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Abstract: Rare cancers pose significant diagnostic challenges, leading to more tests and
higher healthcare expenditures (HEs). Understanding the financial implications of diag-
nosing rare cancers is crucial, particularly in Canada, where overall HEs are high (12%
of the GDP in 2023). We investigated the pre-diagnostic hospital–based HE for patients
with malignant central nervous system (CNS) tumours and compared it to patients with
common cancers across Canadian provinces, using in-patient and ambulatory care data
(2010–2014) from the Canadian Institute for Health Information. Pre-diagnostic HE was
calculated as the change in total HE (in-patient and out-patient) during the 12 months
before diagnosis, calculated as the HE within this period minus the average annual HE
estimated over the two preceding years. Comparison groups included pediatric patients
diagnosed with leukemia and patients aged over 15 diagnosed with colorectal cancer and
lung cancer. We used quantile regression to estimate the adjusted effect of diagnosis with
a CNS tumour on pre-diagnostic HE. The results indicated that HE for CNS patients was
higher compared to those with common cancers. The top three factors contributing to HE
variation were encounter type (in-patient/out-patient), province (Alberta/Ontario), and
comorbidities (yes/no). Further investigation is warranted to understand the drivers of the
cost differences.

Keywords: Canada; central nervous system cancer; colorectal cancer; diagnostic cost
analysis; leukemia; lung cancer; quantile regression

1. Introduction
There is no universal definition for rare cancer [1,2]. In the European Union, a rare

cancer is defined as one that affects fewer than 6 people per 100,000 annually [1]. In
the United States, the threshold is fewer than 15 cases per 100,000 people annually [2].
While individually rare, these cancers collectively account for a substantial portion of all
cancer diagnoses. Walker et al. [3] estimated that in Canada, 17.0% and 34.4% of annual
cancer diagnoses were rare based on EU and U.S. definitions, respectively. Diagnosing rare
cancers can pose a challenge due to their low incidence, which may lead to limited clinical
experience in primary care settings. Additionally, the constellation of symptoms in the
early stages may be non-specific and resemble those of more common conditions, which
may contribute to misdiagnosis or delays in diagnosis [4]. Timely diagnosis is critical, as
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delays can negatively impact survival rates and lead to higher healthcare costs pre- and
post-diagnosis [4]. Investigating the costs of rare cancers compared to common cancers
is essential for understanding the financial burden these cancers impose on healthcare
systems and for identifying the factors contributing to these cost differences.

Primary central nervous system (CNS) tumours account for approximately 2% of all
annual cancer diagnoses in Canada, with around 36% of these being malignant [5]. This
group of rare tumours is characterized by a wide range of histopathological subtypes,
each associated with different treatment requirements and prognoses, making accurate
classification essential for optimal patient management [5]. The classification system for
CNS tumours has evolved over time, with updates from the World Health Organization
(WHO) incorporating advancements in molecular and genetic research [6–8]. These updates
have improved diagnostic precision, facilitated targeted therapies, and enhanced prognostic
evaluations, enabling more personalized treatment plans and better overall management of
patients’ conditions [7]. However, the advanced molecular classifications of these tumours
further complicate diagnosis. As a result, the diagnostic interval for CNS tumours can be
extended not only by the time required to rule out more common explanations for early
symptoms but also by the need for specialized diagnostic tests and the expertise necessary
to select the appropriate tests [4]. Given these challenges, the cost of diagnosing CNS
tumours is likely higher than that of common cancers. To investigate this, we analyzed
pre-diagnostic hospital-based healthcare expenditures (HEs) from 2010 to 2014 among
patients with malignant CNS tumours in Canada and compared these costs to those for
patients with common cancers across various provinces.

2. Methods
2.1. Data Coverage and Datasets

The data were provided by the Canadian Institute for Health Information (CIHI)
from two databases: the National Ambulatory Care Reporting System (NACRS) and the
Discharge Abstract Database (DAD). The NACRS covers out-patient care, including day
surgery, community clinics, and emergency department visits. The DAD includes in-patient
care and day surgery. Data coverage and organization can vary between provinces. Notably,
out-patient clinic data often have low coverage in many provinces, and day surgery data
are included in the NACRS database only for Ontario, Alberta, Prince Edward Island, and
New Brunswick; for other provinces, these data were recorded in the DAD [9]. For our
analysis, we focused on patients from Alberta and Ontario (ABON) because these provinces
have the most complete datasets, which covered patient data on in-patient care, emergency
department visits, community clinic visits, and day surgeries.

2.2. Patient Selection

The International Classification of Diseases, 10th Revision, Canada (ICD-10-CA) [10],
diagnosis codes were used to identify patients diagnosed with malignant CNS tumours
during the fiscal years 2010 to 2014, with each fiscal year covering the period from April 1
of this year to March 31 of the following year [9,11,12]. Common cancers include colorectal
cancer (CRC), lung cancer (LC), and leukemia, as CRC and LC are the most frequently
diagnosed cancers affecting both sexes [13], and leukemia is the most frequently diagnosed
cancer in the pediatric population [14]. Multiple comparison groups were chosen to contrast
CNS tumour diagnoses with cancers typically identified at earlier stages in primary care
settings (e.g., CRC) and those commonly diagnosed at later stages in secondary care settings
(e.g., LC). Given that CRC and LC are rare in pediatric populations [15,16], we compared
costs for CNS patients with those of CRC or LC patients among adolescent and young
adults (AYA) and older patients. Additionally, we compared costs for pediatric CNS
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patients with pediatric patients diagnosed with leukemia (Figure 1). Each unique patient
ID obtained from the combined 2010–2014 data allowed us to extract all linkable historical
patient information, including both female and male patients from ABON while excluding
records of stillbirths and newborns.

