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ABSTRACT

Objective To examine 30-year time trends in incidence,
survival and mortality of lymphomas by subtype in
Manitoba, Canada.

Methods Lymphoma cases diagnosed between 1984

and 2013 were classified according to the 2008 WHO
classification system for lymphoid neoplasms. Death

data (1984—-2014) were obtained from the Manitoba Vital
Statistics Agency. To examine time trends in incidence

and mortality, we used joinpoint regression to estimate
annual percentage change and average annual percentage
change. Age—period—cohort modelling was conducted to
measure the effects of age, period and cohort on incidence
and mortality time trends. We estimated age-specific and
standardised 5-year relative survival and used Poisson
regression model to test time trends in relative survival.
Results Total Hodgkin lymphoma (HL) incidence in men and
women was stable during the study period. Age-standardised
total non-Hodgkin lymphoma (NHL) incidence increased

by 4% annually until around 2000, and the trend varied

by sex and NHL subtype. Total HL mortality continuously
declined (by 2.5% annually in men and by 2.7% annually

in women), while total NHL mortality increased (by 4.4%
annually in men until 1998 and by 3.2% annually in women
until 2001) and then declined (by 3.6% annually in men

and by 2.5% annually in women). Age-standardised 5-year
relative survival for HL improved from 72.6% in 1984—-1993
0 85.8% in 2004—2013, and for NHL from 57.0% in
1984-1993 t0 67.5% in 2004-2013. Survival improvement
was also noted for NHL subtypes, although the extent varied,
with the greatest improvement for follicular lymphoma (from
65.3% in 1984—1993 to 87.6% in 2004-2013).
Conclusions Time trends were generally consistent with
those reported in other jurisdictions in total HL and NHL
incidence, but were unique in incidence for HL and for NHL
subtypes chronic/small lymphocytic leukaemia/lymphoma,
diffuse large B cell lymphoma and follicular lymphoma.
Survival improvements and mortality reductions were seen
for HL and NHL in both sexes.

BACKGROUND
Lymphomas as a group are one of the most
common cancers, but the aetiology for the
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Strengths and limitations of this study

» Time trends in cancer incidence, survival and
mortality are examined simultaneously in the
present study to better reflect the effect of cancer
control spectrum.

» Continuous variables for the age, period and cohort
were used in age—period—cohort modelling to
generate more accurate effect estimation.

» The period method was used to calculate 5-year
relative survival.

» Incidence rate for the most recent 2—3 years might
have been underestimated due to reporting delay,
but the influence is very limited.

two main types, Hodgkin lymphoma (HL)
and non-Hodgkin lymphoma (NHL), and
their subtypes remain unclear. Overall NHL
incidence persistently increased prior to
mid-1990s globally.'™ Time trends there-
after diverged (ie, incidence continuously
increased in some areas such as Europe’ ° but
declined in other areas’ ). HL incidence is
relatively stable but geographical differences
were also observed in temporal trends.” Due
to the changes in lymphoma diagnosis and
classification, one challenge in interpreting
the time trends is distinguishing the real
changes in disease occurrence from artefacts
caused by changes in these factors over time.
The evidence for aetiological heterogeneity
among lymphoma subtypes’ *'’ supports
the importance of examining time trends by
subtype.

HL and NHL had different temporal
trends in mortality in past decades. While
HL mortality has declined steadily since the
1960s,” ' ' NHL mortality increased prior to
the mid-1990s but declined thereafter.” '*"*
Relative survival, defined as the ratio between
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the observed survival in patients with cancer and the
expected survival of a comparable group from the
general population (assumed to be free of the cancer
of interest'’), is increasingly used in population-based
cancer survival analysis.'® Unlike cause-specific mortality,
relative survival does not require information on cause of
death as it measures the excess mortality among patients
with cancer, irrespective of whether the excess mortality is
attributable to the cancer directly or indirectly (eg, deaths
due to treatment complication or suicide). Previous rela-
tive survival analyses of patients with lymphoma have
demonstrated improvement over time,'””' although
the extent of improvement varied by patient sociodemo-
graphics (eg, gender, age at diagnosis, socioeconomic
status, remoteness of residence” ") and by lymphoma
characteristics (eg, subtype®').

