Examination of the usefulness of fertility-sparing surgery for pediatric ovarian teratoma
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Abstract
[Background] Ovarian teratomas are the most common ovarian tumors in children. Fertility-sparing surgery (FSS) is often recommended owing to its advantage of fertility preservation. We examined the validity of FSS in pediatric patients with ovarian teratomas.
[Procedure] We retrospectively reviewed the medical records of patients who underwent initial surgery for ovarian teratomas in our department between 1972–2021. Patients were divided into two groups: oophorectomy (OVX) group and FSS group. Clinical characteristics, perioperative characteristics, and outcomes were compared between the groups. 
[Results] Forty-six patients underwent initial surgery (OVX: 25 patients; FSS: 21 patients) for ovarian teratomas. There were no differences between the groups in terms of age, pathological diagnosis, affected side, ovarian torsion, postoperative complications, recurrence rate, or length of postoperative follow-up. Regarding pathological diagnosis, immature teratomas were found only in the OVX group (p = 0.0161). The tumor size was larger in the OVX group (p = 0.0104). Regarding perioperative findings, operation time was longer in the FSS group (p = 0.0071) and bleeding volume was higher in the OVX group (p = 0.0070). The number of days until the start of oral intake and the length of hospital stay postoperatively were shorter in the FSS group (p = 0.0002 and p < 0.0001, respectively).
[Conclusion] We demonstrated the advantages of FSS, including its minimally invasive approach and comparable outcomes in terms of tumor recurrence; however, the operation time was longer. Since both FSS and OVX are associated with a risk of tumor recurrence, long-term follow-up in anticipation of adult transition is necessary.


I. Introduction
Ovarian tumors in children are rare, with an incidence of 2.2 to 2.6 per 100,000 children, and approximately 80 - 90% of these tumors are benign. 1,2 Teratomas are the most common type of ovarian tumors observed in children. 3-5 The principle treatment is surgical resection and traditional management, such as oophorectomy with laparotomy. 6-8 Recently, fertility-sparing surgery (FSS) is the recommended approach due to advantages such as fertility and endocrine function preservation. 3, 9-11 In this study, we reviewed the outcomes of pediatric patients with ovarian teratoma in our department and examined the effectiveness of using FSS in this patient population.

II. Methods
The subjects were pediatric patients with ovarian teratomas who underwent initial surgery in our department between the years of January 1972 to December 2021. Patients with malignant tumors were excluded. Eligible patients were divided into two groups based on surgical treatment: oophorectomy (OVX) group and FSS group, and the two groups were retrospectively compared and examined based on medical records.
Age at the time of surgery, pathological diagnosis, affected side, tumor size, ovarian torsion, operation time, amount of bleeding, number of days until the start of oral intake, length of hospital stay after surgery, postoperative complications, recurrence rate, time until recurrence, and pathological diagnosis at the time of recurrence were investigated. Recurrence was defined as a case in which lesions were found in the ipsilateral or contralateral ovary after the initial surgery. For statistical analysis, Wilcoxon rank sum test and chi-square test were used, and a p-value less than 0.05 was judged to be significant. The statistical software JMP® Pro 16 (SAS Institute Inc., Cary, NC, USA) was used for all data analysis. This study was conducted with the approval of the Tohoku University Ethics Committee (2018-1-582).

