
American Journal of Epidemiology
© The Author(s) 2020. Published by Oxford University Press on behalf of the Johns Hopkins Bloomberg School of
Public Health. All rights reserved. For permissions, please e-mail: journals.permissions@oup.com.

Vol. 190, No. 1
DOI: 10.1093/aje/kwaa160

Advance Access publication:
July 24, 2020

Original Contribution

Premature Mortality Due to Hodgkin Lymphoma, Non-Hodgkin Lymphoma,
Multiple Myeloma, and Leukemia in Canada: A Nationwide Analysis From
1980 to 2015

Truong-Minh Pham∗, Grace Shen-Tu, Khanh Hoa Nguyen, Shuang Lu, Douglas C. Dover,
Peter Duggan, Lorraine Shack, and Winson Y. Cheung

∗ Correspondence to Dr. Truong-Minh Pham, Surveillance and Reporting, Cancer Care Alberta, Alberta Health Services, Suite
1400, Sun Life Building, 10123-99 Street, Edmonton, Alberta T5J 3H1, Canada (e-mail: truongminh.pham@ahs.ca).

Initially submitted February 19, 2020; accepted for publication July 21, 2020.

Recently, we introduced a novel measure of “average life span shortened” (ALSS) to improve comparability
of premature mortality over time. In this study, we applied this novel measure to examine trends in premature
mortality caused by hematological cancers in Canada from 1980 to 2015. Mortality data for Hodgkin lymphoma,
non-Hodgkin lymphoma, multiple myeloma, and leukemia were obtained from the World Health Organization
mortality database. Years of life lost was calculated according to Canadian life tables. ALSS was defined as
the ratio between years of life lost and expected life span. Over the study period, age-standardized rates of
mortality decreased for all types of hematological cancers. Our new ALSS measure showed favorable trends
in premature mortality for all types of hematological cancers among both sexes. For instance, men with non-
Hodgkin lymphoma lost an average of 23.7% of their life span in 1980 versus 16.1% in 2015, while women with
non-Hodgkin lymphoma lost an average of 21.7% of their life span in 1980 versus 15.5% in 2015. Results from
this study showed that patients with hematological cancers experienced prolonged survival over a 35-year period
although the magnitude of these life span gains varied by types of hematological cancers.

average life span shortened; average years of life lost; hematological cancers; premature mortality; years of life
lost

Abbreviations: ASR, age-standardized rate; ALSS, average life span shortened; AYLL, average years of life lost; ICD-9,
International Classification of Diseases, Ninth Revision; ICD-10, International Classification of Diseases, Tenth Revision; YLL,
years of life lost.

Hematological cancers consist of a heterogeneous group
of malignancies that arise from hematopoiesis, such as of
the bone marrow, or lymphatic system. They are also called
blood cancers and generally include 4 main cancer types:
Hodgkin lymphoma, non-Hodgkin lymphoma, multiple
myeloma, and leukemia (1–4). A recent report based on
Canadian cancer statistics estimated that approximately
18,000 people were diagnosed with one of the 4 types of
hematological cancers in 2017, and about 7,000 people died
from it (5).

The age-standardized rate (ASR) has been a useful tool to
characterize the burden of chronic conditions. The concept
of premature mortality was more recently introduced to
describe the impact of early deaths attributable to a particular

health condition. To date, the most frequently used metrics
for premature mortality include years of life lost (YLL) and
average years of life lost (AYLL). However, these metrics are
imperfect, particularly when attempting to compare results
between studies, because there are 2 different algorithms for
calculating YLL, and life expectancy of the general popula-
tion often improves with time. Recent publications (6–10)
from our group have discussed some of these challenges,
which have compelled us to develop a novel measure called
average life span shortened (ALSS) in order to improve
comparability over time. Briefly, the ALSS is expressed
as the ratio of YLL in relation to the expected life span
among patients who died from a given health condition. We
have subsequently applied the ALSS measure in estimating
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long-term trends of premature mortality due to malignancies
of the breast (6), central nervous system (7), head and neck
(8), and prostate and testis (9) in the Canadian population,
as well as kidney and bladder cancers in the Japanese popu-
lation (10).

