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Abstract. Renal Cell Carcinoma (RCC) is the most common 
type of cancer in the kidney and is mostly asymptomatic. 
Previous studies have supported the important role of sex 
hormones in RCC pathophysiology and that targeted hormone 
receptor therapy, such as estrogen receptor targeting, is a 
promising treatment strategy. However, to the best of our 
knowledge, it remains unknown whether hormonal therapy, 
such as controlled ovarian stimulation for in vitro fertiliza‑
tion, serves a role in the development and progression of RCC. 
The present report describes a case of RCC developed after 
a fertility stimulation therapy and provides a summary of 
the known literature on the role of hormone receptors in the 
development and progression of RCC. A 35‑year‑old woman 
received fertility stimulation treatment with follitropin alfa 
900 units, human chorionic gonadotropic hormone 5,000 units, 
injectable leuprolide 1 mg/0.2 ml and cetrotide 0.25 mg. The 
patient presented to the hospital with shortness of breath and 
weight loss. The patient had no known genetic predisposition or 
family history of malignancies and no exposure to chemicals. 
The patient never used tobacco, alcohol or recreational drugs. 
Imaging revealed a 17x19 mm, heterogeneously enhancing, 
and partially exophytic mass in the right kidney. After partial 
nephrectomy, the pathological evaluation confirmed the diag‑
nosis of clear cell RCC. To the best of our knowledge, this 
was the first time that a case of ovarian stimulation therapy 
was associated with the development of RCC. This case raises 
concerns about the potential oncogenic effect of controlled 
ovarian stimulation therapy in RCC promotion, suggesting a 

need for systematic research to clarify the clinical significance 
of existing pre‑clinical data.

Introduction

Kidney cancers affect more than a million people world‑
wide, with an annual incidence of 400,000 cases per year. 
In 2018 kidney cancer was the 8th most common cancer in 
men (634,383 cases) and the 12th most common in women 
(391,347 cases). During the same year, 175,089 deaths were 
related to kidney cancer, accounting as the 16th cause of death 
from cancer worldwide (1). Although kidney cancer incidence 
has increased worldwide, improvements in mortality have 
been observed only in developed countries (2‑4). 

Most kidney cancers are RCC, of which clear cell RCC is 
the most common (70‑85% of cases), followed by papillary 
RCC (10%) and chromophobe RCC (5,6). Clear cell RCC are 
usually solitary and tend to invade the renal sinus structures, 
renal vein tributaries, and lymph nodes and possibly metasta‑
size to the lungs, liver, adrenal glands, and brain (5,6). Risk 
factors include obesity, active and passive cigarette smoking, 
hypertension, end‑stage renal failure, long‑term renal dialysis, 
while 2‑3% are hereditary (3,6). 

More than half of all RCC are incidentally discovered 
during imaging. Patients who develop symptoms may present 
with flank pain, macroscopic hematuria, and palpable abdom‑
inal mass. Those with metastatic disease may experience with 
shortness of breath, headache, bone pain, or paraneoplastic 
syndromes (7). Given that most RCC are asymptomatic, the 
majority are diagnosed as incidental findings on imaging. CT 
and MRI of the abdomen are usually performed to evaluate 
the mass's characteristics and assess the metastasis that deter‑
mines the tumor stage.  

According to the National Health Survey of Family Growth, 
in the US between 2006‑2010, among all women aged 15‑44 
and their partners, twelve percent had impaired fecundity and 
had used infertility services (8), with IVF used by 275,000 
women aged 25‑44 over the same period (9). IVF is a method 
used to treat infertility by combining hormone analogs to 
induce controlled ovarian stimulation for oocyte develop‑
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ment (10). As a result of this treatment, multiple mature oocytes 
can be retrieved, fertilized in vitro, and implanted, increasing 
the chances of a live birth. In particular, and similar to our 
case, patients undergoing fertility stimulation therapy usually 
receive follitropin alfa, HCG, leuprolide (injectable treatment), 
and cetrotide (11‑14). Follitropin alfa, or follicle‑stimulating 
hormone (FSH), is a hormone promoting the development and 
maturation of oocytes in the ovaries (11). HCG is a hormone that 
supports the maturation of follicles and promotes the release of 
estrogens from the luteal body (12). Leuprolide is a synthetic 
gonadotropin‑releasing hormone (GnRH) (13). Cetrotide is used 
to block the hormone GnRH to be released from the ovaries, 
regulating hormone responses in women during fertility treat‑
ments (14). Direct morbidity and mortality related to IVF are 
relatively low. Possible complications include ovarian hyperstim‑
ulation syndrome, thrombosis, infection, multiple pregnancies, 
allergic reactions, and anesthetic complications (15). 

