ABSTRACT

Background: The population of Brit-
ish Columbia is growing and is fore-
cast to reach 5.6 million by the year
2030. With a significant increase in
the number of seniors anticipated,
new cancer diagnoses in the prov-
ince are expected to increase sub-
stantially over the next 15 years.

Methods: Population projections
from BC Stats and cancer incidence
and mortality data from the BC Can-
cer Registry were used to estimate
the number of new cases of cancer
and cancer deaths for BC. To de-
scribe recent trends in cancer inci-
dence and mortality, rates were age-
standardized to the 1991 Canadian
population and summarized using
the annual percentage change from
2002 to 2011. Trends in cancer rates
were then modeled using Poisson re-
gression, fitting separate models for
each type of cancer which were used
to generate extrapolations of cancer
rates through to 2030.

Results: By 2030, the annual number
of new cases of cancer in BC is ex-
pected to increase by 57%. The mag-
nitude of the projected increase var-
ies by cancer and by sex, reflecting
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A comprehensive provincial strategy is needed to address the
demand for cancer-related services expected to follow a rise in
cases as the province’s population increases and ages.

differences in current cancer trends.
Today’s four most common cancers,
lung cancer, colorectal cancer, breast
(female) cancer, and prostate cancer,
are expected to continue to be the
most commonly diagnosed cancers
in 2030. Notable increases are ex-
pected in melanoma and thyroid can-
cer in both sexes and uterine cancer
in females. Lung cancer will contin-
ue to be the most common cause of
cancer death in the province, while
colorectal cancer, pancreatic cancer,
and hematological malignancies are
all expected to be significant causes
of cancer mortality in 2030.

Conclusions: The expected rise in
new cancer cases and deaths be-
tween 2012 and 2030 is substantial
and means BC will need to prepare for
increased cancer-related demands
in laboratory and diagnostic servic-
es, surgical and radiation treatment,
systemic therapy, pain services, and
palliative care. With more cancer pa-
tients age 70 and older expected, BC
will also need to increase expertise in
the emerging area of geriatric oncol-
ogy. Given the complexity and grow-
ing cost of cancer care overall, a pro-
vincial strategy is needed to address
future demand for services.
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Background

The population of British Columbia is
growing and is forecast to reach more
than 5.6 million by the year 2030.
At the same time, BC’s population
is aging; the rapid aging of Canada’s
population in recent years has been
well described in both the academic
literature and by Canadian media,
as have the potential impacts of this
demographic shift on the social sys-
tem and broader economy.”® From
a health care perspective, an aging
population will give rise to a greater
burden of chronic diseases associat-
ed with older age, and consequently
is expected to increase demand for
health care services. One group of
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diseases closely associated with older
age is cancer. Overall rates of can-
cer increase with age for both men
and women and reach peak incidence
between age 70 and 90. Despite hav-
ing the lowest overall cancer rates in
Canada,’ British Columbians can be
expected to experience substantially
more cancers than in the past. Insight
into the predicted growth is essential
for health care providers and those
responsible for planning cancer-
related services in BC so they can
develop strategies that will address
this growth.

Projections for future cancer cas-
es and deaths have been produced by
cancer control agencies and research-
ers for a number of years.®'* The BC
Cancer Agency produces new fore-
casts each year for the province of BC.
These projections are used by health
care planners to determine where fu-
ture treatment infrastructure, such as
regional cancer centres, or treatment
delivery equipment may be required;
these projections also inform deci-
sions about the number of specialists
that need to be recruited to meet antic-
ipated demands. Cancer projections
have generally focused on new cases
and mortality (diagnosis and death) to
identify the points in the cancer care
continuum where health service uti-
lization is highest. While not the fo-
cus of this report, it is increasingly
recognized that the burden of cancer
care is affected not just by new cases
(incidence) but also by existing cases
(prevalence). With new and more ef-
fective treatments available, patients
with cancers diagnosed years ago
continue to live and require ongoing
therapies. It is therefore important to
consider any increase in incidence as
only part of the growing cancer bur-
den faced by agencies responsible for
cancer care, albeit an important one.

As in other jurisdictions, cancer
care in BC is complex and multidis-

ciplinary, and is provided by many
different health organizations across
the province, meaning that the antici-
pated changes in the number of cancer
cases will have a broad impact.