Curr. Oncol. 2025, 32, x FOR PEER REVIEW 3 of 14 
 

 

[15,16], we compared costs for CNS patients with those of CRC or LC patients among 
adolescent and young adults (AYA) and older patients. Additionally, we compared costs 
for pediatric CNS patients with pediatric patients diagnosed with leukemia (Figure 1). 
Each unique patient ID obtained from the combined 2010–2014 data allowed us to extract 
all linkable historical patient information, including both female and male patients from 
ABON while excluding records of stillbirths and newborns. 

 

Figure 1. Flowchart of patient selection for this study. 

2.3. Pre-Diagnostic Healthcare Expenditure Calculation 

The diagnostic index date was defined as the earliest date on which a cancer diagno-
sis appeared in a patient’s record. From this index date, we traced back one to three fiscal 
years to extract all linkable historical records and estimate the cumulative pre-diagnostic 
costs for patients diagnosed with the cancers of interest each year. Pre-diagnostic 
healthcare expenditures (HEs) were calculated as the change in total HE during the year 
before cancer diagnosis, determined by subtracting the average annual HE from the two 
years preceding the diagnosis from the HE in the year prior to diagnosis (Figure 2). All 
cost estimates are in Canadian dollars. 

 

Figure 2. Pre-diagnostic healthcare expenditures (HEs) calculation method. Pre-diagnostic health 
care expenditure (HE) = 𝐶1 −  (஼ଶା஼ଷ)ଶ .   

Figure 1. Flowchart of patient selection for this study.

2.3. Pre-Diagnostic Healthcare Expenditure Calculation

The diagnostic index date was defined as the earliest date on which a cancer diagnosis
appeared in a patient’s record. From this index date, we traced back one to three fiscal years
to extract all linkable historical records and estimate the cumulative pre-diagnostic costs
for patients diagnosed with the cancers of interest each year. Pre-diagnostic healthcare
expenditures (HEs) were calculated as the change in total HE during the year before cancer
diagnosis, determined by subtracting the average annual HE from the two years preceding
the diagnosis from the HE in the year prior to diagnosis (Figure 2). All cost estimates are in
Canadian dollars.
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2.4. Data Analysis

Change in total HE was the dependent variable; the investigated factors that may
influence HE included cancer type, province, sex, age, encounter type, and comorbidity
status. Age was categorized into four groups: 0–14 years (pediatric), 15–39 years (adolescent
and young adults), 40–64 years (adults), and 65 years and above (seniors) [17]. The types of
hospital encounters were in-patient and out-patient, with day surgery data included in the
out-patient category. Comorbidity status was defined as either with or without comorbidity
based on the comorbidities included in the Charlson Comorbidity Index [18,19]. We
performed the Shapiro–Wilk W test for the estimated total diagnostic cost, and due to the
highly skewed nature of the cost data, we used quantile regression analysis at the 50th
and 90th percentiles to examine the associations between the dependent and independent
variables without assuming normality or homoscedasticity [20]. The quantile regression
is robust for outliers and allows the examination of the full cost distribution by different
quantiles, capturing heterogeneity. In this study, the HE of patients in the 0–14 age group
with CNS tumours was compared to those of pediatric patients with leukemia. For CNS
patients in the other age groups, HE was compared to patients with CRC or LC, as these
cancers are less common in the pediatric group [15,16]. The reference categories included
patients with CNS cancer, those from Ontario, female sex, the 65+ age group, diagnosed
under in-patient care, and patients with no comorbidity. Analyses were conducted using
STATA version 17 (Stata Corp LLC, College Station, TX, USA), and figures were generated
using the statistical software R 4.3.2 (R Core Team, Vienna, Austria).

3. Results
3.1. Cost of Patients with CNS vs. CRC/LC
3.1.1. Patient Characteristics

The distributions of patient characteristics and pre-diagnostic HEs are shown in Table 1.
From the cancer type perspective, CNS patients consistently had higher median and 90th
percentile HE across most patient characteristics compared to CRC and LC patients. Overall,
the median cost for CNS patients exceeded CRC patients by CAD 4.7K and LC patients
by CAD 3.1K. This pattern persisted at the 90th percentile, with CNS patient costs being
CAD 5.7K higher than CRC and CAD 5.3K higher than LC patients. From the provincial
perspective, HE was generally higher in Alberta than in Ontario for all cancer types. In
Alberta (AB), CNS patients cost CAD 1.7K more than CRC and CAD 0.1K more than LC
patients at the 90th percentile, while in Ontario (ON), the differences reached CAD 6.4K.
In general, costs between males and females were comparable. About 45% to 49% of the
patients were female depending on cancer type. At the 90th percentile, female CNS patients
cost about CAD 4.0K more than female CRC and LC patients. For male CNS patients, the
cost difference was CAD 7.2K compared to CRC and CAD 6.3K compared to LC. From the
age group perspective, most patients were aged ≥40 (81% of CNS, 98% of CRC, and 99% of
LC patients). At the 90th percentile, CNS patients aged 40–64 had higher HE compared to
other cancer types: CAD 8.6K more than CRC and CAD 6.2K more than LC patients. For
those over 65, CNS patients had costs that were CAD 5.7K higher than CRC and CAD 7.1K
higher than LC patients. Most CRC (66%) and LC patients (62%) were diagnosed through
out-patient care, while only 45% of CNS patients were first diagnosed from this encounter
type. Comorbidities prior to diagnosis were present in 7% of CNS, 12% of CRC, and 18% of
LC patients.
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Table 1. Changes in total healthcare expenditure for patients (aged 15 years and older) with central
nervous system tumours, colorectal cancer, or lung cancer in the ABON cohort using the DAD
and NACRS (2010–2014) stratifying by patient characteristics: cost estimates at the 50th and 90th
percentiles (in thousands of Canadian dollars).