However, there remains a number of knowledge gaps.
First, epidemiological patterns for specific lymphoma
subtypes are less clear. Second, incidence, mortality and
survival are usually interpreted separately, but the progress
against cancer relies on multiple components of cancer
control spectrum, including prevention, diagnosis, treat-
ment and supportive care. It is therefore more valuable to
simultaneously study trends in incidence, mortality and
survival. This combined approach is useful to understand
the independent impact of the cancer control measures
and their interactions on increased survival.” In this study
we examined 30-year time trends in incidence, mortality
and relative survival for lymphoid malignancies in adults
in Manitoba, Canada.

METHODS AND MATERIALS

Data sources

Cancer diagnosis information was retrieved from the
Manitoba Cancer Registry (MCR), a population-based
registry operated by CancerCare Manitoba (CCMB).
Reporting of cancer cases to the MCR is mandatory and
is regularly audited by the North American Association of
Central Cancer Registries.”” The quality of registry data
has been consistently very high. Most cases are patholog-
ically confirmed (94% for cases registered between 2006
and 2010) and less than 2% of registrations originate
from death certificates.”’

Histology and topography codes were used to identify
lymphoma cases diagnosed between 1984 and 2013 (see
online supplementary table 1). Cancer diagnoses were
originally coded using earlier editions of the International
Classification of Disease for Oncology (ICD-O) and were
converted to the 3rd edition (ICD-0-3).% The 2008 WHO
classification of lymphoid neoplasms was applied to clas-
sify patients according to disease subtype.”’ Other patient
characteristics, including sex, birthday, date of diagnosis
and residential postal code at the time of diagnosis, were
also obtained from the MCR. Household income quin-
tile at diagnosis was determined based on dissemination
area level average household income derived from Cana-
dian Census data.”® Manitoba population counts by age,

sex and year, which were used to calculate incidence and
mortality rates, were obtained from the Manitoba Health
Insurance Registry. Vital statistics data (1984-2014) were
obtained from the Manitoba Vital Statistics Agency.
Underlying causes of death were coded using ICD-10 for
deaths occurring since 1 January 2000 and using ICD-8/9
for deaths prior to 2000 (see online supplementary table
2). This research has been approved by the University
of Manitoba Research Ethics Board, Manitoba Health
Information Privacy Committee of Manitoba Health and
CCMB Research Resource Impact Committee.

