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INTRODUCTION

On average, 412 adolescents in Canada aged 15-19 are di-
agnosed with cancer every year, and 73 die as a result 
(Canadian Cancer Registry, 2011). Over the past 50 years, 

the 5-year survival rate for childhood cancer (ages 0-14) has sig-
nificantly increased by 40% in the United States due to improved 
therapy and supportive care. Nevertheless, the same progress is 
not seen for adolescent patients (ages 15-19). This is the “Adoles-
cent and Young Adult Cancer Survival Gap”, which is observed in 
the US and Canada and can be attributed to a combination of 
adolescent cancer biology, varying responses to treatment, and a 
lack of enrolment in clinical trials (Bleyer, 2005; Pollock, 2007). 
The site of adolescent cancer treatment matters because paediat-
ric centres often place greater emphasis on clinical trial partici-
pation and provide greater psychosocial support for adolescents, 
which can ultimately lead to better survival outcomes (Pollock, 
2007; Brand et al., 2016). In British Columbia, the BC Children’s 
Hospital (BCCH) is the only children’s oncology treatment centre; 
therefore, the first aim of this study investigates where adolescents 
with cancer are receiving their treatment and what factors influ-
ence those referral patterns that ensure best treatment practices.

More specifically to BC, adolescent patients living in the north-
ern and southern interior may experience greater constraints in 
accessing care due to longer travel times to BCCH and the scar-
city of care providers. Travel impedance has been known to be a 
controlling factor in the utilization of health care systems (Kanar-

oglou et al., 2016). Thus, the second aim of this study investigates 
whether driving time influences referral decisions for adolescent 
cancer patients in BC. Such an approach encompasses the per-
spective of health geography, where patients’ locations can impede 
access to cancer treatment centres. Currently, there is no special-
ized adolescent cancer treatment unit nor universal guidelines for 
adolescent treatment at either paediatric or adult cancer centres 
in Canada or the US (Albritton & Bleyer, 2003).

This study analyzed data from 1995 to 2010 because the patient 
data up to 2010 was the most complete, comprehensive, and read-
ily available. Despite the data being more than a decade old, the 
study on adolescent cancer patients’ accessibility is one of the first 
in British Columbia. Moreover, the “Adolescent and Young Adult 
Cancer Survival Gap” still occurs across Canada and there still 
lacks systematic guidelines on how adolescent cancer patients 
should be referred and medical subspecialties that specifically 
treat adolescent cancer patients

METHODS

Data source
The patient data was collected from the Childhood, Adolescent, 
and Young Adult Cancer Survivors Research Program (CAYACS) 
by the BC Cancer Research Agency. The CAYACS program is a 
longitudinal cohort study that follows children and adolescent 
cancer patients from their initial diagnoses (McBride et al., 2010). 
Consent for personal data was given by the BC Cancer Research 
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Agency via a confidentiality agreement. This dataset included all 
individuals diagnosed with cancer (excluding non-melanoma skin 
cancer) between ages 15-18 inclusive (n= 616) from 1995 to 2010, 
who are BC residents at the time of diagnosis and survived at least 
one month from the diagnosis.

For this study, all BCCA centres were defined as adult centres 
(Vancouver Centre, Vancouver Island Centre, Fraser Valley Centre, 
Southern Interior Centre, Abbotsford Centre) while BCCH was the 
paediatric treatment centre. Between 1995 and 2010, the South-
ern Interior Centre was opened 3 April 1998 and the Abbotsford 
Centre was opened 25 August 2008. The Northern Centre was ex-
cluded from this study because it was opened in 2012. Therefore, 
the patient dataset was categorized as 1 January 1995 to 2 April 
1998; 3 April 1998 to 24 August 2008; and 25 August 2008 to 31 
December 2010.

Geocoding
The hospital locations were geocoded using the “Geocode Ad-
dresses Tool” in ArcGIS and the address locator was provided by 
the DMTI Route Logistic package. The DMTI Postal Code Suite 
contained polygon files of local delivery units (LDU) in BC that 
consist of 6-digit postal codes. Patient data was geocoded to the 
corresponding LDU. 

Road network dataset
The road network dataset was created using the Network Analyst 
extension in ArcGIS from the DMTI Route Logistics package as a 
necessary procedure to produce driving times.

