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Abstract

The study examines the effects of cancer on the work status and annual earnings of cancer
survivors who had a strong attachment to the labour market prior to their diagnosis. The
comparison group consists of similar workers never diagnosed with cancer. The study is based
on a Statistics Canada linkage file that combines microdata from the 1991 Census, the
Canadian Cancer Registry, mortality records and personal income tax files. The study estimates
changes in the magnitude of cancer effects during the first three years following the year of the
diagnosis using a large sample of cancer survivors diagnosed at ages 25 to 61. The empirical
strategy combines matching and regression models to deal with observed and unobserved
differences between the cancer and comparison samples, and to improve causal inference. The
results show moderate negative cancer effects on the work status and annual earnings. Overall
findings suggest that, in the long run, cancer is more likely to affect survivors’ work status than
their earnings.

Keywords: cancer, employment, annual earnings

JEL classification: 11, J2, J3
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Executive summary

The study examines the effects of cancer on specific labour market outcomes of cancer
survivors using the newly available linkage data combining Canadian 1991 Census microdata
with administrative records from the Canadian Cancer Registry, Vital Statistics Registry and
longitudinal personal income tax records. These unique data are used to estimate cancer
effects on labour market outcomes of Canadian cancer survivors affected by all cancer types.
Labour market outcomes of cancer survivors are compared to those of the comparison sample,
drawn from the same linkage data files, consisting of individuals with similar characteristics but
never diagnosed with cancer. The study specifically focuses on two labour market outcomes—
employment status and annual earnings—of cancer survivors diagnosed at ages 25 to 61 who
had a strong attachment to the labour market prior to the diagnosis. The study measures
changes in the magnitude of cancer effects during three calendar years (T+1, T+2, and T+3)
following the year of the diagnosis (T). The study also examines differences between cancer
effects for subgroups with certain observable characteristics and the average cancer effect for
the cancer sample as a whole.

The study results show that cancer survivors are less likely to work compared with individuals
never diagnosed with cancer in all three post-diagnosis periods. The probability of working in
T+1 is, on average, 3.0 percentage points lower in the group of cancer survivors relative to the
comparison group. The difference in the probabilities increases to 3.7 percentage points in T+2
and 4.8 percentage points in T+3. The magnitude of the negative effect is greater for cancer
types with low survival rates than for those with high survival rates. The probability of working in
T+1 among cancer survivors with a low-survival-rate type of cancer is 11.0 percentage points
lower than the probability of working for the comparison group. For those diagnosed with a high-
survival-rate type of cancer, this probability is 2.0 percentage points lower than that of the
comparison group.

The average annual earnings of cancer survivors are also lower than those of the comparison
sample. The study found that cancer survivors earn, on average, about 12% less in T+1 than
their counterparts never diagnosed with cancer when we accounted for transitions from
employment to non-employment by including zero earners in the sample. When only those with
non-zero annual earnings are considered, the estimated average earnings loss for cancer
survivors in T+1 is 10% to 11%. In the second and third year after the year of the diagnosis, the
earnings gap between cancer survivors and those in the comparison group narrows, particularly
when cancer survivors continue to work after the cancer diagnosis. The effects of cancer on
annual earnings are larger and longer lasting for survivors with low-survival-rate cancer, which
is consistent with the results pertaining to employment status.

The study findings also suggest that, in the long run, the negative effect of cancer on the
employment status for cancer survivors diagnosed at ages younger than the average age in the
cancer sample, 48 years, is smaller than the average effect for the cancer sample as a whole.
Conversely, the magnitude of the negative effect on the employment status is larger for cancer
survivors with no high school diploma compared with the average effect in the sample. More
generally, however, the patterns of post-cancer earnings losses among cancer survivors with
different characteristics are mixed.

Observed labour market outcomes in the data are determined by the supply and demand sides
of the labour market. However, the lack of information in the data makes it impossible to
investigate the roles played by each side of the labour market in reducing the likelihood of
employment of cancer survivors relative to those never diagnosed with cancer.
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1 Introduction

About 1,638,910 new cancer cases were expected in the United States in 2012, and about
577,190 Americans were expected to die of cancer in that year (American Cancer Society
2012). In Canada, the Canadian Cancer Society (CCS) estimates there were about 186,400
new cancer cases and 75,700 cancer-related deaths in 2012 (CCS 2012). CCS data show that
cancer incidence among the Canadian population steadily rose from 1983 to 2007—Iargely
because of population growth and aging—even though age-standardized rates remained
relatively stable during that period. In contrast, cancer mortality rates among men in Canada
have slowly declined since the late 1980s and, among women, since the mid-1990s' (CCS
2012). Most member countries of the Organisation for Economic Co-operation and
Development have seen declining cancer mortality rates since 1980 (OECD 2007). Earlier
diagnoses, improvements in cancer treatment and better follow-up care have substantially
increased the number of cancer survivors. The five-year relative survival rate? for all types of
cancer in Canada increased from 56% in 1992-1994 to 62% in 2004—2006, based on 2004—
2006 CCS estimates. Similarly, in the United States the five-year relative survival rate for all
types of cancer diagnosed from 2001 to 2007 was 67%, up from 49% in 1975-1977, and the
number of cancer survivors reached nearly 12 million in 2007 (American Cancer Society 2012;
Centers for Disease Control and Prevention 2011).

This study examines the effects of cancer on labour market outcomes of cancer survivors. It
uses linkage data combining Canadian 1991 Census microdata with administrative records from
the Canadian Cancer Registry, the Vital Statistics Registry and longitudinal personal income tax
records. These unique data are used to estimate cancer effects on labour market outcomes of
Canadian cancer survivors affected by all types of cancer. Labour market outcomes of cancer
survivors are compared with those of the comparison sample consisting of individuals never
diagnosed with cancer and drawn from the same linkage data files. The study specifically
focuses on the labour market outcomes of working-age cancer survivors with a strong
attachment to the labour market prior to the diagnosis and the effects of cancer on the survivors’
labour market outcomes approximately one to four years from the time of the cancer diagnosis.
The study measures changes in the magnitude of negative labour market effects associated
with cancer during the three years after the calendar year of the diagnosis. Differences between
cancer effects for subgroups with certain observable characteristics and the average cancer
effect for the cancer sample as whole are also examined.

As cancer survivor rates rise, researchers are increasingly trying to understand the effect of
cancer on economic outcomes of cancer survivors. Breast cancer has so far received the most
attention in this literature, partly because it is the most common type of cancer among
individuals of working age and partly because individuals diagnosed with breast cancer have
higher survival rates compared to those with other types of cancer. Among recent studies,
Bradley et al. (2005) find that breast cancer survivors aged 30 to 64 are less likely to work
shortly after the diagnosis (within the next six months) compared with other women. However,
when Bradley et al. consider a longer post-diagnosis period, 12 to 18 months, they find little
evidence of any negative effect (Bradley et al. 2007). Moran et al. (2011), who study the long-
term (two to six years after the diagnosis) effects of all cancer types on employment of workers
aged 28 to 54, find that cancer survivors have lower employment rates than other similarly aged
adults.

Much of the literature on economic outcomes of cancer survivors is fairly recent, and the
evidence presented so far is mixed, particularly regarding long-term effects. Scarcity of
population-based data that contain both cancer diagnosis and labour market information has

1. Breast cancer mortality rates among women have declined since the mid-1980s (Canadian Cancer Society 2012).
2. The five-year relative survival rate is the probability of surviving for five years after a cancer diagnosis compared
to the probability of surviving for five years in the general population of the same age and sex.
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been a major hindrance for researchers. Common population-based household surveys
containing labour market information generally do not contain cancer information: even if cancer
survivors can be identified in such surveys—generally older workers—the sample size is very
small (Bradley et al. 2002). Other data sources may contain labour market information by
surveying a sample of cancer survivors identified based on cancer patients records, in which
case labour market information for a comparison sample have to be obtained from other data
sources (Bradley et al. 2005; Moran et al. 2011). However, in these cases, data are collected
from a targeted local area and may not be representative at the national level. Another common
problem is the lack of longitudinal labour market outcome data—particularly earnings data—for
any extended period of time before and after a cancer diagnosis. Previous studies that
examined long-term effects of cancer on employment outcomes used retrospective questions to
construct pre-diagnosis labour market histories (e.g., Moran et al. 2011), in which case the
results are likely to suffer from substantial measurement error.

