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Abstract
Advances in the treatment and supportive care of childhood cancer over the past decades have led to dramatic improvements in survival and quality of life for children suffering from leukaemias, lypmphomas and solid tumour malignancies. A milestone was the introduction of so-called ‘multidisciplinary teams‘, consisting of health care professionals with expertise in specific areas of childhood cancer working together in an effort  to provide the best care and treatment possible. During regular meetings, the multi-disciplinary tumour board discusses treatment plans for newly-diagnosed cancers in children, therapy options for patients currently undergoing treatment, and clinical scenarios or difficult cases requiring expert consensus or additional national tumour panel consultation(s) for their management. 

Introduction

Treatments and supportive care in childhood cancer have advanced greatly over the past decades. Most treatment plans nowadays are based on a ‘risk-adapted‘ multimodal approach to therapy.  This may include combinations of chemotherapy, radiotherapy, surgery, immunotherapy(s), bone marrow with stem cell transplantation and novel targeting agents.
However, the science of systemic treatments in childhood cancer only emerged in the decades following World War II. Sidney Farber initially observed the benefits of chemotherapy in acute leukaemia, lymphoma(s) and Wilms tumours in children. [1] Wilbur subsequently reported on the reduction in size of solid tumours achieved through chemotherapy, with advantages for surgical resection and radiotherapy. [2] These milestones in paediatric oncology were foundations for the modern multi-disciplinary therapy(s) of childhood cancer. This is now evident in modern every day practice in many nations worldwide. 

The ‘multidisciplinary team (MDT)‘ approach has become ‘best practice‘ for decision-making and clinical care in many adult and paediatric cancers. [3] Although the advantages may seem obvious, only few studies have critically examined the impact of MDT meetings on objective and measurable outcomes in paediatric cancer care. Individual studies indicate an association between MDT discussion and more efficient and accurate initial patient management, shorter time to treatment after diagnosis and better adherence to clinical guidelines. [4-6] This may well indirectly lead to survival benefits for patients, through better overall case management. However, very little remains known about the direct impact of MDT discussion on quality of life and patient survival. [4] The individual role of the paediatric surgeon within the paediatric oncology multi-disciplinary team is hardly ever mentioned in the literature. [7,8]

The Multi-Disciplinary Team in Paediatric Oncology – Personnel and Facilities
 
Multi-modal therapy for childhood cancer requires specialised personnel and distinct facilities in close proximity in order to function effectively. Studies in the early 1970s and 1980s were the first to show that organization of cancer treatment in designated ‘cancer centres’ could provide more effective therapies through immediate availability of multi-disciplinary services; with the aim to achieve better outcome(s) for paediatric oncology patients. [9] This was indeed the case for both certain solid tumours, non-Hodgkin lymphoma(s) and acute lymphoblastic anaemia(s). [10-12] It was only in 1986 though, that organisation of cancer treatment was formalised to some extent in a consensus policy statement issued by the American  Academy of Pediatrics (AAP). The statement is regularly updated in response to the rapid advances in paediatric oncology with the most recent version published in 2014. [13] The statement defines key personnel and resources required for a ‘state-of-the-art paediatric cancer centre’: 
1) Personnel 
Effective ‘team-working‘ cooperation between a variety of healthcare professionals facilitated through the MDT, is extremely important for decision-making in paediatric oncology {Figure 1}. Personnel of the multi-disciplinary paediatric cancer team should include:
· A certified Paediatric Oncologist/ Haematologist
· A certified Paediatric Surgeon (and/or Surgeon with the required subspecialty interest depending on the type of cancer)
· A certified Pathologist with expertise in childhood tumours
· A certified Paediatric Radiologist
· A certified Paediatric Radiation Oncologist
· Nursing staff with specific training in management of children with cancer
· Paediatric physical and mental rehabilitation services
· Social workers, paediatric psychologists, and access to family support group services and pastoral/ spiritual support
· Paediatric dietician with expertise in all aspects of nutrition delivery including total parenteral nutrition 
· Experts with knowledge in complementary and alternative therapies
· Certified pharmacists and if possible pharmacologists with expertise in chemotherapy
2) Facilities
Campus site facilities considered obligatory include:
· Paediatric intensive care unit
· Radiology services including: radiography, computed tomography, magnetic resonance imaging, ultrasonography, radionuclide imaging, and angiography
· Network facilities to provide radiation therapy
· Access to a haematopathology laboratory capable of performing cell-phenotype analysis, immunohistological and immunobiological analyses, cytogenetics and PCR methodology
· Access to haemodialysis
· Access to stem cell transplant services, including appropriate, safe isolation facilities for patients with severe immune suppression
3) Capabilities
The AAP guideline furthermore states a number of required ‘capabilities’, such as coordination of home-care, pain services,  palliative and end-of-life care including an established long-term follow-up and ‘transition to adulthood’ program, delivery of regular educational events for health care professionals, and  regularly scheduled multi-disciplinary team (MDT) meetings. 