Statistical analysis
Age-standardised incidence and mortality rates were
calculated using the 2006 population of Canada from
Canadian Census as the standard population. Time
trends were tested for total HL,, total NHL and the four
most common NHL subtypes (chronic lymphocytic
leukaemia/lymphoma (CLL/SLL), diffuse large B cell
lymphoma (DLBCL), follicular lymphoma (FL) and
plasma cell neoplasms (PCN)) but not other subtypes
due to small numbers. We used joinpoint regression (log
linear) to test time trends in incidence and mortality.”
We first tested the trend with no joinpoint (ie, linear
model) and then determined whether more joinpoints
(up to 3) need to be added, based on permutation testing
and the Bayesian information criterion.” Estimated
annual percentage change (EAPC) and 95% confidence
intervals (Cls) were estimated for each time period, and
the average annual percentage change (AAPC) for the
full observation periods (1984-2013 for incidence and
1984-2014 for mortality) was also calculated.”’ Joinpoint
analyses were conducted using the Joinpoint Trend Anal-
ysis Software developed by the National Cancer Institute
in the USA (https://surveillance.cancer.gov/joinpoint/).
To examine the effects of age, year of birth (cohort)
and year of diagnosis (period) on incidence and
mortality rates, we performed age—period—cohort
(APC) analyses using the Epi package for R.” Instead of
using fixed intervals (eg, b-year intervals), we fitted the
models using continuous variables for the age, period
and cohort through the use of restricted cubic spline
functions, as recommended by Carstensen.”’ Matrix
transformations were made to the spline basis vectors
for the period and cohort effects to overcome the well-
known identifiability problem in APC modelling.” We
graphically present age-specific incidence/mortality rate
after adjusting for the effects of cohort and period. We
used rate ratio to measure cohort and period effects on
the age-standardised rates. The cohort rate ratio, the
ratio of incidence/mortality rate in a given year of birth
versus the rate in a reference cohort (ie, the central 1931
birth cohort), describes the relative risk after taking into
account age and period effects, whereas the period rate
ratio is the ratio of incidence/mortality rate in a given
year of diagnosis versus the rate in a reference period (ie,
the central 2001 year of diagnosis) and describes the rela-
tive risk after taking into account age and cohort effects.
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We estimated 5-year relative survival, the ratio between
observed survival of patients with lymphoma and the
expected survival of a comparable Canadian general
population using the period analysis method.” Expected
survival was estimated according to the Ederer Il method™
using Canadian age-specific and sex-specific mortality by
year obtained from the Human Mortality Database (www.
mortality.org). Age-specific relative survival ratios were
estimated for three age groups (20-54, 55-74, 75+ years)
by time period (1984-1993, 1994-2003, 2004-2013), and
age-standardised relative survival ratios for each time
period were calculated using international standard
cancer population.” Standard errors for relative survival
were estimated using the Greenwood method and 95%
CIs were derived using a logarithmic transformation.”

A Poisson regression model was used to test the time
trend in b-year relative survival using the R package
periodR.” ** A generalised linear model was first fitted
for observed deaths as a function of follow-up year and
age category. The logarithm of the number of patients at
risk is provided as offset. Time period was then added to
the model and a Wald test was performed to test the trend
over time (ie, whether the coefficient for time period is
different from 0) 7

RESULTS

Incidence

During 1984-2013, 6808 men and 5520 women were diag-
nosed with lymphoma (table 1). HL and NHL accounted
for approximately 6% (6.1% in men and 5.8 in women)
and nearly 90% (87.7% in men and 86.6% in women) of
total lymphomas in men, respectively. Lymphoma subtype
was not specified for 6.1% male cases and 7.5% female
cases. About 95% (94% in men and 97.5% in women) of
HL cases were classical HL. The four most common NHL
subtypes (CLL/SLL, DLBCL, FL. and PCN) accounted for
more than three-quarters of the total NHL cases. Gener-
ally, the median ages of diagnosis for NHL subtypes were
younger in men than in women. Overall, men had higher
incidence rates for total HL, total NHL and major NHL
subtypes (except for FL) than women (table 2).

During 1984-2013, age-standardised incidence rates
(per 100000) for total HL ranged between 2.9 and 3.8
in men and between 2.2 and 2.9 in women (table 2),
whereas age-standardised incidence rates for total NHL
ranged between 32.5 and 58.9 in men and between 24.3
and 43.7 in women. In joinpoint analyses (supplementary
figure 1), no statistically significant change in total HL
incidence was observed during the study period, but the
incidence for total NHL increased by 2.3% (95% CI 1.7%
to 2.9%) annually in men and by 2.0% (95% CI 1.4% to
2.6%) annually in women (table 3). The overall trend was
driven largely by the increase in earlier years: 4.2% annual
increase (95%CI 3.2% to 5.2%) in men during 1984—
1998 and 4.3% annual increase (95% CI 3.3% to 5.2%)
in women during 1984-2001. Time trends in incidence
varied by NHL subtype: DLBCL incidence increased by

