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Abstract

Background: Medulloblastoma and primitive neuroectodermal tumours (PNET) are the
most common central nervous system (CNS) embryonal tumours diagnosed in childhood.
Survival outcomes are worse for children diagnosed with CNS PNET compared to
medulloblastoma. Less is known about survival outcomes in teenagers and young adults
(TYA).

Methods: Data were extracted from two population-based cancer registries of children and
young people (0-24 years) in the north of England for all diagnoses of medulloblastoma and
CNS PNET between 1990 and 2013. Incidence and survival trends were analysed using
Poisson and Cox regression.

Results: Between 1990 and 2013, 197 medulloblastomas and 58 CNS PNET were
diagnosed; age standardised incidence rates of 3.8 and 1.5 per million, respectively.
Medulloblastoma incidence decreased over time while there was no significant change in
trend for CNS PNET. The overall 5 year survival rate was 54%. The risk of death was 2.4
times higher (95%CIl 1.6, 3.7) for patients with CNS PNET compared to medulloblastoma,
after adjustment for patient characteristics. There was a 39% reduction (95%CI 0.43, 0.87) in
the risk of death for patients diagnosed between 2000 and 2013 compared to 1990-1999.
Risk of death did not differ for TYA (15-24 years) compared to children aged 5-9 years.
Conclusions: Medulloblastoma incidence decreased over time and differences in survival
between medulloblastoma and PNET emerged within the first year post diagnosis leading to
poorer outcomes for children and young adults diagnosed with PNET, however a significant

improvement in survival over time was observed.



Highlights

o Little is known about incidence and survival outcomes in teenagers and young adults
(TYA) with CNS embryonal tumours

¢ Incidence trends decreased over time for medulloblastoma, however no significant
trend was observed for CNS PNET over time

¢ Differences in survival between medulloblastoma and CNS PNET emerged within the
first year post diagnosis

e There was an improvement in survival over time for children and TYA with
medulloblastoma and CNS PNET

e There were no differences in survival between TYA compared to children aged 5-9

years
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Introduction

Central nervous system (CNS) tumours are the second most common site of neoplasms
diagnosed in children, accounting for approximately one quarter of all childhood cancers (0-
14 years), (1) and 14% of tumours diagnosed in teenagers and young adults (TYA) (15-24
years) (2). They are the most common cause of cancer related death in children and TYA (1,

2).

CNS embryonal tumours are the second most frequent CNS subgroup of tumours in
childhood, (3) which are further classified into one of four groups based on morphology and
topography according to the International Classification of Cancer in Children version 3
(ICCC-3) (4): medulloblastoma, primitive neuroectodermal tumours (CNS PNET),
medulloepitheliomas and atypical teratoid/rhabdoid tumours (ATRT). Medulloblastomas are
the most common embryonal tumours (3, 5). CNS PNETSs are rare; in England between
1995 and 2003 there were an estimated average of 15 new cases per year in children and 5
per year in TYA, compared with 44 and 7 cases of medulloblastoma in children and TYA

respectively (6).

In recent years, molecular testing of CNS tumours has evolved. Medulloblastomas are
considered to comprise at least four distinct diseases that differ according to their
demographic characteristics, histology, genetics and clinical outcomes (7-9). The CNS
PNET subgroup refers to a heterogeneous group of tumours that show aggressive clinical
behaviour. Specific histotypes with distinct molecular features have recently been identified
such as embryonal tumour with abundant neuropil and true rosettes (ETANTR) (10, 11).
Moreover, a significant proportion have molecular phenotypes more characteristic of other
tumour types such as ependymomas and high grade gliomas, suggesting that histological
appearance alone may be inadequate to accurately classify many of these tumours (12-14).

However these distinctions are not yet clarified in either the 2007 World Health Organisation



classification of CNS tumours or the ICCC-3 and historical cancer registration data comprise

very little, if any, information on molecular status.