Recent studies comparing the risk of developing cancer 
between women undergoing controlled ovarian stimulation 
and the general population have not provided convincing 
evidence of an excessive risk for all gynecological cancers (16), 
including ovarian (17,18) and breast cancer (19,20). Little 
is known about the implications and possible associations 
of controlled ovarian stimulation and the development or 
progression of other solid tumors such as RCC. 

Epidemiological and biochemical data show that Renal 
Cell Carcinoma (RCC) development and progression are asso‑
ciated with sex‑hormone dysregulation (21). In this case, we 
describe the diagnosis of RCC in a nulliparous woman received 
controlled ovarian stimulation for in vitro fertilization (IVF). 
We aim to raise awareness of the potential oncogenic effect of 
hormonal therapy used for IVF and review the role of hormone 
receptors in the development and progression of RCC.

Case report

A 35‑year‑old nulliparous woman with no past medical 
history other than difficulty in conceiving received fertility 
stimulation therapy with follitropin alfa (900 Units), human 
chorionic gonadotropic hormone (HCG) (5,000 Units), leup‑
rolide (1 mg/0.2 ml injectable therapy), and cetrotide 0.25 mg. 
She was referred to the hospital to evaluate a three‑day history 
of intermittent shortness of breath associated with stressful 
situations. She did not have chest pain, wheezing, cough, fever 
or chills, and had lost 3‑5 pounds over the last two months. 
She did not use tobacco, alcohol, or recreational drugs, had 
no known exposure to chemicals, and had a negative family 
history of malignancies. 

The patient's vital signs, laboratory values, and physical 
exam were generally non‑revealing. Given the risk for throm‑
boembolism, since the patient was on hormonal therapy, a 
Computed Tomographic Pulmonary Angiography (CTPA) 
was performed. Although no cardiopulmonary pathology was 
found, a 17x19 mm heterogeneously enhancing and partially 
exophytic mass was described in the right kidney. Subsequent 
abdominal Magnetic Resonance Imaging (MRI) better delin‑
eated an enhancing lesion with internal septations at the lateral 
aspect of the right kidney suspected for RCC. The patient 
underwent partial nephrectomy, and pathological evaluation 
confirmed the diagnosis of clear cell RCC. 

Discussion

RCC's high incidence in men and the negative correlation 
between RCC and menarche age, hysterectomy, and high 
parity in women suggested that sex hormones play a role 
in RCC (22,23). Most recent studies have shown that the 
pathophysiology of RCC and its progression are hormonally 
influenced via autocrine or paracrine modes. The RCC cells 
often express receptors, including gonadotropin‑releasing 
hormone receptor (GnRHR), follicle‑stimulating hormone 
receptor (FSHR), estrogen receptor (ER), androgen receptor 
(AR), and progesterone receptor (PR) (21,24). AR positivity 
appears to be correlated with a better prognosis, however, 
more research is needed on its effects. 

In a sample of surgically removed RCC tumors and human 
cell lines, a GnRHR overexpression was detected, and the 
use of GnRH antagonists inhibited tumor growth (21,25). 
FSHR has also been found to be overexpressed in the RCC 
endothelium, and their stimulation accelerates neovascular‑
ization, possibly by inducing vascular endothelial growth 
factor (VEGF) expression (26). Additionally, the periphery 
and luminal location of FSHR within the RCC tumor has 
been linked to the promotion of intravasation and, therefore, 
metastatic potential (26,27). Furthermore, FSHR expression 
has been identified as a positive predictive marker of tumor 
response to the antitumor drug sunitinib (28). 