about 4% annually in men (95% CI 3.1% to 4.8%) and
by 4.1% in women (95% CI% 3.1 to 5.1%) during 1984—
2013; CLL/SLL incidence increased differently in men
(EAPC=1.8%, 95% CI 1.0% to 2.5%, during 1984-2010)
and in women (EAPC=3.6%, 95% CI 2.3% to 5.0%, during
1984-2005) in early years, followed by a statistically signif-
icant decline (EAPC=-7.7%, 95%CI -12.4% to -2.7%,
during 2005-2013) in women and a statistically non-signif-
icant decline in men (EAPC=-10.1%, 95% CI -26.0% to
9.3%, during 2010-2013). FL incidence in men increased
3.5% annually (95% CI 1.8% to 5.3%) during 1984-2003,
but declined by 3.0% annually (95% CI -6.3% to 0.4%)
since 2003; FL incidence in women slightly increased
(AAPC=1.0%, 95%CI -0.0% to 2.0%). PCN incidence
increased by 0.6% annually in men but remained stable
in women.

APC models showed different curves for age-specific
incidence rates (ie, age effects). Age-specific incidence
rate curves for total HL in men present an ‘M’ shape
(in particular for men), that is, there were two peaks of
higher rates around age of 25 years and age of 75 years
and a lower rate around age of 45 years (figure 1A). No
cohort or period effects were found for HL incidence
(figure 1A,B). Age-specific incidence rate for total NHL
reached the highest at the age of 80-85 years and then
declined (figure 1C,D). Cohort-specific trends for NHL
incidence varied by sex and subtype. For total NHL, inci-
dence rate in men continuously increased and started
to decline among those born after 1940, while the inci-
dence in women continuously increased (figure 1C,D).
DLBCL incidence continuously increased in men and
women (figure 1E,F). Increases in cohortspecific inci-
dence were also found for CLL/SLL in both sexes and
for FL in women prior to birth year 1910, but not for FL
in men (figure 1I). Total NHL and CLL/SLL incidence
rates in women significantly decreased since around 2005
(figure 1D,H). There were no apparent period-specific
trends for other NHL subtypes (figure 1K,L).

Mortality

During 1984-2014, 153 people (95 men and 58 women)
died from HL and 3125 people (1609 men and 1516
women) died from NHL. The median ages at death
for HL. were 66 years in men and 60 years in women,
and for NHL were 73 years in men and 77 years in
women. Age-standardised mortality rates for HL (per
100000) continuously declined in both sexes: from
1.00 during 1984-1989 to 0.47 during 2010-2014 in
men, and from 0.62 during 1984-1989 to 0.29 during
2010-2014 in women (table 4). In joinpoint analysis
of HL mortality (see online supplementary figure 2),
AAPC was -2.5% (95% CI -4.6% to —0.3%) in men and
-2.7% (95% CI -5.0% to -0.3%) in women. The time
trends in NHL mortality (table 5 and supplementary
figure 2) were different from that for HL: total NHL
mortality rates increased by 4.4% annually in men and
by 3.2% annually in women by the end of 1990s, and
declined thereafter in both men (by 3.6% annually)
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Figure 1

Effects of age, cohort and period on lymphoma incidence time trends in Manitoba, Canada (1984-2013). CLL/SLL,

chronic/small lymphocytic leukaemia/lymphoma; DLBCL, diffuse large B cell ymphoma; FL, follicular ymphoma; HL, Hodgkin
lymphoma; NHL, non-Hodgkin lymphoma; PCN, plasma cell neoplasms.

and women (by 2.5% annually). During the peak period
(1995-1999), age-standardised mortality for NHL was
16.58 (95% CI 14.79 to 18.38) in men and 13.71 (95%
CI 12.13 to 15.29) in women.

APC models showed no statistically significant effects
on HL mortality (figure 2A,B). Total NHL mortality
increased with age (figure 2C,D). Declines in age-stan-
dardised total NHL mortality started in men born in 1950
and in women born in 1945. Period-specific total NHL
mortality rates increased prior to 1995 in men and prior
to 1985 in women, but started to decline since 2003 in
men and since 2010 in women.

