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Introduction
Ovarian tumours in girls are rare. The suggested incidence is less than 0.1/100 000, but there are no precise population based estimates. Mature ovarian teratoma, a slow-growing, vastly benign tumour, constitutes the most common prepubertal ovarian neoplasm. [1], [2]
In contrast to the majority of other paediatric tumours, clear treatment and follow-up protocols have not been established for prepubertal patients with ovarian tumours. This is mainly due to a paucity of well conducted prospective trials and lack of data on risks of recurrence and metachronous disease. Evidence is sparse regarding all perioperative areas (preoperative imaging, tumour markers, surgical approach and follow-up management) and remains point of discussion at national and international surgical oncology meetings. Currently, management of germ cell tumours in the United Kingdom (UK) is guided by the Children’s Cancer and Leukaemia Group’s (CCLG) guidelines, yet these are open to interpretation and depend on surgeon experience. [7]
Unlike other childhood tumours, a significant number of ovarian tumours present as a surgical emergency as a consequence of torsion, bleeding within the tumour or rupture. [2], [3] Due to the pattern of presentation and the overall benign nature of the majority of prepubertal ovarian tumours, the initial management is frequently undertaken by paediatric surgeons without a special interest in surgical oncology. Through the lack of clear guidelines and missing evidence, this largely increases the risk of suboptimal preoperative evaluation and subsequent surgical management. Clear surgical protocols, accessible for both paediatric oncology surgeons and general paediatric surgeons on the management of ovarian masses must therefore be developed.
We hypothesized that the current approach to prepubertal ovarian tumours amongst paediatric surgeons in the UK is highly variable. We hypothesized this is the case both for surgeons with a subspecialty interest in paediatric surgical oncology and paediatric surgeons with a different subspecialty interest.
Material and Methods
An eleven-item multiple-choice questionnaire was developed. This questionnaire was distributed to all consultant paediatric surgeons in the UK registered with the British Association of Paediatric Surgeons (BAPS) and simultaneously to all paediatric surgical consultant members of the Children’s Cancer and Leukaemia Group (CCLG) using an online survey tool which allowed anonymised responses. [4] The study was approved and facilitated by the BAPS Audit Committee and the surgical subgroup of CCLG. 
Results
Demographic data
63 consultant surgeons participated in the survey (52.2% of all active paediatric surgical consultants registered with BAPS). Overall 31 consultants stated a special interest in paediatric surgical oncology, subsequently referred to as “Special Interest Oncology” Group (SIO). 30 consultants stated a different subspecialty interest (“Different Specialty Interest”, DSI). 2 respondents did not indicate their interest or career grade and were therefore excluded from the further analysis (Graph 1). Graph 2 demonstrates the average number of operations for ovarian tumours per year performed by individual surgeons in each subgroup, and shows that a significant amount of procedures for ovarian tumours are performed by non-oncology surgeons.  
60.7% of consultants declared that in their centre, surgery on children with ovarian tumours is performed by surgeons with a special interest in oncology. 36.1% of survey participants stated that in their centre, surgery on ovarian tumours is performed by all paediatric surgeons. Two respondents perform such cases jointly with the gynaecologists, or the operation is performed by gynaecologists alone. 
Pre-operative investigations
Graph 3 outlines the choice of preoperative imaging requested by the participants. 77.3% of SIO surgeons stated they would request ultrasound (US) and magnetic resonance tomography (MRI) preoperatively. Choice of preoperative imaging was more varied in the DSI group, where 20.7% of surgeons would request an US alone, and 27.6% of surgeons prefer the combination of US and computed tomography (CT). 
All survey participants stated they would request preoperative tumour markers, mainly alpha-Fetoprotein (AFP) and beta human chorionic gonadotropin (beta-HCG). 62.1% of DSI surgeons, and 32.3% of SIO would always request Ca125, too. Four surgeons (all with oncology interest) specified they would only request Ca125 in adolescents. 
Surgical procedure
In this section, surgeons were asked about laparoscopic and ovary-sparing surgery. 19.3% of oncology surgeons, and 27.6% of DSI surgeons stated they would never remove an ovarian tumour via the laparoscopic approach (Graph 4). The maximum tumour size for which surgeons stated they would attempt laparoscopic surgery varied from 3cm to 10cm. Two surgeons said their approach was guided by the gynaecologists’ advice. 