Central Nervous System Colorectal Lung

N (%) Cost 50p Cost 90p N (%) Cost 50p Cost 90p N (%) Cost 50p Cost 90p

Overall 4498 6.2 24.0 41,028 1.5 18.3 29,747 3.1 18.7

Province
Ontario 3501 (78) 7.0 23.1 33,246 (81) 1.3 16.7 23,898 (80) 2.7 16.7
Alberta 997 (22) 3.9 25.6 7782 (19) 2.1 23.9 5849 (20) 4.5 25.5

Sex
Female 2087 (46) 5.5 22.3 18,636 (45) 1.7 18.4 14,637 (49) 3.3 18.3

Male 2411 (54) 7.0 25.3 22,392 (55) 1.4 18.1 15,110 (51) 2.8 19.0

Age
15–39 Years 829 (18) 8.1 21.2 865 (2) 2.0 14.9 209 (1) 2.7 21.6
40–64 Years 2036 (45) 5.6 22.1 14,071 (34) 1.2 13.5 9340 (31) 2.7 15.9

65+ Years 1633 (36) 6.1 27.1 26,094 (64) 1.7 21.4 20,198 (68) 3.3 20.0

Encounter Type
In-patient 2454 (55) 11.0 31.5 13,905 (34) 11.1 35.1 11,289 (38) 11.0 30.5

Out-patient 2044 (45) 0.8 7.9 27,123 (66) 0.8 3.9 18,458 (62) 1.4 6.6

Comorbidity Status
No 4204 (93) 7.6 24.7 36,232 (88) 1.7 19.1 24,469 (82) 4.3 20.3
Yes 294 (7) 0.8 6.4 4796 (12) 0.9 7.3 5278 (18) 1.4 7.2

3.1.2. Quantile Analysis

We included variables and scientifically relevant interactions in the final regression
model if their p-value was below 0.2 at either the 50th or 90th percentile. For a 65+ year-old
patient from Ontario with a CNS tumour, treated through in-patient care and without
comorbidities, estimated costs were CAD 11.4K (95% CI: CAD 11.2 to 11.6K) at the 50th
percentile and CAD 34.4K (95% CI: CAD 33.0 to 35.7K) at the 90th percentile. Cancer type,
province, age, encounter type, and comorbidity status significantly impacted healthcare
costs (Table 2).

When comparing the cost differences between patients with CNS cancer and those
with CRC or LC, stratified by province and encounter type (Figure 3a), CNS cancer patients
had significantly higher in-patient HE than CRC patients at the 50th percentile in both
provinces. However, CNS cancer patients had significantly lower out-patient HE compared
to LC patients, despite their in-patient HE being higher than LC patients in ON. At the
90th percentile, the HE differences between CNS cancer patients and common cancers
became more pronounced (Figure 3b). CNS patients had significantly higher out-patient
HE compared to CRC patients in both AB (CAD 3.2K [95% CI: CAD 1.0 to 5.4K]) and ON
(CAD 4.2K [95% CI: CAD 2.8 to 5.7K]), and higher costs than LC patients in ON (CAD 2.0K
[95% CI: CAD 0.5 to 3.5K]). Additionally, CNS cancer patients incurred higher in-patient
HE than LC patients in both provinces (AB: CAD 2.9K [95% CI: CAD 0.5 to 5.3K]; ON: CAD
4.3K [95% CI: CAD 2.9 to 5.7K]). These findings suggest that CNS cancer patients tend to
have higher HE than common cancer patients, especially at higher percentiles.
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Table 2. Quantile regression for patients (aged 15 years and older) with central nervous system
tumours, colorectal cancer, or lung cancer in the ABON cohort using the DAD and NACRS (2010–2014)
at the 50th and 90th percentiles.

At 50th Percentile At 90th Percentile

Characteristic Coefficient (95% CI) p-Value Coefficient (95% CI) p-Value

(Intercept) 11.4 (11.2, 11.6) 0.00 34.4 (33.0, 35.7) 0.00

Cancer type
Central Nervous System Ref. Ref.

Colorectal −0.7 (−0.8, −0.5) 0.00 −1.1 (−2.5, 0.2) 0.10
Lung −0.9 (−1.1, −0.7) 0.00 −4.3 (−5.7, −2.9) 0.00

Province
Ontario Ref. Ref.
Alberta 4.8 (4.5, 5.1) 0.00 15.5 (13.2, 17.9) 0.00

Age
65+ Years Ref. Ref.

15–39 Years −1.1 (−1.4, −0.8) 0.00 −9.1 (−11.4, −6.9) 0.00
40–64 Years −1.1 (−1.2, −1.0) 0.00 −9.0 (−9.8, −8.2) 0.00

Encounter Type
In-patient Ref. Ref.

Out-patient −10.7 (−11.0, −10.4) 0.00 −26.1 (−28.0, −24.2) 0.00

Comorbidity
No Ref. Ref.
Yes 45.4 (45.0, 46.0) 0.00 109.2 (105.3, 113.1) 0.00

Cancer Type in Province
Central Nervous System

in Ontario Ref. Ref.

Colorectal in Alberta 0.1 (−0.2, 0.4) 0.42 1.0 (−1.3, 3.4) 0.38
Lung in Alberta 0.7 (0.4, 1.0) 0.00 1.4 (−1.0, 3.8) 0.24

Cancer Type in Encounter Type
Central Nervous System

in In-patient Ref. Ref.

Colorectal in Out-patient 0.8 (0.5, 1.0) 0.00 −3.1 (−5.0, −1.2) 0.00
Lung in Out-patient 1.5 (1.2, 1.7) 0.00 2.3 (0.4, 4.3) 0.02

Age in Province
65+ Years in Ontario Ref. Ref.

15–39 Years in Alberta −0.1 (−0.5, 0.3) 0.65 −2.1 (−5.3, 1.1) 0.20
40–64 Years in Alberta −0.1 (−0.3, 0.03) 0.11 −1.6 (−2.7, −0.4) 0.01

Encounter Type in Province
In-patient in Ontario Ref. Ref.

Out-patient in Alberta −4.3 (−4.4, −4.2) 0.00 −13.0 (−14.2, −12.0) 0.00

Age in Encounter Type
65+ Years in In-patient Ref. Ref.

