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Leiomyosarcoma: Epidemiology and treatment approaches
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Background: Leiomyosarcoma (LMS) is an uncommon type of tumour found
in the uterus, comprising about one percent of cancers in women and playing
a substantial role in uterine cancer fatalities. The resemblance to benign
leiomyomas complicates pre-surgery detection, possibly leading to improper
use of myomectomy and morcellation, causing concerns. Managing Uterine
Leiomyosarcoma (ULMS) is particularly challenging due to its aggressive
nature and resistance to standard therapies. Predictive algorithms provide
accurate forecasts, although the time of diagnosis is critical for survival.

Aim of the study: This study evaluates the effectiveness of existing surgical
and medicinal treatments for ULMS, concentrating on targeted therapy and
examining the influence of uterine morcellation on gynaecologic surgical
practices. The main goal is to improve knowledge of ULMS, investigate early
detection techniques, and assess new treatments.

Materials and Methods: Study employs a comprehensive analysis of existing
literature, emphasizing surgical techniques, medicinal approaches, and
the effects of certain medicines including olaratumab, trabectedin, and
pazopanib. The current examination focuses on aromatase inhibitors and
immunotherapies.

Results: However, treating ULMS is challenging, Food and Drug Administration
(FDA)-approved targeted therapies have shown efficacy against uterine and
other LMSs. The present research concentrates on creating methods for
detecting diseases at an early stage and exploring new treatments, such as
aromatase inhibitors and immunotherapies.

Conclusion: Study emphasizes the necessity for enhanced detection methods
for ULMS due to its deceptive resemblance to benign tumours. Investigation of
new treatments and the effects of uterine morcellation on surgical techniques
is crucial for improving the management of ULMS, even with the effectiveness
of FDA-approved therapies.
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INTRODUCTION

The
Leiomyosarcoma (LMS) develops from smooth muscle cells.

very uncommon malignant tumour known as
Here is some information on the epidemiology and treatment
approaches of LMS. LMS accounts for about 5% to 10% of all
squashy tissue sarcomas. The incidence of LMS is approximately
1.0-1.5 per 100,000 people per year. LMS can happen usually
diagnosed among adults’ maturity period between 50 years
to 60 years. LMS can arise in various locations in the body,
including the uterus, gastrointestinal tract, retroperitoneum,
and extremities [1]. Treatment approaches surgery is the primary
treatment for LMS if the tumour is resectable. The amount of
the operation depends on the location and dimension of the
tumour. Radiation therapy may be used before or after surgery to
improve local control and decrease the risk of local recurrence.
Chemotherapy is generally reserved for advanced or metastatic
LMS, although it may be used in some cases to shrink the tumour
before surgery or to prevent recurrence after surgery. Targeted
therapies, like inhibitors of tyrosine kinase, are being investigated
for the treatment of LMS, but their role in clinical practice is still
limited [2]. A longer survival rate is related to the occurrence of
distant tumours at the point of diagnosis. The prognosis of LMS
may also be affected by the effectiveness of therapy. Surgery was
the main treatment for LMS, and the extent of coverage for the
surgery is determined by the tumour’s position and thickness.
Both “radiation therapy” and “chemotherapy” are used to
enhance local control and reduce the chance of recurrence, with
different outcomes based on the tumour’s features. Every case of
LMS is unique, and its prospects should be explored with the
patient's healthcare team [3]. Surgery is the primary treatment
for LMS, if the tumour is respectable. The position and thickness
of the tumour dictate the scope of the operation. Surgical
intervention can be curative in some instances, particularly when
the tumour is low-grade and has not spread. Radiation therapy
may be used before or after surgery to improve local control
and lower the chance of a localized recurrence. In some cases,
radiation therapy may be used as the primary treatment for LMS,
especially if the tumour is not amenable to surgery [4]. Research
is being conducted on the use of tyrosine kinase inhibitors as
targeted therapy for treating LMS. These treatments concentrate
on particular molecular pathways crucial for the development
and persistence of tumours. Their impact on clinical practice
remains restricted. Palliative care may be offered to patients with
advanced or metastatic LMS to improve their quality of life
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and relieve symptoms may include pain management, symptom
control, and psychological support. It's important to note that
the treatment approaches for LMS may be complex and require
multidisciplinary team approach [5]. Primary cardiac tumours are
indeed rare neoplasms with a very low prevalence. The prevalence
of primary cardiac tumours is estimated to be less than 0.03%
based on several studies. Primary cardiac tumours are defined
as tumours that originate in the heart or the great vessels and
can be either benign or malignant. The majority common type
of principal cardiac tumour is myxoma, followed by sarcoma,
fibroma, and lipoma. Primary cardiac tumours can cause types of
symptoms supporting on their location, size, and type, including
chest pain, dyspnea, palpitations, and syncope [6].

