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Abstract
Introduction: Solid Pseudopapillary Neoplasm of the pancreas is a malignant tumor and very rare in males. 

Case presentation: In this case report we present a 23-year-old male patient, with nonspecific abdominal complaint due to a 
lesion with calcification in the body of the pancreas. The staging ruled out the possibility of distant illness. Surgical resection of 
the lesion was performed via laparoscopic distal pancreatectomy.

Conclusion: Unusual neoplasm, quite rare in males. Surgical resection enables cure and good prognosis, promoting long and 
disease-free survival.
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Introduction
Even with the increase in recent years in the diagnosis of 

Solid Pseudopapillary Neoplasm of the Pancreas (SPN) [1,2] 
it is still considered a rare pathology and represents around 2% 
of pancreatic tumors [3,4]. Its prevalence is higher in females 
between the third and fourth decades of life, in a male ratio of 
10:1 [5], which makes it even rarer among men [6]. It is described 
by the World Health Organization (WHO) as malignant. Its origin 
remains uncertain [6] and despite its indolent evolution, it has 
aggressive potential and can cause symptoms, invade other organs, 
vascular structures and can even cause distant metastases [1,7,8]. 
The curative treatment for SPN is surgical and the prognosis with 
survival > 5 years and disease-free survival depends on complete 
tumor resection [9]. The authors present here a case report of 
surgical resection of SPN in a young male patient conducted in a 
single center with extensive experience in pancreatic surgery.

Case report
23-year-old male patient, hypertensive, followed up at 

the upper digestive tract surgery service of Hospital da Cidade 

in Salvador - Bahia - Brazil, for nonspecific abdominal pain. 
Abdominal ultrasound image of the pancreas body of irregular 
contour, heterogeneous, measuring 4.9 x 4.0 cm and without 
vascular flow. Tomographic follow-up was performed, showing a 
solid lesion in the pancreatic body, measuring 5 cm in diameter 
and the presence of peripheral calcifications (Figure 1A). Distal 
atrophy of the pancreatic parenchyma and chronic thrombosis of 
the splenic artery were also observed (Figure 1B).

Figure 1: A) Solid lesion with peripheral calcifications, 5 cm in 
diameter, located in the body of the pancreas (blue arrow). B) 
Atrophy of the pancreatic parenchyma (yellow arrow). Chronic 
thrombosis of the splenic artery (red arrow).
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In a multidisciplinary discussion with specialized radiology of 
the digestive tract, the main diagnostic suspicion was SPN, the 
staging was complemented with a chest tomography, which 
was normal. During the perioperative period, the patient was 
vaccinated for encapsulated germs, entered into the ERAS 
(Enhanced Recovery After Surgery) protocol, with emphasis on a 
supplemental immunomodulatory diet 7 days before surgery, use 
of a supplement with maltodextrin to shorten fasting 2 hours before 
surgery. Submitted to laparoscopic distal pancreatectomy (LDP) 
plus splenectomy without retroperitoneal lymphadenectomy, 
surgical time of 150 min, without the use of blood products, 
abdominal drain placed next to surgical remnant, pancreas head. 
Surgical piece removed by Pffanenstiel incision. Immediate 
postoperative period in the ward, with opioid-free analgesia. 
Six hours after surgery, the use of chewing gum, diet with clear 
liquids and walking were started. Abdominal drain amylase was 
collected on the 1st, 3rd and 5th postoperative days (POD) with 
respective results of 19,000u/l, 8,000u/l and 1,900u/l. Hospital 
discharge on the 5th POD without an abdominal drain, with a mild 
oral diet, no abdominal pain and usual bowel rhythm. There was 
no readmission. The pathological anatomy showed free surgical 
margins (Figure 2A&2B), absence of angiolymphatic invasion, 4 
lymph nodes free of neoplasia. Immunohistochemistry confirmed 
the diagnosis of Solid pseudopapilliary neoplasm of the pancreas. 
In outpatient follow-up for 18 months, without disease recurrence 
and with good quality of life.

Figure 2A: Surgical parts. SPN (red arrow), body and tail of the 
pancreas (blue arrows) with free margins. Spleen (black arrow).