15–39 Years in Out-patient 1.1 (0.7, 1.5) 0.00 9.0 (6.2, 11.9) 0.00
40–64 Years in Out-patient 1.1 (1.0, 1.2) 0.00 7.2 (6.2, 8.1) 0.00

Comorbidity in Encounter Type
No in In-patient Ref. Ref.

Yes in Out-patient −45.4 (−46.0, −44.9) 0.00 −108.7 (−112.6, −104.7) 0.00

When comparing HE across provinces by cancer type and age group, HEs in AB were
generally higher than in ON. At the 50th percentile (Figure 4a), HEs in AB were significantly
higher than in ON for all cancer types, types of care, and age groups, except for CNS cancer
patients aged 15–39 under out-patient care. The largest differences were observed for LC
patients, with in-patient care costs in AB CAD 5.4 to CAD 5.5K higher than in ON and
out-patient costs CAD 1.1 to CAD 1.2K higher. For CRC patients, in-patient care costs in AB
were CAD 4.8 to CAD 4.9K higher than in ON, while out-patient care differences ranged
from CAD 0.5 to CAD 0.6K. CNS cancer patients had in-patient cost differences of CAD 4.7
to CAD 4.8K and out-patient differences of CAD 0.4 to CAD 0.5K. At the 90th percentile
(Figure 4b), HE in AB remained higher for in-patient and out-patient care for LC and CRC
patients aged 40 and older. For CNS patients, HE in AB was higher across all age groups
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diagnosed through in-patient care, and for those aged 65 and older diagnosed through
out-patient care.
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3.2. Cost of Pediatric Patients with CNS vs. Leukemia
3.2.1. Patient Characteristics

In our ABON pediatric cohort, 402 CNS cancer and 918 leukemia patients were
included (Table 3). Overall, CNS cancer patients had higher HE than leukemia patients
across all characteristics. Specifically, CNS cancer patients had CAD 4.5K and CAD 29.8K
higher HE at the 50th and 90th percentiles, respectively. Geographically, approximately 65%
of patients were from ON. In AB, CNS cancer patients cost CAD 2.9K and CAD 39.8K more
than leukemia patients at the 50th and 90th percentiles, respectively, while in ON, CNS
cancer patients had HE that exceeded leukemia patients by CAD 5.1K at the 50th percentile
and CAD 12.5K at the 90th percentile. Additionally, CNS cancer patients in AB incurred
CAD 26.8K more in HE than those in ON at the 90th percentile, while leukemia patient
costs were comparable between the two provinces. More male patients (56% for both
cancers) were included in the cohort. Female CNS cancer patients had median costs that
were CAD 4.6K higher and CAD 21.6K higher at the 90th percentile compared to leukemia
patients. Male CNS patients showed even larger differences, costing CAD 3.5K and CAD
45.0K more at the median and 90th percentile, respectively. Among CNS cancer patients,
males had CAD 20.9K higher HE at the 90th percentile compared to females, whereas HE
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for leukemia patients was similar across sexes. A higher proportion of leukemia patients
(72%) were diagnosed through out-patient care, compared to 46% of CNS cancer patients.
Comorbidities were present in 2% of CNS cancer and 1% of leukemia patients prior to
cancer diagnosis.

Table 3. Changes in total healthcare expenditure for pediatric patients with central nervous system tu-
mours or leukemia in the ABON cohort using the DAD and NACRS (2010–2014), stratifying by patient
characteristics: cost estimates at the 50th and 90th percentiles (in thousands of Canadian dollars).

Central Nervous System Leukemia

N (%) Cost 50p Cost 90p N (%) Cost 50p Cost 90p

Overall 402 5.2 58.5 918 0.7 28.7

Province
Ontario 267 (66) 5.9 41.2 593 (65) 0.8 28.7
Alberta 135 (34) 3.6 68.0 325 (35) 0.7 28.2

Sex
Female 178 (44) 5.3 51.6 400 (44) 0.7 30.0

Male 224 (56) 4.2 72.5 518 (56) 0.7 27.5

Encounter Type
In-patient 217 (54) 15.6 80.7 254 (28) 24.4 57.1

Out-patient 185 (46) 0.8 6.0 664 (72) 0.5 2.2

Comorbidity Status
No 395 (98) 5.3 58.4 908 (99) 0.7 28.7
Yes 7 (2) 2.1 54.8 10 (1) 0.7 8.3

3.2.2. Quantile Analysis

We included variables and interactions in the regression model where the correspond-
ing p-values were below 0.2 at either the 50th or 90th percentiles. Due to a small sample
size, comorbidity status was not included in the model. For a pediatric patient from Ontario
with a CNS tumour, diagnosed through in-patient care, the estimated cost was CAD 14.3K
(95% CI: CAD 13.2 to CAD 15.5K) at the 50th percentile and CAD 68.5K (95% CI: CAD
55.9 to CAD 81.0K) at the 90th percentile. Healthcare costs were significantly impacted by
cancer type, province, and encounter type (Table 4).

When comparing the cost differences between patients with CNS cancer and those
with leukemia, stratified by province and encounter type, at the 50th percentile, in-patient
HEs were significantly lower for CNS cancer patients compared to leukemia patients in
both AB and ON (Figure 5a). The estimated difference in costs was CAD 6.9K (95% CI:
CAD 4.7 to 9.0K) in AB and CAD 7.7K (95% CI: CAD 6.2 to 9.2K) in ON. No significant
differences were observed in out-patient HE in either province. However, at the 90th
percentile (Figure 5b), CNS cancer patients had substantially higher in-patient costs in
AB, with a notable increase of around CAD 29.3K (95% CI: CAD 5.3 to 53.2K) compared
to leukemia patients. In contrast, no significant difference in HE was observed in ON at
this percentile.