III. Results
The study population included 46 cases: 25 in the OVX group and 21 in the FSS group (Table).
The median age at surgery was 7 years 4 months (range: 1 year 9 months–14 years 8 months) in the OVX group and 8 years 11 months (range: 0 days–14 years 6 months) in the FSS group (p = 0.4534). The pathological diagnosis was mature teratoma in 19 cases and immature teratoma in 6 cases in the OVX group. All 21 cases in the FSS group were mature teratomas. Immature teratomas were found only in the OVX group (p = 0.0161).
There was no difference between the groups in the affected side: the OVX group had 10 cases on the right, 15 cases on the left, and 0 bilateral cases; the FSS group had 8 cases on the right, 12 cases on the left, and 1 bilateral case (p = 0.5442). The median tumor size was 13.0 cm (4.5–30.0 cm) in the OVX group and 8.0 cm (3.0–32.0 cm) in the FSS group (p = 0.014). There was no difference between the groups in the incidence of ovarian torsion: OVX group: 6/25, 24.0% and FSS group: 6/21, 28.6% (p = 0.7251). There were two cases of postoperative complications in the OVX group (one patient with postoperative intestinal obstruction, one patient with a reopened abdomen due to residual surgical gauze) and no such cases were observed in the FSS group (p = 0.1851). There were 6/25 (24.0%) cases of recurrence in the OVX group, and 2/22 (9.1%) in the FSS group (p = 0.1970). The median time to recurrence was 15 years 2 months (range: 0 year 2 months–24 years 3 months) in the OVX group, and 5 years 7 months (range: 2 years 2 months–9 years 0 month) in the FSS group (p = 0.6171). The pathological diagnosis at the time of recurrence was mature teratoma (5 cases) and immature teratoma (1 case) in the OVX group, and mature teratoma (2 cases) in the FSS group (p = 0.5371).
Both patients in the FSS group who experienced recurrence underwent repeat FSS due to recurrence in the contralateral ovary. In addition, one patient in the FSS group experienced disease relapse in the same ovary that was affected at the time of the second operation 3 years later, and FSS was performed again.
Compared to the FSS group, tumor size was larger (14.4 ± 1.4 cm vs. 9.2 ± 1.5 cm, p = 0.0071) and bleeding volume was higher (216.8 ± 101.1 ml vs. 43.3 ± 110.3 ml, p = 0.0007) in the OVX group. The operation time was longer in the FSS group (120.6 ± 10.4 min vs. 142.3 ± 11.3 min, p = 0.0351), while the number of days until the start of oral intake (2.2 ± 0.2 days vs. 1.2 ± 0.2 days, p = 0.0002) and the length of hospital stay after surgery (10.0 ± 0.7 days vs. 4.6 ± 0.8 days, p < 0.0001) were shorter compared with the values in the OVX group.

IV．Discussion
The incidence of ovarian tumors in children is rare, and these tumors account for less than 1% of neoplasms occurring during childhood, with an incidence of 2.2 to 2.6 per 100,000 children. 1.2.12 The most common of these are ovarian teratomas. 3-5 The age of onset is around 9–14 years of age, 13 but in our experience, there were a few cases of a younger age of onset (25/46 [54.3%] of cases occurred in children under 9 years of age in both groups). It is thought that adolescent patients with ovarian tumors underwent surgical interventions by gynecologists at our institution.
Pathological diagnosis revealed immature teratoma only in the OVX group. The tumor size was larger for immature teratomas than for mature teratomas, presumably because the surgical procedure was determined based on the size of the tumor.
There was no difference between the groups in the incidence of ovarian torsion. A previous study reported that 50% of cases showed pathologically viable follicles among cases in which ovarian resection was performed due to ovarian torsion. 14 Further, follicles were found in 84.4–96% of the cases by follow-up ultrasonography. 15,16 Therefore, given the risk to fertility with ovarian resection in patients with ovarian torsion, it appears preferable to perform FSS to preserve fertility and endocrine function, even in children with suspected ovarian torsion and necrosis. Since 2010, we have performed FSS even in cases of ovarian torsion. For benign ovarian tumors, FSS and minimally invasive surgery are performed. 17 There is no difference in the risk of recurrence between open surgery and laparoscopic surgery, and it has been reported that aspiration of cystic fluid to reduce intraoperative tumor rupture or tumor size does not cause recurrence or dissemination. 18 In addition, intraoperative spillage did not pose a risk of recurrence; in one study, in which spillage occurred in 6/66 cases of ovarian tumor, including malignancy, recurrence was observed only in 1 case. 19 Based on the above, minimally invasive surgery by FSS and laparoscopic surgery for the purpose of fertility and endocrine function preservation, appears to be preferable. Regarding intraoperative and postoperative outcomes, we found that FSS was associated with a longer operation time and lower intraoperative bleeding volume than that observed in the OVX group, with a comparable frequency of postoperative complications between the two groups. 
In addition, the number of days until the start of oral intake and the length of hospital stay after surgery were shorter in the FSS group, indicating a tendency for minimal invasiveness in FSS. 
Traditionally, these lesions were treated by oophorectomy via laparotomy. 6-8 However, in recent years, minimally invasive surgery and FSS have been recommended due to the development of laparoscopic surgery, and it is thought that this has led to longer operation duration. Ovarian teratomas are classified as benign tumors, but the recurrence rate is as high as 2.5–23%, 17-22 and there is considerable variability. The recurrence rate in our department was as high as 6/46 (17.4%), but no difference was observed based on the surgical procedure. Previous studies reported that the time to recurrence ranged from 1 to 8 years after surgery, 17,22 and the risk of developing contralateral ovarian tumors was 14% ± 8% at 5 years and 66% ± 26% at 10 years after surgery. 22
In our study, there was no difference in the time to recurrence between the two groups, but the development of mature teratomas in the contralateral ovary was observed in 4 patients after 10 years or more in the OVX group.