Driving time
Driving time of each patient to the closest cancer treatment cen-
tres was calculated using the OD cost matrix from the ArcGIS 
Network Analyst extension. In the driving time output, every pa-
tient had driving times to every centre calculated and ranked from 
shortest to longest. The shortest driving time to any centre indi-
cated the closest facility for that patient.

Driving map
To visualize the driving times to the closest cancer treatment cen-
tre for patients in BC, aggregated dissemination areas (ADA) from 
Statistics Canada were used as the patient data was too small to 
represent the driving time for the entire province and spatial in-
terpolation would not be accurate. After driving times were calcu-
lated for each ADA; driving time was categorized as falling within 
1 hour, 1-2 hours, 2-5 hours, 5-10 hours, or 10+ hours (Figs. 1, 2, 3).

Statistical analysis
Univariate and multivariate logistic regressions between each 
modifier such as age, socioeconomic status (SES), ICCC catego-
ries, radiotherapy treatment, seasonality, rurality. Patients farther 
from paediatric centers were tested for whether they were referred 
to BCCH or BCCA on R Studio version 3.5.1., where odds ratios 
were calculated.

RESULTS

Population referral characteristics
Between 1995 and 2010, a total of 616 adolescents between ages 
15-18 were diagnosed with cancer in BC. Table 1 highlights the 
distribution of referral to every cancer treatment centre in BC 
based on age, income, rurality, regional health authority catch-

ment, seasonality, and diagnosis groups. Overall, 59% of patients 
were referred to BCCA and 27% were referred to BCCH. Among 
BCCA referrals, 30% of patients were referred to the Vancouver 
centre and only 6% were referred to the Southern Interior centre.

The univariate logistics regression models (Table 2) showed that 
only age and diagnosis groups including leukaemia, CNS, germ 
cell, and thyroid carcinoma had a statistically significant impact 
on referral. 63% of older adolescents were referred to BCCA while 
80% of younger adolescents were referred to BCCH. This showed 
that patients between ages 17-18 were less likely than patients be-
tween ages 15-16 to be referred to paediatric centres (OR 0.14, P= 
<2e-16) which is the most expected result similar to previous stud-
ies (Table 2).

Although referrals to BCCA and BCCH seem to be evenly distrib-
uted between ICCC diagnosis, leukaemia and CNS patients were 
more likely than all other patients to be referred to BCCH (OR 
2.23, P=0.0013; OR 2.42, P= 0.0014). Germ cell and thyroid carci-
noma are both less likely than all other diagnoses to be referred to 
BCCH (OR 0.39, P= 0.0029; OR 0.27, P= 0.0348). Sarcoma patients 
were more likely to be referred to BCCH but not with statistical 
significance whereas lymphoma patients were less likely to be re-
ferred to BCCH based on the odds ratio (Table 2).

Patients of higher SES, urban locality, and who were closer to 
BCCH were more likely to be referred to BCCH but not with sta-
tistical significance. The overall referral characteristics showed 
that referral based on neighbourhood income quintile was evenly 
distributed across all centres. Referral to the Southern Interior 
centre consisted of 54% urban and 46% non-urban patients where-
as referral to all other centres consisted of mostly urban patients. 
Additionally, whether a patient received radiotherapy treatment 
did not affect whether a patient was treated at BCCH.

The multivariate logistic regression model tested for the combined 
effect of all the modifiers on referral to BCCA or BCCH (Table 
3). The model showed that age was the only factor that impacted 
referral to BCCA or BCCH after all the factors were accounted for 
(OR 0.13, P < 2e-16).