Estrogens play vital physiological roles in the body through 
two different estrogen receptors, ER‑α and ER‑β (29,30), that 
appeared to be controlled by gonadotropins (31,32). The biolog‑
ical functions of ER‑α and ER‑β are different (33). In normal 
conditions, their function maintains a homeostatic balance (34). 
However, this balance appears to be disrupted in tumors (34). 
It has been suggested that ER‑α and ER‑β present with vari‑
able expressions in RCC cells that may affect the prognosis and 
outcome of the disease (21,35,36). The ER‑α gene is considered 
to play a role as a tumor promoter in RCC by increasing the 
transcription of growth‑related factors that regulate the activa‑
tion of downstream genes, leading to carcinogenesis (21,33,34). 
A variant of ER‑α, ER‑α36, was previously identified in RCC 
and may play a role in the progression of RCC (37). Despite 
the previous belief that ER‑β has a tumor‑suppressive effect on 
RCC, recent studies have shown the opposite (38‑40). Genomic 
analysis of clinical samples from RCC patients revealed that 
high expression of ER‑β was associated with a more advanced 
stage and a worse prognosis, including shorter overall survival 
and disease‑free survival (38). ER‑β enhances tumor growth 
and invasion by regulating HOTAIR expression, a crucial 
long non‑coding RNA (lncRNA) with oncogenic effect (38). 
HOTAIR downregulates the expression of several microRNAs 
(miRNA) with tumor suppressor roles, including miR‑138, 
‑204, ‑217 by direct antagonization and miR‑200c by epigenetic 
modulation, as well upregulates various oncogenes, including 
VEGFA and EZH2, that promote RCC progression (38).  

Many advances in treating progressive and advanced RCC 
disease, targeting different tumor processes, have evolved over 
recent years (41). Inhibition of hormonal signaling may thus 
play a putative role in supportive therapies against this cancer. 
So far, some attempts to target ER and other sex‑hormone 
receptors as an adjunctive treatment of RCC have had some 
promissory effects (21,42,43). 
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To our knowledge, this is the first time that a case of 
ovarian stimulation therapy has been linked to RCC devel‑
opment. Although sex hormones may play a significant role 
in the pathophysiology of RCC, no study has investigated 
the possible effect of hormonal therapy and, in particular 
controlled ovarian stimulation therapy, on the development 
of RCC. Although epidemiological studies have not shown 
a clear association between controlled ovarian stimulation 
and RCC, given the increasing number of patients receiving 
these treatments, further study is needed, including a larger 
number of patients and longer follow‑up. We believe that 
a large observational study with long‑term follow‑up will 
clarify the association between RCC development and the 
use of sex hormones in women undergoing controlled ovarian 
stimulation therapy.

In general, similar to our case, in patients with clinical 
suspicion, either CT or MRI imaging is the first step in evalu‑
ating renal cell carcinoma. In isolated mass cases, partial or 
total nephrectomy is preferred compared to biopsy because it 
can provide more information for tumor staging (44). 

The determination of hormone receptors in RCC is not 
commonly performed. Foersch et al (45), in a recent study, 
suggested that the androgen receptor expression might be 
associated with a favorable prognosis. On the other hand, 
El‑Deek et al (36), showed that high cytoplasmic ER levels 
lead to shorter overall survival and disease‑free survival, 
suggesting the prognostic value of the ER expression as an 
indicator of poor prognosis. The expression of sex‑hormone 
receptors in the patient's tumor involved in this case was 
not measured due to financial constraints. We suggest that 
measuring sex‑hormone expression in documented clear cell 
RCC in large‑scale clinical studies will provide valuable 
prognostic and diagnostic information, as well as aid in the 
development of new potential adjuvant therapies. 

In conclusion, recent data support that sex hormones 
and their receptors have an important role in RCC patho‑
physiology, suggesting that the presence of excess hormones 
in patients could increase the risk for RCC. In this case, we 
raise awareness of the need for more systematic research to 
clarify the potential oncogenic effect of controlled ovarian 
stimulation therapy and the clinical significance of the existing 
pre‑clinical data.
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