In summary, the FSS group showed a general tendency to be minimally invasive except for the longer operation time; notably, no disadvantage in terms of tumor recurrence was observed. In particular, FSS has a great advantage in terms of fertility preservation, and it was considered appropriate to adopt FSS for ovarian teratoma management. Since both OVX and FSS groups had a non-negligible risk of tumor recurrence and given the possibility of recurrence after 10 years or more, our results demonstrate the importance of long-term follow-up in anticipation of adult transition.

Conflict of Interest statement
The authors declare that they have no known competing financial interests or personal relationships that could have influenced the work reported in this paper.

Acknowledgments
We would like to thank Editage (www.editage.com) for English language editing.

Ethics statement
This study was approved by the Ethics Committee of Tohoku University Hospital (protocol identification number: 2018-1-582) which waived the requirement for formal consent. This report does not contain any personal information that can lead to patient identification.

Authorship
All authors attest that they meet the current ICMJE criteria for authorship. All authors approve the final draft of the paper before submission. 



References

[1] Łuczak J, Bagłaj M. Ovarian teratoma in children: a plea for collaborative clinical study. J Ovarian Res. 2018;11(1):75. doi: 10.1186/s13048-018-0448-2.

[2] Taskinen S, Fagerholm R, Lohi J, Taskinen M. Pediatric ovarian neoplastic tumors: incidence, age at presentation, tumor markers and outcome. Acta Obstet Gynecol Scand. 2015;94(4):425–429. doi: 10.1111/aogs.12598.

[3] Maria EK, Amanda JO, Amin A, Lesley B, Kristine SC, et al. Laparoscopy versus laparotomy for pediatric ovarian dermoids. J Pediatr Surg. 2022;12;S0022-3468(22)00134-8. doi: 10.1016/j.jpedsurg.2022.01.053.

[4] Brown MF, Hebra A, McGeehin K, Ross AJ. Ovarian masses in children: a review of 91 cases of malignant and benign masses. J Pediatr Surg 1993;28(7):930–933. doi: 10.1016/0022-3468(93)90700-u.

[5] Łuczak J, Bagłaj M, Dryja´nski P. What recent primary studies tell us about ovarian teratomas in children: a scoping review. Cancer Metastasis Rev 2020;39(1):321–329. doi: 10.1007/s10555-020-09844-3.

[6] Carney JA, Thompson DP, Johnson CL, Lynn HB. Teratomas in children: clinical and pathologic aspects. J Pediatr Surg. 1972;7(3):271-282. doi: 10.1016/0022-3468(72)90124-8

[7] Mahour GH, Wooley MM, Landing BH. Ovarian teratomas in children. A thirty-three year experience. Am J Surg. 1976;132(5):587-589. doi: 10.1016/0002-9610(76)90349-4.

[8] Azizkhan RG, Caty MG. Teratomas in childhood. Curr Opin Pediatr. 1996;8(3):287-292. doi: 10.1097/00008480-199606000-00018.