The majority of uterine Leiomyosarcoma (ULMS) originate in
the myometrium, which is the muscular layer of the uterus. ULMS
had been dangerous as well as uncommon type of cancer which
arises from smooth muscle cells uterus. While most leiomyomas,
or fibroids, are benign tumours of the uterus, a small percentage
can develop into LMSs. Growing ULMS increases the risk of
maturity and tumour presentation symptoms such as bleeding
from the vagina or pelvic discomfort [7]. The main therapy for
ULMS is surgery, and the extent of the surgery is determined
by the size and location of the cancerous growth. “Radiation-
therapy” as well as “chemo-therapy” may also utilize improve
local control; decrease a risk of recurrence, especially in cases with
high-grade tumours. Targeted therapies and immunotherapies
are being investigated for the treatment of ULMS, although their
role in clinical practice is still limited [8]. LMS of soft tissue is a
relatively uncommon malignant tumour that can occur anywhere
in the body. LMS is a type of cancer that arises from the smooth
muscle cells, which are cells that are normally found the blood
vessels and hollow organisms, like a uterus, abdomen, and guts.
However, LMS can be occurring in soft tissues, such as the muscles
and connective tissues of the limbs, trunk, and retroperitoneum
[9]. The diagnosis of LMS of soft tissue typically requires a
combination of imaging studies, such as Magnetic Resonance
Imaging (MRI), Positron Emission Tomography (PET) scanning,
and Computed Tomography (CT), and biopsy procedures
are used to determine whether tumours are present. Available
therapies in LMS of soft tissue depend on several characteristics
include the person's age and health in general, in addition to the
tumour’s dimensions, position, or phase. An operation "radiation-
therapy’, "chemotherapy" or specific treatments are all possible
forms of treatments among others [10]. LMS is the most frequent
histologic subgroup of uterus sarcoma, affecting around 50%-60%
of every instance. However, the statement that LMS represents
52% of all gynaecologic sarcomas is not accurate, as there are
other types of gynaccological endometrial stromal "sarcoma’,
among other "sarcomas’, adenosarcoma, and undifferentiated
“sarcoma”. It's also worth noting that the incidence of uterine
sarcomas is low, with only about 1-2 cases per 100,000 women
per year [11]. Synovial Chondrosarcoma (SCS) may develop in
the bones, soft tissues, or organs, among other areas of the body.
Typically, a diagnosis of SCS was made after considering "clinical,’
"radiological,’ and "pathological-findings." Although a biopsy is
often required to confirm the diagnosis [12]. Depending on the
nature, location, stage, and grade of the tumour, there are many
treatment options for SCS. Most SCS instances are treated
primarily with surgery, while in certain circumstances radiation
therapy and chemotherapy may be included. Depending on the

precise subtype of the tumour, as well as its stage and grade at the
time of diagnosis, the prognosis for SCS varies significantly [13].
ULMS are vaginal tumours that form in the smooth cells of muscle
of the uterus walls. By the time women reach the age of 50, these
tumours may impact up to 70% of them. Although the cause of
ULMS is not fully known, hormones, especially progesterone and
estrogen, are suspected to have a role. Age, obesity, and a family
history of the illness are other risk factors for ULMS development
[14]. Angiogenic LMS is a type of soft tissue sarcoma that is
characterized by the abnormal growth of smooth muscle cells and
the formation in new “blood vessels” While it is a rare form of
sarcoma, it is known to occur most commonly in the lower vena
cava, or inferior vena an important bodily vein that travels through

the lower body to the heart [15].