This study considers two labour market outcomes: work status (working or not working); and
total annual earnings. A particular strength of the study is that these labour market outcome
variables are based on highly accurate individual-level data from annual personal income tax
files over pre- and post-cancer periods. Yet, unlike most survey-based studies, this study cannot
explicitly examine the effect of cancer on the labour supply of cancer survivors—their labour
force participation or hours of work—because these variables, routinely available in survey data,
are not available in administrative data. Conceptually, however, there are at least two important
ways in which a cancer diagnosis can affect individuals’ labour supply decisions and,
consequently, their labour market outcomes. First, cancer alters the allocation of individuals’
time: they must spend some of it on cancer treatment and recovery. Accordingly, cancer
survivors may have less time that can be allocated for work, so they may reduce their working
hours or stop working altogether. However, it is likely to result in a temporary decline in
individuals’ labour supply and, consequently, a decrease in their employment or earnings would
not last long. Second, not only can cancer and cancer treatment physically constrain the amount
of time cancer survivors are able to work during a day; like other health shocks, cancer also can
shift individuals’ preferences away from work toward leisure. In this case, the reduction in labour
supply would last longer and may become permanent. This would result in a steady decline in
employment or earnings observed in longitudinal data.?

Following recommendations in Ho et al. (2007), this study combines matching with parametric
models to improve causal inferences for the estimates based on observational data. The data
are preprocessed using the Coarsened Exact Matching (CEM) method and reweight the
comparison sample using CEM matching weights to make the comparison sample as similar as
possible to the cancer sample (lacus et al. 2012). The weighted regression accounts for
potential confounding effects of observable pre-cancer characteristics such as age and
education on cancer incidence and labour market outcomes of cancer survivors. Also, the study
attempts to control for the potential correlation among unobservable characteristics, cancer
incidence and labour market outcomes by combining matching with the regression-adjusted
‘difference-in-differences’ (DID) method (Heckman et al. 1997, 1998).

The results show that the employment rate among all cancer survivors was lower than the
employment rate among individuals never diagnosed with cancer in all three post-diagnosis
periods. However, the estimated magnitude of the difference in the employment rates is
relatively moderate (3 percentage points in the first year after cancer diagnosis). The magnitude
of the negative effect is greater for cancer types with low survival rates than for those with high

3. Observed labour market outcomes are determined by the supply and demand sides of the labour market. The
data contain no information about employers’ responses to employees’ cancer diagnoses. The situation becomes
even more complicated if the cancer or cancer treatment becomes associated with a prolonged severe disability
limiting cancer survivors’ work or job performance. However, cancer-related disabilities are not observed in the
data.
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survival rates. The average annual earnings of cancer survivors are also moderately lower than
the average earnings of the comparison sample (12.1% at the first year after cancer diagnosis).
However, the earnings gap between cancer survivors and their counterparts in the comparison
sample narrows, particularly when survivors continue to work after the cancer diagnosis.
Overall, the findings suggest that in the long run, cancer is more likely to affect survivors’ work
status than their earnings.

The plan of the paper is as follows. Section 2 describes the empirical strategy of identifying the
causal impact of cancer on labour market outcomes. Section 3 describes all data sources, and
explains the selection rule for the cancer and comparison samples. Descriptive statistics for the
cancer and comparison samples before and after matching are also provided in Section 3.
Section 4 presents results. Section 5 concludes.

2  Empirical strategy and model

2.1 Observable confounding factors affecting cancer and labour
market outcomes

A first look at the data reveals that cancer does not affect individuals in the sample randomly. As
well, the incidence of cancer is correlated with some of the observable characteristics: one
indication is that the average characteristics of the cancer sample are different from those of the
comparison sample. Not accounting for these factors would significantly bias the results.
(Detailed summary statistics of both samples will be presented in the next section.) The first
concern is that factors increasing the chances of having cancer also have a direct impact on
labour market outcomes. Aging, for example, increases cancer incidence and at the same time
decreases the probability of working. To account for the confounding influence of pre-cancer
conditions on cancer incidence and outcome variables, it is important to make characteristics of
the comparison sample more similar to those of the cancer sample.

The study applies the CEM method to match the cancer sample with the comparison sample
based on the pre-cancer period observable characteristics (lacus et al. 2012). The CEM is a
multidimensional exact matching algorithm applied to cells generated by dividing continuous
variables into discrete intervals or by regrouping categorical variables into fewer coarsened
categories.* The CEM algorithm creates a set of strata with the same coarsened values of
matching variables; it also restricts the matched data to areas of common empirical support by
pruning unmatched observations from both treated and control samples. For each stratum, the
CEM returns weights (n,/n,*N_/N,)® that can be used to reweight observations in the

matched comparison sample and balance the empirical distributions of the matching variables
between the cancer and comparison samples.

Ho et al. (2007) demonstrate that preprocessing raw data using matching procedures turns
parametric models into a much more reliable tool of the empirical analysis of causal effects. In

4. The CEM method dominates other matching methods (e.g., propensity score matching) commonly used to reduce
imbalance related to the first and higher moments, nonlinearities, interactions, and other multidimensional
distributional difference between the treated and control groups. See lacus et al. (2012, 2011) for a detailed
discussion of CEM properties and comparison with other matching methods.

5. Weights assigned to the matched comparison sample will be equal to the ratio of the cancer sample size (n,) to

the comparison sample size (n,) in each stratum multiplied by the ratio of the total size of the comparison sample
(N,) to the total size of the cancer sample (N,). The weights for the matched cancer sample are unities. The
weights for unmatched records are zeros.
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particular, estimates of causal effects are less sensitive to the choice of a model specification.®
One of the proven properties of the CEM is that it reduces the degree of model dependence
(lacus et al. 2012).” To make causal inference, matching weights are used in the regression
analysis of labour market outcomes. As well, the regression method controls for the remaining
imbalance since, depending on coarsening, some imbalance can remain in the matched data.
The estimates of the cancer effect in the model measure the average effects of cancer on the
outcome variables for cancer survivors.®

2.2 Unobservable confounding factors affecting cancer and labour
market outcomes

Another concern is the correlation between cancer incidence and individuals’ unobservable
characteristics—this is also known as ‘selection-on-unobservables’ in the evaluation literature.
Like observed differences, unobserved differences between the cancer and comparison
samples may also result in different labour market outcomes for these two groups. For instance,
developing cancer may be correlated with unhealthy lifestyle unobserved in the data (e.g.,
smoking or poor diet). This, in turn, may depend on particular unobserved individual
characteristics related to personal motivation. Individuals with such characteristics would have
less chance of developing cancer (e.g., by refraining from smoking) and, at the same time, have
greater likelihood of earning higher income. Even if the confounding effect of the unobserved
characteristics in this example is not particularly strong, not controlling for the average
difference in unobservable characteristics of the cancer and comparison groups would lead to
overestimating the negative effect of cancer on labour market outcomes.’

Heckman et al. (1997, 1998) proposed combining DID and matching approaches to eliminate
time-invariant unobservable differences between two groups. This approach, however, requires
pre- and post-diagnosis data, which are now included in the newly available linkage data used
in this study. Adopting the Heckman et al. (1997, 1998) strategy, the difference in individuals’
earnings before and after the cancer diagnosis is used as a dependent variable regressed on
the cancer variable using CEM matching weights.*°

2.3 Model specification

In the statistical model, T is the year of cancer diagnosis in the cancer sample and the matched
year in the comparison sample. Calendar years before and after the year of cancer diagnosis
(or years matched to them in the comparison sample) are T-j and T+j, where j=1,....J.

Labour market outcomes at T+1, T+2 and T+3 are modelled as a function of a cancer indicator
and individual as well as work characteristics

Labour market outcome = f (cancer, individual characteristics, work characteristics) + ¢.

Individual characteristics include age, age squared, marital status (couple/single), an indicator of
having a long-term disability in 1991 and province of residence. The variables used for

6. Ho et al. (2007) recommend that researchers use parametric models to adjust the matched sample. They
characterize the advantage of two-step procedures as doubly robust in the sense that, under weak conditions, if
either the matching or the parametric model is correct—but not necessarily both—causal estimates will be
consistent.

7. Model dependence is defined by how much the predicted value of the outcome variable varies as a function of the
statistical model for a given set of explanatory variables (Ho et al, 2007). One of the key reasons for matching is
to eliminate model dependence; however, it has never been proven mathematically for any previous matching
methods commonly used in the various analyses. For a detailed discussion, see lacus et al. (2011).

8. In evaluation literature, this is known as ‘the sample average treatment effect on the treated’.

9. Moran et al. (2011) express a similar concern in their study of cancer effects on employment.

10. By differencing individual pre- and post-cancer earnings, it is also possible to account—at least partly—for
unobserved individual fixed effects that are not necessarily correlated with cancer (e.g., individual's work ethics).
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matching—sex, education, visible minority status—are also included in the model
specification.'* Work characteristics are indicators for having non-zero self-employment income
and union (professional association) membership. Quintile dummies for total earnings at T -1
and year dummies are also included in the model.

3 Data

The 1991 Census—-Longitudinal Worker File (LWF) is a unique dataset that combines data from
four sources: Canada’s 1991 Census of Population, the Canadian Mortality Database (CMDB),
the Canadian Cancer Database (CCDB) and the LWF.