Ninety-four percent of oncology surgeons would perform ovary-sparing surgery, compared to 79.3% of surgeons with different subspecialty interest. Surgeons were more inclined to perform ovary-sparing or laparoscopic surgery if the tumour had benign features on imaging, was small in size and the tumour markers were normal. Individual comments on choice of laparoscopic or ovary-sparing surgery included “if possible”, and “as appropriate”, “on recommendation of the MDT”, and “in conjunction with colleague who has adequate experience”. 
Follow-up management
Follow-up practice was highly variable amongst survey participants in both groups both regarding frequency and duration of follow-up (Graph 5). Almost 50% of survey participants follow their patients up according to personal protocols, which they were asked to outline as free text. Statements ranged from “Follow-up can be arranged via GP” over “one appointment only”, to “follow-up until transition to adulthood”. 
Participants were furthermore asked to specify their practice on requesting imaging and tumour markers at post-operative follow-up appointments (Graph 6). Most participants favoured US as imaging modality of choice at follow-up. Thirteen percent of oncology surgeons, and 18.5% of surgeons with other specialty interest stated they did not request any imaging at follow-up. Frequency of follow-up imaging was variable in both groups and ranged from once only at 3 months to annual, and was continued by several consultants until transition to adulthood. Request of post-operative tumour markers was also variable.  Around 50% of survey participants in either group stated that the request for tumour markers was guided by the histology results. One participant stated he follows the CCLG guideline. 
Discussion 
Ovarian germ-cell tumours in children are rare. Symptoms at presentation tend to be vague and frequently mimic other – more common – intraabdominal pathologies, such as acute appendicitis. [5] Therefore, these cases tend to be initially managed by a Paediatric Surgeon with no special interest in oncology. The treatment of such tumours almost invariably requires surgery. Complete surgical resection is imperative, because intraoperative rupture or spillage of the tumour immediately upstages the tumour. If this is achieved, there is a high cure rate. [6] It is therefore crucial for clinicians to have a clear understanding of the management of such tumours; before surgery, intra-operatively and during follow-up. 
Although brief surgical guidelines have been published by CCLG and the Children’s Oncology Group (COG), the actual evidence to support guidance on most areas is sparse and the guidelines leave a lot of room for interpretation. [2], [7] We therefore hypothesized that the management approach to ovarian tumours would be highly variable amongst consultant paediatric surgeons in the UK. 
Our survey had an overall response rate of more than 50% of consultant paediatric surgeons currently active in the UK, and a similar number of surgeons with SIO and surgeons with DSI. It is therefore reasonable to assume, that the survey results give an accurate description of current practice in the UK.
Despite the trends towards increasing sub-specialization, almost 40% of respondents stated that in their centre, ovarian tumours were managed by all Paediatric Surgeons, regardless of subspecialty interest; and regardless of the number of such cases performed per year by the particular surgeon. As many of these tumours frequently present out of hours in the emergency setting making it more difficult to obtain specialist advise, easily accessible guidance for all surgeons – regardless of subspecialty - is crucial. 
Retrospective series suggest that about 25% of children with torsion of the ovary have an ovarian tumour. [16], [17]. Furthermore, it is also known that even after 48 hours of torsion, ovaries often contain viable ovarian tissue, and therefore a simple detorsion without resection could save a girl’s ovary. [18] To allow for a thorough work-up of a possible tumour, a protocol containing a “two-step approach” with an initial laparoscopy and detorsion, may be very reasonable. 
Even where care is directed by paediatric oncology surgeons, our survey shows that management of these tumours is variable in all perioperative and post-operative areas; including the approach (open or laparoscopic) and the type of surgery performed (ovarian preserving surgery or oophorectomy). There is a lack of data on risk of recurrence and risk of metachronous disease, and retrospective data suggests this risk may be quite significant (up to 25% for metachronous disease). [15] An oophorectomy should therefore not be performed lightheartedly. 