LITERATURE REVIEW

Research discovered the modifications in a certain number of
copies of variant areas that influence some cancer suppressor genes'
expression. A transcriptome study found changes in structure that
targeted as well as 489 genes that were differentially expressed
between those two situations [16]. The essay summarized the
research being done to determine if addressing these mutations
in ULMS models or other tumours in the clinic is beneficial.
Clarification of the ULMS genetic landscape over the last
several decades has uncovered several recurrent mutations. The
article discussed how including ULMS in clinical trial designs
could boost patients' chances of surviving [17]. The case study
examined Leiomyosarcomas, which were uncommon malignant
smooth muscle tumours. It is quite uncommon for this illness
to affect the cutaneous LMS [18]. The Research extracted when
removed with negative surgical margins and a total auriculectomy
was the preferred course of action, and the right margins must
be carefully considered [19]. The article determined Colon
primary LMS were uncommon, aggressive neoplasms that are
seldom described in the literature. The tumours were often
misdiagnosed as colon adenocarcinomas despite being more
aggressive and having worse prognoses. While the latter is linked
to “Inflammatory Bowel Disease” (IBD), there was no known
connection between LMS and IBD [20]. The overview objective
of the goal was the recognized connection between malignancy
and immunosuppression for other illnesses, there is a documented
correlation between LMS and the immunosuppression for IBD.
Due to the disease entity's low incidence, there is little information
and literature on how to diagnose and treat these neoplasms,
particularly when they were combined with the aforementioned
comorbidities [21]. The research described the two examples of
the uncommon entity presented in two distinct settings: the first
included immunosuppression for rheumatoid arthritis and IBD.
Pathologic examination led to the establishment of both diagnoses
[22]. The essay techniques were used to evaluate the prevalence of
mycoplasmas across cancer patients worldwide [23]. The Research
extracted It should be acknowledged that the discovery of
mycoplasmas. To properly understand the job, in-depth research
is required. The article's improvements to cancer diagnosis and
its prevention would be significant [24]. The Research preferred
the precise gene expression determined by the identification of
strongly correlated methylation site characteristics that have been
linked to sarcoma in published studies. Additionally, we were able
to classify sarcoma subtypes using the quantitative rules produced
by the decision tree algorithm, which opened up new avenues for
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clinical identification and helped us identify novel therapeutic
targets [25].

The function of surgery in the early stage

The main procedure for the removal of soft tissue sarcomas,
especially ULMS, is a crucial part of treatment and contributes
to improved survival. The “National Council on Comprehensive
Carcinoma Network” (NCCN) treatment recommendations
suggest that the ultimate aim of first therapy for a uterine
"sarcoma’ as well as the soft-tissue "sarcoma” are complete, "en

bloc" operatically removal growth along unfavourable boundaries.
Women who undergo cytoreduction and no substantial residual
illness may do better when there is sarcomatosis. Figure 1 examined
the uterine lymph node basins is required, and any clinically larger
nodes should be eliminated. Because thoracic tumours have
become isolated, retrospective study evidence supports surgical
excision of the disease. However, it is not surprising those women
with inaccessible metastases who had all detectable discases
surgically uninvolved had better results.

Uterine sarcoma

Endometrium "‘-.\

Myometrium ‘T

Cervix

Vagin

,f\ /)7"—- Sarcoma
/

Fig. 1. The uterine muscular wall has a sarcoma

A specific kind of uterine cancer called uterine sarcoma often de-
velops in the muscular layer of the uterus. The majority of uterine
malignancies, also known as cancers of the abdomen or cancers
known as carcinoma develop in the lining of the uterus. On the
other hand, sarcomas are far less typical. Other uncommon sar-
coma subtypes can also begin in the cells which reinforce the uter-
ine wall.