The CMDB contains individual death records from 1950 onward. Provincial and territorial vital
statistics offices provide these records annually to Statistics Canada for national-level analysis.

The CCDB is a databank combining two cancer data sources: the Canadian Cancer Registry
(CCR) and the National Cancer Incidence Reporting System (NCIRS). The former is a person-
oriented tumor database, which includes clinical and demographic information about Canadian
residents with cancer since 1992 (Statistics Canada 2008). The latter is a historical tumor-
oriented database containing cancer cases diagnosed as far back as 1969 (Carpenter et al.
2008). Individual cancer records from the CCR are used in the analysis; historical information
from NCIRS is used to verify that individuals in the CCR had no prior cancer history.

The LWF represents 10% of the random sample of Canadians who either filed a personal
income tax form (Form T1 General, Income Tax and Benefit Return) or received a statement of
remuneration (Form T4, Statement of Remuneration Paid (slip)) from their employers in each
year from 1983 onward. Once individuals are selected into the LWF, they are followed
regardless of their employment status for as long as they file tax returns (Form T1 General) or
their incomes are reported to the Canada Revenue Agency (CRA) by their employers. The
current version of the LWF contains information on wages, salaries and net self-employment
income as well as firm-level information.** Wages and salaries are obtained from T4 slips issued
by employers. Net self-employment income and basic personal information (marital status,
province of residence, etc.) are obtained from the personal income tax files (T1)."

Statistics Canada’s Health Analysis Division initially linked selected personal information from
CMDB and CCDB to the individual records of individuals aged 25 and older in the 1991 Census
file.* This initial data linkage is called ‘1991 Canadian Census Cohort: Mortality and Cancer
Follow-up.” Individuals’ death records up to 2006 and individuals’ cancer records up to 2003
were obtained from both data banks, CMDB and CCDB.* Subsequently, the LWF records were
linked to the 1991 Canadian Census Cohort to provide the crucial income component.

The 1991 Census—-LWF data sample contains 263,674 individual records corresponding to
about 1.4% of the Canadian population aged 25 and over in 1991. Approximately 58.8% of the
1991 Census—-LWF cohort was observed in all 28 years of the LWF, from 1983 to 2010; the

11. This does not change the cancer effect (the coefficient on the cancer variable) since with reweighting, the cancer
is mean-independent conditioning on these matching variables.

12. Net self-employment income is income from unincorporated businesses; income from incorporated businesses is
reported as wages and salaries.

13. Filing rates in Canada are very high primarily because tax benefits, such as refundable Goods and Service Tax
(GST) credits, give incentives to file tax returns even to individuals with low or no income.

14. At that stage, the linkage was made using Statistics Canada probabilistic record linkage methods. See Wilkins et
al. (2008) for detailed information on the data linkage. The second stage linkage of the LWF to the 1991 Census
cohort was made through a deterministic record linkage process based on Social Insurance Number (SIN).

15. Further data development extending the data on the 1991 Census cohort to more recent years is currently in
progress. Detailed information on the 1991 Census and both databases is available from the Statistics Canada
website (www.statcan.gc.ca).

Analytical Studies — Research Paper Series -11- Statistics Canada — Catalogue no. 11F0019M, no. 362



average number of years an individual is present in the sample is 24.8. Tax-filing rates were
slightly lower in the 1980s compared with the more recent decades; in the years 1990 to 2010,
66.9% of 263,638 individuals are observed in all 21 years, and the average number of years an
individual is observed in the sample is 18.5.

3.1 Cancer sample

Initially, individuals diagnosed with cancer for the first time from 1992 to 2000 are selected from
the 1991 Census—LWF cohort. As this study focuses on the labour market outcomes of the
cancer survivors, the sample is restricted to individuals who were under 62 when they were
diagnosed with cancer. In the 1991 Census—-LWF data, only cancer sites are available, and no
information about the severity and stage of cancer is available in the data. First, all tumors are
grouped according to 26 of the most common cancer sites based on the Surveillance,
Epidemiology, and End Results (SEER)™ grouping for ICD-9 (International Statistical
Classification of Diseases, 9th Edition) and ICD-0-2/3 (International Classification of Diseases
for Oncology, Second and Third Edition) codes available in the data. For those who had multiple
tumor records in any year, the record with a malignant and primary site tumor that has the
lowest relative survival rate according to previous studies on cancer survival rates (Ellison et al.
2011) is selected. Then, 26 sites are grouped into three categories—high, middle and low—
based on the five-year relative survival ratio (hereafter referred to as the ‘cancer survival
category’) for each cancer site (Ellison et al. 2011). These cancer categories are used as a
proxy for the average severity of cancer to determine the impact of cancer severity on labour
market outcomes of cancer survivors.*’

The 1991 Census—-LWF data contains 5,185 individuals (2,120 males and 3,065 females)
diagnosed with cancer for the first time from 1992 to 2000 who were aged 61 or younger in the
year of diagnosis.’® The numbers of cases for each of the 26 cancer sites are shown in
Appendix Table A.1. Among all 5,185 cancer cases, about 8% (412) are tumors other than the
26 common sites. The most common cancer sites are breast (21.5%), lung and bronchus
(10%), cervix uteri (7.9%), prostate (5.9%) and colon (5.8%). Broken down by cancer-survival
categories, 2,023 (39%) cases are grouped as high, 1,659 (32%) as middle, and 1,091 (21%) as
low. Also, 2,020 records (39% of the total sample) are matched to death records from CMDB
mortality data (the last available year is 2006). By cancer-survival categories, 19.1% of the high,
34.3% of the middle, and 81.5% of the low-survival groups are matched to death records.

For the analysis, 3,716 individuals who survived for at least three years after their cancer
diagnosis are kept in the sample, and 77 individuals who had multiple new cancer diagnoses
within those three years are excluded from the sample. Finally, based on their labour market
attachment prior to the cancer diagnosis, the cancer sample is restricted to individuals who work
in the year of cancer diagnosis (T) and two previous years (T -1 and T -2) since the focus of
the study is on the effects of cancer on labour market outcomes for those with a strong labour
market attachment prior to the cancer diagnosis.'® More details on the labour market outcome
measures will be presented in Subsection 3.3. By imposing this restriction, 1,042 individuals are
further excluded from the cancer sample. To summarize, the cancer sample consists of 2,597
cancer survivors diagnosed with cancer for the first time from 1992 to 2000 and aged 61 or
younger at the time of the diagnosis. These individuals worked in the year of the diagnosis and

16. http://seer.cancer.gov.

17. Differences in the average survival rates are not necessarily equivalent to differences in morbidity across different
cancer types. However, no suitable morbidity index that could be used as a more reliable measure of severity for
all cancer types is available.

18. Among them, 219 people had multiple cancer diagnoses between 1993 and 2003.

19. Two alternative samples are constructed to determine the robustness of the results to different restrictions on the
individual’s work status prior to a cancer diagnosis. One sample contains individuals working at T and T -1 and
the other sample contains individuals working at T, T -1, T-2 and T -3. All findings are very robust to different
sample restrictions. See also Footnote 25 for more details.
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two previous years, survived for at least three years after the diagnosis and had no subsequent
diagnoses during those three years.

Table 1 shows the types of cancer in the cancer sample. Since the cancer sample is restricted
to people who were diagnosed with cancer and survived for more than three years, it contains
proportionally fewer people in the low-survival category than shown in Appendix A. One-half of
the cancer sample is categorized as a high-survival group. General characteristics of the cancer
sample are presented in the second column of Table 2 in the next subsection.

Table 1

Cancer types (sites) in the cancer sample by survival category
Share of cancer sample

Type Survival

percent

High-survival category 50.10

Thyroid 3.93

Prostate 7.74

Testis 1.85

Skin melanoma 6.93

Breast 25.68

Corpus uteri 3.20

Hodgkin lymphoma 0.77
Middle-survival category 34.35

Chronic lymphocytic leukemia 0.85

Cervix uteri 10.63

Bladder (including in situ) 3.43

Kidney and renal pelvis 2.89

Soft tissue 0.89

Larynx 0.85

Rectum 3.50

Colon 4.74

Non-Hodgkin lymphoma 4.35

Oral (buccal cavity and pharynx) 2.23
Low-survival category 8.09

Ovary 1.96

Multiple myeloma 0.62

Leukemia (excluding chronic lymphocytic leukemia) 0.81

Stomach 0.35

Brain 1.19

Liver X

Lung and bronchus 2.66

Esophagus X

Pancreas 0.19
Others 7.47

number

Total number of cancer survivors 2597

... not applicable

X suppressed to meet the confidentiality requirements of the Statistics Act
Note: Author's calculations.