Figure 2B: Surgical piece. Posterior view showing ligature of 
splenic vessels with hemoclips (yellow arrow).

Discussion
Incidence and prevalence of SPN

The Solid Pseudopapillary Neoplasm of the pancreas has 
been described in the literature as having a rare incidence and 
with more than 700 well-reported cases [10]. It is believed that 
due to advances in radiological methods, well-established tumor 
nomenclature and better histopathological evaluation, more than 
two thirds of the cases were seen in recent years [10]. Silano F 
et al. [9] in a specialized center, showed an increase in SPN in 
the last decade (Table 1). With a sample composed exclusively 
of females, these authors believe that greater accessibility to 
specialists, such as gynecologists, with screening tests, has 
collaborated with incidentalomas, since 85.7% of the patients were 
asymptomatic [9]. The prevalence of this neoplasm is much higher 
in females compared to males, with a proportion in the literature 
review between 9 and 10:1 [5,11-21] and there are few reports in 
males, around 12% of all SPN [22]. b-estrogen and progesterone 
receptors found in SPN may be the cause of the predominance 
of this pathology among young women, including tumor growth 
in a favorable hormonal environment, such as pregnancy 
[23,24]. The controversy is the occurrence in men. It appears 
that the pancreas is an organ capable of converting androgen 
into estrogen through aromatase - 36 promoting an increased 
estrogenic microenvironment in the pancreatic tumor tissue [25]. 
In our pancreatic surgery service, analyzing 17 patients, only 1 
(5.8%) was male, corroborating the literature and the rarity of this 
neoplasm among men.
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Year of surgery N Follow-up (yr) Disease free Conduct

1998 1 13 Yes MD

1998 1 1 Yes Death1

2012 4 5 Yes MD

2013 1 5 Yes MD

2014 2 5 Yes MD

2015 2 5 Yes MD

2017 1 3 Yes SG

2018 2 2 Yes SG

Table 1: Follow-up of patients with pseudopapillary neoplams of the pâncreas. Silano F et al. Yield Surgery in SPN. Mean Follow-up: 
4.7 years; Medical discharge: 10 patientes; 3 patients still under follow-up, and one died a year after surgery. 1Patient remained free of 
disease and died 1 year later from pneumonia, unrelated to the pathology.CD: Conduct; SG: Follow-up; MD: Medical discharge.

Symptoms

Symptoms may be related to tumor size and location. Mass effect with compression of organ and/or neighboring structures can 
cause jaundice in those with pancreatic head injury and gastric symptoms in the body and tail SPN [9]. In the literature review, the 
presence of abdominal pain ranged between 7.1% and 87.5% and incidental findings of SPN ranged between 0% and 85.7% (Table 2). 
Some authors showed patients with tumors > 10 cm in the head of the pancreas and without jaundice [26]. It appears that SPN does not 
have a specific pattern for the development of symptoms. In this case report, the patient reported a nonspecific abdominal discomfort 
that did not seem to be related to SPN discovered by abdominal ultrasonography, but rather an incidentaloma.

Ref. Year n Study Incidental (%) Ap (%) Other findings (%)

Papavramidis et al. [11] 2006 718 R 15.5 46.5 Mass 34.8

Lubezky et al. [12] 2017 32 R 28 48 Unspecific 24

Song et al. [13] 2017 53 R 39.6 37.7 Mass 30.2

Wright et al. [8] 2019 78 R 30.7 42.3 Nauseas 14.1

Lin et al. [14] 2019 60 R 65 31.7 Strain 2.2

Torres et al. [15] 2019 16 R - 87.5 Mass 12.5

Liu et al. [16] 2019 243 R 63.4 19 Unspecific

Farhat et al. [17] 2020 10 R 20 40 Mass 40

Silano F et al. [9] 2021 14 R 85.7 7.1 Jaundice 7.1

Table 2: Incidental and symptoms in patients with solid pseudopapillary neoplasms, literature data; R: Retrospective study; Ap: 
Abdominal pain.

