can further explore these methods 
through comprehensive investigations, which may 
ultimately provide benefits to all breast cancer 
patients and individuals at a heightened risk of 
developing breast cancer. 

 

 
Figure 4: Breast health care for ART patients. An MDT typically involves a gathering of doctors or clinician scientists from various disciplines to deliberate on the clinical issues 
of a specific patient. The aim is to improve the resolution of complex clinical problems and offer more personalized and comprehensive medical guidance to the patient. This 
diagram illustrates the potential content and procedures of an MDT for the patient in question. For ART patients who face significant additional risk factors for breast cancer, an 
MDT involving a reproductive physician, breast specialist, and genetic counselor is beneficial. This process would include conventional tools such as clinical evaluation, imaging, 
and pathology, as well as novel tools like cancer prediction modeling and genetic testing. Some innovative tests that are not yet in clinical use are also included, and they may yield 
unexpected results for patients undergoing ART. MDT, multidisciplinary team; ART, assisted reproductive technology; MRI, magnetic resonance imaging. 
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6. Conclusions and future perspectives 
Societal progress has coincided with a growing 

prevalence of infertility among women. Assisted 
reproductive technology (ART) has emerged as an 
essential therapeutic approach for individuals seeking 
to realize their aspirations of parenthood. 
Nevertheless, the increasing concern among patients 
and clinicians regarding the potential correlation 
between and the risk of breast cancer is primarily 
driven by the perceived association between 
reproductive hormones and this disease. From a 
theoretical standpoint, the administration of ART 
treatment inherently entails the exposure of patients 
to elevated concentrations of reproductive hormones, 
including estrogen and progesterone, along with their 
corresponding metabolites, within a condensed 
timeframe. This alteration appears to be correlated 
with an elevated susceptibility to the development of 
breast cancer, which has been demonstrated in 
previous literatures. However, the current body of 
clinical evidence does not provide robust support for 
this assertion. Our comprehensive analysis of recent 
clinical studies reveals that although certain cohort 
studies demonstrate a potential positive correlation 
between ART treatment and breast cancer, further 
investigation indicates that the association remains 
uncertain, and there is even evidence suggesting that 
ART treatment might mitigate the risk of developing 
breast cancer. Therefore, based on the analysis of 
clinical studies, it can be affirmed that there is no 
conclusive evidence supporting a direct association 
between ART treatment and the incidence of breast 
cancer at this time. 

Despite the perplexing nature of this conflict, the 
association between ART and the risk of breast cancer 
remains ambiguous. However, we have also observed 
relatively positive indications, indicating that there is 
no definitive correlation between ART and the 
incidence of breast cancer in patients undergoing 
treatment. Even if a potential correlation between the 
mentioned risk factors is substantiated in the future, it 
is important to note that the level of risk is relatively 
low; thus, it is probably unlikely to represent a 
significant burden to the overall breast health of 
patients. This might reduce any unwarranted anxiety 
about potential negative effects of treatment on breast 
health between the patient and the reproductive 
specialist before the patient undergoes ART. In the 
meantime, more comprehensive and standardized 
clinical studies are required to establish higher-level 
evidence, and it is also imperative that advances in 
corresponding basic research be made. It is 
anticipated that forthcoming research will provide 
further insight into the association between and the 

risk of developing breast cancer. Additionally, it is 
expected that this research will shed light on the 
alterations occurring in breast tissue and the potential 
underlying mechanisms involved in this process. 
Conclusive findings hold the potential to mitigate the 
anxieties and errors in clinical decision-making that 
arise from ambiguous information, benefiting both 
patients and healthcare professionals in the context of 
ART. 
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