Source: Statistics Canada, 1991 Census-Longitudinal Worker File.
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3.2 Comparison sample

This section describes the selection of the comparison sample whose labour market outcomes
are compared with those of the cancer sample. The general selection criteria used to select the
cancer sample are first applied: individuals are pre-selected based on their cancer records,
year, age, death records, and work history from the same 1991 Census—-LWF data. Individuals
of the 192,537 who have no cancer records in all available years in either the CCR or NCIRS
(historical tumor records) are initially chosen from the data. Similarly to the cancer sample, the
comparison sample consists of individuals aged 61 or younger in each year from 1992 to 2000.
Then, in each year, individuals who lived for at least three years following T (that excludes 1,053
individuals) and worked in year T and two previous years (T -1 and T -2) (further excluding
22,576 individuals) are kept in the sample. At this point, 168,908 individuals are pre-selected
from the 1991 Census—-LWF data and the pooled nhumber of observations over nine years from
1992 to 2000 is 1,228,551.

On the next step, CEM is applied to match this pre-selected sample with the cancer sample to
obtain the matched comparison sample. Matching variables include age in year T, gender, level
of education, visible minority status, year T and province of residence in year T -1. Age is
coarsened into five-year intervals. The visible minority status is coarsened into three categories:
non-minority, Asian and other minority. The Northwest Territories, Nunavut and Yukon are
merged into a single category (Northern Territories). CEM automatically restricts the cancer and
comparison samples to areas of common empirical support by pruning unmatched observations
from both samples. Four among 2,597 individuals in the cancer group cannot be matched to
anyone in the comparison group. The matched comparison group consists of 624,835
observations (pooled year data for 142,196 individuals).”® Table 2 shows the summary statistics
for matching variables for the cancer and comparison group before and after matching. The
summary statistics for other variables, not used in the matching procedure but used in the
regression analysis, are provided in Appendix Table A.2. The last column of Table 2 presents
the differences in the variables’ means (proportions) between the cancer and comparison
samples before matching and t-tests for the differences between these two samples.*

20. Since the same individuals may appear in the comparison sample for more than one matching year, standard
errors in all the regression models are clustered on individual identifiers.

21.In general, previous studies using matching methods report normalized before-and-after mean differences of
covariates rather than the t-statistics (or t-test results). This is done to show the improvement in the mean balance
between the two samples because—unlike t-statistics—the normalized mean differences do not depend on the
unmatched or matched sample size (Imbens and Wooldridge 2009). In this study, however, as a result of CEM,
there are no remaining mean differences between the cancer and the matched comparison sample (as Table 2
shows). Table 2 presents t-test results only to show that, for the matching variables, mean differences between
the two samples had been statically significant before the matching procedure was applied.
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Table 2
Summary statistics for the cancer and comparison samples before and after
matching and pruning

Comparison sample

Cancer Matched and Unmatched
sample Unmatched reweighted difference
percent percentage
points
Age (mean) at T 48.12 43.05 47.97 5.07 ***
Coarsened age at T
251t0 29 0.92 3.08 0.93 -2.16 ***
30to 34 6.62 13.92 6.63 -7.30 ***
35t0 39 11.05 20.83 11.07 -9,78 **x
40to 44 14.13 20.29 14.15 -6.16 ***
451049 18.33 17.72 18.36 0.61
50to 54 21.72 13.44 21.75 8.28 ***
55to0 59 20.64 8.48 20.63 12.16 ***
60 to 61 6.59 2.24 6.48 4,34 **x
Female 62.84 46.02 62.86 16.82 ***
Highest level of schooling
No high school 25.45 22.21 25.49 3.25 ¥
High school with/without trades 39.24 40.86 39.26 -1.62
Postsecondary non-university 19.21 19.23 19.24 -0.02
University degree 16.10 17.70 16.01 -1.61 *
Visible minority
Non-minority 93.96 92.03 94.06 1.93 ***
Asian 3.97 5.26 3.93 -1.30 **
Other 2.08 2.71 2.01 -0.63 *
Province/region at T-1
Newfoundland 1.54 1.82 1.58 -0.28
Prince of Edward Island 0.77 0.51 0.74 0.26 *
Nova Scotia 3.66 3.12 3.58 0.54
New Brunswick 297 2.53 2.85 0.43
Quebec 23.72 25.29 23.81 -1.57 t
Ontario 32.19 36.18 32.35 -3.99 ***
Manitoba 4.81 4.06 4.85 0.76 *
Saskatchewan 3.58 3.60 3.54 -0.02
Alberta 12.01 9.98 12.09 2.03 **
British Columbia 13.98 11.94 13.83 2.04 **
Northern Territories 0.77 0.93 0.77 -0.16
Missing 0.00 0.04 0.02 -0.04
Yearat T
1992 9.90 12.18 9.91 -2.29 **
1993 10.44 11.84 10.41 -1.40 *
1994 10.71 11.50 10.68 -0.79
1995 10.94 11.27 10.91 -0.34
1996 11.55 11.05 11.57 0.50
1997 11.13 10.84 11.15 0.29
1998 11.36 10.58 11.38 0.78
1999 12.17 10.43 12.15 1.73 **
2000 11.82 10.30 11.84 152 *
number
n 2,597 1,228,551 624,835

... not applicable

**+ significantly different from reference category (p<0.001)
** significantly different from reference category (p<0.01)

* significantly different from reference category (p<0.05)

1 significantly different from reference category (p<0.10)

Note: The last column displays mean differences (proportion) between cancer and comparison samples before
matching; standard symbols indicate significance of t-test differences between these two groups. T's are matching
years which are years of cancer diagnosis for the cancer sample. n: number of observations. T-1: T minus 1. Author's
calculations.

Source: Statistics Canada, 1991 Census—Longitudinal Worker File.
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The average age in the cancer sample is higher than that of the pre-matched comparison
sample. The age distribution shows that cancer incidence is positively correlated with age. The
cancer sample also has proportionally more individuals with less than a high school level of
education than the comparison sample. Recent literature finds evidence of causal influence of
higher education attainment on health and healthy lifestyle (Jones et al. 2011). The cancer
sample has proportionally more women than the pre-matched comparison sample. Breast
cancer, the most common type of cancer among women, is also the most prevalent cancer type
in the study sample. Among men, prostate cancer is the most common type of cancer, but it
usually develops later in life at ages excluded from the study sample. The data are also
consistent with the fact that prevalence of cancer is generally lower among Asians than among
non-minorities.

Shown in the fourth column, the reweighted (post-matching) distributions are almost identical in
the cancer and the matched comparison samples. Matching and reweighting procedures
enables us to regard cancer as randomly assigned “treatment” conditional on the matched
observable (pre-cancer) sample characteristics.

Summary statistics for earnings in the two years (T -1 and T -2) prior to cancer diagnoses in
the cancer sample are presented in Appendix Table A.2 along with the corresponding earnings
in the matched comparison sample. As a result of matching, both the average earnings and the
earnings distributions in the cancer sample in the years before the cancer diagnosis are virtually
identical to those in the matched comparison sample. This observation has two implications.
First, total annual earnings can be accurately predicted in the study samples based on variables
used for matching. Second, in the absence of cancer diagnosis, the average earnings of the
cancer sample would follow the same common trend as those of the matched comparison
sample. This observation is particularly important, as it is consistent with the main assumption of
the DID approach used in the empirical analysis.?

3.3 Measures of labour market outcome

The study considers two labour market outcome variables: the first is a binary annual working
status variable; the second, a continuous variable for total annual earnings (in 2010 dollars).
Individuals’ total annual earnings are defined as the sum of all their wages and salaries received
in a given year plus net self-employment income in that year. If individuals had non-zero
earnings—either positive or negative—they are considered to have worked in that year. In the
data, the frequencies of outcome variables are annual. There is no information on how many
months or weeks each cancer survivor worked before and/or after the cancer diagnosis in the
year he or she was diagnosed. To ensure that the person had not stopped working before being
diagnosed with cancer, the cancer sample is restricted to individuals with non-zero earnings in
the year of the cancer diagnosis (T) as well as two previous years (T -1 and T -2). The study
examines the effect of cancer on labour market outcomes in the years after the diagnosis by
comparing labour market outcomes of the cancer and comparison samples for three
consecutive periods: T+1, T+2 and T+3.

Note that T corresponds to the calendar year, not the actual time of the diagnosis. Accordingly,
T+j corresponds to the calendar years following the year of diagnosis, not the time intervals that
elapsed from the moment of the actual diagnosis. For instance, suppose that a cancer survivor
had zero earnings in year T+1 (the year after the year of diagnosis). It is known that this person
did not work for at least 12 months, but that period may be as long as 24 months from the time
of the diagnosis if the person was diagnosed at the beginning of year T. However, if a cancer
survivor had positive earnings in year T+1, these earnings reflect total earnings for a period of
12 to 24 months from the cancer diagnosis. Therefore, the actual working time from the day of

22. The underlying assumption for causal interpretation is that, in the absence of cancer diagnosis, the earnings of
the cancer sample follow the same common trend as those of the comparison sample.
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the cancer diagnosis to the end of T+1 depends on the time of the cancer diagnosis in year T.
Consequently, the data are not suitable for analyzing the short-term (e.g., less than a year)
effects of cancer diagnosis on labour market outcomes; thus, only longer-term labour market
outcomes are considered. Appendix Table A.3 shows unadjusted means of employment and
earnings in T+1, T+2 and T+3 by cancer status and cancer-survival category.” Unadjusted
mean differences in employment and earnings between the cancer sample and the matched
comparison sample are -4.36% and $-9,022 at T+1.