Diagnosis
The use of Endoscopic Ultrasound – Guided Fine Needle Aspiration (EUS-FNA) biopsy is part of the arsenal cited in the literature 

for preoperative histological diagnosis [27]. Tumor markers such as Carbohydrate antigen 19-9 (CA19-9) and carcinoembryonic 
antigen (CEA) do not seem to be useful because they are usually within the normal range for SPN [28]. Referring to imaging diagnosis 
(tomography and/or resonance of the abdomen), this neoplasm may have the following characteristics: Solid heterogeneous cystic 
areas, well-defined capsule and when they are small in diameter, they can be described as a solid nodule. They usually do not cause 
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pancreatic duct dilation and in some cases they may present 
calcifications [29]. In our surgical service, we do not perform 
preoperative biopsy using EUS-FNA. This exam is costly and 
has low accessibility, in addition to being able to rupture the 
tumor capsule with dissemination of neoplastic cells and, in our 
understanding, preoperative histology would not change the 
surgical approach. Regarding tumor markers, in addition to being 
usually normal for SPN, there is no specific marker, which we do 
not use in our strategies for diagnosing this neoplasia. Silano F et 
al. [9] reported in a retrospective study with 14 patients that 92.8% 
had a strong radiological suspicion of SPN preoperatively after 
analysis of specialized radiology in the digestive tract and only 1 
patient, transferred from another service, underwent EUS- FNA 
for diagnosis. In all 13 operated patients, pathological analysis 
and immunohistochemistry confirmed SPN (Figure 3). In the 
case report presented, the abdominal tomography (Figure 1) was 
discussed with specialized radiology. The lesion was 5 cm in in 
males, a differential diagnosis of pancreatic neuroendocrine tumor 
was listed. However, for the case presented, both diagnoses would 
be surgical without the need for biopsy.

Figure 3: A) Solid monomorphic pattern, with blood vessels in 
between. B) Neoplastic cells with eosinophilic or clear vacuolated 
cytoplasms with round nuclei.

Staging

SPN metastases are not common. This neoplasm has a more 
indolent behavior when compared to other pancreatic tumors and 
tumor aggressiveness occurs in 10% - 15% of cases, being detected 
already in the diagnosis or in the evolution of the disease [12,21] 
where metastasis to the liver could occur, invasion of neighboring 
organs and vascular invasion [21]. Therefore, we follow the usual 
pattern of imaging staging for digestive tract neoplasms, chest and 
abdomen tomography. In our patient, the chest tomography was 
normal and in the abdomen there was no metastatic disease.

Treatment

Surgery is the gold standard in the treatment of SPN and in 
more than 95% of cases R0 resections are possible. Surgery can be 
curative even in scenarios with distant metastasis [16]. It is important 
that at the time of diagnosis, especially for incidentalomas that are 

more likely to be small tumors and therefore without symptoms, 
surgical treatment be scheduled, avoiding neoplastic growth and 
the need for large resections of neighboring organs and even large 
vessels. In the patient reported, shortly after imaging diagnosis, 
he underwent Laparoscopic Distal Pancreatectomy without wider 
resections as the tumor remained small, 5 cm.

Follow-up

The patient reported has been under outpatient follow-up for 
18 months. Karnofsky Performance Status (KPS) 100% and good 
quality of life. We did not use tumor markers in the follow-up. We 
performed imaging exams, abdominal tomography in the 1st year, 
and subsequently abdominal ultrasonography can be performed, 
depending on the clinical evolution. Patient continues without 
disease recurrence.

Conclusion
Solid Pseudopapillary Neoplasm of the pancreas is extremely 

rare in males and surgical treatment is its main pillar of cure.

References
1.	 de Castro SM, Singhal D, Aronson DC, Busch OR, van Gulik TM, et 

al. (2007) Management of solid-pseudopapillary neoplasms of the 
pancreas: a comparison with standard pancreatic neoplasms. World 
J Surg 31: 1130-1135.

2.	 Scholten L, van Huijgevoort NCM, van Hooft JE, Besselink MG, Del 
Chiaro M. (2018) Pancreatic Cystic Neoplasms: Different Types, 
Different Management, New Guidelines. Visc Med 34: 173-177. 