Methods

Estimating future cancer numbers
traditionally requires two key pieces
of information: population projec-
tions broken down by age and sex,
and projections for future cancer cases
broken down by age, sex, and cancer
type. For this report, population pro-
jections were obtained from BC Stats,
the central statistical agency of the
province of BC. BC Stats generally
releases a version of their population
projections, known as PEOPLE, once
a year. This report utilized PEOPLE
2012, which includes population pro-
jections by regional health authority,
age, and sex through to 2036.!

Data on cancer incidence and
mortality were obtained from the
BC Cancer Registry, the provincial
population-based registry of all inci-
dent cases of cancer reported in BC
residents. All invasive cancers were
included in the incidence projections
reported here, with the exception of
nonmelanoma skin cancers. Models
and projections for bladder cancer
incidence included in situ cases of
bladder cancer, consistent with other
published cancer statistics for blad-
der cancer. Rates were tabulated by
regional health authority, age (seven
groups: 0 to 19 years, 20 to 39, 40 to
49, 50 to 59, 60 to 69, 70 to 79, 80+),
sex, calendar year, and 24 cancer type
groupings based on those used in a
major statistical publication of Cana-
dian cancer statistics.”

To describe recent trends in can-
cer incidence and mortality, rates
were age-standardized to the 1991
Canadian population and summarized
using the annual percentage change
(APC) from 2002 to 2011. This mea-
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sure is calculated assuming that rates
change linearly over the period on the
log-scale. One of the advantages of
this summary method is that it yields
change estimates that are comparable
across rare and common cancers.

Cancers were grouped into five
possible categories based on both
the statistical significance of the es-
timated trend and the magnitude of
the APC over the period studied.
Rates were considered to be increas-
ing significantly if the trend in the
age-standardized rates was statisti-
cally significant and the magnitude of
the APC was greater than 1%; if the
trend was either statistically signifi-
cant or the APC greater than 1% (but
not both) the rates were considered to
be increasing slowly. Similarly, any
statistically significant decrease with
an APC of less than —1% was consid-
ered to be decreasing significantly; if
the trend was statistically significant
or the APC less than —1% (but not
both) the cancer was considered to be
decreasing slowly. Any cancers with
trends that were not statistically sig-
nificant and APC values less than or
equal to 1% or —1% were considered
stable.

Trends in cancer rates were ana-
lyzed using Poisson regression mod-
els, fitting separate models for each
type of cancer and then using these
to generate extrapolations of cancer
rates through to 2030. The best model
for each cancer was selected by com-
paring the fit of models that included
any subset of the following variables:
sex, age, regional health authority,
year of diagnosis, and potential inter-
actions between these terms. Model
fit was assessed using the Akaike
information criterion (AIC), with the
best model considered to be the one
with the lowest AIC value.

As cancer incidence rates for breast
and prostate cancer have historically
been more volatile than rates for other
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cancers because of population screen-
ing, average rates for the past 2 years
were estimated for each age group and
used to project future incidence.

Projections of future cancer deaths
were generated using a similar meth-
odological approach, with the excep-
tion that statistical models were used
to forecast future cancer rates for
breast and prostate cancers in place of
the average rates used for incidence.
Model-based approaches to forecast-
ing breast and prostate cancer mortal-
ity rates are possible as trends in mor-
tality rates are more stable than the
generally volatile incidence rates for
these cancers.

Results

The population of BC is forecast to
increase by 22% in the next 15 years;'
this represents an increase of more
than 1 million residents between 2012
and 2030. Of greater relevance to the
future number of new cancer cases is
the expected growth in the number of
seniors in the province: the popula-
tion age 60 and older is expected to
grow by 61% over this period, and the
population age 70 and older is expect-
ed to grow by 87%. Presented another
way, in 2012 about 1 in every 9 BC
residents was older than 70; by 2030
this number is expected to be closer to
1 in 6. This will mean that of the more
than 5.6 million residents expected to

live in BC in 2030, more than 1.6 mil-
lion will be older than 60 and close to
1 million will be older than 70.