Population- based studies which have analysed survival rates separately for
medulloblastoma and CNS PNET have shown that children diagnosed with medulloblastoma
have better survival outcomes than those with CNS PNET (5-year survival rates range
between 58-69% for medulloblastoma vs. 27-47% for CNS PNET) (3, 15-18). The incidence
of childhood CNS embryonal tumours increased in Europe between 1978 and 1997 (19).
Analysis by subgroup in children in Germany found that incidence trends for
medulloblastoma in children have remained stable between 1991 and 2012 while over the
same period the PNET rate decreased mainly due to improved diagnostic tools and

classification of tumours (18).

Previous studies of incidence and survival of CNS embryonal tumours have generally been
limited to children only. The aim of this study was to describe patterns and trends in
incidence and survival of children and young people, aged 0-24 years, diagnosed with CNS
embryonal tumours in the North of England focusing specifically on medulloblastomas and

CNS PNET adjusting survival for patient case-mix including treatment.

Patients and methods

This study used data from two geographically adjacent population based tumour registers in
the north of England; the Yorkshire Specialist Register of Cancer in Children and Young
People (YSRCCYP) and the Northern Region Young Person’s Malignant Disease Register
(NRYPMDR) (Figure 1). YSRCCYP collects information on children and young people aged
0-29 years at diagnosis whilst resident in the Yorkshire area (0-29 year population of 2
million in 2011) (20). Case ascertainment was complete for all patients aged under 30 years
resident in the former Yorkshire Health authority from 1990 onwards; patients resident in the

South Yorkshire Strategic Health Authority part of the region were included in the register



between 1998 and 2013 for children (0-14 years) and between 1998 and 2009 for teenagers
and young adults (15-29 years). The NRYPMDR covers the counties of Northumberland,
Tyne and Wear, Durham, Teesside and Cumbria (excluding Barrow-in-Furness) (0-24 year
population of 0.9 million in 2011) and has recorded information on all cases of cancers in the
region diagnosed in 0-24 year olds since 1968 (21). For both registers cases are identified
through multiple sources including: hospital records, neuropathology reports, hospital
admissions, other regional and national cancer registries (20, 21). Patients are regularly

followed up to determine current status.

All tumours were classified into a histological group according to ICCC-3 (4). The group of
embryonal tumours (ICCC-3 llic) can be further broken down into one of four subgroups;
medulloblastoma, CNS PNET, medulloepitheliomas and Atypical teratoid/rhabdoid tumours
(ATRT) (4). Medulloepitheliomas have recently been identified to be the same pathological
entity as ETANTRs, many of which would have been previously classified as CNS PNETSs.
Therefore for this analysis medulloepitheliomas have been included in the CNS PNET group.

ATRT are excluded from further analysis due to small numbers.

All diagnoses of CNS tumours between 1990 and 2013 in patients aged 0-24 years were
extracted from the YSRCCYP and the NRYPMDR. Only first, primary tumours within each
patient were analysed. We extracted information on each patient’s age at diagnosis, gender,
treatment received, date of diagnosis and date of death or last follow-up. All cases were
followed up until death or a censor date of 31/12/2014. Deprivation was measured using the

area-based Townsend index derived from the 2001 UK census based (22).

Information on the treatment modality each individual received was classified into one of six
groups: surgery, radiotherapy and chemotherapy; surgery alone; surgery and radiotherapy;
surgery and chemotherapy; adjuvant therapy without surgery (including radiotherapy and
chemotherapy, radiotherapy alone or chemotherapy alone); and no treatment recorded. The
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treatment patterns for medulloblastoma changed over the study period with the introduction
of reduced dose radiation therapy and adjuvant chemotherapy in 1999 (23). We defined the
period of diagnosis as either 1990-1999 or 2000-2013 to reflect changes in treatment over

the study period.