Significant cost variations were also observed between provinces. Among leukemia
patients, in-patient HE at the 50th percentile was about CAD 8.7K (95% CI: CAD 6.7 to
10.7K) higher in AB compared to ON. For CNS cancer patients, in-patient care costs were
markedly higher in AB, with differences reaching nearly CAD 9.6K (95% CI: CAD 7.5
to 11.6K) at the 50th percentile and CAD 37.7K (95% CI: CAD 15.1 to 60.3K) at the 90th
percentile (Figure 6a). Additionally, CNS cancer patients in AB faced significantly higher
out-patient HE at the 90th percentile, with a difference of CAD 25.2K (95% CI: CAD 3.9 to
46.6K) compared to ON (Figure 6b).



Curr. Oncol. 2025, 32, 96 9 of 13

Table 4. Quantile regression for pediatric patients with central nervous system (CNS) tumours or
leukemia in the ABON cohort using the DAD and NACRS (2010–2014) at the 50th and 90th percentiles.

Characteristic
At 50th Percentile At 90th Percentile

Coefficient (95% CI) p-Value Coefficient (95% CI) p-Value

(Intercept) 14.3 (13.2, 15.5) 0.00 68.5 (55.9, 81.0) 0.00

Cancer Type
Central Nervous System Ref. Ref.

Leukemia 7.7 (6.2, 9.2) 0.00 −10.8 (−27.2, 5.6) 0.20

Province
Ontario Ref. Ref.
Alberta 9.6 (7.5, 11.6) 0.00 37.7 (15.1, 60.3) 0.00

Encounter Type
In-patient Ref. Ref.

Out-patient −13.7 (−15.5, −12.0) 0.00 −67.0 (−86.3, −47.8) 0.00

Cancer Type in Province
Central Nervous System in Ontario Ref. Ref.

Leukemia in Alberta −0.9 (−2.9, 1.2) 0.41 −18.5 (−41.3, 4.4) 0.11

Cancer Type in Encounter Type
Central Nervous System in In-patient Ref. Ref.

Leukemia in Out-patient −7.8 (−9.7, −5.8) 0.00 10.8 (−11.0, 32.7) 0.33

Encounter Type in Province
In-patient in Ontario Ref. Ref.

Out-patient in Alberta −8.8 (−10.9, −6.6) 0.00 −12.5 (−35.9, 11.0) 0.30
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4. Discussion
This study used the quantile regression approach to compare pre-diagnostic HE

between patients with CNS cancers and those with common cancers, specifically CRC, LC,
and leukemia, in Alberta and Ontario. Our results show that CNS tumour diagnoses tend to
be more costly, particularly at the 90th percentile. Generally, CNS patients had significantly
higher costs than CRC patients in both provinces, with the exception of out-patient care at
the 50th percentile and in-patient care at the 90th percentile, where no significant differences
were observed. In comparison with LC patients, CNS patients had higher overall costs,
except for out-patient care at the 50th percentile, where LC patients incurred greater costs.
When comparing pediatric patients, leukemia patients had higher in-patient HE at the
50th percentile in both provinces, while CNS patients in Alberta incurred significantly
higher in-patient HE at the 90th percentile. Additionally, we found that HE in Alberta was
generally higher than in Ontario, particularly for in-patient care.

Although the economic burden of cancer has been a topic of research interest, a
review of the literature did not yield many papers summarizing direct comparisons of the
healthcare costs of rare cancers like CNS to common cancers. The findings from an analysis
by De Oliveira et al. [21] were consistent with the results of the present analysis. Specifically,
De Oliveira et al. [21] found that pediatric patients with CNS cancer had significantly higher
pre-diagnosis costs over a 2-month period compared to leukemia. However, De Oliveira
et al. [22] reported that among patients under 65 who survived beyond the first year after
diagnosis, LC patients incurred the highest pre-diagnosis costs, followed by those with
CRC, CNS cancer, and leukemia. Despite this, for patients who died within the first year
of diagnosis, CNS cancer patients faced the highest costs, largely driven by in-patient
care [22].

Some potential drivers of the cost difference across these cancers in the pre-diagnostic
period include longer diagnostic intervals during which the accumulation of healthcare en-
counters leads to higher costs, the requirement for specialized tests and services due to the
complexity or rarity of the diagnosis, or a combination of these factors [4]. Direct compar-
isons of diagnostic timing across these cancers are limited by the lack of data on diagnostic
intervals in the literature. The stage at diagnosis is often used as a proxy for diagnostic
timeliness and has been shown to be strongly associated with cancer outcomes [23]. How-
ever, this indicator is not applicable for CNS tumours, where severity is primarily assessed
by grade rather than a progressive staging system [6–8]. Unlike many common cancers,
CNS tumours do not necessarily advance to higher grades in the absence of treatment,
complicating efforts to compare diagnostic timelines across cancer types included in this
analysis. In Canada, overall survival rates for CNS cancers are similar to those for LC (an
aggressive common cancer), yet pre-diagnostic hospital-based HEs are significantly higher
for CNS cancers [24]. The similarity in survival across these cancers, despite differences in
pre-diagnostic HE, may suggest that the higher costs observed for CNS cancers are driven
more by the specialized tests and examinations required for these rare cancers than by
longer diagnostic intervals. This interpretation aligns with the literature indicating that
diagnosis of rare tumours may require more intricate diagnostic approaches once more
common diseases are ruled out [4], increasing the costs associated with diagnosis. However,
CNS cancers are highly heterogeneous, with 5-year net survival estimates ranging from
4.9% to 98.4%, so comparing overall outcomes between CNS cancers and other cancers may
not fully capture the variation in diagnostic time, cost, and survival across different CNS
cancer subtypes [25].