Trends

Trends in cancer incidence in the
province have generally been stable
or decreasing in recent years for both
males and females; when all cancers
are examined together, the rates have
been essentially flat over the past dec-
ade (-0.2% APC for males; 0.4% APC
for females). Despite this, there are a
number of cancers that have shown in-
creases, most notably melanoma and
thyroid cancer in both sexes, testicular
cancer in males, and uterine cancer in
females (EETIEEN). Trends in the rates

Table 1. Trends in incidence and mortality rates for selected cancers in BC, 2002 to 2011.

Cancer incidence

Trend pattern Trend strength

Males (annual percentage change)

Females (annual percentage change)

kidney (1.1*), melanoma (1.9), multiple

thyroid (3.6), multiple myeloma (2.3),

) Significantly myeloma (1.2), oral (1.2), testis (3.6), melanoma (2.5), liver (1.8),
Increasing thyroid (5.3) uterus (2.3)
Slowly liver (1.0) breast (1.0)
bladder (1.0), brain (-0.7), colorectal bladder (-0.3), brain (-0.3), cervix (0.8), kidney
Stable Stable (-0.2), esophagus (0.4), leukemia (0.7), (-0.4), larynx (0.7), leukemia (0.1), lung (-0.8),
pancreas (0.6), prostate (-0.6), non-Hodgkin lymphoma (0.2), oral (0.8), ovary
all other cancers (-0.5) (-0.7), stomach (0.5), all other cancers (-0.3)
Hodgkin lymphoma (-2.1), larynx (-1.8), esophagus (-3.0),
) Significantly lung (-2.0), non-Hodgkin lymphoma (-1.1), pancreas (-2.0),
Decreasing stomach (-1.5) Hodgkin lymphoma (-1.7)
Slowly — Colorectal (-0.7)
Cancer mortality
Trend pattern Trend strength Males Females
) Significantly liver (2.7) liver (1.6), bladder (1.9), uterus (2.3)
Increasing
Slowly — —
bladder (-0.1), brain (-0.7), kidney (-0.4), leukemia (~1.0), brain (0.6),
Stable Stable pancreas (0.1) Hodgkin lymphoma* (0.8), thyroid (-0.4)
colorectal (-1.7), esophagus (-1.1), breast (-3.0), cervix (-3.0), colorectal (-1.2),
Hodgkin (-1.1), larynx (-5.9), leukemia (-2.6), | esophagus (-2.9), kidney (-2.7), larynx (-4.6),
Significant! lung (~2.9), non-Hodgkin (-3.0), lung (~1.2), melanoma (-3.3), multiple
Decreasing 9 ¥ oral (-1.0), prostate (-2.8), stomach (-4.4), myeloma (-3.1), non-Hodgkin lymphoma (-2.0),
testis (-3.3), thyroid (-4.2), oral (-3.7), ovary (-2.6), pancreas (-3.2),
all other cancers (-1.6) stomach (-4.2), all other cancers (-3.1)
Slowly — —

* Value in parentheses is the annual percentage change (APC) in the age-standardized rates

1 Dash indicates that no cancers met this criterion

¥ Hodgkin lymphoma mortality in women is based on very few events, and trends are thus estimated from the APC of the crude rates over the period
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of cancers such as these, which are be-
coming more common, will tend to ex-

Table 2. New cancer cases reported in BC for 2012 and projected for 2030.

acerbate the growth in the number of Reported 2012 Projected 2030
new cases brought on by population | All cancers (total) 23521 37095
growth and aging. For melanoma of Males (total) 12192 19690
the skin, the annual percentage changes Females (total) 11329 17 405
for males and females were estimated ol -~ " —
to be 1.9% and 2.5%, respectively; ales emates ales emates
thus, melanoma has been increasing | Selected cancers
in our population irrespective of aging Breast (female) — 3198 — 4875
and population growth. Thyroid cancer Colorectal 1657 1364 2410 1780
has the largest estimated APC values Gastrointestinal (other)* 968 593 1535 720
forlany of Othe czzlnfcers 1Studl€g ;or ‘tl)loth Lung 1501 1492 1660 2110
. . ;L .
males (5.3%) and females (3.6%); thus, Lymphomaleukemia 996 742 1455 1090
we can expect a continued increase in
: Melanoma 522 443 1275 1220

numbers of annual cases of thyroid
cancer in the coming years. Prostate 3152 - 5170 =