Statistical analysis

Direct age standardised incidence rates (ASR) adjusted to the World standard population
were calculated and reported per 1,000,000 person-years by gender and period of diagnosis
(24). For incidence rate trends the age and sex adjusted average annual percent change
(AAPC) was estimated by Poisson regression. Kaplan Meier 1, 2, 5 and 10 year survival
estimates were calculated separately for medulloblastoma and CNS PNET. Cox proportional
hazards models were used to model survival trends. Multivariable models included variables
for diagnostic subgroup, age at diagnosis, gender, period of diagnosis, area deprivation and
treatment. Tumour grade at diagnosis was not included in the model as all cases were
classified as WHO grade IV (12). Additionally interaction terms between (a) diagnostic
subgroup and period of diagnosis, (b) diagnostic subgroup and gender, and (c) diagnostic
subgroup and age at diagnosis were included in the models to formally test if there were
differences in survival patterns by diagnostic subgroup over time, by gender or by age
groups. The proportional hazards assumption was checked for each variable using the
Therneau and Grambsch test (25) within Stata (26). This assumption was met for all
variables except treatment; we stratified the model across treatment categories and found

the proportional hazards assumption to hold for all other variables.

Conditional 5 year survival was calculated separately for each diagnostic subgroup.
Conditional survival is the probability of surviving an additional x years given that the person
has already survived y years and is calculated by dividing the (x+y) year cumulative survival

by the y year cumulative survival (27). For example, the 5 year conditional survival of



patients who had survived 1 year was estimated by dividing the 6 year cumulative survival
by the 1 year cumulative survival. This measure shows how the survival probability changes

with increasing duration of follow-up from the time of initial cancer diagnosis (27).

Incidence and survival rates by subgroup were compared with those published in the
literature from population based cancer registries within the age range 0-24 years and

covering time periods that overlapped with this study.

Results

Incidence

Between 1990 and 2013 there were 277 children and young people diagnosed with a CNS

embryonal tumour; medulloblastomas were the most common type (n=197, 71%), followed

by CNS PNET (n=58, 21%), and a further 22 (8%) patients were diagnosed with ATRT (this

group was excluded from further analysis) (Table 1).

The overall ASRs for medulloblastoma and CNS PNET were 3.8 and 1.5 per 1,000,000
person-years respectively. Between 1990 and 2013 there was a statistically significant
decreasing trend for medulloblastoma (AAPC= -2.3% (95%ClI -4.4, -0.3)) and no significant

change for CNS PNET (AAPC= -1.8% (95%ClI -5.6, 2.0)) (figure 2).

Survival

Survival rates were considerably lower for CNS PNET compared to medulloblastoma; 5 year
survival rates were 33% (95%CI (21, 46)) and 64% (95% CI (56, 70)), respectively (table 2).
Unadjusted survival rates were better for cases diagnosed between 2000 and 2009
compared to those diagnosed between 1990 and 1999 for medulloblastoma only (table 2).
For medulloblastoma there were no survival differences between children and TYA, however

for CNS PNET TYA had slightly higher survival rates (Table 2).



The adjusted risk of death was 2.4 times higher for CNS PNET compared to
medulloblastoma (HR=2.4, 95%CI (1.6, 3.7) table 3). Age was also significantly associated
with survival with an increased risk of death in those aged 0-4 years compared to those aged
5-9 years at diagnosis, but there was no difference in survival for TYAs compared to 5-9
year olds. Survival improved over time, with a significant 37% reduction in the risk of death
for patients diagnosed between 2000 and 2013 compared to 1990-1999 (HR=0.63, 95%ClI
(0.43, 0.92)). The risk of death increased by 30% for patients with a deprivation score on the
75" percentile compared to those on the 25" percentile (HR=1.3, 95%CI (1.0, 1.6)). There
were no significant interactions between diagnostic subgroup and period of diagnosis
(p=0.21), diagnostic subgroup and gender (p=0.84) or diagnostic subgroup and age

(p=0.46).

For both diagnostic subgroups conditional survival increased for every additional year
survived. Although the initial prognosis was worse for CNS PNET compared to
medulloblastoma, for those who survived 3 years from diagnosis, the conditional 5-year
survival rates were similar in both groups (85% for medulloblastoma and CNS PNET)

(Figure 3).

International comparisons

Table 4 compares incidence and survival rates by diagnostic subgroup from our study with
published population based studies including 5 in Europe and 1 from the USA.
Medulloblastoma survival in 0-14 year olds in the North of England was slightly lower than in
Germany over a very similar time period (63% and 69% respectively) but higher than that in
Great Britain between 1991 and 2000 (58%). Our childhood CNS PNET survival rates were
lower than those in Germany, France and Sweden but our CNS PNET group also included
medulloepithelioma, recognised to have a particularly aggressive clinical course, which other

studies included as a separate group.