Driving time and referral
Fig. 1, 2, 3 visualized the overall distribution of driving time to the 
closest cancer centre across BC. From 1995 to 1998, the driving 
time was shortest for patients living the Vancouver lower mainland 
where which was within 1 hour of their closest treatment centre, 
gradually increasing as one moves away to other parts of BC. This 
is expected as there were three treatment centres (Vancouver cen-
tre, Fraser Valley centre and BC Children’s) in the area, easing ac-
cess to those three facilities for patients living there, translating to 
shorter driving times. Since the opening of the Southern Interior 
centre in 1998, driving time for patients in that area significantly 
decreased as indicated by the dark green cluster in Fig. 2. None-
theless, driving time for patients in all the other parts of BC re-
mained relatively the same. After the Abbotsford centre opened in 
2008, the dark green region expanded further north and east from 
the Vancouver lower mainland, which shows that more patients 
had access to a cancer centre within 1 hour of driving time (Fig. 3). 
However, minimal change was observed in other parts of BC since 
the Abbotsford centre is still within the Fraser Valley, and often 
acts as an overflow centre to complement the Fraser Valley Centre 
in Surrey. The opening of the Southern Interior and Abbotsford 
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centre shows that access to cancer treatment centre improved only 
locally. Between 1995 and 2010, 61% of patients were not referred 
to their closest treatment centre and only 35% were. As driving 
time increased, the patient’s referred centre was less likely to be 
their closest treatment centre (OR 0.995, P= 1.9e-10).

DISCUSSION

Since older adolescents were less likely than younger adolescents 
to be referred to BCCH, age was one of the most important factors 
influencing referral which showed that older adolescents still had 
limited access to BCCH. This result is consistent with the lower re-
ferral rate to paediatric centres for patients aged 18-19 compared 
to those aged 15-17 according to a 2004 study by the Canadian 
Childhood Cancer Surveillance and Control Program (Klein-Gelt-
ink et al., 2004). To illustrate the effect of age on referral, the 
multivariate logistic regression also demonstrated that age was the 
only factor that had a statistically significant impact on referral 
when all the tested factors were combined.

Similarly, studies in North Carolina, Washington State, Georgia 
and Ohio found that referral to paediatric centres significantly de-
creased as adolescent age increases from 15 to 19 (Gordon et al., 
2018; Howell et al., 2007; Yeager, et al., 2006). The contributing 
factor could be the physician conducting the referral: for example, 
although there is no defined age limit for adolescents to be treated 
at BCCH, there might still be a “perceived age limit” by the physi-
cian even though it might be beneficial for patients in their early 
20s to be referred to paediatric centres (Gordon et al., 2018). More-
over, paediatric primary care physicians (PCP) were more likely 
to refer their patients to paediatric centres if they had colleagues 
that they personally knew working in these centres (Gordon et al., 
2018).

Older adolescents living in rural areas of BC might prefer a BCCA 
centre because it is geographically closer and they can drive them-
selves to the treatment sessions despite the more specialized care 
provided in BCCH (Albritton et al., 2007). Older adolescent pa-
tients might also be reluctant to receive treatment at BCCH be-
cause they do not want to be perceived as children and want to be 
more connected to their peers who are also entering adulthood 
(Albritton et al., 2007; Howell et al., 2017; Klein-Geltink et al., 
2005). The result showed that as driving time increased, adoles-
cent patients were less likely to be referred to their closest cen-
tre, which can benefit rural patients. Since the driving time to 
their closest BCCA might be just as far as BCCH, families might 
choose BCCH instead due to better treatment options. In gener-
al, improved survival outcomes were seen at the paediatric centre 
because they provided supportive care more tailored towards the 
emotional needs of adolescents and inpatient care which improves 
survival outcomes in cases of adverse complications (Howell et al., 
2007). More importantly, lack of access to BCCH for these old-
er adolescents might suggest lack of enrolment in clinical trials, 
which may significantly impact their survival outcome (Parsons 
et al., 2015).

Referral was also influenced by diagnosis. Leukaemia (all sub-
groups) and CNS tumour patients were more likely than patients 
with other cancers to be referred to BCCH. According to the 
Surveillance, Epidemiology, and End Results (SEER) Program, 
68.2% of average annual incidence per million of leukaemia from 
1975-2000 occurred in children less than 5 years old (Bleyer et al., 
2006). Similarly, higher incidence of CNS tumours was seen in 
children under 5 (33.7%) compared to adolescents between ages 
15-19 (19.2%). This suggests that adolescent patients with cancer 
more commonly seen in younger children are more likely to be re-
ferred to BCCH. This is important when considering the survival 

Fig. 1: (left) Driving time to the closest cancer centre for adolescents in BC between 1995 to 1998. Only cancer patients in the Lower Fraser Valley region 
and Southern Vancouver Island have within one hour driving time to their closest centre. Driving time increases radially from the clusters of short driving 
time to other parts of the province.