Given that little is known about premature mortality due
to hematological cancers, the present study applied the novel
measure of ALSS to evaluate trends in premature mortality
due to the 4 main types of hematological cancers in the
Canadian population between 1980 and 2015.

METHODS

Study population

We obtained mortality data from the World Health Orga-
nization mortality database (11). During the study period,
causes of death for Canadians were coded according to
the International Classification of Diseases, Ninth Revision
(ICD-9), from 1980–1999 and the Tenth Revision (ICD-10)
from 2000 onwards. Deaths due to Hodgkin lymphoma were
coded as 201 in ICD-9 and C81 in ICD-10. Deaths due
to non-Hodgkin lymphoma were coded as 200 and 202 in
ICD-9 and C82, C83, C84, C85, C86, and C96 in ICD-10.
Deaths due to multiple myeloma were coded as 203 in ICD-
9 and C88 and C90 in ICD-10. Deaths due to leukemia were
coded as 204–208 in ICD-9 and C91, C92, C93, C94, C95
in ICD-10. We were able to conduct only a subanalysis of
the different types of non-Hodgkin lymphoma and leukemia
for the recent period of 2000–2015 because the disease types
are not compatible between ICD-9 and ICD-10.

Statistical analyses

We calculated the ASRs per 100,000 people for deaths
due to hematological cancers using the direct method of
standardization according to the World Standard Population
(12). We calculated YLL according to the life-table method,
which was described in the Global Burden of Disease Project
(13, 14). Briefly, YLL is calculated by multiplying the num-
ber of deaths with the sex- and age-specific life expectancy
obtained from respective Canadian life tables, which are
based upon 3 years of data centered on census years (15).
Seven versions of life tables were used to calculate the
YLL in this study: the 1980–1982 life tables for 1980–
1984, the 1985–1987 life tables for 1985–1989, the 1990–
1992 life tables for 1990–1994, the 1995–1997 life tables
for 1995–1999, the 2000–2002 life tables for 2000–2004,
the 2005–2007 life tables for 2005–2009, and the 2010–
2012 life tables for 2010–2015. During the study period,
life expectancy at any given age increased in both men
and women. Life expectancy at birth at the beginning of
the study was 79 years among women and increased to 83
years at the end of the period. Similarly, life expectancy
at birth increased from 72 to 79 years among men over
the same period. The adjusted YLL rate per 1,000 people
was calculated using the direct method of standardization
according to the World Standard Population. The AYLL per
decedent was estimated by dividing the total YLL by the
total number of deaths (16). We calculated the ALSS, which

provided an average percentage of life span shortened in
relation to the expected life span among all decedents from
hematological cancer. Details of the ALSS measure and its
utility have been described previously (6–10). A general
formula for the ALSS measure can be expressed as:

ALSS = 100 × ∑
di × ei

∑
di × (ai + ei)

where di is number of deaths at age i; ei is normative life
expectancy at age i; ai is age at death.

All statistical analyses were performed using SAS,
version 9.3 (SAS Institute Inc., Cary, North Carolina).
Trends in ASR and ALSS over time were depicted by the
PROC SGPLOT with LOESS (locally estimated scatterplot
smoothing) statement using a smoothing parameter of 0.2.