Discussion

CNS tumours are the most common cause of cancer related death in children and TYA; 15%
of children and 9% of TYA diagnosed with CNS tumours die within one year of diagnosis
(28, 29), however little is known about how this varies by diagnostic subgroup. CNS
embryonal tumours generally have poor prognosis and this study adds to the existing
literature by describing trends in medulloblastoma and CNS PNET incidence and survival
and includes teenagers and young adults aged 15- 24 years for whom comparatively little is

known about disease epidemiology.

Over time the incidence trend for CNS embryonal tumours remained stable but there were
differences by subtype with a significant decreasing incidence trend for medulloblastoma.
We found that the 5 year overall survival rate for CNS embryonal tumours diagnosed aged
0-24 years was 54%. However, this masked clear differences according to diagnostic
subtype with significantly poorer five-year survival rates seen for CNS PNET (33%)
compared to medulloblastoma (64%) with differences emerging within the first year after
diagnosis. The relative risk of death was 2.4 times higher for patients with CNS PNET
compared to medulloblastoma, after adjustment for patient case-mix. Encouragingly, survival
rates improved over time, driven by an increase for medulloblastoma. The risk of death was
greatest in those aged 0-4 years, and there were no differences in survival between older
children and TYA or by gender. Our conditional survival results showed that although CNS
PNET prognosis was poor (one year survival rate 64%), for the small group of patients who
survive three years from diagnosis the survival probabilities for the next 5 years were similar

for medulloblastoma and CNS PNET.
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CNS PNET are a heterogeneous group of tumours that can be difficult to classify and
historically many CNS PNETs may have been misdiagnosed high grade gliomas with poor
survival outcomes (13, 14). Improvements in molecular testing of CNS PNET will result in
less misclassification of these tumours and is likely that this will impact of future incidence
and survival estimates; indeed the observed decreasing trend in medulloblastoma incidence

in this study may be due to improvements in classification over time.

Across Europe survival rates improved for children diagnosed with CNS tumours and in
particular CNS embryonal tumours between 1995 and 2002 (30). Other studies have also
shown a general improvement in survival for childhood CNS tumours over the last 20-30
years identifying improvements in CNS embryonal tumour survival specifically (3, 16, 19, 30,
31). TYA, aged 16-24 years, from Yorkshire showed a significant increase in survival from
medulloblastoma and CNS PNET combined between 1990 and 2009 (32). As one of the
few studies to consider children and TYA together over an extended time period and
uniquely able to account for the effects of treatment modality, we observed an improvement
in survival rates over time, with better survival in patients diagnosed after 2000 compared to
those diagnosed in the 1990s. This statistically significant difference was only evident after
adjustment for treatment. This finding reflects the timing of the changes in treatment patterns

with the introduction of reduced dose radiation therapy and adjuvant chemotherapy (23).

We compared our survival rates to those from other international studies and found
childhood medulloblastoma rates are similar to those in France (16) and Sweden (15) but
are slightly lower than those in Germany (18). It is difficult to directly compare our CNS
PNET rates as we included medulloepithelioma in our grouping which have particularly poor
outcomes. International comparisons of CNS PNET are difficult due to differences in
diagnostic procedures. No studies looked specifically at these subgroups in 15-24 years
olds. Data from the US between 2001 and 2006 have shown that survival rates for
medulloblastoma and CNS PNET were similar in children aged 1-9 years and adolescents

11



aged 10-19 years (17). In our study we did not find a difference in survival between the TYA
age group and children aged 5-9 years. We did however observe a doubling of the risk of
death for those aged under 5 years, consistent with other studies (3, 5, 15-19, 31) due to

treatment strategies for infants and young children that defer or avoid radiation (7).