In most cancer centres in the UK and elsewhere MDT meetings occur on a weekly basis. Patients may be discussed at any point along their treatment pathway. Main purpose of these meetings include scheduling of new patients at time of primary diagnosis, discussion of their response to treatment, and thereafter end of treatment care plan sign off. Patients whose further treatment plans are considered controversial, case(s) of recurrence/ relapse or patients with unexpected progression of disease may also be discussed. 
It is evident that it is neither efficient nor logistically feasible to facilitate the totality of such specialized services in every hospital. Therefore in many countries treatment of childhood cancer is nowadays restricted to specialist oncology centres which can provide the key health care personnel, facilities and capabilities as described. This allows for clustering of up-to-date knowledge exchange, interdisciplinary debate, and access to latest therapy protocols while facilitating the active participation and recruitment of patients into national and international co-operative cancer group trials.  

Evolution of Multi-Disciplinary Team Care through Co-operative Groups and Group Trials – The Success Story of Paediatric Oncology (Surgery)

Cancer remains the second most common cause of death in children after injury-related deaths, both in the USA and the UK. [14,15] However, advances in understanding pathology and evolution of treatment modalities after the Second World War greatly improved outcomes and quality of life in a multitude of paediatric malignancies. Multi-disciplinary team care evolved somewhat simultaneously and is undeniably closely interwoven with several of the heroic success stories in paediatric cancer care. 
Amongst the solid neoplasms of childhood, Wilms tumour is the ‘surgical prime example’ of how the multidisciplinary approach has not only lead to improved survival outcomes for affected patients but also initiated the key development of national and international collaborative tumour interest groups in paediatric oncology. [17] 
In the first half of the 20th century, children with solid tumours were not offered any systemic treatment(s) and for children with haematological malignancies single agent chemotherapy was also very limited. [16] Variations in operative surgical techniques and postoperative radiotherapy regimens had been attempted for treatment of solid tumours including Wilms, however little (if any) resulted in improvement of outcomes.  It was only in the 1960s that Sidney Farber described how systemic chemotherapy induced remission in children with acute childhood leukaemia, lymphoma and Wilms tumour. [1] Wilbur thereafter reported similar findings in children with rhabdomyosarcoma. This was ‘proof of a new concept‘ that had never been described before: Systemic chemotherapy treatment(s) were able to shrink grossly enlarged tumours and improve the accessibility and effectiveness of surgical resection and other treatment modalities. [2] 
Like most childhood solid tumours, WT is a rare disease with typically only  80 new cases annually in the UK and Ireland and around 460 per annum in the USA. [18] It was clear that for such rare diseases only multi-institutional co-operative trials would allow clinicians to be able to clarify therapy questions in a timely fashion to accelerate cure rates. The National Wilms Tumour Study Group (NWTS) was founded by Professor Julio J. D’Angio, MD (Radiation Oncologist) in the USA in 1968. The subsequent NWTS trials have greatly influenced modern management of WTs.  These trials showed that post-operative radiation therapy was not required for totally resectable early stage Wilms tumour and that survival was > 90% if surgery was combined with adjuvant chemotherapy in those with advanced disease. [19] The multiple working party groups in the USA in the late 1990’s then formed the Children’s Oncology Group (COG). Similar actions occurred in Europe at that time. The UK Children's Cancer Study Group (UKCCSG) was established in the early 1970’s as a national multi-disciplinary platform for paediatric oncologists, oncology surgeons, radiation oncologists and others to convene, share knowledge and advance care in childhood cancer. These varied national groups also ambitiously facilitated international tumour registries, and the promotion and execution of many important clinical trials. Milestones in the development of UKCCSG included the formation of a UK Childhood Cancer Registry in 1977, instigation of special tumour interest groups (for example on ‘late effects‘), and the UKCCSG tissue bank repository in 1998. In 2006, the UK Childhood Leukaemia Working Party merged with UKCCSG to form the UK Childhood Cancer and Leukaemia Group (UK CCLG) as it is nowadays known. [20] UK CCLG is respected for its strong support of multiple research led clinical trials related to the ultimate goal of curing childhood cancer. 
Internationally, the ‘Sociétée Internationale d’Oncologie Pédiatrique’ (SIOP) and ‘International Society Of Paediatric Surgical Oncology’ (IPSO) are leading platforms for scientific exchange among its physician members, surgeons and world delegates. In addition, there are now European and International Special Interest Groups for many tumours; for example SIOPEN, a European special interest group to advance outcomes in the management of Neuroblastoma, or SIOPEL, the special interest group for liver tumours. Groups like these are able to facilitate international clinical group trials for rare solid tumours through collation of index case numbers; thereby facilitating meaningful trial outcomes which otherwise would never be obtainable with smaller group activities. The success of these collaborative initiatives is reflected by the great advances in evidence-based therapies and in the dramatic improvement in quality of life and survival of many children affected by cancer. [19]