When comparing HE across provinces for the same cancer types, our findings indicated
generally higher HE in Alberta, particularly for in-patient care across all age groups and
cancer types. Conversely, out-patient care HE showed less variation across provinces. Given
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the hypothesis that increased costs might be associated with a longer diagnostic interval
and, potentially, worse patient outcomes, we examined available surveillance estimates for
the stage or grade at diagnosis and age-adjusted mortality across provinces. The data were
available for CRC, LC, and CNS cancers. Surveillance data for colorectal and lung cancers
across Alberta and Ontario showed no significant variation in the proportion of cancers
diagnosed at later stages, suggesting that diagnostic intervals are not markedly different
between these provinces [26,27]. For CNS tumours, we compared the distribution of tumour
grades across provinces because tumour severity could influence diagnostic costs, given
the specialized tests required for accurate diagnosis, and found no significant variation
between Alberta and Ontario [25]. Similarly, age-adjusted mortality rates for these cancers
do not significantly differ across provinces. This also suggests that the cost differences
across provinces may reflect differences in diagnostic practices and patient management,
which could be investigated to identify potential cost-saving measures. These findings
emphasize the influence of regional variations in healthcare delivery within Canada’s
publicly funded yet provincially administered healthcare system, where differences in care
approaches can lead to substantial cost disparities [28]. Further investigation into these
variations could uncover best practices that promote both cost-effectiveness and consistent
quality of care across provinces.

Although our study identified some patterns indicating that patients with CNS incur
higher pre-diagnostic costs compared to patients with common cancers, several limitations
need to be considered, as they may impact the validity of these findings. First, our data
reflected the healthcare expenditure from 10 years ago. Given the potential price inflation
over the years, the recorded costs likely underestimate current expenditure. Further, our
HE calculation only approximates the actual pre-diagnostic care cost as the exact diagnostic
interval is unknown and not available in the literature, which limits our understanding
of the actual cost. Second, some HE records were excluded during data extraction due to
missing data, with the proportion of exclusions varying across cancer types. This could
introduce bias in the comparisons due to differential selection. Third, the databases we
used only provided total costs per patient record without detailing specific services or
tests received. This limitation prevents us from identifying which particular interventions
contributed to the overall costs, limiting our understanding of how different procedures
could impact HE. Additionally, the data lacked information such as specific histological
types, cancer stages, diagnostic procedures, and length of hospital stay. These factors
are essential for a comprehensive analysis of HE, as they can significantly influence the
costs incurred by patients. The absence of this information limits our understanding of
the factors driving HE and the variation in costs among different cancer types. Lastly,
the comparison group does not consist of patients with other types of common cancer. A
descriptive study by de Oliveira et al. [22] provided a brief overview of pre-diagnosis costs
for common cancers in ON. Based on their findings, the costs associated with the common
cancers we selected were higher than the mean overall pre-diagnosis costs. This could
limit the generalizability of our findings to a broader patient population. These limitations
should be considered when interpreting the results of our study, and future research could
address these issues to provide a more accurate assessment of HE associated with different
types of cancer.

5. Conclusions
Overall, the findings from this analysis indicate that the diagnosis of CNS cancers

incurs higher healthcare costs compared to common cancers, with the disparity becoming
more pronounced at higher levels of expenditure. Additionally, these costs vary by province
and patient encounter type. This work addresses a notable gap in the literature, as direct
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comparisons of diagnostic costs between rare and common cancers are limited. Although
this analysis faced some limitations due to the availability of overall costs rather than
detailed breakdowns of procedures, and limited details on diagnoses, it highlights critical
areas for further investigation regarding variations in costs across different cancer types
and provinces. Future research should aim to delve deeper into the specific factors driving
these cost differences, including variations in diagnostic intervals, healthcare services
received, differences in cancer staging, and histological subtypes. Additionally, future
studies could explore the long-term economic impacts of rare cancers, like CNS cancers
within the healthcare system, to inform more effective resource allocation and improve
care strategies for patients with rare cancers, ultimately contributing to more equitable
healthcare outcomes.

Author Contributions: Conceptualization, E.V.W. and Y.Y.; methodology, all authors; formal analysis,
L.X. and K.Z.; data curation, E.V.W., K.Z. and L.X.; writing—original draft preparation, L.X., E.V.W.
and K.Z.; writing—review and editing, all authors; visualization, L.X.; supervision, Y.Y. and E.V.W.;
funding acquisition, E.V.W. and Y.Y. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was funded by the Canadian Institutes of Health Research and the Brain
Tumour Foundation of Canada.

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki and was approved by the Health Research Ethics Board of the Alberta Cancer Committee
(protocol code: HREBA.CC-16-0880; date of approval: 13 December 2016).

Informed Consent Statement: Patient consent was waived due to the use of administrative data.

Data Availability Statement: Discharge Abstract Database (DAD) and National Ambulatory Care
Reporting System (NACRS) metadata are available upon request from the Canadian Institute for
Health Information.

Conflicts of Interest: The authors declare no conflicts of interest. The funders had no role in the
design of this study, in the collection, analyses, or interpretation of the data, in the writing of this
manuscript, or in the decision to publish the results.

References
1. Gatta, G.; Van Der Zwan, J.M.; Casali, P.G.; Siesling, S.; Dei Tos, A.P.; Kunkler, I.; Otter, R.; Licitra, L.; Mallone, S.; Tavilla, A.; et al.

Rare Cancers Are Not so Rare: The Rare Cancer Burden in Europe. Eur. J. Cancer 2011, 47, 2493–2511. [CrossRef] [PubMed]
2. Greenlee, R.T.; Goodman, M.T.; Lynch, C.F.; Platz, C.E.; Havener, L.A.; Howe, H.L. The Occurrence of Rare Cancers in US Adults,

1995–2004. Public Health Rep. 2010, 125, 25–43. [CrossRef]
3. Walker, E.V.; Maplethorpe, E.; Davis, F.G. Rare Cancers in Canada, 2006–2016: A Population-Based Surveillance Report and

Comparison of Different Methods for Classifying Rare Cancers. Cancer Epidemiol. 2020, 67, 101721. [CrossRef] [PubMed]
4. Christyani, G.; Carswell, M.; Qin, S.; Kim, W. An Overview of Advances in Rare Cancer Diagnosis and Treatment. Int. J. Mol. Sci.