Notable strengths of our study include detailed data on patient characteristics particularly
treatment received allowing us to adjust for patient case-mix. The main limitation of this
study is the lack of information on molecular status of the tumours. Although distinct
subgroups of medulloblastoma and CNS PNET have been established (7-13), these
subgroups are not as yet classified as separate entities according to WHO or the ICCC-3.
The recent progress in classification should lead to new biomarkers that can be used in
clinical practice to improve risk stratification and adapt existing and new treatments to each

patient (33, 34).

In conclusion, we found a decreasing incidence trend for medulloblastoma and differences in
survival between medulloblastoma and CNS PNET which appeared within the first year post
diagnosis leading to poorer outcomes for children and young adults diagnosed with CNS
PNET. The risk of death was lower for patients diagnosed after 2000, and was highest in
infants and young children, although there were no survival differences for TYA compared to

children aged 5-9 years or by gender.

Conflict of Interest Statement

None declared

12



References

1. Cancer Research UK.|http://www.cancerresearchuk.org/health-professional/cancer-
[statistics/childrens-cancers]| In.

2. Cancer Research UK.|http://www.cancerresearchuk.org/health-professional/cancer-
[statistics/teenagers-and-young-adults-cancers/|

In.

3. Stiller C. Childhood Cancer in Britain. Oxford: Oxford University Press; 2007.

4, Steliarova-Foucher E, Stiller C, Lacour B, Kaatsch P. International Classification of

Childhood Cancer, third edition. Cancer 2005;103(7):1457-67.

5. Johnson KJ, Cullen J, Barnholtz-Sloan JS, Ostrom QT, Langer CE, Turner MC, et al.
Childhood brain tumor epidemiology: a brain tumor epidemiology consortium review. Cancer
Epidemiol Biomarkers Prev 2014;23(12):2716-36.

0. Arora RS, Alston RD, Eden TO, Estlin EJ, Moran A, Birch JM. Age-incidence patterns
of primary CNS tumors in children, adolescents, and adults in England. Neuro Oncol
2009;11(4):403-13.

7. Gerber NU, Mynarek M, von Hoff K, Friedrich C, Resch A, Rutkowski S. Recent
developments and current concepts in medulloblastoma. Cancer Treat Rev 2014;40(3):356-
65.

8. Taylor MD, Northcott PA, Korshunov A, Remke M, Cho YJ, Clifford SC, et al.
Molecular subgroups of medulloblastoma: the current consensus. Acta Neuropathol
2012;123(4):465-72.

9. Northcott PA, Korshunov A, Witt H, Hielscher T, Eberhart CG, Mack S, et al.
Medulloblastoma comprises four distinct molecular variants. J Clin Oncol 2011;29(11):1408-
14.

10. Eberhart CG, Brat DJ, Cohen KJ, Burger PC. Pediatric neuroblastic brain tumors
containing abundant neuropil and true rosettes. Pediatr Dev Pathol 2000;3(4):346-52.

11. Adamek D, Sofowora KD, Cwiklinska M, Herman-Sucharska |, Kwiatkowski S.
Embryonal tumor with abundant neuropil and true rosettes: an autopsy case-based update
and review of the literature. Childs Nerv Syst 2013;29(5):849-54.

12. Louis DN, Ohgaki H, Wiestler OD, Cavenee WK, Burger PC, Jouvet A, et al. The
2007 WHO classification of tumours of the central nervous system. Acta Neuropathol
2007;114(2):97-1009.

13. Schwalbe EC, Hayden JT, Rogers HA, Miller S, Lindsey JC, Hill RM, et al.
Histologically defined central nervous system primitive neuro-ectodermal tumours (CNS-
PNETSs) display heterogeneous DNA methylation profiles and show relationships to other
paediatric brain tumour types. Acta Neuropathol 2013;126(6):943-6.

14. Korshunov A, Capper D, Reuss D, Schrimpf D, Ryzhova M, Hovestadt V, et al.
Histologically distinct neuroepithelial tumors with histone 3 G34 mutation are molecularly
similar and comprise a single nosologic entity. Acta Neuropathol 2015.

15. Lannering B, Sandstrom PE, Holm S, Lundgren J, Pfeifer S, Samuelsson U, et al.
Classification, incidence and survival analyses of children with CNS tumours diagnosed in
Sweden 1984-2005. Acta Paediatr 2009;98(10):1620-7.