Relative survival

In both men and women, 5-year relative survival for
total HL, total NHL and NHL subtypes decreased with
age except for CLL/SLL (table 6), but it was generally
higher in women. Changes in relative survival over time
varied by sex, age group and subtype. For HL, the oldest
group (75+ years) had the best improvement. For CLL/

SLL in men, relative survival has been stable over time in
those aged 20-54 years, but significantly improved in the
older people, while in women relative survival declined
over time for the youngest age group. For FL, relative
survival improved for all groups. For PCN, while 5-year
survival increased over time in those aged under 75 years,
it declined in those aged over 75 years.

After adjusting for age, we found that 5-year relative
survival for HL and all NHL subtypes improved over time
in both sexes. Trend analysis showed an overall increase
in b-year relative survival for HL. and NHL (table 6): from
1984-1993 to 2004—2013, there were 12.3% unit increase
in men and 14.3% unit increase in women for HL, and
11.7% unit increase in men and 7.8% unit increase in
women for NHL. Among the four most common NHL
subtypes, age-standardised 5-year relative survival in men
was the highest for FL (65.3% in 19841993 and 87.6% in
2004-2013) and the lowest for PCN (32.0% in 1984-1993
and 39.4% in 2004—2013). Differential period effects were
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Table 4 Age-standardised mortality rates (per 100000) of lymphomas in Manitoba, Canada (1984-2014)

Men Women

Lymphoma classification Time period N Rate 95% ClI N Rate 95% ClI p Value

Hodgkin lymphoma 1984-1989 23 1.00 0.59 to 1.42 15  0.62 0.31t00.94 0.150
1990-1994 18 0.92 0.49t0 1.35 14 0.68 0.32t01.03  0.387
1995-1999 19 0.96 0.83 to 1.39 6 0.28 0.06t0 0.52 0.010
2000-2004 13 0.64 0.29 t0 0.98 7 032 0.09t0 0.56  0.148
2005-2009 11 0.52 0.21 to0 0.82 9 0.40 0.14t0 0.66  0.569
2010-2014 11 0.47 0.19t0 0.75 7 029 0.07t0 0.50 0.305

Non-Hodgkin lymphoma  1984-1989 245 10.70 9.39t0 12.04 234 9.72 8.47t0 10.96  0.293
1990-1994 221 11.30 9.81t012.79 234 11.30 9.85t0 12.75 0.999
1995-1999 329 16.58 14.79t0 18.38 289 13.71 12.13t0 15.29 0.018
2000-2004 296 14.52 12.86t0 16.18 264 12.21 10.74t0 13.68 0.041
2005-2009 269 12.62 11.10to 14.12 263 11.68 10.26 to 13.08 0.372
2010-2014 249 10.71 9.38t0 12.04 232 9.55 8.32t0 10.78 0.210

p Value: for the comparisons between men and women.

found for HL. and NHL and major subtypes (see online
supplementary table 3). Comparing with 1984-1993, rela-
tive excess mortality risk for HL in both sexes was similar
in 1994-2003 and 2004-2013; a statistically significant
period effect was only seen in 2004-2013. Period effects
were observed in 2005-2013 only for NHL subtypes with
an exception of CLL/SLL. Statistically significant period
effects were found for CLL/SLL in both 1994-2003 and
2004-2013.

DISCUSSION

We found that total HL incidence was relatively stable
between 1984 and 2013 while total NHL incidence
increased until around 2000 and then plateaued. While
total HL. mortality rate continuously declined over time,
total NHL mortality rate increased prior to the end of
1990s and declined thereafter. On the other hand, relative
survival improved for all lymphomas, although the extent
of improvement varied by sex, age group and lymphoma
subtype. Important findings are summarised in table 7.