2024, 25, 1201. [CrossRef]
5. Walker, E.V.; Zhou, Y.; Wu, Y.; Liu, J.; Climans, S.A.; Davis, F.G.; Yuan, Y. The Incidence and Prevalence of Primary Central

Nervous System (CNS) Tumours in Canada (2010–2017), and the Survival of Patients Diagnosed with CNS Tumours (2008–2017).
Curr. Oncol. 2023, 30, 4311–4328. [CrossRef] [PubMed]

6. Louis, D.N.; Ohgaki, H.; Wiestler, O.D.; Cavenee, W.K.; Burger, P.C.; Jouvet, A.; Scheithauer, B.W.; Kleihues, P. The 2007 WHO
Classification of Tumours of the Central Nervous System. Acta Neuropathol. 2007, 114, 97–109. [CrossRef]

7. Louis, D.N.; Perry, A.; Reifenberger, G.; von Deimling, A.; Figarella-Branger, D.; Cavenee, W.K.; Ohgaki, H.; Wiestler, O.D.;
Kleihues, P.; Ellison, D.W. The 2016 World Health Organization Classification of Tumors of the Central Nervous System: A
Summary. Acta Neuropathol. 2016, 131, 803–820. [CrossRef] [PubMed]

8. Louis, D.N.; Perry, A.; Wesseling, P.; Brat, D.J.; Cree, I.A.; Figarella-Branger, D.; Hawkins, C.; Ng, H.K.; Pfister, S.M.; Reifenberger,
G.; et al. The 2021 WHO Classification of Tumors of the Central Nervous System: A Summary. Neuro Oncol. 2021, 23, 1231–1251.
[CrossRef] [PubMed]

https://doi.org/10.1016/j.ejca.2011.08.008
https://www.ncbi.nlm.nih.gov/pubmed/22033323
https://doi.org/10.1177/003335491012500106
https://doi.org/10.1016/j.canep.2020.101721
https://www.ncbi.nlm.nih.gov/pubmed/32416499
https://doi.org/10.3390/ijms25021201
https://doi.org/10.3390/curroncol30040329
https://www.ncbi.nlm.nih.gov/pubmed/37185442
https://doi.org/10.1007/s00401-007-0243-4
https://doi.org/10.1007/s00401-016-1545-1
https://www.ncbi.nlm.nih.gov/pubmed/27157931
https://doi.org/10.1093/neuonc/noab106
https://www.ncbi.nlm.nih.gov/pubmed/34185076


Curr. Oncol. 2025, 32, 96 13 of 13

9. Canadian Institute for Health Information. Data Available by Year and Jurisdictional Coverage. Available online: https://www.
cihi.ca/sites/default/files/document/data-availability-and-jurisdictional-coverage-en.xlsx (accessed on 2 September 2024).

10. Canadian Institute for Health Information. International Statistical Classification of Diseases and Related Health Problems, Tenth
Revision, Canada (ICD-10-CA): Alphabetical Index and Tabular List; Canadian Institute for Health Information: Ottawa, ON, Canada,
2022; ISBN 9781774791028.

11. Canadian Institute for Health Information. Data Quality Documentation, Discharge Abstract Database—Multi-Year Information.
Available online: https://www.cihi.ca/sites/default/files/dad_multi-year_en_0.pdf (accessed on 8 January 2025).

12. Canadian Institute for Health Information. Data Quality Documentation, National Ambulatory Care Reporting System—Multi-
Year Information. Available online: https://www.cihi.ca/sites/default/files/nacrs_multi-year_info_en_0.pdf (accessed on 8
January 2025).

13. Canadian Cancer Statistics. Canadian Cancer Statistics Dashboard (CCSD). Available online: https://cancerstats.ca/ (accessed
on 19 January 2025).

14. Canadian Cancer Society. Childhood Leukemia Statistics. Available online: https://cancer.ca/en/cancer-information/cancer-
types/leukemia-childhood/statistics (accessed on 19 January 2025).

15. Cortez-Pinto, J.; Claro, I.; Francisco, I.; Lage, P.; Filipe, B.; Rodrigues, P.; Chaves, P.; Albuquerque, C.; Dias Pereira, A. Pediatric
Colorectal Cancer: A Heterogenous Entity. J. Pediatr. Hematol. Oncol. 2020, 42, 131–135. [CrossRef] [PubMed]

16. Youlden, D.R.; Foresto, S.A.; Aitken, J.F. Primary Malignant Lung Tumors in Children: A Report from the Australian Childhood
Cancer Registry, 1983–2015. Pediatr. Pulmonol. 2020, 55, 719–722. [CrossRef] [PubMed]

17. Thierheimer, M.; Cioffi, G.; Waite, K.A.; Kruchko, C.; Quinn, Q.T.; Barnholtz-Sloan, J.S. Mortality Trends in Primary Malignant
Brain and Central Nervous System Tumors Vary by Histopathology, Age, Race, and Sex. J. Neurooncol. 2023, 162, 167–177.
[CrossRef]

18. Halfon, P.; Eggli, Y.; van Melle, G.; Chevalier, J.; Wasserfallen, J.B.; Burnand, B. Measuring Potentially Avoidable Hospital
Readmissions. J. Clin. Epidemiol. 2002, 55, 573–587. [CrossRef] [PubMed]

19. Quan, H.; Sundararajan, V.; Halfon, P.; Fong, A.; Burnand, B.; Luthi, J.-C.; Saunders, L.D.; Beck, C.A.; Feasby, T.E.; Ghali, W.A.
Coding Algorithms for Defining Comorbidities in ICD-9-CM and ICD-10 Administrative Data. Med. Care 2005, 43, 1130–1139.
[CrossRef] [PubMed]