16. Desandes E, Guissou S, Chastagner P, Lacour B. Incidence and survival of children
with central nervous system primitive tumors in the French National Registry of Childhood
Solid Tumors. Neuro Oncol 2014;16(7):975-83.

13



http://www.cancerresearchuk.org/health-professional/cancer-statistics/childrens-cancers
http://www.cancerresearchuk.org/health-professional/cancer-statistics/childrens-cancers
http://www.cancerresearchuk.org/health-professional/cancer-statistics/teenagers-and-young-adults-cancers/
http://www.cancerresearchuk.org/health-professional/cancer-statistics/teenagers-and-young-adults-cancers/

17. Smoll NR. Relative survival of childhood and adult medulloblastomas and primitive
neuroectodermal tumors (PNETS). Cancer 2012;118(5):1313-22.

18. Tulla M, Berthold F, Graf N, Rutkowski S, von Schweinitz D, Spix C, et al. Incidence,
Trends, and Survival of Children With Embryonal Tumors. Pediatrics 2015;136(3):e623-32.

19. Peris-Bonet R, Martinez-Garcia C, Lacour B, Petrovich S, Giner-Ripoll B, Navajas A,
et al. Childhood central nervous system tumours--incidence and survival in Europe (1978-
1997): report from Automated Childhood Cancer Information System project. Eur J Cancer
2006;42(13):2064-80.

20. van Laar M, McKinney PA, Parslow RC, Glaser A, Kinsey SE, Lewis 1J, et al. Cancer
incidence among the south Asian and non-south Asian population under 30 years of age in
Yorkshire, UK. Br J Cancer 2010;103(9):1448-52.

21. Cotterill SJ, Parker L, Malcolm AJ, Reid M, More L, Craft AW. Incidence and survival
for cancer in children and young adults in the North of England, 1968-1995: a report from the
Northern Region Young Persons' Malignant Disease Registry. Br J Cancer 2000;83(3):397-
403.

22. Townsend P, Phillimore P, Beattie A. Health and deprivation: inequality and the
North. London: Croom Helm; 1988.

23. Packer RJ, Goldwein J, Nicholson HS, Vezina LG, Allen JC, Ris MD, et al. Treatment
of children with medulloblastomas with reduced-dose craniospinal radiation therapy and
adjuvant chemotherapy: A Children's Cancer Group Study. J Clin Oncol 1999;17(7):2127-36.

24, Bray F, Ferley J. Cancer Incidence in Five Continents Vol. X. Chapter 7: Age
Standardisation. In: Forman D, Bray F, Brewster DH, Gombe Mbalawa C, Kohler B, Pineros
M, et al., editors. Lyon, France: International Agency for Research on Cancer; 2014.

25. Grambsch PM, Therneau TM. Proportional Hazards Tests and Diagnostics Based on
Weighted Residuals. Biometrika 1994;81(3):515-526.

26. StataCorp. Stata: Release 13. Statistical Software. College Station TX: StataCorp
LP. In; 2013.

27. Skuladottir H, Olsen JH. Conditional survival of patients with the four major histologic
subgroups of lung cancer in Denmark. J Clin Oncol 2003;21(16):3035-40.

28. National Cancer Intelligence Network. Short term survival of children with cancer.
NCIN Data Briefing 2013.

29. Moran A, Purkayastha D, O'Hara C. Pattern of deaths in the year following diagnosis
in cancer patients aged 15-24 years in England; 2013.

30. Gatta G, Zigon G, Capocaccia R, Coebergh JW, Desandes E, Kaatsch P, et al.
Survival of European children and young adults with cancer diagnosed 1995-2002. Eur J
Cancer 2009;45(6):992-1005.

31. Magnani C, Aareleid T, Viscomi S, Pastore G, Berrino F, Group EW. Variation in
survival of children with central nervous system (CNS) malignancies diagnosed in Europe
between 1978 and 1992: the EUROCARE study. Eur J Cancer 2001;37(6):711-21.