Epidemiology
ULMS has a 0.36 per 100,000 woman-year incidence rate, with

Tab. 1. Incidence rates by sarcoma

] Age Group (Years)
type according to age

11-20 1.9
21-30 2
31-40 2.2
41-50 3
51-60 4
61-70 8
71-80 14.8
81-90 15

All sarcomas
[222] Soft ussue sarcomas
[ visceral sarcomas

Bone sarcomas

Rate per-1000,0000

All Sarcomas

most cases occurring in women over 40 and a sharp rise in fre-
quency after age 50. Compared to white women, black women are
more common. Diabetes and obesity have been linked to LMS.
Utilizing tamoxifen for N5 years may likewise raise the danger
of LMS to 15 per 100,000 women years as described in table 1
and figure 2. Studies on soft tissue sarcoma have also linked p53
gene abnormalities, radiation therapy for paediatric malignancies,
and fumarate hydratase germline alterations to an elevated risk of
LMS. The majority of uterine LMS is not connected to pre-ex-
isting leiomyomas, and there is no biological proof that connects
LMS to benign, smooth-muscle uterine tumours.

Rate per-100,000

Soft Tissue Sarcomas | Visceral Sarcomas Bone Sarcomas

3.2 0 0.6
3.2 0 3
3.2 0.1 3
2.2 0.8 0.2
24 1 0.2
3.8 1.4 0.5
4 4 0.6
9 6 0.6

120 210 M40 4150 S140 6170 7180 8190 $1100 101110

Age group (years)

Fig. 2. Rates according to sarcoma kind and age
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Subtypes of LMS

LMS is a condition that only affects the uterus, and in 50% of in-
stances, it manifests as a single, frequently palpable, massive intra-
mural mass. In a significant percentage of instances (40%-50%),
ULMS convey estrogen, progesterone, and androgen receptors,
much as ULMS do. The parallels, though, don't continue. Con-
trary to leiomyomas, ULMS tumours have a softer consistency,
lack a clear whorled look, significant regions of bleeding and ne-
crosis, extremely abnormal nuclei with abundant mitotic figures of
more than 15 per 12 high power fields, and other characteristics.
On a continuum of biological aggressiveness, ULMS and their
variations may be found. They can be identified by a complex com-
bination of pathologic characteristics. In addition to decreased
blood loss and discomfort, fewer bouts of venous thromboembol-
ic illness, fewer trips to the hospital, and speedier recovery from
major abdominal surgery, many women with inflamed uteri may
now cautiously take the advantages of laparoscopic hysterectomy
procedure’s benefits over open surgery. A heterogeneous tumour
board assessment should be undertaken by experienced gynaeco-
logic pathologists to guarantee the most accurate diagnosis and

Tab. 2. Specificity in uterine Leio- Methods

myosarcoma D&C
EMB
MRI
PET

Tab. 3. Sensitivity in uterine Leio- Methods

myosarcoma D&C
EMB
MRI

PET

Specificity (%)

minimize under or excessive therapy.
Diagnosis

It is difficult to detect ULMS preoperatively because it lacks pres-
ent traits or symptoms that set it apart from ULMS. However,
menopausal women account for the great majority of ULMS di-
agnoses, and any tumour development that resembles a fibroid in
this situation should raise serious concerns about malignancy. In
the past, it was believed that a woman who had a uterine lump
that was expanding quickly was more likely to get sarcoma. Addi-
tionally, increase the accuracy of LMS diagnosis, but this method
still needs to be validated by using Endometrium Biopsy (EMB),
Dilatation and Curettage (D&C). There cannot be plenty of stud-
ies on the use of PET scanning for LMS diagnosis. In a brief study
involving 5 women, 100% sensitivity for PET was found as op-
posed to 40% and 80%. MRI is still the best modality for measur-
ing urinary tumours and their potential for cancer before surgery.
Here are the sensitivity and specificity of ULMS in tables 2 and 3.
The comparison is shown in figures 3 and 4.