3.	 Frantz VK. (1959) Atlas of tumor patology. Tumor of the pancreas. 
Washington, DC: US force Armed Force institute of pathology, 1959: 
32-33.

4.	 Kosmahl M, Seada LS, Jänig U, Harms D, Klöppel G. (2000) 
Solidpseudopapillary tumor of the pancreas: its origin revisited. 
Virchows Arch 436: 473-480. 

5.	 Cuccurullo D, Carbone G, Iovino M.G, De Rosa I, Fabozzi M, et al. (2018) 
Solid pancreatic pseudopapillary tumor managed laparoscopically: A 
case report and review of the literature. International Int J Surg Case 
Rep 45: 4-8.

6.	 Saigo C, Hirose Y, Asano N, Takamatsu M, Fukushima N, et al. (2013) 
Two rare cases of a solid pseudopapillary neoplasm of the pancreas. 
Oncology Letters 6: 871-874. 

7.	 Butte JM, Brennan MF, Gönen M, Tang LH, D’Angelica MI, et al. 
(2011) Solid pseudopapillary tumors of the pancreas. Clinical features, 
surgical outcomes, andlong-term survival in 45 consecutive patients 
from a single center. J Gastrointest Surg 15: 350-357.

8.	 Wright MJ, Javed AA, Saunders T, Zhu Y, Burkhart RA, et al. (2020) 
Surgical Resection of 78 Pancreatic Solid Pseudopapillary Tumors: a 
30-Year Single Institutional Experience. J Gastrointest Surg 24: 874-
881.

9.	 Silano F, de Melo Amaral RB, Santana RC, Neves VC, José Celso 
Ardengh,et al. (2021) Yield of surgery in solid pseudopapillary 
neoplasms of the pancreas: A case series and literature review. World 
J Gastrointest Oncol 13: 589-599. 

https://pubmed.ncbi.nlm.nih.gov/17429567/
https://pubmed.ncbi.nlm.nih.gov/17429567/
https://pubmed.ncbi.nlm.nih.gov/17429567/
https://pubmed.ncbi.nlm.nih.gov/17429567/
https://pubmed.ncbi.nlm.nih.gov/30182024/
https://pubmed.ncbi.nlm.nih.gov/30182024/
https://pubmed.ncbi.nlm.nih.gov/30182024/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6000649/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6000649/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6000649/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6000649/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3796422/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3796422/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3796422/
https://pubmed.ncbi.nlm.nih.gov/20824369/
https://pubmed.ncbi.nlm.nih.gov/20824369/
https://pubmed.ncbi.nlm.nih.gov/20824369/
https://pubmed.ncbi.nlm.nih.gov/20824369/
https://pubmed.ncbi.nlm.nih.gov/31073801/
https://pubmed.ncbi.nlm.nih.gov/31073801/
https://pubmed.ncbi.nlm.nih.gov/31073801/
https://pubmed.ncbi.nlm.nih.gov/31073801/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8204350/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8204350/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8204350/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8204350/


Citation: Silano F, Santana RC, Neves VC, de Melo Amaral RB, Galvão do Amaral PC (2021) Solid Pseudopapillary Neoplasm of the Pancreas in Males: A Rare Case 
and Literature Review. J Oncol Res Ther 6: 10112. DOI: 10.29011/2574-710X.010112

5 Volume 6; Issue 02

J Oncol Res Ther, an open access journal
ISSN: 2574-710X

10.	 Vassos N, Agaimy A, Klein P, Hohenberger W, Croner RS, et al. (2013) 
Solid-pseudopapillary neoplasm (SPN) of the pancreas: case series 
and literature review on an enigmatic entity. Int J Clin Exp Pathol 6 
1051-1059.

11.	 Papavramidis T, Papavramidis S. (2005) Solid pseudopapillary tumors 
of the pancreas: review of 718patients reported in English literature. J 
Am Coll Surg 200: 965-972 

12.	 Lubezky N, Papoulas M, Lessing Y, Gitstein G, Brazowski E, et al. 
(2017) Solid pseudopapillary neoplasm of the pancreas: Management 
and long-term outcome. Eur J Surg Oncol 43: 1056-1060. 