Opverall, trends in cancer mortality All other cancers 3376 3497 6185 5605

rates in BC have been encouraging in
recent years. The total cancer mortal-
ity rates have been declining by about
2% per year over the past decade. For
males, strong decreases in mortality
have been seen for some of the major
cancers, including non-Hodgkin lym-
phoma, lung cancer, prostate cancer,
and colorectal cancer. For females,
mortality due to common malignan-
cies such as breast cancer, colorec-
tal cancer, non-Hodgkin lymphoma,
and pancreatic cancer has declined
significantly. Although the rate of
decline for female lung cancer mor-
tality (APC -1.2%) is not as strong as
the decline for male lung cancer mor-
tality (APC -2.9%), it is declining at
last after lagging behind for the past
decade. Unfortunately, mortality rates
have increased for liver cancer for
both males (APC 2.7%) and females
(APC 1.6%), and this will contribute
to a significant percentage increase in
the number of deaths due to liver can-
cer over the coming 15 years.

New cases of cancer

Combining population projections
and predicted future cancer incidence
rates extrapolated from recent trends
provides estimates of future numbers

*Liver, pancreas, stomach, and esophagus

of cancer cases. The number of new
cancer cases for BC is predicted to
increase quite dramatically over the
period studied, rising from 23 521 cas-
es in 2012 to more than 37000 in 2030,
a 57% increase. Significant increases
in the number of new cases will be
observed in both males and females,
although a higher percentage increase
is expected in males (62%) than in
females (54%). Today’s four most
common cancers, lung cancer, colorec-
tal cancer, breast (female) cancer, and
prostate cancer, are expected to con-
tinue to be the most commonly diag-
nosed cancers in 2030 (EEFEEY). The
number of breast cancers diagnosed
in BC women is expected to increase
from 3198 cases in 2012 to 4875 in
2030 (a 52% increase); prostate cancer
cases are expected to increase by 64%
over this period and will be the most
commonly diagnosed cancer in BC in
2030. Historically, counts of new lung
cancer cases have been higher in BC
males than BC females; however, the
projected number of cases for women
in 2030 is higher than the number for
men (2110 cases in females vs 1660
cases for males) as a result of the dif-
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ferent rates of decline in lung cancer
rates for men and women.

As noted above, cancers with sig-
nificantly rising incidence rates in
recent years will see the greatest per-
centage increase in incidence in fu-
ture. The number of new melanoma
cases is forecast to grow from 965
cases in 2012 to almost 2500 cases in
2030; this increase is expected to be
significant for both males (144% in-
crease) and females (176% increase).
The expected number of thyroid can-
cers diagnosed in the province will in-
crease from 455 cases in 2012 to an
expected 1265 cases in 2030 (a 178%
increase). Testicular cancer is a rela-
tively uncommon cancer (approxi-
mately1% of all male cancers in 2012)
that typically arises in younger males
and thus would not be expected to in-
crease significantly as a result of an
aging population; however, because
of rising rates of this cancer we do ex-
pect an 86% increase in the number of
new cases annually, with a net annual
increase in testicular cancer amount-
ing to about 100 more cases per year
by 2030.
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Cancer deaths

Despite declining rates of cancer
mortality, the predicted number of
BC residents dying of cancer is also
projected to increase over the coming
15 years, although the percentage in-
crease in the number of cancer deaths
is not as dramatic as the increase in
new cancer cases (EETTEY). We ex-
pect that 11 195 British Columbians
will die of cancer in 2030; this repre-
sents a 19% increase from the number
of cancer deaths in 2012. As was the
case in 2012, more male British Col-
umbians are expected to die of cancer
than females in 2030. Lung cancer
will continue to be the most common
cause of cancer death in the province,
with an estimated 2775 deaths in
2030. The distribution of lung cancer
deaths according to sex is expected
to change significantly, reflecting re-
cent reports of lung cancer incidence.
Despite an aging population, the
number of lung cancer deaths in BC
males will actually decrease slight-
ly over the next 15 years in keeping
with decreases in male lung cancer
mortality rates (APC -2.9%). In fe-
males, however, the number of lung

cancer deaths is expected to rise by
about 52% between 2012 and 2030,
with 1610 BC women expected to die
of lung cancer in 2030. Meanwhile,
colorectal cancer, pancreatic cancer,
and hematological malignancies are
all expected to remain significant
causes of cancer mortality accounting
for more than one-quarter of all can-
cer deaths in 2030.