4 Results

4.1 The effect of cancer on employment

The left panel of Table 3 shows estimates of cancer effects on the probability of working at T+1,
T+2 and T+3. Because all individuals in the sample worked at T, T -1, and T -2, estimating the
probability of working in each period is equivalent to estimating the probability of transition from
employment to non-employment between T and T+1, T and T+2, and T and T+3, respectively.?*
Here, the effect of cancer on employment at the end of each time interval combines various
aspects of all labour market transitions that took place between T and the final period. Some
individuals, for instance, may temporarily stop working after the cancer diagnosis because of
cancer treatment and post-treatment recovery but return to work in the subsequent periods.
Others may not leave the labour market immediately after the cancer diagnosis but will leave in
the subsequent periods. Some individuals may leave the labour market permanently following
the cancer diagnosis. The differences between the survivor and comparison groups in the
probability of working at the end of each period reflect the cumulative effect of cancer on
employment from T to that period.

The upper-left panel shows that the probability of working in T+1 is, on average, 3.0 percentage
points lower in the cancer group relative to the comparison group. The difference in the
probabilities increases to 3.7 in T+2 and 4.8 percentage points in T+3.

The right panel of Table 3 presents the effects of cancer on the probability of working
conditional on continuously working after the cancer diagnosis until T+1, T+2 or T+3. This is
equivalent to estimating the probability of exit from employment between two consecutive
periods (a more conventional exit rate). The results in the upper-right panel suggest that even if
cancer does not interrupt individuals’ attachment to the labour market soon after the diagnosis,
it may affect their exit from the labour market in the longer term. The exit rate decreases with
more years since the cancer diagnosis, but it is still 1.3 percentage points higher at T+3 than the
average exit rate for people never diagnosed with cancer, and the difference is statistically
significant.

In the bottom panel, instead of a binary cancer variable in the model, three cancer-survival
categories—high, middle and low—are included in the estimation model. Among these three
categories, the negative effect of cancer on employment is the largest for the cancer survivors in
the low-survival category in all three periods compared with people never diagnosed with
cancer. In the bottom panel, the probability of working at T+1 for survivors in the low-survival
group is 11 percentage points lower than the probability of working in the comparison group. In
addition, the bottom right panel shows that, for those in the low-survival category, the exit rates
conditional on working in all previous years also remain high and statistically significant for all
three post-diagnosis periods. However, in the high-survival category, for those who continue to

23. Although tax filing rates in Canada are very high, individuals’ data in T+1, T+2 and T+3 can be missing, so the
panel is unbalanced. Immigration/emigration, late filing or non-eligibility for benefits can be possible reasons for
missing tax years.

24. Interpreting estimates as exit probabilities would require simply reversing the signs.
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work after the cancer diagnosis, the estimated exit rate at T+3 is no longer significantly different
from the average in the comparison group.

Table 3
The effect of cancer on employment
Work in each period: Pr(work r ,;=1) Work continually up to each period:
Pr(work r ;=1 work r,.4=1,
Work 14 ,=1)
T+1 T+2 T+3 T+1 T+2 T+3
Cancer
Coefficient -0.030 *** -0.037 *** -0.048 *** -0.030 *** -0.018 *** -0.013 **
Standard error 0.005 0.006 0.007 0.005 0.005 0.005
n (weighted sample) 588,593 586,698 584,994 588,593 567,922 547,901
Survival category
High
Coefficient -0.021 ** -0.036 *** -0.039 *** -0.021 ** -0.025 *** -0.008
Standard error 0.007 0.008 0.009 0.007 0.007 0.007
Middle
Coefficient -0.034 *x* -0.025 * -0.024 * -0.034 *** -0.001 -0.001
Standard error 0.009 0.010 0.011 0.009 0.007 0.007
Low
Coefficient -0.107 *** -0.129 *x* -0.206 *** -0.107 *** -0.080 ** -0.081 **
Standard error 0.025 0.028 0.031 0.025 0.025 0.027
n (weighted sample) 588,411 586,514 584,815 588,411 567,746 547,733

*** gignificantly different from reference category (p<0.001)

** significantly different from reference category (p<0.01)

* significantly different from reference category (p<0.05)

Note: Results are average partial effects from the probit model with Coarsened Exact Matching (CEM) weights. All
regressions are conditional on the full set of control variables and are listed in Subsection 2.3. In the left panel, the self-
employment and union membership variables correspond to period T. In the right panel, lagged values of the self-
employment and union membership variables are included as controls. n: number of observations; T: year of cancer
diagnosis for the cancer sample. Author's calculations.

Source: Statistics Canada, 1991 Census-Longitudinal Worker File.

4.2 The effect of cancer on earnings

Next, the effect of cancer on total annual earnings is estimated using a weighted linear
regression. The left panel of Table 4 shows estimates of cancer effect in each period not
conditional on working. Zero annual earnings are included in this analysis, so the results
presented in the left panel include earnings losses resulting from transitions from employment
before cancer diagnosis to non-employment after the diagnosis. Estimates in the right panel of
Table 4 are conditional on working in each period (zero earnings excluded). These results are
close to the cancer effect along the intensive margin of labour market outcomes and can be
compared to the estimated effects along the extensive margin shown in Table 3.

Cancer survivors earn, on average, $5,079, or 12.1%, less at T+1 than their counterparts never
diagnosed with cancer; however, the negative effect of cancer is smaller at T+2, 9.7%, and
smaller still at T+3, 9.3% (upper-left panel in Table 4). When the effect of cancer is estimated
conditional on working, workers diagnosed with cancer at T earn $4,675 (10.6%) less at T+1
than do their counterparts from the comparison sample. The negative effect of cancer is smaller
at T+2, 6.6%, and T+3, 5.4%, than at T+1.Comparing these results with the effects of cancer on
the probability of working shown in Table 3, the impact of cancer on work status appears to be
more persistent than its impact on annual earnings in post-diagnosis periods.
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The bottom panel of Table 4 shows results for the model in which the cancer variable is grouped
into three survival categories. In both right and left panels, the earnings decline, relative to the
comparison sample, is greater for survivors in the low-survival category than for those in the
high-survival category. The effects of cancer are larger and longer lasting for the low-survival
category than for other categories, which is consistent with the results for the employment
status shown in Table 3. As time goes by, the average annual earnings of cancer survivors
remaining in the labour market seem to converge to the average annual earnings of workers
with similar characteristics never diagnosed with cancer, particularly for those in the high-

survival category.

Table 4
The effect of cancer on annual earnings (in dollars)
Earnings in each period not conditional on Earnings in each period conditional on
working in that period working in that period
T+1 T+2 T+3 T+1 T+2 T+3
Cancer
Coefficient -5,079.37 ***  -3,980.47 ***  -3,756.72 ***  -4,674.72 ***  -2940.20 * = -2,427.52 **
Standard error 902.42 878.38 810.23 953.02 939.40 880.57
n (weighted sample) 596,374 595,210 594,014 577,036 564,400 552,832
Survival category
High
Coefficient -4,420.21 *  -3,264.05 * -3,018.97 * -4,134.35 *  -1,953.90 -1,788.80
Standard error 1,520.97 1,483.54 1,237.04 1,600.95 1,606.21 1,350.72
Middle
Coefficient -4,441.26 ¥**  -3,411.60 ** -2,943.02 * -3,951.73 ¥+ -2971.60 *  -2,335.15 t
Standard error 1,135.93 1,066.17 1,230.35 1,185.57 1,099.84 1,290.12
Low
Coefficient -11,989.45 *** .11,665.96 *** -11,155.49 ** .10,631.41 ***  -8,630.16 *  -5,254.77
Standard error 2,475.29 2,509.91 2,744.28 2,774.28 2,818.35 3,493.13
n (weighted sample) 596,191 595,025 593,834 576,860 564,227 552,676

*** significantly different from reference category (p<0.001)
** significantly different from reference category (p<0.01)
* significantly different from reference category (p<0.05)

Tsignificantly different from reference category (p<0.10)

Note: Results are estimates for a linear regression model with Coarsened Exact Matching (CEM) weights. All regressions
conditional on the full set of control variables listed in Subsection 2.3. n: number of observations; T: year of cancer diagnosis

for the cancer sample. Author's calculations.
Source: Statistics Canada, 1991 Census-Longitudinal Worker File.
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4.3 Combining difference-in-differences with matching

Next, the study further controls for differences between the cancer and comparison samples by
differencing out time-invariant unobserved characteristics that may be associated with both
cancer incidence and earnings. Earnings at T -1 are subtracted from earnings at T+1, T+2, and
T+3. These three pre- and post-diagnosis differences are then used as the dependent variables
in the weighted DID regression. The top panel in Table 5 presents the results from the weighted
DID regressions for annual earnings. For comparison, the middle panel in Table 5 shows again
the results from the weighted linear regression reported in Table 4: the bottom panel shows the
results from the linear regression based on the unweighted (pre-matching) sample.