32. Nicholson BD, Picton SV, Chumas P, Dixit S, van Laar M, Loughrey C, et al.
Changes in the patterns of care of central nervous system tumours among 16-24 year olds
and the effect on survival in Yorkshire between 1990 and 2009. Clin Oncol (R Coll Radiol)
2013;25(3):205-14.

33. SIOPE. THE SIOPE STRATEGIC PLAN. A European Cancer Plan for Children and
Adolescents. 2015.

34. Gajjar A, Pfister SM, Taylor MD, Gilbertson RJ. Molecular insights into pediatric brain
tumors have the potential to transform therapy. Clin Cancer Res 2014;20(22):5630-40.

14



Table and figure title and footnotes

Table 1: Patient characteristics and age standardised incidence rates (ASR)

Medulloblastoma CNS PNET All CNS embryonal tumours*
Characteristic n (%) ASR (95%Cl) n (%) ASR (95%ClI) n (%) ASR (95%Cl)
Total 197 3.8(3.3,4.3) 58 1.5(1.2,1.9) 277 5.3 (4.7, 6.0)
Gender
Male 119 (60%) 4.5(3.7,5.3) 36 (62%) 1.9(1.4,2.4) 169 (61%) 6.4 (5.4,7.4)
Female 78 (40%) 3.1(2.4,3.8) 22 (38%) 1.2(0.8,1.6) 108 (39%) 4.3 (3.5,5.1)
Male:Female ratio 15 1.6 1.6
Age group
0-4 years 65 (33%) - 20 (35%) - 99 (36%) -
5-9years  79(40%) - 15 (26%) - 98 (35%) -
10-14 years 36 (18%) - 8 (14%) - 47 (17%) -
15-19 years 12 (6%) - 8 (14%) - 21 (8%) -
20-24 years 5 (3%) - 7 (12%) - 12 (4%) -
Period of diagnosis
1990-1999 88 (45%) 4.3 (3.4,5.2) 28 (48%) 1.4 (0.9,1.9) 117 (42%) 5.6 (4.6, 6.7)
2000-2013 109 (55%) 3.5(2.8,4.1) 30 (52%) 1.7 (1.2,2.1) 160 (58%) 5.1 (4.3, 6.0)
Treatment
Surgery, radiotherapy and chemotherapy 104 (53%) 20 (34%) 130 (47%)
Surgery alone 19 (10%) 12 (21%) 35 (13%)
Surgery and radiotherapy 19 (10%) 5 (9%) 24 (9%)
Surgery and chemotherapy 36 (18%) 12 (21%) 58 (21%)
Other treatment 11 (6%) 6 (10%) 18 (7%)
No treatment recorded 8 (4%) 3 (5%) 12 (4%)

Footnote: ASR = Directly age standardised incidence rate, adjusted to World standard population, per 1,000,000 population

* All CNS Embryonal includes medulloblastoma (n=197), CNS PNET (n=58) and Atypical tertoid/rhabdoid tumours (n=22)
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Table 2: One, two, five and ten year Kaplan-Meier overall survival estimates by diagnostic

sub group, period of diagnosis and age group.

% survival (95% CI)

Diagnostic subgroup 1 year 2 year 5 year 10 year
All Embryonal

All years 76 (71, 81) 63 (57, 68) 54 (48, 60) 45 (39, 52)
1990-1999 73 (64, 80) 59 (50, 67) 50 (40, 58) 41 (32, 50)
2000-2013 79 (72, 85) 66 (58, 72) 58 (49, 65) 49 (40, 57)
Age group

0-14 years 74 (68, 79) 62 (55, 68) 54 (47, 60) 46 (39, 52)
15-24 years 91 (74, 97) 69 (50, 82) 59 (40, 74) 42 (22, 61)
Medulloblastoma

All years 83 (77, 87) 72 (65, 78) 64 (56, 70) 55 (47, 62)
1990-1999 77 (67, 85) 64 (53, 73) 55 (44, 64) 47 (63, 57)
2000-2013 87 (79, 92) 78 (69, 85) 71 (61, 79) 61 (50, 70)
Age group