Fig. 2: (centre) Driving time to the closest cancer centre for adolescents in BC between 1998 to 2008. The opening of the Southern Interior centre ben-
efited cancer population living in those regions where another cluster of population are within one hour to their closest centre in addition to the Lower 
Fraser Valley and Southern Vancouver Island cluster. Other areas remain the same.

Fig. 1: (right) Driving time to the closest cancer centre for adolescents in BC between 2008 to 2010. The opening of the Abbotsford centre largely ben-
efited population within the Lower Fraser Valley extending eastward. The area where cancer population is within one hour of their closest cancer centre 
dramatically increased with the opening of this centre. Northern BC remain the least accessible to cancer centres.
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outcome of referrals because the 5-year survival rate for leukaemia 
is often lower when it is not treated at paediatric centres (Howell 
et al., 2007).

Patients diagnosed with germ cell and thyroid carcinoma were 
less likely to be referred to BCCH and both cancers were more 
common in the older teens than in younger children according 
to the SEER Program (Bleyer et al., 2006). Those patients diag-
nosed with germ cell and thyroid carcinoma may also be seen by 
physicians with surgical specialties, which decreases their chances 
of being referred to BCCH (Albritton et al., 2007; Parsons et al., 
2015).

Other ICCC diagnoses also affect referral but not with statisti-
cal significance. Bone tumours and soft tissue sarcomas are more 
likely to be treated at a paediatric centre where survival for pa-
tients with those cancers is usually favored (Howell et al., 2007). 
Lymphoma patients are less likely to be referred to BCCH, which 
is surprising because lymphoma is usually considered a more “pae-
diatric-specific cancer” (Bleyer et al., 2006). This suggests a po-
tentially unfavourable survival outcome for those lymphoma pa-
tients treated at BCCA, since survival may improve when they are 
treated at BCCH instead (Parsons et al., 2015). Furthermore, SES, 
rurality, seasonality, and distance to BCCH, which are internally 
correlated factors, did not influence referral with statistical signifi-
cance. Since lower SES and rural patients are expected to have less 
accessibility to BCCH, the logistic regression showed that referral 
patterns were in fact not as affected by those factors than by age 
and diagnosis. This reflects health care access equality in British 
Columbia under the premise of this study.

Of greater implication for referral location is the patient’s poten-
tial survival rate. Each category of adolescent cancer has biologi-
cally distinct characteristics and thus requires careful considera-
tion of whether an adult or paediatric center will be better suited 
for a particular patient (Wolfson et al., 2014). There are major 
benefits when treated is received at a paediatric centre, such as 
participation in clinical trials, peer support, and better follow-up 
care (De et al., 2011). Given the uniqueness of adolescent cancer, 
referral decisions are often complex and there is no “one size fits 
all” solution.

CONCLUSIONS

This study suggests that patients who were younger, of higher SES, 
urban, suffered from lymphoma, sarcoma, without radiotherapy, 
not traveling in the winter, and located farther from an adult cen-
tre would be more likely to be referred to BCCH. More specifically, 
age and diagnosis were the two major factors affecting adolescent 
cancer patient referrals in British Columbia. From a physician’s 
perspective, the awareness that older adolescents might be bet-
ter treated at paediatric centres is critical (Yeager et al., 2006). 
Additional systematic efforts should also be implemented such as 
developing hospital policies that facilitate the appropriate referral 
based on each adolescent’s age and diagnosis, and improving ac-
cess to these appropriately referred treatment centres to further 
reduce the AYA cancer gap (Gordon et al., 2018; Parsons et al., 
2015).  Currently, the Adolescent and Young Adult Committee has 
prioritized the identification of new treatment protocols tailored 
towards treating adolescent cancer, improving psychosocial sup-
port during therapy, and increasing the participation in clinical 
trials (Pollock, 2007).