Table 5 shows several notable patterns among the results from these three models.” First, in
the top panel, after additionally accounting for unobservable differences between the cancer
and comparison samples, the negative cancer effects become smaller compared with those in
the middle panel, where only observable differences between the two samples are accounted
for. These differences in the estimates provide evidence of modest time-invariant unobservable
differences between the (matched) cancer and comparison samples: this leads to the
overestimation of the negative cancer effect in the model reported in Table 4 (the middle panel
of Table 5). Second, comparing the results in the middle panel to those in the bottom panel
shows that, consistent with Ho et al. (2007), controlling for selection on observable
characteristics by applying matching weights improves causal inference, particularly at T+1—a
relatively short term in this study. In the longer term (T+3), however, accounting for selection on
observable characteristics in the model appears less important. Third, accounting for the
simultaneous associations between time-invariant unobservable individual characteristics and
cancer, on the one hand, and these characteristics and labour market outcomes, on the other
hand, appears more important for estimating longer-term effects of cancer on earnings than for
estimating short-term effects.

25. Alternatively, Appendix Tables A.4-1 and A.4-2 present results using a sample with working at T and T -1, and
Appendix Tables A.5-1 and A.5-2 present those using a sample with workingat T, T-1, T-2 and T -3. As can
be expected, if the sample is restricted to those with stronger labour market attachment prior to the cancer
diagnosis, the negative effect of cancer on earnings is likely to be larger but the differences are small. Overall
results show the same patterns as in Table 5. There is no difference in the negative effect of cancer on
employment regardless of the restrictions on individual’s work status prior to the cancer diagnosis.
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Table 5
The effect of cancer on earnings (in dollars) controlling for unobservable individual
characteristics

Unconditional on working at T+j Conditional on working at T+j
T+1 T+2 T+3 T+1 T+2 T+3
Weighted DID
regression
Cancer
Coefficient -4,967.85 *** -3,858.98 ***  -3,386.03 *** -4,269.39 *** -242857 ¥+  -1763.90 **
Standard error 780.07 748.05 735.03 703.10 625.02 639.44
n (weighted sample) 596,374 595,210 594,014 577,036 564,400 552,832
Weighted linear
regression (upper panel
of Table 4)
Cancer
Coefficient -5,079.37 ***  -3980.47 ***  -3,756.72 ¥**  -4,674.72 *** -2940.20 * = -2,427.52 **
Standard error 902.42 878.38 810.23 953.02 939.40 880.57
n (weighted sample) 596,374 595,210 594,014 577,036 564,400 552,832
Unweighted sample
OLS
Cancer
Coefficient -5,233.87 ***  -4,076.90 ***  -3,821.77 *** -4,833.49 *** .3047.78 **  -2,472.27 **
Standard error 902.52 876.65 814.36 952.25 935.19 881.80

n (unweighted sample) 1,166,397 1,163,918 1,161,372 1,129,985 1,107,613 1,088,126
*** gignificantly different from reference category (p<0.001)
** significantly different from reference category (p<0.01)
* significantly different from reference category (p<0.05)
Note: All regressions conditional on the full set of control variables listed in Subsection 2.3. DID: difference-in-differences;
n: number of observations; OLS: ordinary least squares; T : year of cancer diagnosis in the cancer sample. Author's
calculations.
Source: Statistics Canada, 1991 Census—Longitudinal Worker File.

4.4 Heterogeneity of cancer effect

So far, the analysis has focused on the overall effect of cancer on specific labour market
outcomes. The question now is whether cancer effects for subgroups with certain observable
characteristics are different from the average cancer effect estimated for the whole sample.?® To
answer this, models with interactions between the cancer indicator and categorical variables for
age, education and pre-diagnosis earnings are estimated. Interactions between each set of
categories and the cancer indicator are included separately in each regression; all control
variables from previous regressions are also included. First, group-specific average cancer
effects are computed; then, differences between these effects and the overall average effect
(shown in Tables 3 and 4) are tested for statistical significance. A model with the interaction
terms is used instead of estimating separate models for each category in order to hold cancer
incidence constant over all subgroups by using CEM weights obtained for the whole sample.
Because the weighted cancer incidence is the same in the whole sample and in each subgroup
(e.g., people aged 35 to 44, people with a university degree, etc.), these differences between
estimated group-specific and full-sample effects can be interpreted as those reflecting
differences in (pre-cancer) characteristics between the subgroups and the whole sample and
not as differences in cancer incidence.

26. The study does not compare cancer effects for one sub-category with those for the baseline category, as the
heterogeneity in pre-cancer characteristics between the cancer and comparison samples is deliberately removed
by applying matching weights.
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The differences in cancer effects (ACE) between each subgroup ([CE | x=1]) and the overall
effect estimated on the whole sample ([CE]) are presented in Tables 6-1 and 6-2. The
following are the test hypotheses:

[ 6r(work |cancer =1and x = - |3r(work |cancer =0and x = D]-[ 6r(work |cancer = 1) "

— pr(work| cancer = 0)] =[CE, | x=1]-[CE,, ]=0

work

[ E(earnings | cancer =1and x =1) — E(earnings| cancer =0 and x =1)]

Ix=1]-[CE @)

—[ £ (earnings | cancer =1) — E(earnings | cancer = 0)] =[CE 1=0

earnings earnings

Table 6-1 presents ACEs for the probability of working at period T+1 and T+3 as well as test
results for Equation (1) for each set of sample characteristics. The cancer effects on the
probability of working for younger age groups (25-t0-34 and 35-t0-44) are 1 to 2 percentage
points higher at T+1 than the cancer effect estimated for the full sample (-0.030 in Table 3),
where the average age is 48:%’ this difference is statistically significant at the 10% level. The
ACEs for the two youngest age groups are larger and more statistically significant at T+3 than
at T+1. However, the ACEs for older age groups (45-to-54 and 55-t0-61) are not statistically
significant in either period. This result suggests that, for those diagnosed with cancer at younger
ages, the magnitude of the negative cancer effect on the probability of working is smaller than
the estimated average effect for the whole sample, particularly in the long run.

27.In other words, at period T+1, the average probability of working for those aged 25-t0-34 in the year of cancer
diagnosis (T) is 1 percentage point (-0.030+ 0.021 = -0.009) lower than the average probability of working for their
counterparts in the comparison sample.
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Table 6-1
Heterogeneity of cancer effects on work status, various sample characteristics
Differences in cancer effects (ACE)

percentage points standard error
T+
AgeatT
25t0 34 0.021 + 0.013
35t0 44 0.013 * 0.007
45 to 54 -0.005 0.006
55to 61 -0.012 0.010
Highest level of schooling
No high school -0.010 0.008
High school, with/without trades certification 0.008 0.006
Postsecondary non-university -0.015 0.011
University degree 0.020 * 0.012
Quintiles of earnings at T-1
Lowest -0.042 *** 0.012
Second -0.013 0.010
Third 0.023 ** 0.009
Fourth 0.023 * 0.009
Highest 0.023 ** 0.009
T+3°
AgeatT
25t0 34 0.036 * 0.016
35t0 44 0.020 * 0.010
45 to 54 -0.012 0.009
55t0 61 -0.012 0.013
Highest level of schooling
No high school -0.019 + 0.011
High school, with/without trades certification 0.004 0.009
Postsecondary non-university 0.009 0.014
University degree 0.017 0.016
Quintiles of earnings at T-1
Lowest -0.013 0.014
Second -0.019 0.013
Third 0.010 0.013
Fourth 0.011 0.014
Highest 0.017 0.013

*** significantly different from reference category (p<0.001)

** significantly different from reference category (p<0.01)

* significantly different from reference category (p<0.05)

T significantly different from reference category (p<0.10)

1. Sample average effect at T +1, -0.030.

2. Sample average effect at T +3, -0.048.

Note: Results are computed based on the probit model with Coarsened Exact Matching (CEM) weights. To estimate the age-group-
specific cancer effects, age categories are included instead of age and age squared. Otherwise, all regressions are conditional on
interactions between cancer and a set of the categorical variables and the full set of control variables listed in Subsection 2.3.