Incidence
Previous studies have focused on time trends in total
HL incidence and total NHL incidence, and there were

geographical variations in the trends."* AAPC ranged
from 1.3% to 6.1% for NHL incidence and from -2.8% to
2.6% for HL incidence across European countries.”
Average annual increases in NHL incidence for men
and women in the present study were greater than that in
the Netherlands.” HL incidence in the present study has
been relatively stable, but it decreased in both men (-1.0%
annually) and women (-1.8% annually) in the USA during
2004-2018." Little is known about the time trends in inci-
dence of lymphoma subtypes. This study found that time
trends in incidence of certain subtypes were different from
those reported in previous studies. After a continuous
increasing for two decades, CLL/SLL started to decline in
2005. Similar decline was found in the USA between 2004
and 2013."” The reduction in CLL/SLL incidence may
be explained by the diagnosis change, that is, individuals
who would have been classified as CLL/SLL were classified
as monoclonal B cell lymphocytosis if the absolute B cell
count was <5><109/ L." For DLBCL, the incidence contin-
uously increased during 1984 and 2014 (by 4% annually
in men and by 2.6% annually in women). The extent of
the increase was in the range of changes reported in other
counties.” Different time trends were also found for FL,
that is, there were no statistical changes in either sex in the

Table 5 Time trends in age-standardised lymphoma mortality rates in Manitoba, Canada (1984-2014)

Trend 1 Trend 2 AAPC (95% CI)
Lymphoma for the full period
classification Sex Years EAPC (95% Cl) Years EAPC (95% Cl) (1984-2014)
Hodgkin lymphoma Male -2.5(-4.6 to —-0.3)
Female -2.7 (-5.0to0 -0.3)
Non-Hodgkin lymphoma Male  1984-1999 4.4(2.4t06.3) 1999-2014 -3.6(-5.3t0-1.9) 0.3 (-0.9to 1.5)
Female 1984-1998 3.2 (0.9t05.6) 1998-2014 -2.5 (-4.3 t0 -0.8) 0.1 (-1.2t0 1.5)

AAPC, average annual percentage change; EAPC, estimated annual percentage change.
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Figure 2 Effects of age, birth cohort and period on lymphoma mortality time trends in Manitoba, Canada (1984-2014). HL,
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present study, while in the same time period FL incidence
in the US men and women declined by 2.1% annually."
PCN incidence increased in men only in the present study
and in USA as well."

The aetiology of HL. and NHL remains largely unknown.
For NHL, there are only a few well-established risk factors,
including age, congenital or acquired immunodeficiency
disorders such as organ transplantation and HIV, and auto-
immune disorders (eg, rheumatoid arthritis) M Increased
cancer incidence could be attributed to population ageing,
higher prevalence of risk factors, better screening/diag-
nosis or improved completeness of cancer registration. In
the present study, we found that ageing and factors associ-
ated with birth cohort and diagnosis time impacted NHL
incidence trends. This confirmed the findings of several
previous studies. Liu” and colleagues found statistically
significant period effects on NHL incidence in both sexes,
but a cohort effect among women only. Viel et als analysis
suggested that NHL incidence increase in Doubs, France
during 1980-2005 was mostly dependent on factors associ-
ated with age and time period instead of cohort.” In Spain,
factors related to age, cohort and period contributed to

the NHL incidence increase during 1973-1991."" The
cohort effect may be due to physical and social environ-
mental changes, while the period effect might be partially
explained by improved diagnosis, classification and case
registration. Lymphoma classification has experienced
many changes and might have some impact on time trends
of certain subtypes, but the impact on total HL and total
NHL might be very limited.® *® An earlier study in Mani-
toba showed a large increase in CLL/SLL incidence during
1998-2003 that was largely related to the introduction of
flow cytometer testing but was also due to the misclassifica-
tion of CD5 positive chronic lymphoproliferative disorders
as CLL/SLL." The changes in diagnosis, registration and
known risk factors might partially explain the incidence
trends in this study, but the extent of the influence was
not quantified. Hartge and Devesa” found that improved
accuracy and completeness of diagnosis (ie, less NHL cases
were misdiagnosed as HL cases), HIV infection and occu-
pational exposures explained around only half of the NHL
incidence increase in the USA between 1947-1950 and
1984-1988.
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Table 7 Summary of time trends in age-standardised lymphoma incidence, survival and mortality in Manitoba, Canada