[9] Childress KJ, Santos XM, Perez-Milicua G, Hakim J, Adeyemi-Fowode O, et al. Intraoperative rupture of ovarian dermoid cysts in the pediatric and adolescent population: should this change your surgical management? J Pediatr Adolesc Gynecol 2017;30(6):636–640. doi: 10.1016/j.jpag.2017.03.139.

[10] Savasi I, Lacy JA, Gerstle JT, Stephens D, Kives S, Allen L. Management of ovarian dermoid cysts in the pediatric and adolescent population. J Pediatr Adolesc Gynecol 2009;22(6):360–364. doi: 10.1016/j.jpag.2008.12.008.

[11] Chabaud-Williamson M, Netchine I, Fasola S, Larroquet M, Lenoir M, Patte C, et al. Ovarian-sparing surgery for ovarian teratoma in children. Pediatr Blood Cancer 2011;57(3):429–434. doi: 10.1002/pbc.23070.

[12] Lawrence AE, Gonzalez DO, Fallat ME, Aldrink JH, Hewitt GD, et al. Factors associated with management of pediatric ovarian neoplasms. Pediatrics 2019; 144(1):e20182537. doi: 10.1542/peds.2018-2537. 

[13] Ye G, Xu T, Liu J, Xu W, Lv Z. The role of preoperative imaging and tumor markers in predicting malignant ovarian masses in children. Pediatr Surg Int. 2020;36(3):333-339. doi: 10.1007/s00383-019-04591-1. 

[14] Karavadara D, Davidson JR, Story L, Diab Y, Upadhyaya M. Missed opportunities for ovarian salvage in children: an 8-year review of surgically managed ovarian lesions at a tertiary pediatric surgery centre. Pediatr Surg Int. 2021;37(9):1281-1286. doi: 10.1007/s00383-021-04935-w.

[15] Santos XM, Cass DL, Dietrich JE. Outcome following detorsion of torsed adnexa in children. J Pediatr Adolesc Gynecol. 2015;28(3):136-138. doi: 10.1016/j.jpag.2014.04.002.

[16] Szymon O, Bogusz B, Taczanowska-Niemczuk A, Maślanka M, Górecki W. Ovarian sparing surgery in mature ovarian teratomas in children: a 20-year single-center experience. Eur J Pediatr Surg. 2021;31(1):2-7. doi: 10.1055/s-0040-1716877.

[17] Arthur F, Hennessey I, Pizer B, Losty PD. Surgical management and outcomes of paediatric ovarian tumours-a 25-year UK single centre experience. Pediatr Surg Int. 2021;37(10):1355-1359. doi: 10.1007/s00383-021-04950-x.

[18] Yousef Y, Pucci V, Emil S. The relationship between intraoperative rupture and recurrence of pediatric ovarian neoplasms: preliminary observations. J Pediatr Adolesc Gynecol. 2016;29(2):111-116. doi: 10.1016/j.jpag.2015.08.002.

[19] De Backer A, Madern GC, Oosterhuis JW, Hakvoort-Cammel FG, Hazebroek FW. Ovarian germ cell tumors in children: a clinical study of 66 patients. Pediatr Blood Cancer. 2006;46(4):459-464. doi: 10.1002/pbc.20633.

[20] Braungart S; CCLG Surgeons Collaborators, Craigie RJ, Farrelly P, Losty PD. Ovarian tumors in children: how common are lesion recurrence and metachronous disease? A UK CCLG Surgeons Cancer Group nationwide study. J Pediatr Surg. 2020;55(10):2026-2029. doi: 10.1016/j.jpedsurg.2019.10.059.

[21] Templeman CL, Hertweck SP, Scheetz JP, Perlman SE, Fallat ME. The management of mature cystic teratomas in children and adolescents: a retrospective analysis. Hum Reprod. 2000;15(12):2669-2672. doi: 10.1093/humrep/15.12.2669.

[22] Taskinen S, Urtane A, Fagerholm R, Lohi J, Taskinen M. Metachronous benign ovarian tumors are not uncommon in children. J Pediatr Surg. 2014;49(4):543-545. doi: 10.1016/j.jpedsurg.2013.09.019.

2