T: year of cancer diagnosis for the cancer sample. T-1: T minus one. Author's calculations.

Source: Statistics Canada, 1991 Census—Longitudinal Worker File.
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The ACEs are also statistically significant in some educational categories. At T+1 the only
significant ACE is observed for cancer survivors with a university degree for whom the cancer
effect on the probability of working is 2 percentage points higher than the overall effect. At T+3,
the only significant ACE is observed for those with no high school diploma; it is 1.9 percentage
points lower than the overall cancer effect on the probability of working at T+3. In other words,
at T+3 the negative effect of cancer on the employment status among individuals with no high
school d;gloma is larger in magnitude (-0.048 - 0.019 = -0.067) than the overall average effect
(-0.048).

For cancer survivors in the bottom 20% of the earning distribution at T -1, the ACE at T+1 is
-0.042, which means that the negative effect is 4.2 percentage points larger than the overall
effect (-0.030). In contrast, for those in the upper 60% of the earnings distribution at T -1, the
ACE at T+1 (0.023) is positive and statistically significant, so the negative effects of cancer on
the work status for these groups are close to zero at T+1 (-0.03+0.023= -0.007). At T+3, the
corresponding ACEs are much smaller and neither is statistically significant.

Table 6-2 presents ACEs for annual earnings and test results from Equation (2) at T+1 and
T+3. Post-cancer earnings losses are generally small for cancer survivors in the 25-t0-34 age
group (-5,079.37+4,337.53=-741.87) for which the negative effect on the probability of working
is smaller relative to the overall average effect. However, the patterns of group-specific cancer
effects on earnings are less clear than those observed for work status in Table 6-1.

28.To a certain degree, it may because the people with no high school diploma are more likely to be diagnosed with
cancer with low survival rate (or more severe cancer) such as lung cancer. In general, there is a negative
relationship between level of education and smoking behavior (Maralani 2013).
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Table 6-2

Heterogeneity of cancer effects on earnings (zero earnings included), by sample

characteristics

Differences in cancer effects (ACE)

T+1'

AgeatT
25t0 34
35t0 44
45t0 54
55 to 61

Highest level of schooling
No high school
High school, with/without trades certification
Postsecondary non-university
University degree

Quintiles of earnings at T-1
Lowest
Second
Third
Fourth
Highest

T+3°

AgeatT
25t0 34
35t044
45to0 54
55t0 61

Highest level of schooling
No high school
High school, with/without trades certification
Postsecondary non-university
University degree

Quintiles of earnings at T-1
Lowest
Second
Third
Fourth
Highest

dollars standard error
4,337.53 ** 1,581.50
-982.43 1,098.64
-1,361.36 1,035.92
1,700.80 1,991.31
400.24 1,165.61
149.84 995.47
-903.13 1,417.18
78.07 3,881.43
2,802.57 ** 1,064.16
666.51 1,024.41
-43.56 1,082.79
-762.02 1,206.78
-3,674.27 3,833.93
5,020.94 ** 1,740.39
-1,181.10 1,033.17
-720.37 964.59
752.23 1,639.10
-597.08 1,022.11
733.24 920.51
234.04 1,334.48
-1,130.42 3,287.29
2,081.94 * 977.97
1,322.43 954.97
849.97 1,079.76
-226.33 1,284.24
-5,088.98 3,292.04

** significantly different from reference category (p<0.01)
* significantly different from reference category (p<0.05)

1. Sample average effect at T +1, -5,079.37.
2. Sample average effect at T +3, -3,756.72.

Note: Results are computed based on a linear regression model with Coarsened Exact Matching (CEM) weights. To estimate the
age-group-specific cancer effects, age categories are included instead of age and age squared. Otherwise, all regressions are
conditional on interactions between cancer and a set of the categorical variables and the full set of control variables listed in
Subsection 2.3. T year of cancer diagnosis for cancer sample. T-1: T minus one. Author's calculations.

Source: Statistics Canada, 1991 Census—Longitudinal Worker File.
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5 Conclusion

Earlier diagnoses, improvements in cancer treatment and better follow-up care have
substantially increased the number of cancer survivors during the last two decades. As cancer
survival rates rise, life after cancer treatment has attracted considerable interest of researchers
in different fields. Economists are patrticularly interested in the effects of cancer on the labour
market choices and labour market outcomes of cancer survivors.

Using unique linkage data from the Canadian 1991 Census and administrative cancer, mortality
and longitudinal income tax records, the study estimates the effects of cancer on certain labour
market outcomes of cancer survivors by comparing their outcomes to those of a comparison
group consisting of people never diagnosed with cancer. On average, cancer lowers the
probability of working in the first year following the year of diagnosis by 3 percentage points
relative to the comparison sample. The average earnings loss of cancer survivors in the first
post-diagnosis year is 12% when transitions from employment to non-employment are taken
into account by including zero earners in the sample. When only those with non-zero annual
earnings are considered, the estimated average earnings loss for cancer survivors is 10% to
11%. In the second and third year after the year of diagnosis, cancer lowers the probability of
working among cancer survivors; however, the earnings gap between survivors and those in the
comparison group narrows, particularly when cancer survivors continue to work after the cancer
diagnosis. In addition to controlling for differences in observable characteristics between people
diagnosed with cancer and those never diagnosed with cancer, accounting for the simultaneous
associations between (1) time-invariant unobservable individual characteristics and cancer, and
(2) between these characteristics and labour market outcomes appears important for estimating
long-term effects of cancer on earnings.

The study findings also suggest that cancer effects on labour market outcomes differ for
different survival categories, which in this study serve as proxies for cancer severity. The
probability of working and annual earnings are substantially lower for survivors in the low-
survival category than for those in the high-survival category in all post-cancer periods. In the
long run, the negative effect of cancer on the work status of people diagnosed at ages younger
than the average age in the sample is smaller than the average effect for the full cancer sample.
Conversely, the negative effect of cancer on the work status of cancer survivors with no high
school diploma is greater than the average effect for the full sample.

Overall, the findings suggest that, in the long run, cancer is more likely to affect survivors’ work
status (extensive margin of labour market outcomes) than their earnings (intensive margin of
labour market outcomes). Improving general understanding of the role that supply and demand
sides of the labour market play in reducing the likelihood of employment of cancer survivors
relative to those never diagnosed with cancer is an important direction for future research.
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6 Appendix

Table A.1
Cancer sites, cancer survival category and death records
Cancer site Cancer Death records found
Number of survival by 2006 within each
persons Share category group
number percent
High-survival category 39.02
Thyroid 138 2.66
Prostate 305 5.88
Testis 56 1.08
Skin melanoma 241 4.65
Breast 1,117 21.54
Corpus uteri 136 2.62
Hodgkin lymphoma 30 0.58
Deaths 19.13
Middle-survival category 32.00
Chronic lymphocytic leukemia 32 0.62
Cervix uteri 409 7.89
Bladder (including in situ) 147 2.84
Kidney and renal pelvis 145 2.80
Soft tissue 39 0.75
Larynx 51 0.98
Rectum 177 341
Colon 298 5.75
Non-Hodgkin lymphoma 229 4.42
Oral (buccal cavity and pharynx) 132 2.55
Deaths 34.30
Low-survival category 21.04
Ovary 108 2.08
Multiple myeloma 43 0.83
Leukemia (excluding chronic lymphocytic
leukemia) 71 1.37
Stomach 74 1.43
Brain 108 2.08
Liver 35 0.68
Lung and bronchus 520 10.03
Esophagus 37 0.71
Pancreas 95 1.83
Deaths 81.48
Missing 7.95
Others 412 7.95
Deaths 42.48
Total 5,185 100 100

... not applicable

Note: The 1991 Census-Longitudinal Worker File data contain a total of 5,185 individuals diagnosed with cancer for the
first time between 1992 and 2000 and aged 61 and younger in the year of the diagnosis. Cancer sites are defined based
on Surveillance, Epidemiology, and End Results (SEER) grouping definitions for the International Classification of
Diseases for Oncology, Second and Third Edition (ICD-0-2/3). Figures may not add up to totals because of rounding.
Author's calculations.