Lymphoma classification = Sex Incidence Survival Mortality
Total HL Male - T 4
Female - NT l
Total NHL Male T, before 1998;-, after 1998 T T, before 1999; |, after 1999
Female T, before 2001;-, after 2001 T T, before 1998; |, after 1998
CLL/SLL Male T, before 2010;-, after 2010 T NT
Female T, before 2010; |, after 2010 T NT
DLBCL Male T T NT
Female 7 ) NT
FL Male T, before 2003;-, after 2003 T NT
Female 7 - NT
PCN Male ) ) NT
Female - - NT

— denotes no change.

CLL/SLL, chronic/small lymphocytic leukaemia/lymphoma; DLBCL, diffuse large B cell lymphoma; FL, follicular lymphoma; HL, Hodgkin
lymphoma; NHL, non-Hodgkin lymphoma; NT, not tested; PCN, plasma cell neoplasm.

Survival

Lymphoma survival in Manitoba improved over time, but
generally women had better survival than men, which is
consistent with previous findings.'” *' °* Improvement was
greater for older patients with HL (=55 years) than in
younger patients, on both absolute and relative measures
(ie, absolute increase in relative survival and relative ratio
for relative survival). This is consistent with previous study
findings. In Sweden, 5-year relative survival for patients with
HL aged 19-35 years increased from 72% in 1973-1979 to
96% in 2001-2009 (with an absolute increase of 24% and
a relative increase ratio of 1.3), but that for patients aged
66-80 years it increased from 18% to 44% (with an abso-
lute increase of 26% but a relative increase ratio of 2.4).”
Another study showed that patients with HL aged 75+ years
had a greater improvement, compared with those aged
65-74 years.”

In this analysis, 5-year relative survival for NHL improved
for all age groups except in women aged 20-54 years.
During 1990-2004, 5-year relative survival for total NHL
in USA improved across all age groups (>15 years), but
the greatest improvement was seen in men aged 15-44
years and women aged 75+ years.”” Similar trends were
observed in Western Europe for the same time period,
but in Central Europe there were no improvements in
older patients.”” In Germany, a greater improvement in
5-year relative survival was observed in patients with NHL
aged 85+ years, compared with those aged 65-74 years.”*

Lymphoma treatment advances over the past three
decades include the introduction of new chemotherapy
drugs and monoclonal antibodies (eg, rituximab), autol-
ogous stem cell transplantation and optimised radiation
therapy to reduce toxicity.”’ Rituximab was introduced to
Europe in 1997 and to Manitoba in 2003. Survival increases
were found in the present study and in Europe.”” The

increase in FL. and DLBCL survival varied between Euro-
pean countries, probably associated with the different
introduction of rituximab to those countries. As observed
in Europe,7 * there was a smaller increase in age-stan-
dardised 5-year relative survival for HL than for NHL in
Manitoba. This is likely because there have been no new
drugs for HL treatment until the approval of Brentuximab
vedotin in 2011.°® There was a 10.5% increase in age-stan-
dardised b-year relative survival for total NHL, which was
similar to figures observed for the entire Canadian popu-
lation where there was a 12% increase (from 51% to 63%)
from 1992-1994 to 2004-2006.”" But time trends for NHL
subtypes were not presented in this national analysis.

NHL subtype impacts patient survival”?’ and we found
that the magnitude of NHL survival improvement over
time varied by subtype as well. Our data showed that 22.3%,
12.0% and 10.3% increases were found for FL, CLL/SLL
and DLBCL in the present study from 1984-1993 to 2004—
2013. Similarly, the highest increase in survival was found
for FL in Europe. From 1997-1999 to 2006-2008 in Europe,
among all haematological cancer subtypes, the largest
increases in age-standardised 5-year relative survival were
found for FL. (from 58.9% to 74.3%), followed by CLL/
SLL (from 32.3% to 54.4%) and DLBCL (from 42% to
55.4%).%"