The Role of the Paediatric Oncology Surgeon within the Multi-Disciplinary Team

Surgery in paediatric oncology most often forms part of a highly systematic treatment strategy plan for the patient. With advances in our understanding of molecular biology, immunology, genetics and the development of new ‘targeted therapies’, treatment protocols are increasingly more complex and the surgical oncologist  must be an enthusiastic partner, driven and technically well trained as a pivotal MDT member. 
Surgical expertise is essential at the multi-disciplinary team meetings because the surgeon must be actively involved in the ‘decision-making’ process around surgical care.  The role of surgery varies according to tumour type, and it is important that the paediatric oncology surgeon is fully aware of the modern treatment guidelines and protocols available for the patient. Surgery plays a vital role in patient diagnosis and treatment, through provision of tissue biopsy sampling and vascular access services for chemotherapy and nutrition, and through scheduling elective or sometimes ‘emergent’ resection of the tumour. 

For a long time, operative treatment of solid tumours was only judged a complete success where the surgeon was technically able to achieve gross up front resection of the mass.  Frequently this included accepting major morbidity or mutilating surgery with resection of adjacent structures and organs required for adequate disease clearance. Through evolution of multimodal therapies for many solid tumour types, surgical resection has now advanced to being part of a better overall curative treatment plan, along with delivery of adjuvant chemotherapy and radiotherapy. However there are times when surgery may not be a wholly valid practical option for the patient despite being theoretically appealing.  Risks need to be carefully weighed against benefits to decide what is truly in the patient’s best interest. Such circumstances include for example extensive tumour encasement of major blood vessels and other vital structures which would make ‘heroic’ bold attempts at gross resection a major risk to life for the patient. {Figure 2}

Tumour Board  -  The Surgeon And The Radiologist
The expertise of the paediatric radiologist is pivotal for accurate diagnosis, surgical planning and assessment of treatment response. Imaging review within the MDT should be regularly and carefully scheduled, especially prior to surgery. Proximity to vital structures such as organs and major blood vessels must be assessed and risk and benefits of surgery discussed with the MDT.  Elective surgical resection can then be planned in agreement with all team members.  Palliative or debulking operations are at times valid options for selected patients to alleviate pain and distressing symptoms. 
The radiologist also assists by recommending the best possible  imaging technique for most accurate assessment of the tumour, which may facilitate more accurate preoperative surgical planning and/or aid with intraoperative surgical guidance. Novel 3D imaging reconstruction techniques can be of use for obtaining a vivid preoperative impression of the anatomy to be anticipated intraoperatively. [26] In many centres the MDT furthermore benefits from the support of an interventional radiologist, who can provide support with vascular access, tumour biopsies and minimally invasive treatments for certain tumours. 

Tumour Board  -  The Surgeon And The Pathologist
Histopathology and cytological analysis of tumour specimen play a crucial role for diagnosis and treatment of many tumours. With more advanced treatments evolving, cytogenetic analysis is often required in order for disease risk stratification, and to choose treatment tailored to the patient. As the surgeon is professionally responsible for the safe delivery of a tumour biopsy or specimen resection to the pathologist for analysis, excellent communication and co-operation is required between these key team members. This includes notifying the departmental pathologist of the (i) date and timing of operative resection, (ii) expected arrival of the specimen in the laboratory, as well as (iii) the optimum medium in which the tissue should be transported to the laboratory (fresh, in tissue culture medium, in formalin, etc ). Errors here can potentially have disastrous consequences for the patient’s treatment because wrong specimen handling can dramatically impact on vital assessments of molecular biology and diagnostic cytogenetics. 