It should be noted that referral location may differ from where 
patients actually receive treatment, because such data is not avail-
able through the CAYACS program. Nonetheless, this study con-
tributed insights on access to adolescent cancer care in BC, with 
the additional dimension of driving time. This can also be con-
sidered in the planning of another paediatric hospital or cancer 
centre in other parts of BC, while further informing paediatric 
and adult oncologists about referral and survival patterns. Since 
the Northern BC Centre was omitted in this study due to  the lim-
ited dataset timeline, this project should be repeated when data 
after 2012 becomes available. Furthermore, the two studies could 
be compared to analyze whether the Northern centre increased 
accessibility to care and survival for adolescents living in North-
ern BC. As a critical next step to this study, the 5-year survival 
outcome for this cohort and enrolment in clinical trials based on 
referral difference should also be examined.
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TABLES
Table 1 Characteristics of the study population overall and by referral centre

Characteristic Overall Any BCCA No referral
Centre for the 

Southern Interior

Number of patients 616 (100%) 364 (59%) 84 (13%) 37 (6%)

Average age at diagnosis

Younger 288 (47%) 134 (37%) 19 (23%) 9 (24%)

Older 328 (53%) 230 (63%) 65 (77%) 28 (76%)

Neighbourhood income quintile

1 101 (16%) 63 (17%) 12 (14%) 11 (30%)

2 120 (19%) 63 (17%) 15 (18%) 6 (16%)

3 110 (18%) 73 (20%) 14 (17%) 9 (24%)

4 121 (20%) 67 (18%) 25 (30%) 5 (14%)

5 130 (21%) 71 (20%) 14 (17%) 5 (14%)

9 34 (6%) 27 (7%) < 6 (5%) < 6 (3%)

Residence

Urban 510 (83%) 301 (83%) 62 (74%) 20 (54%)

Non-urban 95 (15%) 57 (16%) 18 (21%) 17 (46%)

Unknown 11 (2%) 6 (2%) < 6 (5%) 0 (0%)

Regional health authority

Interior 102 (17%) 60 (16%) 18 (21%) 37 (100%)

Fraser Valley 215 (35%) 131 (36%) 24 (29%) 0 (0%)

Vancouver Coastal 126 (20%) 74 (20%) 13 (15%) 0 (0%)

Vancouver Inland 106 (17%) 63 (17%) 13 (15%) 0 (0%)

Northern 56 (19%) 30 (8%) 12 (14%) 0 (0%)

Unknown 11 (2%) 6 (2%) < 6 (5%) 0 (0%)

Seasonality

Winter 230 (37%) 117 (32%) 15 (18%) 15 (41%)

Other 386 (63%) 247 (68%) 69 (82%) 22 (59%)

Diagnosis group

Leukaemia 83 (13%) 41 (11%) 5 (6%) 3 (8%)

Lymphoma 155 (25%) 100 (27%) 13 (15%) 12 (32%)

CNS 78 (3%) 30 (8%) 18 (21%) 1 (3%)

Bone tumour and soft tissue carcinoma 91 (15%) 53 (15%) 6 (7%) 5 (14%)

Germ cell 88 (14%) 65 (18%) 10 (12%) 7 (20%)

Thyroid carcinoma 34 (6%) 23 (6%) 8 (10%) 2 (5%)

All other 82 (13%) 52 (14%) 19 (23%) 7 (19%)

Unknown < 6 (1%) 0 (0%) < 6 (6%) 0 (0%)
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TABLES (CONT'D)

Table 1 (cont'd) Characteristics of the study population overall and by referral centre

Characteristic
Fraser Valley 

Centre Vancouver Centre
Vancouver 

Island Centre BCCH

Number of patients 85 (14%) 186 (30%) 56 (9%) 168 (27%)

Average age at diagnosis

Younger 23 (27%) 78 (42%) 24 (43%) 135 (80%)

Older 62 (73%) 108 (58%) 32 (57%) 23 (14%)

Neighbourhood income quintile

1 13 (15%) 31 (17%) 9 (16%) 26 (15%)

2 15 (18%) 34 (18%) 8 (14%) 42 (25%)

3 37 (44%) 37 (20%) 14 (25%) 23 (14%)

4 10 (12%) 30 (16%) 10 (18%) 29 (17%)

5 0 (0%) 39 (21%) 12 (21%) 45 (27%)

9 7 (8%) 15 (8%) < 6 (5%) < 6 (2%)