13.	 Song H, Dong M, Zhou J, Sheng W, Zhong B, et al. (2017) Solid 
Pseudopapillary Neoplasm of the Pancreas: Clinicopathologic Feature, 
Risk Factors of Malignancy, and Survival Analysis of 53 Cases from a 
Single Center. Biomed Res Int 2017: 5465261.

14.	 Lin X, Lin R, Lu F, Chen Y, Huang H. (2020) Surgical Management 
of Solid Pseudopapillary Neoplasms of Pancreas: A Single-Center 
Experience of 60 Patients. Dig Surg 37: 348-354.

15.	  Torres OJM, Rezende MB, Waechter FL, Neiva RF, Moraes-Junior 
JMA, et al. (2019) Pancreatoduodenectomy for solid pseudopapillary 
tumor of the pancreas: a multi-institutionstudy. Arq Bras Cir Dig 32: 
e1442.

16.	 Liu M, Liu J, Hu Q, Xu W, Liu W, et al. (2019) Management of 
solidpseudopapillary neoplasms of pancreas: A single center 
experience of 243 consecutive patients. Pancreatology 19: 681-685.

17.	 Farhat W, Ammar H, Amine Said M, Mizouni A, Bouazzi A, et al. (2020) 
Solid pseudopapillary neoplasm of the pancreas: a report of 10 cases 
and literature review. ANZ J Surg 90: 1683-1688.

18.	 Gordon-Dseagu VL, Devesa SS, Goggins M, Stolzenberg-Solomon 
R. (2018) Pancreatic cancer incidence trends: Evidence from the 
Surveillance, Epidemiology and End Results (SEER) population-
based data. Int J Epidemiol 47: 427-439. 

19.	 Kang CM, Choi SH, Kim SC, Lee WJ, Choi DW, et al. (2014) Korean 
Pancreatic Surgery Club. Predicting recurrence of pancreatic solid 
pseudopapillary tumors after surgical resection: a multicenter analysis 
in Korea. Ann Surg 260: 348-355. 

20.	 Law JK, Ahmed A, Singh VK, Akshintala VS, Olson MT, et al. (2014) A 
systematic review of solid-pseudopapillary neoplasms: are these rare 
lesions? Pancreas 43: 331-337. 

21.	 You L, Yang F, Fu DL. (2018) Prediction of malignancy and adverse 
outcome of solid pseudopapillary tumor of the pancreas. World J 
Gastrointest Oncol 10: 184-193.

22.	 Aso A, Ihara E, Nakamaura K, Sudovykh I, Ito T, et al. (2017) Solid 
Pseudopapillary Neoplasm of the Pancreas in Young Male Patient: 
Three Case Reports. Case Reports in Gastrointestinal Medicine. 
2017: 1-4. 

23.	 Farrell JJ. (2015) Prevalence, Diagnosis and Management of 
Pancreatic Cystic Neoplasms: Current Statusand Future Directions. 
Gut Liver 9: 571-589.

24.	 Morales A, Duarte-Rojo A, Angeles-Angeles A, Mery CM, Ruíz-
Molina JM, et al. (2003) The beta form of the estrogen receptor is 
predominantly expressed in the papillary cystic neoplasm of the 
pancreas. Pancreas 26: 258-263. 

25.	 Morales A, Duarte-Rojo A, Ángeles-Ángeles A, M. Mery C, M. 
Ruiz-Molina J, et al. (2003) The b Form of the Estrogen Receptor 
Is Predominatly Expressed in the Papillary Cystic of the Pancreas. 
Pancreas. 26: 258-263.

26.	 Torres OJM, Rezende MB, Waechter FL, Neiva RF, Moraes-Junior 
JMA, et al. (2019) Pancreatoduodenectomy for solid pseudopapillary 
tumor of the pancreas: a multi-institutionstudy. Arq Bras Cir Dig 32: 
e1442. 

27.	 Law JK, Stoita A, Wever W, Gleeson FC, Dries AM, et al. (2014) 
Endoscopic ultrasound-guided fine needle aspiration improves the 
pre-operative diagnostic yield of solid-pseudopapillary neoplasm of 
the pancreas: an international multicenter case series (withvideo). 
Surg Endosc 28: 2592-2598. 