RESULTS

Tables 1 and 2 show the number of deaths and percentage
of deaths according to age group for Hodgkin lymphoma,
non-Hodgkin lymphoma, multiple myeloma, and leukemia
from 1980 to 2015 among men and women, respectively.
Over the study period, we observed that the number of
deaths for all types of hematological cancers, except for
Hodgkin lymphoma, increased among both sexes. Results
also show a shift in distribution toward an older age of
death for each type of hematological cancer. For instance,
9.8% of male deaths due to Hodgkin lymphoma occurred
at 75 years of age or older in 1980, while this increased
to 35.4% in 2015 (Table 1). Similarly, 37.5% of female
deaths due to multiple myeloma occurred at 75 years of
age or older in 1980, and this increased to 59.3% in 2015
(Table 2). Figure 1 shows the trends in ASRs over the study
period. Although the ASRs fluctuated, there was a decrease
in mortality rates at the end of the study period for all
types of hematological cancers among both sexes. For men,
the ASRs decreased from 0.9 to 0.2 per 100,000 men for
Hodgkin lymphoma (Figure 1A); from 5.1 to 4.3 for non-
Hodgkin lymphoma (Figure 1C); from 2.4 to 2.1 for multiple
myeloma (Figure 1E); and from 7.3 to 4.2 for leukemia
(Figure 1G). For women, the ASRs decreased from 0.5 to
0.1 per 100,000 women for Hodgkin lymphoma (Figure 1B);
from 3.3 to 2.6 for non-Hodgkin lymphoma (Figure 1D);
from 1.6 to 1.3 for multiple myeloma (Figure 1F); and from
4.3 to 2.4 for leukemia (Figure 1H).

Tables 3 and 4 summarize different metrics for prema-
ture mortality, including YLL (years), adjusted YLL rate
(years per 1,000 people), and AYLL (years per decedent)
for Hodgkin lymphoma, non-Hodgkin lymphoma, multiple
myeloma, and leukemia from 1980 to 2015 among men
and women, respectively. Overall, the total YLL increased
for all types of hematological cancers over time, except
Hodgkin lymphoma. For instance, there was an increase in
YLL for leukemia among men from 19,020 years of life in
1980 to 22,224 in 2015 (Table 3) in accordance with the
number of deaths increasing from 930 to 1,548 during that
period (Table 1). We observed decreases in adjusted YLL
rates with respect to any type of hematological cancers in
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Figure 1 Continues

both sexes. For instance, YLL rates adjusted to the World
Standard Population for Hodgkin lymphoma among women
decreased from 0.17 to 0.05 years of life per 1,000 people
(Table 4). AYLL also decreased over time for all types of

hematological cancers in both sexes. Specifically, men with
non-Hodgkin lymphoma lost an average of 19.1 years of
life in 1980, which decreased to 14.1 years of life in 2015
(Table 3). Similarly, women with multiple myeloma lost an

Am J Epidemiol. 2021;190(1):59–75

D
ow

nloaded from
 https://academ

ic.oup.com
/aje/article/190/1/59/5875953 by guest on 10 April 2024



66 Pham et al.

Figure 1. Trends of age-standardized rates (ASRs) for deaths due to Hodgkin lymphoma in men (A) and women (B); non-Hodgkin lymphoma
in men (C) and women (D); multiple myeloma in men (E) and in women (F); and leukemia in men (G) and women (H) in Canada, 1980–2015.

average of 16.2 years of life in 1980, which decreased to13.7
years of life in 2015 (Table 4).

Trends of ALSS among decedents are depicted in
Figure 2. In general, ALSS decreased over time for all
types of hematological cancers in both sexes. Men with
non-Hodgkin lymphoma lost an average of 23.7% of their
life span in 1980, which decreased to 16.1% in 2015
(Figure 2C). Likewise, the life span of women with multiple
myeloma was shortened by 18.7% in 1980, which decreased
to 15.2% in 2015 (Figure 2F).

Table 5 shows the number of deaths, ASR of death,
AYLL, and ALSS for the different types of non-Hodgkin
lymphoma and leukemia in the years 2000, 2005, 2010, and
2015. From 2000 to 2015, we observed decreases in the
ASR and AYLL values among most types. Results from
the ALSS measure indicate steadily decreasing trends for
all types of non-Hodgkin lymphoma and leukemia in both
sexes. The greatest improvement in ALSS was observed
in acute lymphocytic leukemia which improved by about
10 percentage points from 45.3% to 34.2% among men, and
37.3% to 28.6% among women, over the 15-year period. We
observed smaller improvement for other types of leukemia.
Likewise, the life span of patients with follicular lymphoma
was prolonged by about 4 percentage points among men and
8 percentage points among women, whereas patients with
nonfollicular lymphoma gained about 5 percentage points
(men) and >3 percentage points (women). Patients with
natural killer/T-cell lymphoma gained about 2 percentage
points (both sexes) over the same period.