0-14 years 82 (76, 87) 71 (64, 77) 63 (55, 70) 54 (46, 61)
15-24 years 88 (61, 97) 76 (49, 90) 70 (41, 86) 56 (23, 79)
CNS PNET

All years 64 (50, 75) 46 (33, 58) 33 (21, 46) 23 (12, 35)
1990-1999 57 (37, 73) 46 (28, 63) 36 (19, 53) 25 (11, 42)
2000-2013 70 (50, 83) 46 (27, 62) 30 (15, 48) 15 (2, 43)
Age group

0-14 years 53 (38, 67) 39 (25, 53) 27 (15, 41) 19 (8, 34)
15-24 years 93 (61, 99) 66 (36, 84) 51 (24, 73) 34 (11, 59)

Footnote: PNET = Primitive neuroectodermal tumour
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Table 3: Multivariable Cox regression model results

Characteristic Adjusted HRt 95%ClI
Diagnostic subgroup

Medulloblastoma 1 -
CNS PNET 2.4 (1.6, 3.7)
Gender

Male 1 -
Female 1.1 (0.8, 1.6)
Age group

0-4 years 2.1 (2.3, 3.3)
5-9 years 1 -
10-14 years 1.3 (0.8, 2.2)
15-19 years 0.7 (0.3,1.7)
20-24 years 1.3 (0.6, 3.2)
Period of diagnosis

1990-1999 1 -
2000-2013 0.63 (0.43,0.92)
Townsend deprivation 1.05 (1.0, 1.1)

Footnote: HR = hazard ratio and 95% confidence interval (Cl)
T Model adjusted for all variables in table and treatment



Table 4: Comparison of incidence and survival estimates with published literature

Incidence Survival
Study Region Diagnosis Age range Diagnostic ASR lyear (%) 5year (%)
period subgroup
This publication North of England 1990-2013 0-24 years Medulloblastoma 3.8 83 64
CNS PNETY 15 64 33
0-14 years Medulloblastoma 5.5 82 63
CNS PNETY 2.0 53 27
15-24 years ~ Medulloblastoma 0.7 88 70
CNS PNETY 0.7 93 51
Tulla et al, 2015 (18) Germany 1991-2012 0-14 years Medulloblastoma 5.4 - 69
CNS PNET 1.3 - 38
Desandes et al, 2014 France 2000-2008 0-14 years Medulloblastoma 5.4 87 65
(16) CNS PNET 1.1 58 34
Smoll, 2012 (17) US (SEER) 2001-2006 <1 year Medulloblastoma - 52 42
1-9 years Medulloblastoma - 90 72
10-19 years Medulloblastoma - 92 69
<1 year CNS PNET - 31 14
1-9 years CNS PNET - 88 64
10-19 years  CNS PNET - 94 57
Lannering et al, 2009 Sweden 1984-2005 0-14 years Medulloblastoma 6.4 - 63
(15) CNS PNET 1.6 - 47
Arora et al, 2008 (6) England 1995-2003 0-14 years Medulloblastoma 4.9 - -
CNS PNET 1.7 - -
15-24 years Medulloblastoma 1.1 - -
CNS PNET 0.8 - -
Stiller, 2007 (3) Great Britain 1991-2000 0-14 years Medulloblastoma 4.8 81 58
CNS PNET 1.6 56 27

ASR = Directly age standardised incidence rate, adjusted to World standard population, per 1,000,000 population

T In our study CNS PNET includes medulloepithelioma
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Figure 1: Map of the combined geographic region covered by the Yorkshire Specialist

Register of Cancer in Children and Young People and the Northern Region Young Person’s

Malignant Disease Register
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Figure 2: Trends in directly age-standardised (world population, per 1,000,000 person-
years) incidence rates for Medulloblastoma and CNS PNET in the north of England aged 0-
24 years, 1990-2013
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Footnote: PNET = Primitive neuroectodermal tumour
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Figure 3: Conditional 5- year survival at 1, 2 and 3 years after diagnosis, by diagnostic

subgroup, CNS embryonal tumours diagnosed in the north of England aged 0-24 years,
1990-2013
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