Specificity (%)
67
35
96
93

Sensitivity (%)
86
52
94
100

80 4

60 4

40 4

204

0
Dac EMB MRI PET

Methods

Fig. 3. Comparison of specificity

Sensitivity (%)
& 3

80
] I
Dac EMB

Mothods

Il

Fig. 4. Comparison of sensitivity
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Uterine tissue extraction and LMS

Food and Drug Administration for more than 20 years, small
laparoscopic incisions have been employed as part of the modern
surgical tissue extraction method to collect specimens. In addition
to decreased bleeding and discomfort, and fewer bouts of vascular
thromboembolic illness, many women with inflamed uteri may
now cautiously take pleasure in the laparoscopic hysterectomy
procedure’s benefits over conventional surgery. If the FDA safety
letter clarified the drawbacks of electromechanical morcellator de-
vices, namely that convenience was a danger of trouble and poten-
tial malignant tumour diffusion exclusive of maintain to confine
a tissue sampling being disjointed intracorporeally. Immorality
malignancy, particularly ULMS, and severe medical issues called
for research; nonetheless, there have been questions raised about
the FDA report's findings in the medical community. The phrases
"occult” and "presumed benign uterine disease” is not defined by
the FDA in their information. The examined intermediary’s evalu-
ation declared a term called "occult” otherwise showing how the
conclusion that the patients in a given study had benign uterine
disease was based on the results of before-surgery viewing tests to
regulate malignancy. In other words, cancer that has been tested
for but is still undetected is suggested by an undisclosed malig-
nancy or an assumption of benign uterine illness.

Presently running clinical trials and inding
targets

The women with ULMS to have better outcomes, original can-
cer therapies are very necessary. The process of developing experi-
mental therapies involves finding targets. There hasn't been any
definite mutation in LMS that may be exploited yet. Patient with
sophisticated soft tissue sarcoma, which includes ULMS, is now
being tested for response to treatments such as evofosfamide in
combination with doxorubicin. Last but not least, research into
immunotherapy for many frozen tumour types, together with
ULMS, is ongoing. According to immune-histochemical investi-
gations, ULMS has considerable Programmed Cell Death Protein
1 (PD1-46.9%) and Programmed Death-Ligand 1 (PDL1-36%)
expression; this is a greater level of appearance to facilitate seen
in ovarian or cervical cancer. Assessments are done every 8 weeks
for up to 5 years, and the major end measure is objective response

rates. Unpleasant events, on the whole survival, progression-free
survival, and reaction percentage using immune-related reaction
criterion are examples of secondary outcome measures.

CONCLUSIONS

Few effective treatment options are available for women who
have been diagnosed with ULMS, which has one of the lowest
survival rates of all soft tissue sarcomas. The objective of
treatment is total surgical resection with harmful restrictions,
which includes "en bloc" exclusion among wombs for starting
phase illness and essen-tial “cyto-reduction” in a small number of
surgically suitable indi-viduals with superior periods of the
recurring disease. The progno-sis for women with morcellated
uterine sarcomas could be poorer, although additional evidence
is required to confirm this claim. particularly in "Climacteric"
female, or in any woman thought to have a tumour in her uterus
or precancer, releases power morcella-tion should not be
employed, and options have to be considered. Unique strategies
that consistently distinguish benign ULMS from LMS are also
urgently required. Chemotherapy may be rec-ommended
following surgery in certain circumstances, although the utility of
adjuvant treatment in the context of early-stage ill-ness is still
debatable. Cytotoxic chemotherapy with the medica-tion
gemcitabine and doxorubicin is the recommended course of
treatment for individuals with superior or recurrent ULMS. Due
to the excessive uncertainty rates and the insufficient medical ef-
ficacy of surgery and additional cytotoxic treatment options, it is
crucial to use detection methods and innovative drugs to
improve effects for women with ULMS.