DISCUSSION

This study represents a comprehensive characterization
of long-term premature mortality trends from hematological
cancers in the Canadian population from 1980 to 2015. We
observed decreasing trends in premature mortality, suggest-

ing that the life span of hematological cancer patients is
improving when compared with the life span of the gen-
eral population. Results based on our new ALSS measure
indicate that patients with leukemia lost an average of one-
fourth of their life span at the beginning of the study period,
whereas they lost less than one-fifth of their life span at
the end of the study period (Figure 2). Comparing across
all types, patients with Hodgkin lymphoma lost the largest
portion of their life span, over 25% at the end of the study
versus approximately 14%–17% caused by 3 other types in
the same year (Figure 2). This observation was likely due to
the tendency for Hodgkin lymphoma to occur in teenagers
or young adults. The deceasing trends in ALSS for Hodgkin
lymphoma from 36.9% to 25.0% in men (Figure 2A) and
from 38.0% to 27.2% in women (Figure 2B) imply that life
span of patients improved by about 11 percentage points
over the course of the study.

Hematological malignancies mainly include lymphoma
(Hodgkin and non-Hodgkin disease), multiple myeloma,
and various forms of leukemia, such as acute lymphocytic
leukemia, acute myelogenous leukemia, chronic lympho-
cytic leukemia, and chronic myelogenous leukemia. These
diseases differ in terms of clinical characteristics, biological
features, treatment approaches, and prognosis. Some occur
more frequently among children while others are more com-
mon among adults. In the present study, we performed an
analysis for all age groups. Accordingly, any survival gains
from both childhood and adult hematological malignancies
were all reflected in the ALSS calculation.

To date, mortality rate is one of the primary metrics in
quantifying the health of populations. However, interests
have expanded beyond whether or not a death has occurred.
Researchers and decision makers are asking when or how
early a death occurs (“premature mortality”) in order to
estimate the number of years a patient would have lived
if death due to a specific condition did not take place.
Such information can have societal and health-care policy
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Figure 2 Continues

implications. In the present study, we provide several mea-
sures for premature mortality alongside the conventional
mortality rate used to quantify the health of populations.
YLL was calculated using the life-table method, which has

been used within the Global Burden of Disease project
(13, 17–19). However, comparability challenges persist even
among studies applying the life-table method because life
expectancy of the general population often improves with
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Figure 2. Trends of average life span shortened (ALSS) among decedents for Hodgkin lymphoma in men (A) and women (B); non-Hodgkin
lymphoma in men (C) and women (D); multiple myeloma in men (E) and women (F); and leukemia in men (G) and women (H) in Canada,
1980–2015.

time. For instance, our study showed that men in 1980 died
of non-Hodgkin lymphoma approximately 19.1 years before
expectation, whereas men in 2015 died approximately 14.1
years before expectation, as the AYLL measure indicated
(Table 3). These numbers suggest an absolute survival gain
of about 5 years; however, the gain might be about 12 years
of life because life expectancy at birth increased by 7 years
over the same period of time, from 72 to 79 years, according
to the Canadian life tables for men. Therefore, interpretation
of trends in AYLL over time often requires a consideration
of changes in the national life tables. In contrast, ALSS was
calculated as a ratio of life lost in relation to the expected life
span for each calendar year. In this way, the ALSS inherently
takes into account changes in life tables when estimating
expected life span of patients and uses it as the denominator
in the ALSS calculation. Therefore, a health-decision maker
does not need to consider changes in the national life tables
when interpreting the ALSS results.