Conclusions

The data provided here strongly sug-
gest arapid rise in new cancer cases to
be diagnosed annually over the next
15 years. The total number of cases is
expected to increase by 57% between
2012 and 2030, with most of this rise
attributable to the aging of the large
baby boomer cohort. If the rates for
many cancers had not already been
declining in BC, the total number of
cases would have been even higher.
There are, however, cancers such as
melanoma and thyroid cancer whose
rates are rising and exacerbating the
effects brought on by aging and popu-
lation growth. For these cancers, we
predict a substantially higher percent-
age increase in new cases.

Table 3. Cancer deaths reported in BC for 2012 and projected for 2030.

Reported 2012 Projected 2030
All cancers (total) 9107 11195
Males (total) 4770 6115
Females (total) 4337 5085
Males Females Males Females
Selected cancers
Breast (female) — 658 — 495
Colorectal 558 541 715 645
Lung 1197 1059 1165 1610
Lymphoma/leukemia 379 304 500 375
Pancreas 217 258 485 220
Prostate 522 — 610 —
Liver 124 29 270 85
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Trends in other jurisdictions

The findings described here are not
unlike those in published reports from
across North America and in other
parts of the developed world. A recent
report from the Alberta government'*
presented cancer incidence projec-
tions to 2030 that include an antici-
pated increase of 64% from 2010 case
numbers. In an accompanying plan
the government outlines strategies
and actions to meet this demand."
Similarly, published projections for
the province of Manitoba have esti-
mated an increase in cancer incidence
of 36% between 2005 and 2026. In
both the Alberta and the Manitoba re-
ports, the authors have identified an
aging population as a major driver
of the expected increase.’ A recently
published manuscript of short-term
cancer projections from Switzerland
suggests an anticipated increase in
cancer cases of 30% in males and
20% in females for a 10-year period
ending in 2019." As in our findings,
the authors note that rapid increases
in thyroid cancer and melanoma in-
cidence rates will result in a greater
percentage increase for new melan-
oma and thyroid cancer cases than
for other cancers. Finally, reports
from the United States have also sug-
gested similar expected increases in
new cancer cases occurring between
2010 and 2030.'"'? Smith and col-
leagues'' estimate that over this per-
iod, the US should expect an increase
of 45% in the number of new cancer
cases. Their approach, however, was
based largely on an assumption that
rates would remain constant over this
20-year period. Rahib and colleagues
followed up on the Smith report by
permitting rates to vary based on cur-
rent trends, and they estimated the
overall expected increase for the same
20-year period to be 36%,'? noting
much larger increases for malignan-
cies such as melanoma, liver cancer,
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thyroid cancer, and pancreatic cancer
due to the current increasing trends in
these cancers in the US. Clearly, BC is
only one of many jurisdictions to face
a rapidly increasing cancer burden.

Anticipated challenges

What do these changes mean for the
future? First and foremost, BC needs
to adequately prepare for a signifi-
cant increase in demand for services
related to cancer, including laboratory
and diagnostic services, surgical and
radiation treatment, systemic therapy,
pain services, and palliative care.

Second, since most of the new
cases will develop in individuals age
70 and older, an increasing number
of patients with cancer will present
with comorbidities. Many of today’s
treatments are based on experiences
with younger patients who do not have
coexisting chronic disorders, and the
experiences gained cannot necessari-
ly be applied to older individuals with
comorbidities. We believe, therefore,
that BC urgently needs to increase its
expertise in geriatric oncology,'*'” a
new specialty in many other jurisdic-
tions.

Third, the predicted increases will
represent a growing challenge for
family practitioners. In general, of
course, the impact on individual FPs
will be variable and depend on the
geographic location and the patients
served in a particular practice.

Fourth, significant fiscal pressures
on the health care system as a whole
and that of the BC Cancer Agency in
particular can be expected. Recently
we reported that the cost of oral, sub-
cutaneous, and intramuscular cancer
drugs (referred to as take-home medi-
cations) rose by 134% from fiscal years
2005-2006 to 20122013 (a 7-year pe-
riod)."® Increasing incidence combined
with the escalating cost of chemothera-
py leads to financial needs that may be
hard to meet.