LIMITATION

Due to the rarity of the disease, conducting extensive clinical tri-
als and assembling a considerable body of data might be difficult
due to the epidemiology and treatment methods of LMS. Due
to the relatively low incidence rate, gathering statistically signifi-
cant data for extensive studies and assessing the efficacy of various
treatment modalities may be hampered. This could result in the
development of more restrictive treatment recommendations and
aweaker understanding of the most effective therapeutic interven-
tions for this aggressive soft tissue sarcoma.



REFERENCES

©Oncology and Radiotherapy 18(8) 2024: 001-006

Anderson ND, Babichev Y, Fuligni F. Lineage-defined leiomyosarcoma
subtypes emerge years before diagnosis and determine patient survival.
Nat Commun. 2021;12:4496.

Kirkman DL, Ramick MG, Muth BJ, et al. Effects of aerobic exercise on
vascular function in nondialysis chronic kidney disease: a randomized
controlled trial. Am J Physiol Renal Physiol. 2019;316:898-905.

Popovic D, Bjelobrk M, Tesic M. Defining the importance of stress reduc-
tion in managing cardiovascular disease—the role of exercise. Prog Car-
diovasc Dis. 2022;70:84-93.

Seals DR, Nagy EE, Moreau KL. Aerobic exercise training and vascular
function with ageing in healthy men and women. J Physiol. 2019;597:4901-
4914.

Tanaka H. Antiaging effects of aerobic exercise on systemic arteries. Hy-
pertension. 2019;74:237-243.

Pedralli ML, Marschner RA, Kollet DP, et al. Different exercise training
modalities produce similar endothelial function improvements in individu-
als with prehypertension or hypertension: a randomized clinical trial. Sci
Rep. 2020;10:7628.

Kemps H, Krankel N, Dorr M. Exercise training for patients with type 2
diabetes and cardiovascular disease: What to pursue and how to do it.
A Position Paper of the European Association of Preventive Cardiology
(EAPC). Eur J Prev Cardiol. 2019;26:709-727.

Heffernan KS, Ranadive SM, Jae SY. Exercise as medicine for CO-
VID-19: On PPAR with emerging pharmacotherapy. Med Hypotheses.
2020;143:110197.

Ramirez-Vélez R, Hernandez-Quifiones PA, Tordecilla-Sanders A. Effec-
tiveness of HIIT compared to moderate continuous training in improving
vascular parameters in inactive adults. Lipids Health Dis. 2019;18:1-10.
Facioli TDP, Buranello MC, Regueiro EMG. Effect of physical training on
nitric oxide levels in patients with arterial hypertension: An integrative re-
view. Int J Cardiovasc Sci. 2021;35:253-264.

Meziat C, Boulghobra D, Strock E. Exercise training restores eNOS acti-
vation in the perivascular adipose tissue of obese rats: Impact on vascular
function. Nitric Oxide. 2019;86:63-67.

Pinckard K, Baskin KK, Stanford KI. Effects of exercise to improve cardio-
vascular health. Front Cardiovasc Med. 2019;6:69.

Doewes RI, Gharibian G, Zaman BA. An updated systematic review on the
effects of aerobic exercise on human blood lipid profile. Curr Probl Cardiol.
2023;48:101108.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Northey JM, Pumpa KL, Quinlan C. Cognition in breast cancer survi-
vors: A pilot study of interval and continuous exercise. J Sci Med Sport.
2019;22:580-585.2018.11.026

Man AW, Li H, Xi N. Impact of lifestyles (diet and exercise) on vascular
health: oxidative stress and endothelial function. Oxid Med Cell Longev.
2020;2020:1496462.

Machado-Lopez A, Alonso R, Lago V. Integrative genomic and transcrip-
tomic profiling reveals a differential molecular signature in uterine leio-
myoma versus leiomyosarcoma. Int J Mol Sci. 2022;23:2190.