Ongoing debate remains around the use of laparoscopy, laparoscopic tumour resection and ovary-sparing surgery for ovarian tumours in children. As intraoperative tumour rupture or spillage automatically upstage the tumour, many paediatric surgeons shy away from such practice. 
As outlined above, in an emergency setting laparoscopy may have advantages as a diagnostic as well as therapeutic tool. In the case of ovarian tumours laparoscopic surgery has become common practise in adult gynaecology. It has been shown that laparoscopic dissection of ovarian tumours is feasible and safe in children if oncological principles are adhered to. [8], [9] As this often requires a further separate incision for removal, many surgeons argue that a laparoscopic procedure has no cosmetic benefit, but comes with an increased risk of upstaging the tumour. Laparoscopy however facilitates inspection of the intraabdominal cavity, and the contralateral ovary. There is no prospective evidence comparing tumour rupture during laparoscopic or open removal in children. Our survey confirms that amongst UK paediatric surgeons there is no consensus on laparoscopic surgery for ovarian tumours in children. 
Ovary-sparing surgery – much more common in adult practise – presents a similar dilemma. Two studies have shown that ovarian preservation during surgery for adnexal masses is significantly more likely if the operation is performed by a gynecologist than a paediatric surgeon [10], [11]. The studies did not investigate if this led to an increased incidence of intraoperative tumour rupture, spillage and subsequent upstaging of the tumour. This however remains a great concern, and our survey shows that many UK paediatric surgeons are hesitant to undertake ovary-sparing surgery for teratoma. 
As mentioned earlier, the risk of tumour recurrence following resection of an ovarian teratoma, and the risk of metachronous tumour occurrence remain largely unknown. Retrospective studies have suggested a risk of up to 25 % recurrence but it remains unclear whether these were true metachronous tumours, or recurrence of an incompletely excised tumour. [12], [15] Prospective evidence is missing. This uncertainty has resulted in a wide variation of follow-up arrangements as confirmed by our survey. Recurrence and metachronous disease may occur in a large timeframe – for this reason, some surgeons in our survey review their patients until transition to adulthood. In contrast, others discharge patients after one follow-up appointment. As there is no prospective evidence on this matter, nor on the type or frequency of follow-up imaging, we need to establish guidance that finds the right balance.
We are aware that this survey has a number of limitations, and its results have to be analysed carefully in view of these. The project required the design of a novel, non-validated questionnaire, because a similar survey on this subject has never been undertaken before. It would have been possible to include a number of additional interesting questions in the survey. However, our main aim was to capture current practice amongst UK paediatric surgeons regarding ovarian tumours. We aimed at mitigating the issue of survey fatigue by keeping the questionnaire as concise as possible, whilst touching on as many controversial topics as feasible. On the contrary, we were aware that many of our questions would prompt participants to state their individual opinion. Therefore, we allowed free text entries for a large percentage of the questions. 
Our survey demonstrates great heterogeneity in the management approach to prepubertal ovarian tumours amongst paediatric surgeons in the UK. The results of the survey and the comments by individual survey participants highlight the currently existing uncertainty. Clear guidance - including on the management of a child with a possible ovarian tumour presenting out of hours - is required, but hindered by the lack of evidence in the literature. A large prospective multi-centre study including long-term follow-up is needed in order to clarify the current difficulties, especially the risk of recurrence and metachronous ovarian tumours. Only this will allow establishment of evidence-based guidance.  
Conclusion
This first national survey on the management of prepubertal ovarian tumours demonstrates great heterogeneity in the current approach amongst UK paediatric surgeons. Better evidence is needed to formulate clear guidance for the management of such tumours. We propose instigation of a multi-center registry for ovarian tumours, to generate prospective data and clarify guidance for the future.



Legends for graphs:

Graph 1: Flow chart detailing distribution of survey participants. (SIO = special interest in oncology group; DSI = different special interest group)
Graph 2: Average number of operations for ovarian tumours per year in each subgroup.
Graph 3: Preoperative imaging obtained for ovarian tumours.
Graph 4: Responses to the question on laparoscopic versus open approach for ovarian tumours.  
Graph 5: Frequency of follow-up appointments for patients following resection of a benign ovarian tumour.
Graph 6: Type of imaging requested at follow-up after resection of a benign ovarian tumour.
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