28.	 Yang F, Fu DL, Jin C, Long J, Yu XJ, et al. (2008) Clinical experiences of 
solid pseudopapillary tumors of the pancreas in China. J Gastroenterol 
Hepatol 23: 1847-1851. 

29.	 Li you, Feng Yang, De-Liang Fu. (2018) Prediction of malignancy 
and adverse outcome of solid pseudopapillary tumor of the pancreas. 
World J Gastrointest Oncol 10: 184-193.

https://pubmed.ncbi.nlm.nih.gov/23696922/
https://pubmed.ncbi.nlm.nih.gov/23696922/
https://pubmed.ncbi.nlm.nih.gov/23696922/
https://pubmed.ncbi.nlm.nih.gov/23696922/
https://pubmed.ncbi.nlm.nih.gov/15922212/
https://pubmed.ncbi.nlm.nih.gov/15922212/
https://pubmed.ncbi.nlm.nih.gov/15922212/
https://pubmed.ncbi.nlm.nih.gov/28238521/
https://pubmed.ncbi.nlm.nih.gov/28238521/
https://pubmed.ncbi.nlm.nih.gov/28238521/
https://pubmed.ncbi.nlm.nih.gov/29094047/
https://pubmed.ncbi.nlm.nih.gov/29094047/
https://pubmed.ncbi.nlm.nih.gov/29094047/
https://pubmed.ncbi.nlm.nih.gov/29094047/
https://pubmed.ncbi.nlm.nih.gov/31460602/
https://pubmed.ncbi.nlm.nih.gov/31460602/
https://pubmed.ncbi.nlm.nih.gov/31460602/
https://pubmed.ncbi.nlm.nih.gov/31460602/
https://pubmed.ncbi.nlm.nih.gov/31281058/
https://pubmed.ncbi.nlm.nih.gov/31281058/
https://pubmed.ncbi.nlm.nih.gov/31281058/
https://pubmed.ncbi.nlm.nih.gov/29149259/
https://pubmed.ncbi.nlm.nih.gov/29149259/
https://pubmed.ncbi.nlm.nih.gov/29149259/
https://pubmed.ncbi.nlm.nih.gov/29149259/
https://pubmed.ncbi.nlm.nih.gov/24743622/
https://pubmed.ncbi.nlm.nih.gov/24743622/
https://pubmed.ncbi.nlm.nih.gov/24743622/
https://pubmed.ncbi.nlm.nih.gov/24743622/
https://pubmed.ncbi.nlm.nih.gov/24622060/
https://pubmed.ncbi.nlm.nih.gov/24622060/
https://pubmed.ncbi.nlm.nih.gov/24622060/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6068856/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6068856/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6068856/
https://pubmed.ncbi.nlm.nih.gov/26343068/
https://pubmed.ncbi.nlm.nih.gov/26343068/
https://pubmed.ncbi.nlm.nih.gov/26343068/
https://pubmed.ncbi.nlm.nih.gov/12657952/
https://pubmed.ncbi.nlm.nih.gov/12657952/
https://pubmed.ncbi.nlm.nih.gov/12657952/
https://pubmed.ncbi.nlm.nih.gov/12657952/
https://pubmed.ncbi.nlm.nih.gov/31460602/
https://pubmed.ncbi.nlm.nih.gov/31460602/
https://pubmed.ncbi.nlm.nih.gov/31460602/
https://pubmed.ncbi.nlm.nih.gov/31460602/
https://pubmed.ncbi.nlm.nih.gov/24718662/
https://pubmed.ncbi.nlm.nih.gov/24718662/
https://pubmed.ncbi.nlm.nih.gov/24718662/
https://pubmed.ncbi.nlm.nih.gov/24718662/
https://pubmed.ncbi.nlm.nih.gov/24718662/
https://pubmed.ncbi.nlm.nih.gov/18752561/
https://pubmed.ncbi.nlm.nih.gov/18752561/
https://pubmed.ncbi.nlm.nih.gov/18752561/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6068856/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6068856/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6068856/