Nagar SP, Mytelka DS, Candrilli SD. Treatment patterns and survival
among adult patients with advanced soft tissue sarcoma: a retrospec-
tive medical record review in the United Kingdom, Spain, Germany, and
France. Sarcoma. 2018;2018:5467057.

Bozzo A, Seow H, Pond G. Changes in soft-tissue sarcoma treatment pat-
terns over time: A population-based study in a country with universal and
centralized healthcare. Sarcoma. 2019;2019:8409406.

Storey L, Fern LA, Martins A. A critical review of the impact of sarcoma on
psychosocial wellbeing. Sarcoma. 2019;2019:9730867.

Fang E, Wang X, Feng J. The prognostic role of Glasgow prognostic score
and C-reactive protein to albumin ratio for sarcoma: a systematic review
and meta-analysis. Dis Markers. 2020;2020:8736509.

Dekani¢ A, Joniji¢ N, Savi¢-Vukovi¢ A. Dedifferentiated leiomyosarcoma of
the auricle with heterologous osteosarcoma component: Case report and
literature review. Case Rep Otolaryngol. 2022;2022:3684461.

Crystal JS, Korderas K, Schwartzberg D. Primary leiomyosarcoma of the
colon: a report of two cases, review of the literature, and association with
immunosuppression for IBD and rheumatoid arthritis. Case Rep Surg.
2018;2018:6824643.

Yacoub E, Saed Abdul-Wahab OM, Al-Shyarba MH. The relationship be-
tween mycoplasmas and cancer: Is it fact or fiction? Narrative review and
update on the situation. J Oncol. 2021;2021:9986550.

Mathur T, Yee D. The emerging role of the fetal insulin receptor in hor-
mone-refractory breast cancer. Endocrinology. 2021;162:147.

Ren J, Zhou X, Guo W. Identification of methylation signatures and rules
for sarcoma subtypes by machine learning methods. Biomed Res Int.
2022;2022:5297235.