Finally, the improving survival
rates for many cancer types will re-
sult in a significant increase in preva-
lence and more patients with histories
of multiple cancers, a burden that will
be shared by oncologists and FPs. In

BC needs to
adequately prepare for
a significant increase in
demand for services
related to cancer.

2012, 16% of new diagnoses occurred
in patients with a history of cancer; as
survival rates continue to improve,
this figure is likely to be even higher
in 2030.

Risk perception and reduction
As well as increasing awareness of
cancer, the anticipated increase in in-
cidence and prevalence may also re-
sult in a perception of increased risk
that has significant consequences. For
example, the public generally asso-
ciates environmental pollution with
cancer; it is entirely possible that
concerns about pollution as a cause
of increased cancer incidence will in-
tensify. Also, random associations be-
tween individuals affected by cancer
(e.g., those living or working in the
same building) will increase and may
give rise to heightened concerns about
cancer clusters. True cancer clusters
are extremely rare, especially outside
of an industrial setting, so the vast ma-
jority of concerns will be false alarms.
Finally, with the general increase
in cancer incidence driven largely by
population growth and aging, more
people will have a family member
affected by cancer; and since can-
cer in a family member is commonly
(but erroneously) felt to be the major
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determinant of cancer risk, more
people may be concerned about their
individual risk. In all these cases, FPs
will need to respond to patient ques-
tions and concerns.

Given that we have been able
to reduce incidence rates for many
cancers over the past few years, we
should consider what can be done to
further reduce cancer rates. The risk
factors that we know contribute to
most of the cancer burden are smok-
ing, drinking excessive amounts of al-
cohol, obesity, poor diet, sun overex-
posure, and lack of exercise. There is
ample evidence that changes in these
factors strongly influence future indi-
vidual cancer risks. While we prob-
ably cannot change risk factors fast
enough across our population to coun-
teract the projected effect of popula-
tion growth and aging, the prospect of
dramatic increased incidence should
act as a strong impetus to invest more,
and quickly, in programs that will see
fewer people smoking, fewer people
drinking excessive amounts of alco-
hol, fewer overweight people, more
people eating healthy diets, more
people protecting themselves from
sun overexposure, and more people
exercising meaningfully on a regular
basis. The sooner such lifestyles be-
come the norm, the sooner we will see
a further reduction in cancer incidence
rates. A new program expected to re-
sult in decreased cancer incidence is
BC’s colorectal screening program.
With sufficiently high public partici-
pation, this program should largely
offset the demographically driven in-
crease in the number of new diagno-
ses of colorectal cancer in BC within
a decade.

Projection limitations

As with all projections, ours are based
on a number of assumptions that can-
not be fully tested at present. The first
is that the population forecasts used
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are assumed to be an accurate reflec-
tion of future demography. A number
of social and economic factors could
affect these population projections, in-
cluding changes in the cost of living,
economic opportunities in or beyond
BC, and federal immigration poli-
cies. Additionally, the future cancer
rates are extrapolated from statistical
models based on current trends that
are assumed to continue into the fu-
ture. A number of factors could affect
the trends in cancer rates, including
changes in cancer screening policy,
successful cancer prevention initia-
tives, and changes in diagnostic tech-
nology. Although established trends
are already incorporated in the pro-
jection model we use, sudden chan-
ges in factors that strongly influence
cancer diagnosis can result in unfore-
seen effects. For example, in the 1990s
the rapid uptake of PSA testing as a
screening tool for prostate cancer re-
sulted in an unanticipated surge in the
number of newly diagnosed prostate
cancers." Thus, forecasting future
incidence of individual cancers re-
quires some caution. In our experi-
ence, population projections have the
greatest impact on the total number of
future cases and deaths, and are thus
the most important assumption taken
with respect to the total cancer burden.

Provincial strategy needed

We strongly encourage the health
care system to promote healthy life-
style choices, but in the meantime to
plan for an increase in the number of
patients diagnosed with a new cancer
as well as an increase in the number
of patients living with cancer. Given
the magnitude of the projected in-
crease in the number of British Col-
umbians who will be diagnosed with
cancer over the next 15 years and the
ongoing increase in the cost of treat-
ment (in particular for chemotherapy
drugs), we see the need to develop a

comprehensive provincial strategy to
address the predicted future cancer
burden, recognizing that increases in
incidence and costs are already occur-
ring and will continue.
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