20. Koenker, R. Quantile Regression; Cambridge University Press: Cambridge, UK, 2005.
21. de Oliveira, C.; Bremner, K.E.; Liu, N.; Greenberg, M.L.; Nathan, P.C.; McBride, M.L.; Krahn, M.D. Costs of Cancer Care in

Children and Adolescents in Ontario, Canada. Pediatr. Blood Cancer 2017, 64, e26628. [CrossRef] [PubMed]
22. de Oliveira, C.; Bremner, K.E.; Pataky, R.; Gunraj, N.; Chan, K.; Peacock, S.; Krahn, M.D. Understanding the Costs of Cancer Care

before and after Diagnosis for the 21 Most Common Cancers in Ontario: A Population-Based Descriptive Study. Can. Med. Assoc.
Open Access J. 2013, 1, E1–E8. [CrossRef] [PubMed]

23. Ellison, L.F.; Saint-Jacques, N. Five-Year Cancer Survival by Stage at Diagnosis in Canada. Health Rep. 2023, 34, 3–15. [CrossRef]
[PubMed]

24. Canadian Cancer Statistics Advisory Committee in Collaboration with the Canadian Cancer Society, Statistics and the Public Health
Agency of Canada. Canadian Statistics 2023; Canadian Cancer Society: Toronto, ON, Canada, 2023. Available online: https:
//cdn.cancer.ca/-/media/files/research/cancer-statistics/2023-statistics/2023_PDF_EN.pdf (accessed on 4 November 2024).

25. Walker, E.V.; Liu, J.; Davis, F.G.; Climans, S.; Yuan, Y. Brain Tumour Registry of Canada (BTRC): Survival and Prevalence Report
2010–2017. Available online: https://braintumourregistry.ca/wp-content/uploads/2022/06/Brain-Tumour-Registry-of-Canada-
Final-Survival-and-Prevalence-Report-June-2022.pdf (accessed on 4 November 2024).

26. Cancer Care Alberta. The 2024 Report on Cancer Statistics in Alberta (ROCSIA). Available online: https://public.tableau.com/
app/profile/cancercontrol.ab/viz/The2024ReportonCancerStatisticsinAlberta/Highlights (accessed on 4 November 2024).

27. Cancer Care Ontario. Ontario Cancer Statistics 2022. Available online: https://www.cancercareontario.ca/en/data-research/
view-data/statistical-reports/ontario-cancer-statistics-2022 (accessed on 4 November 2024).

28. Health Canada. Canada’s Health Care System. Available online: https://www.canada.ca/en/health-canada/services/health-
care-system/reports-publications/health-care-system/canada.html (accessed on 2 September 2024).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://www.cihi.ca/sites/default/files/document/data-availability-and-jurisdictional-coverage-en.xlsx
https://www.cihi.ca/sites/default/files/document/data-availability-and-jurisdictional-coverage-en.xlsx
https://www.cihi.ca/sites/default/files/dad_multi-year_en_0.pdf
https://www.cihi.ca/sites/default/files/nacrs_multi-year_info_en_0.pdf
https://cancerstats.ca/
https://cancer.ca/en/cancer-information/cancer-types/leukemia-childhood/statistics
https://cancer.ca/en/cancer-information/cancer-types/leukemia-childhood/statistics
https://doi.org/10.1097/MPH.0000000000001526
https://www.ncbi.nlm.nih.gov/pubmed/31205225
https://doi.org/10.1002/ppul.24636
https://www.ncbi.nlm.nih.gov/pubmed/31909892
https://doi.org/10.1007/s11060-023-04279-6
https://doi.org/10.1016/S0895-4356(01)00521-2
https://www.ncbi.nlm.nih.gov/pubmed/12063099
https://doi.org/10.1097/01.mlr.0000182534.19832.83
https://www.ncbi.nlm.nih.gov/pubmed/16224307
https://doi.org/10.1002/pbc.26628
https://www.ncbi.nlm.nih.gov/pubmed/28500732
https://doi.org/10.9778/cmajo.20120013
https://www.ncbi.nlm.nih.gov/pubmed/25077097
https://doi.org/10.25318/82-003-x202300100001-eng
https://www.ncbi.nlm.nih.gov/pubmed/36716075
https://cdn.cancer.ca/-/media/files/research/cancer-statistics/2023-statistics/2023_PDF_EN.pdf
https://cdn.cancer.ca/-/media/files/research/cancer-statistics/2023-statistics/2023_PDF_EN.pdf
https://braintumourregistry.ca/wp-content/uploads/2022/06/Brain-Tumour-Registry-of-Canada-Final-Survival-and-Prevalence-Report-June-2022.pdf
https://braintumourregistry.ca/wp-content/uploads/2022/06/Brain-Tumour-Registry-of-Canada-Final-Survival-and-Prevalence-Report-June-2022.pdf
https://public.tableau.com/app/profile/cancercontrol.ab/viz/The2024ReportonCancerStatisticsinAlberta/Highlights
https://public.tableau.com/app/profile/cancercontrol.ab/viz/The2024ReportonCancerStatisticsinAlberta/Highlights
https://www.cancercareontario.ca/en/data-research/view-data/statistical-reports/ontario-cancer-statistics-2022
https://www.cancercareontario.ca/en/data-research/view-data/statistical-reports/ontario-cancer-statistics-2022
https://www.canada.ca/en/health-canada/services/health-care-system/reports-publications/health-care-system/canada.html
https://www.canada.ca/en/health-canada/services/health-care-system/reports-publications/health-care-system/canada.html

	Introduction 
	Methods 
	Data Coverage and Datasets 
	Patient Selection 
	Pre-Diagnostic Healthcare Expenditure Calculation 
	Data Analysis 

	Results 
	Cost of Patients with CNS vs. CRC/LC 
	Patient Characteristics 
	Quantile Analysis 

	Cost of Pediatric Patients with CNS vs. Leukemia 
	Patient Characteristics 
	Quantile Analysis 


	Discussion 
	Conclusions 
	References