In the present study, we were able to conduct subanaly-
ses of the different types of non-Hodgkin lymphoma and
leukemia only for recent years, from 2000 through 2015,
because of incompatibility between ICD-9 and ICD-10. In
general, we observed decreasing trends in ALSS for all types
of non-Hodgkin lymphoma and leukemia. In particular, the
largest improvement, by about 10 percentage points of life
span, was observed for acute lymphocytic leukemia. We also
noted a limitation of the data regarding documentation prac-
tices on death certificates. Specifically, a large proportion
of unspecified non-Hodgkin lymphoma likely reflected the
inability to determine the underlying cause of death in some
cases and consequently resulted in a smaller proportion of
deaths due to follicular lymphoma and nonfollicular lym-
phoma.

Favorable trends in premature mortality observed in the
present study could be a result of multiple factors. These
include advances in diagnosis and treatment, as well as the
impact of demographic changes over the entire Canadian

population. First, innovations in diagnostic methods have
allowed for more refined definition of the types of hemato-
logical malignancies. The incorporation of flow cytometry
and molecular and genetic studies, as well as clinical pre-
sentation with traditional morphological and immunohisto-
chemical features have identified types of these cancers with
specific presentations. These changes were first described in
the REAL (20) classification and have been further updated
in the World Health Organization Classification of Tumours
of Hematopoietic and Lymphoid Tissues (21). These im-
provements have resulted in more accurate diagnosis, which
in turn allows for specific and more effective treatments to be
developed for these entities. Second, we hypothesized that
advances in treatments over the past several decades might
contribute to the gain in life span of patients with hemato-
logical malignancies. Specifically, the treatment of hemato-
logical malignancies has evolved to include a combination
of modalities and targeted therapies with new effective
agents. Examples consist of tyrosine kinase inhibitors for
chronic myelogenous leukemia (22), monoclonal antibodies
for non-Hodgkin lymphoma and myeloma (23, 24), and
proteasome inhibitors and immunomodulatory drugs for
myeloma. A UK study of long-term survival after treatment
of Hodgkin lymphoma showed that 15-year survival has
increased from 57% to 74% between 1983–1992 and 1993–
2002 (23). This improvement in survival was likely due to
the introduction of doxorubicin in the early 1980s, as well
as better approaches to the management of toxicities, such
as neutropenic sepsis (23). Further advances in the survival
of Hodgkin disease are seen from the application of more
aggressive chemotherapy regimens for advanced disease,
the routine use of stem-cell transplantation for relapses,
and the introduction of novel agents such as brentuximab
vedotin and checkpoint inhibitors. Last, the aging of the
entire population over recent decades could play a role
in the long-term trends of premature mortality. With the
increasing life span of the entire Canadian population, more
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patients are diagnosed with hematological malignancies
in the older age groups because of a larger proportion of
elderly people. This change in demographics will contribute
less to an overall YLL while the number of deaths could
rise with time. As expected, upon adjustment to the World
Standard Population, decreasing trends in YLL rates were
observed in both sexes. Furthermore, we observed steadily
decreasing trends in AYLL and ALSS measures for all types
of hematological cancers (see Tables 3 and 4).

The strength of this study was the use of the novel ALSS
measure in assessing premature mortality. This novel mea-
sure provides a strategy to examine changes in premature
mortality over time. Indeed, interpretation of ALSS results
is rather straightforward. According to Figure 2C, health-
decision makers can state something like that life span
of men with non-Hodgkin lymphoma was prolonged by
approximately 8 percentage points at the end of the study as
the ALSS decreased from 23.7% to 16.1%. Another strength
of this study is that it represents the first comprehensive
analysis of long-term trends in premature mortality for all
types of hematological cancers in the Canadian population.
Conversely, there are several limitations. This is largely a
descriptive analysis given that the study design did not allow
us to investigate potential factors associated with changes in
premature mortality. Another limitation is that description
of new entities for non-Hodgkin lymphoma were primarily
responsible for the discrepancy between ICD-9 and ICD-10
editions over the entire study period.

In conclusion, results from this study show that patients
with hematological cancers have had their lives prolonged
over a 35-year period, although life span gains varied slightly
by types of hematological cancers. The favorable trend in
premature mortality might be a proxy indicator of how
effectively the health-care system has improved with respect
to diagnosis and treatment of these cancers in Canada.
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