Tumour Board – The Surgeon and Vascular Access Services
Many chemotherapy agents display significant systemic toxicity. Therefore, they can only be administrated under close monitoring via a central venous catheter (CVC). CVCs also facilitate administration of parenteral nutrition and allow easy access for regular patient blood sampling. Stem cell harvests and renal replacement therapy require special large bore CVCs that permit high blood flow. A number of commercial vascular access devices are available for insertion by the oncology surgeon (Hickman or Broviac catheters, implantable Portacaths,  Vascaths,  Permacath; and others). It cannot be over-emphasized that clear communication between the medical oncology team and surgeon is required here, so that the surgeon knows exactly which CVC device is best suited for the particular patient. 
Venous thrombosis is a well-recognised complication of CVCs that the paediatric oncology surgeon must be fully aware of. Patients on long-term treatment may have had many CVC’s and require thorough radiological assessment of central vein patency prior to new attempts at CVC insertion. Initial investigation of choice here is usually Doppler ultrasonography, however, certain patients may require more detailed assessment of venous anatomy with provision of MR Venography to select suitable veins for CVC reinsertion and ongoing treatment. [21] {Figure 3}

Tumour Board and Late Effects: The Role of the Surgeon
Advances in paediatric oncology have led to dramatically increased survival rates of young cancer patients. With these successes however, comes an increase in so-called patient ‘late effects’. Of prime consideration to patients and families is infertility which can be a major negative late effect of systemic chemotherapy and/or radiotherapy delivered to therapy fields involving the pelvis and gonads. Cranial irradiation can also disrupt gonadal function through damage of the hypothalamic-pituitary axis. It is here notably the prevention of infertility in later life that the surgeon plays a crucial role in fertility preservation. Infertility refers to subsequent azoospermia in boys, and premature ovarian failure in girls. [22-24]
At Tumour Board meetings options for fertility preservation must be discussed for all patients. Options vary between the individual sexes and invariably require multi-disciplinary input from medical oncologist, fertility experts, patient/ family and surgeon. UK CCLG therefore recommends that “fertility must be part of discussions with all patients” before any cancer treatment is commenced. [22]

Fertility preservation options in the female patient include:
· Mechanical protection of the ovary through shielding or surgical transposition prior to radiotherapy – oophoropexy
· Ovarian suppression with GnRH analogues (in post-pubertal females)
· Egg or embryo freezing (in post-pubertal females)
· Ovarian tissue graft harvest(s) and freezing (both pre- and post-pubertal females)
The latter is usually facilitated by minimally invasive surgery with removal of ovarian tissue (strips of ovarian tissue or whole ovary) which contain numerous oocytes. Tissue is then cryopreserved and stored safely in tissue bank facilities for future use. This method requires close communication and cooperation between the patient, oncologist, surgeon and laboratory technician, as any time delay in transport and freezing will result in loss of valuable oocytes. 

Fertility preservation options in the male patient include: 
· Mechanical protection through shielding of the testis prior to radiotherapy – reverse orchidopexy 
· Semen cryopreservation (in adolescent males)
· Testicular tissue harvest and freezing (prepubertal males)
Testicular tissue biopsy specimens containing spermatogonia stem cells are retrieved by scrotal operation with testicular wedge biopsy and cryofrozen. Specimens are likewise stored safely  with tissue banking.
Multi-disciplinary follow-up is required for all patients. Hormonal deficiencies do not only affect fertility, but also bone density and psychological health. MDT long-term follow-up is needed for these patients, as is close cooperation of oncologists, fertility experts and obstetricians in the planning and monitoring of a pregnancy in a long-term cancer survivor. [23; 25]

Conclusion
Modern paediatric surgical oncology would be unthinkable without a multidisciplinary team approach to care. The complex oncological treatment algorithms including surgery can only be delivered with the help of a functioning multi-disciplinary team. International collaboration through group trials allows constant advancement in care and treatment for many paediatric cancers. The widespread alliance and active cooperation of health care professionals across disciplines and countries around the world has now changed the outlook for many children with cancer; and allows many of these young vulnerable patients and their families to be hopeful for cure and an overall improved quality of life. 
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