Source: Statistics Canada, 1991 Census-Longitudinal Worker File.
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Table A.2
Summary statistics for other characteristics of the cancer and comparison
group before and after matching and pruning

Comparison sample

Cancer Matched and ~Unmatched
Variables® sample Unmatched reweighted  difference’
dollars
Earnings at T-1 (mean) 43,445 46,454 43,374 -3,009 *
percent percentage
points
Quintiles of earnings at T-1
Lowest 23.45 19.99 23.10 3.46 ***
Second 21.79 20.00 21.64 1.80 *
Third 19.25 20.00 20.02 -0.75
Fourth 17.60 20.01 17.85 -2.41 **
Highest 17.91 20.00 17.39 -2.10 **
dollars
Earnings at T-2 (mean) 43,689 45,493 42,902 -1,804
percent percentage
points
Quintiles of earnings at T-2
Lowest 24.37 19.99 22.84 4,38 ***
Second 20.83 20.00 21.32 0.83
Third 18.75 20.00 20.18 -1.25
Fourth 17.10 20.01 17.92 -2.91 =
Highest 18.95 20.00 17.75 -1.06
Self-employment at T
No 82.13 80.54 80.62 1.60 *
Yes 15.94 16.73 17.14 -0.79
Missing 1.93 2.74 2.25 -0.81*
Unionat T 41.16 40.87 40.82 0.29
Marital status at T
Single 23.57 22.92 22.37 0.64
Couple 73.55 72.96 74.18 0.59
Missing 2.89 412 3.45 -1.23 **
Long-term disabilities or handicaps
in 1991 Census
No 96.65 96.81 96.53 -0.16
Yes 243 2.25 2.56 0.17
Missing 0.92 0.94 0.91 -0.01
number
n 2,597 1,228,551 624,835

... not applicable

**+ significantly different from reference category (p<0.001)

** significantly different from reference category (p<0.01)

* significantly different from reference category (p<0.05)

1. Variables not used in matching but included in the regression analysis.

2. This column displays the difference in means (proportion) between cancer and comparison group before
matching; standard symbols indicate significant t-test differences between these two groups.

Note: Earnings in T-2 (T minus 2) are not included in regression analysis. T: year of cancer diagnosis for the
cancer sample; n: number of observations. T-1: T minus 1. Author's calculations.

Source: Statistics Canada, 1991 Census—Longitudinal Worker File.
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Table A.3
Unadjusted mean of employment and earnings in period
T+1, T+2and T+3

T+1 T+2 T+3
Cancer sample
All cancer survivors
Working (percent) 92.38 89.03 85.28
Earnings (mean dollars) 37,124 37,517 36,577
n 2,573 2,561 2,540
High survival category
Working (percent) 93.26 88.59 85.27
Earnings (mean dollars) 38,149 38,412 37,266
n 1,291 1,288 1,276
Middle survival category
Working (percent) 92.10 90.81 88.66
Earnings (mean dollars) 37,424 37,891 37,377
n 886 881 873
Low survival category
Working (percent) 84.47 79.70 69.80
Earnings (mean dollars) 29,350 29,179 28,517
n 206 202 202
Missing survival category
Working (percent) 96.32 93.68 86.24
Earnings (mean dollars) 37,182 38,579 36,837
n 190 190 189
Comparison sample
Unmatched non-cancer
Working (percent) 96.85 95.19 93.77
Earnings (mean dollars) 47,145 47,296 47,402
n 1,220,406 1,214,199 1,209,296
Matched non-cancer
Working (percent) 96.75 94.87 93.19
Earnings (mean dollars) 46,146 45,933 45,691
n 621,050 617,958 615,693

Note: Calculations of mean earnings include zero earnings of people who did not work during the period.
n: number of observations; T: year of cancer diagnosis for the cancer sample. Author's calculations.
Source: Statistics Canada, 1991 Census-Longitudinal Worker File.
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Table A.4-1
The effect of cancer on employment for the sample restricted with working at T and T-1

Work in each period: Pr(work 1 ,;=1) Work continually up to each period:
Pr(work ;=1 | work 1., .4=1,
work 1, .,=1)
T+1 T+2 T+3 T+1 T+2 T+3
Cancer
Coefficient -0.033 *** -0.037 *** -0.049 *** -0.033 *** -0.017 *** -0.014 **
Standard error 0.005 0.006 0.007 0.005 0.005 0.005
n (weighted sample) 612,760 610,639 608,809 612,760 589,413 567,726

*** gignificantly different from reference category (p<0.001)

** significantly different from reference category (p<0.01)

Note: This table replicates the upper panel of Table 3 for the sample restricted to individuals working at T and T-1 (T minus 1). The
matched sample sizes at T are 2,671 for a cancer and 651,506 for a comparison sample. n: number of observations; T: year of
cancer diagnosis for cancer sample. Author's calculations.

Source: Statistics Canada, 1991 Census—Longitudinal Worker File.

Table A.4-2
The effect of cancer on earnings (in dollars) for the sample restricted with working
atT and T-1

Unconditional on working at T+j Conditional on working at T+j
T+1 T+2 T+3 T+1 T+2 T+3
Weighted DID regression
Cancer
Coefficient -4,820.26 **  -3,768.02 *** -3,297.79 *** .4,132.46 *** -2,389.55 *** -1710.38 **
Standard error 759.68 728.78 717.45 689.12 612.51 628.43
n (weighted sample) 621,028 619,714 618,473 599,218 585,719 573,801
Weighted linear regression
Cancer
Coefficient -4,977.03 **  -3911.01 *** -3,715.15 *** -4,577.64 *** -2.894.82 **  -2364.64 **
Standard error 881.84 859.15 794.58 936.67 921.15 865.34
n (weighted sample) 621,028 619,714 618,473 599,218 585,719 573,801
Unweighted sample OLS
Cancer
Coefficient -5,117.83 ***  -4,004.28 *** -3,760.47 *** -4,728.78 *** -2,998.04 *  -2,396.81 **
Standard error 882.29 858.03 798.40 936.18 917.65 866.40
n (unweighted sample) 1,202,688 1,199,828 1,197,110 1,161,723 1,137,848 1,117,645

*** significantly different from reference category (p<0.001)
** significantly different from reference category (p<0.01)

Note: This table replicates Table 5 for the sample restricted to individuals working at T and T-1 (T minus 1). The matched sample sizes
at T are 2,671 for a cancer and 651,506 for a comparison sample. DID: difference-in-differences; n: number of observations;
OLS: ordinary least squares; T: year of cancer diagnosis for the cancer sample. Author's calculations.

Source: Statistics Canada, 1991 Census—Longitudinal Worker File.
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Table A5-1
The effect of cancer on employment for the sample restricted with working at
T,T-1,T-2and T-3

Work in each period: Pr(work r.;=1) Work continually up to each period:
Pr(work 1,,=1| work 1, =1,
work r 4 .,=1)
T+1 T+2 T+3 T+1 T+2 T+3
Cancer

Coefficient -0.031 ** -0.038 *** -0.049 ** -0.031 ** -0.019 *** -0.014 **

Standard error 0.005 0.006 0.007 0.005 0.005 0.005

n (weighted sample) 567,291 565,602 564,007 567,291 548,372 529,543

*** significantly different from reference category (p<0.001)
** significantly different from reference category (p<0.01)

Note: This table replicates the upper panel of Table 3 for the sample restricted to individuals working at T, T-1 (T minus 1), T-2 (T
minus 2) and T- 3 (T minus 3). The matched sample sizes at T are 2,518 for a cancer and 601,590 for a comparison sample.
n: number of observations; T : year of cancer diagnosis for cancer sample. Author's calculations.

Source: Statistics Canada, 1991 Census—Longitudinal Worker File.

Table A.5-2
The effect of cancer on earnings (in dollars) for the sample restricted with working
atT, T-1, T-2and T-3

Unconditional on working at T+j Conditional on working at T+
T+1 T+2 T+3 T+1 T+2 T+3
Weighted DID regression
Cancer
Coefficient -5,125.75 ***  -4,011.63 *** -3,582.76 *** -4,403.17 *** -2526.39 *** -1941.73 **
Standard error 801.48 767.53 749.09 721.18 640.12 647.78
n (weighted sample) 574,695 573,679 572,570 556,933 544,931 533,775
Weighted linear regression
Cancer
Coefficient -5,314.87 *** -4,201.35 *** -4,021.46 *** -4931.66 *** -3,147.42 **  -2,679.87 **
Standard error 923.75 899.01 824.45 975.52 962.15 896.13
n (weighted sample) 574,695 573,679 572,570 556,933 544,931 533,775
Unweighted sample OLS
Cancer
Coefficient -5,449.73 ***  .4333.37 *** -4,120.28 *** -5062.16 ** -3,283.89 *** -2 756.85 **
Standard error 922.70 896.64 828.60 973.46 957.01 896.97
n (unweighted sample) 1,134,030 1,131,814 1,129,527 1,100,455 1,079,254 1,060,522

*** significantly different from reference category (p<0.001)

** significantly different from reference category (p<0.01)

Note: This table replicates Table 5 for the sample restricted to individuals working at T, T-1 (T minus one), T-2 (T minus 2) and T-3
(T minus 3). The matched sample sizes at T are 2,518 for a cancer and 601,590 for a comparison sample. DID: difference-in-
differences; n: number of observations; OLS: ordinary least squares; T: year of cancer diagnosis for cancer sample. Author's
calculations.

Source: Statistics Canada, 1991 Census—Longitudinal Worker File.
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