https://www.nature.com/articles/s41467-021-24677-6
https://www.nature.com/articles/s41467-021-24677-6
https://journals.physiology.org/doi/full/10.1152/ajprenal.00539.2018?url_ver=Z39.88-2003&rfr_id=ori%3Arid%3Acrossref.org&rfr_dat=cr_pub%3Dpubmed&utm_source=TrendMD&utm_medium=cpc&utm_campaign=American_Journal_of_Physiology_-_Renal_Physiology_TrendMD_0
https://journals.physiology.org/doi/full/10.1152/ajprenal.00539.2018?url_ver=Z39.88-2003&rfr_id=ori%3Arid%3Acrossref.org&rfr_dat=cr_pub%3Dpubmed&utm_source=TrendMD&utm_medium=cpc&utm_campaign=American_Journal_of_Physiology_-_Renal_Physiology_TrendMD_0
https://journals.physiology.org/doi/full/10.1152/ajprenal.00539.2018?url_ver=Z39.88-2003&rfr_id=ori%3Arid%3Acrossref.org&rfr_dat=cr_pub%3Dpubmed&utm_source=TrendMD&utm_medium=cpc&utm_campaign=American_Journal_of_Physiology_-_Renal_Physiology_TrendMD_0
https://www.sciencedirect.com/science/article/abs/pii/S0033062022000159
https://www.sciencedirect.com/science/article/abs/pii/S0033062022000159
https://physoc.onlinelibrary.wiley.com/doi/abs/10.1113/JP277764
https://physoc.onlinelibrary.wiley.com/doi/abs/10.1113/JP277764
https://www.ahajournals.org/doi/full/10.1161/HYPERTENSIONAHA.119.13179
https://www.ahajournals.org/doi/full/10.1161/HYPERTENSIONAHA.119.13179
https://www.nature.com/articles/s41598-020-64365-x
https://www.nature.com/articles/s41598-020-64365-x
https://www.nature.com/articles/s41598-020-64365-x
https://journals.sagepub.com/doi/full/10.1177/2047487318820420
https://journals.sagepub.com/doi/full/10.1177/2047487318820420
https://journals.sagepub.com/doi/full/10.1177/2047487318820420
https://journals.sagepub.com/doi/full/10.1177/2047487318820420
https://www.sciencedirect.com/science/article/pii/S0306987720324853
https://www.sciencedirect.com/science/article/pii/S0306987720324853
https://link.springer.com/article/10.1186/s12944-019-0981-z
https://link.springer.com/article/10.1186/s12944-019-0981-z
https://link.springer.com/article/10.1186/s12944-019-0981-z
https://www.scielo.br/j/ijcs/a/qwtzNzhtYKQpmm6DGchczLM/
https://www.scielo.br/j/ijcs/a/qwtzNzhtYKQpmm6DGchczLM/
https://www.scielo.br/j/ijcs/a/qwtzNzhtYKQpmm6DGchczLM/
https://www.sciencedirect.com/science/article/abs/pii/S1089860318303537
https://www.sciencedirect.com/science/article/abs/pii/S1089860318303537
https://www.sciencedirect.com/science/article/abs/pii/S1089860318303537
https://www.frontiersin.org/journals/cardiovascular-medicine/articles/10.3389/fcvm.2019.00069/full
https://www.frontiersin.org/journals/cardiovascular-medicine/articles/10.3389/fcvm.2019.00069/full
https://www.sciencedirect.com/science/article/abs/pii/S014628062200007X
https://www.sciencedirect.com/science/article/abs/pii/S014628062200007X
https://www.sciencedirect.com/science/article/abs/pii/S1440244018305371
https://www.sciencedirect.com/science/article/abs/pii/S1440244018305371
https://onlinelibrary.wiley.com/doi/full/10.1155/2020/1496462
https://onlinelibrary.wiley.com/doi/full/10.1155/2020/1496462
https://www.mdpi.com/1422-0067/23/4/2190
https://www.mdpi.com/1422-0067/23/4/2190
https://www.mdpi.com/1422-0067/23/4/2190
https://onlinelibrary.wiley.com/doi/full/10.1155/2018/5467057
https://onlinelibrary.wiley.com/doi/full/10.1155/2018/5467057
https://onlinelibrary.wiley.com/doi/full/10.1155/2018/5467057
https://onlinelibrary.wiley.com/doi/full/10.1155/2018/5467057
https://onlinelibrary.wiley.com/doi/full/10.1155/2019/8409406
https://onlinelibrary.wiley.com/doi/full/10.1155/2019/8409406
https://onlinelibrary.wiley.com/doi/full/10.1155/2019/8409406
https://onlinelibrary.wiley.com/doi/full/10.1155/2019/9730867
https://onlinelibrary.wiley.com/doi/full/10.1155/2019/9730867
https://onlinelibrary.wiley.com/doi/full/10.1155/2020/8736509
https://onlinelibrary.wiley.com/doi/full/10.1155/2020/8736509
https://onlinelibrary.wiley.com/doi/full/10.1155/2020/8736509
https://onlinelibrary.wiley.com/doi/full/10.1155/2022/3684461
https://onlinelibrary.wiley.com/doi/full/10.1155/2022/3684461
https://onlinelibrary.wiley.com/doi/full/10.1155/2022/3684461
https://onlinelibrary.wiley.com/doi/full/10.1155/2018/6824643
https://onlinelibrary.wiley.com/doi/full/10.1155/2018/6824643
https://onlinelibrary.wiley.com/doi/full/10.1155/2018/6824643
https://onlinelibrary.wiley.com/doi/full/10.1155/2021/9986550
https://onlinelibrary.wiley.com/doi/full/10.1155/2021/9986550
https://onlinelibrary.wiley.com/doi/full/10.1155/2021/9986550
https://academic.oup.com/endo/article/162/10/bqab147/6327913
https://academic.oup.com/endo/article/162/10/bqab147/6327913
https://onlinelibrary.wiley.com/doi/full/10.1155/2022/5297235
https://onlinelibrary.wiley.com/doi/full/10.1155/2022/5297235