Residence

Urban 81 (95%) 149 (80%) 52 (93%) 147 (87%)

Non-urban < 6 (5%) 35 (1%) 3 (5%) 20 (12%)

Unknown 0 (0%) 2 (1%) 1 (2%) < 6 (1%)

Regional health authority

Interior 0 (0%) 25 (13%) 0 (0%) 24 (14%)

Fraser Valley 83 (98%) 48 (26%) 0 (0%) 60 (36%)

Vancouver Coastal 1 (1%) 73 (39%) 0 (0%) 39 (23%)

Vancouver Inland 0 (0%) 9 (5%) 55 (98%) 30 (18%)

Northern 1 (1%) 29 (16%) 0 (0%) 14 (8%)

Unknown 0 (0%) 2 (1%) 1 (2%) < 6 (1%)

Seasonality

Winter 25 (29%) 62 (33%) 15 (27%) 55 (33%)

Other 60 (71%) 124 (67%) 41 (73%) 113 (67%)

Diagnosis group

Leukaemia 6 (7%) 27 (15%) 5 (9%) 37 (22%)

Lymphoma 18 (21%) 58 (31%) 13 (23%) 42 (25%)

CNS 9 (11%) 16 (9%) 5 (9%) 30 (18%)

Bone tumour and soft tissue carcinoma 12 (14%) 30 (16%) 6 (11%) 32 (19%)

Germ cell 19 (22%) 26 (14%) 13 (23%) 13 (8%)

Thyroid carcinoma 9 (11%) 8 (4%) < 6 (5%) < 6 (2%)

All other 12 (14%) 2 (11%) 11 (20%) 11 (7%)

Unknown 0 (0%) 0 (0%) 0 (0%) 0 (0%)
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TABLES (CONT'D)

Table 2 Odds ratio comparing factors that affect likelihood of referral to BCCA or BCCH

Factor Odds ratio (CI 95%) P value

Age

Younger Reference -

Older (17-18) 0.14 (0.091- 0.22) <2e-16

SES

Lower Reference -

Higher (categories 1-2) 1.17 (0.80-1.71) 0.406

Radiotherapy

Yes 0.91 (0.61-1.35) 0.65

No Reference -

Residence

Non-urban Reference -

Urban 1.39 (0.82-2.45) 0.235

Seasonality

Winter Reference -

Non-winter 0.844 (0.58-1.23) 0.372

BCCH is closest treatment centre

Yes 1.55 (0.88-2.69) 0.121

No Reference -

Diagnosis group

Leukaemia 2.23 (1.36-3.63) 0.0013

Lymphoma 0.88 (0.58-1.33) 0.549

CNS 2.42 (1.40-4.18) 0.0014

Bone tumours & soft tissue sarcomas 1.38 (0.85-2.23) 0.19

Germ cell 0.39 (0.20-0.70) 0.0029

 Thyroid carcinoma 0.27 (0.063-0.79) 0.0348

All other 0.42 (0.20-0.80) 0.0123
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TABLES (CONT'D)

Table 3 Multivariate logistic regression model affecting likelihood of referral to BCCA or BCCH

Factor Odds ratio (CI 95%) P value

Age

Younger Reference -

Older (17-18) 0.13 (0.08- 0.21) <2e-16

SES

Lower Reference -

Higher (categories 1-2) 1.23 (0.80-1.88) 0.34

Radiotherapy

Yes 1.01 (0.67-1.68) 0.78

No Reference -

Residence

Non-urban Reference -

Urban 1.35 (0.70-2.69) 0.235

Seasonality

Winter Reference -

Non-winter 0.91 (0.59-1.41) 0.684

BCCH is closest treatment centre

Yes 1.57 (0.86-2.38) 0.085

No Reference -

Diagnosis group

Leukaemia 0.82 (0.26-1.90) 0.65

Lymphoma 0.73 (0.34-1.57) 0.421

CNS 0.91 (0.37-2.20) 0.834

Bone tumours & soft tissue sarcomas 0.37 (0.32-1.68) 0.19

Germ cell 1.22 (0.54-2.79) 0.618

 Thyroid carcinoma 0.91 (0.25-2.99) 0.882

All other 1.21 (0.52-2.79) 0.65