Mortality

Diverse time trends in NHL mortality have been found
worldwide,59 but the trend (ie, increased between 1984
and late 1990s and declined thereafter) in Manitoba was
similar to that observed in USA, Japan and Europe.”'" -
Our data suggested an effect of birth cohort on HL
mortality among those born prior to 1930s, but the result
needs to be interpreted with caution due to the small
number of HL death cases in the analysis. A study from
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Spain showed the effects on both cohort and period on
HL mortality and NHL mortality.”” The effects of cohort
and period on NHL mortality were also identified in the
present study. Those effects are likely attributable to the
improvement in lymphoma treatment. Lead time bias
associated with better diagnostic techniques, for example,
flow cytometer, might have also played a role.

Combination of incidence, survival and mortality

The three measures are interrelated and mortality is deter-
mined by incidence and survival. It is thus important to
interpret all three measures in combination in order to
interpret overall progress in cancer prevention and control.
Data from US Surveillance, Epidemiology, and End Results
(SEER) programme showed a continuous increase inci-
dence of NHL during 1975-2011, but the mortality started
to decline in 1997." This is also reflected in the present
study (table 7): female NHL mortality started to decline in
1999, although incidence increased until 2001, while male
NHL mortality started to decline in 1998, although the inci-
dence started to level off since that year. The SEER data also
showed that mortality declines for DLBCL, CLL/SLL and
FL started before the decline in incidence,” indicating that
the mortality reduction was most likely due to improved
survival after diagnosis. We were not able to test the time
trends in mortality for NHL subtypes as our data do not
contain subtype-specific death cause information.

STRENGTHS AND LIMITATIONS

We conducted a comprehensive analysis of incidence,
mortality and survival using 30-year cancer registry and vital
statistics data. Compared with the unbiased Pohar Perme
method, the age-standardised Ederer II method gener-
ates a more precise estimate for a longer term follow- up.”
Age-period-cohort (APC) effects were estimated based on
continuous variables rather than commonly used 5-year or
10-year intervals.”’ We have tested the time trend in 5-year
age-standardised relative survival using Poisson regres-
sion-based period analysis.” ** Findings from this study,
which is based on a high-quality population-based cancer
registration data, could be generalised to other provinces in
Canada and other areas with a similar socioeconomic devel-
opment level and a publicly funded healthcare system. The
analysis has a few limitations. Reporting delay,” the time
elapsed before a diagnosed cancer case is reported to a
cancer registry, was not used to adjust for incidence rate
calculations as delay adjustment data are not available for
this population. The delay primarily affects the estimation
of incidence rates in the most recent 1-3 years (2011-2013
in this case), and the actual incidence rates in these years
might have been underestimated. There have been many
changes to lymphoma subtype classification, and this might
have influenced the trends in incidence of subtypes with
low classification reliability (eg, T/NK (natural killer) cell
lymphoma).” Relative survival is widely used to measure
net survival, that is, cancer survival in the absence of other
causes of death. However, approximately 50%-70% of

patients with HL and 35% of patients with NHL died of
competing causes (ie, cancers other than lymphoma and
diseases of circulatory system).“7 % We do not have data
on treatment modalities and most prognostic factors (eg,
clinical stage, serum lactate dehydrogenase (LDH) and
performance status). As mentioned above, mortality rates
were calculated for total HL and total NHL but subtypes.
Time trends in incidence and relative survival were exam-
ined for the four most common NHL subtypes but not
others.

CONCLUSION

We have examined the time trends in lymphoma inci-
dence, survival and mortality simultaneously. In summary,
the trends were overall consistent with those previously
reported in Europe and USA, although there were differ-
ences when the analyses were conducted by sex and age
groups and for specific subtypes. The present study has
also identified the effects of age, cohort and period on
lymphomas, in particular on NHL incidence. However,
those effects were not able to fully explain the incidence
increase prior to mid-1990s or late-1990s. The improve-
ment in survival and the reduction in mortality were
largely due to lymphoma treatment advances.
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