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We conducted a population-based retrospective study to assess the long-term risks of overall and cause-specific mortality and
second malignant neoplasm (SMN) among survivors of young adult cancer compared to the risk in British Columbia (BC)
population and to evaluate the effects of demographic and clinical factors on risk. 1248 5-year survivors of young adult cancer
diagnosed 1970–1995 between 20 and 24 years of age were identified from the BC Cancer Registry and followed to the end of 2007.
Standardized mortality ratios (SMRs) and standardized incidence ratios (SIRs) were calculated. The Cox proportional hazards
model was used to estimate the effects of different demographic and disease-related characteristics on the risk of death and SMN.
A total of 138 deaths and 62 SMNs were observed during follow-up. The overall SMR was 5.9 (95% CI 4.9–6.9) and the absolute
excess risk was 5.3 per 1,000 person-years. The overall SIR was 3.0 (95% CI 2.3–3.8). Treatment with radiation resulted in increased
risks of death and SMN. These observed increased risks emphasize the importance of prevention, surveillance, and treatment of
late effects in survivors of young adult cancers.

1. Introduction

Advances in therapy for young adult cancers have led to an
increase in the relative 5-year survival rate from 71% in 1975
to 87% in 2007 [1]. This has created a growing population
of young adult cancer survivors. In Canada, presently more
than 150,000 Canadians are survivors of a young adult
cancer diagnosed since 1980 [2]. Long-term survivors of
young adult cancer may face serious health risks including an
increased risk of a second malignant neoplasm (SMN), excess
late mortality, and functional impairment of multiple organ
systems [3, 4].

Previous studies have shown that survivors of childhood
and adolescent cancer have increased mortality risks, com-
pared with the general population [5–10]. Death in these sur-
vivors is mainly due to the original cancer, followed by deaths

due to second malignant neoplasm (SMN) and noncancer
causes [5, 7, 8, 11, 12].

Long-term survivors of childhood and adolescent cancer
are also at risk for the development of an SMN. This risk is
likely to be the consequence of multiple factors, including
environment factors and genetic susceptibility related to the
original diagnosis, the treatment used, immunosuppression,
and hormonal factors [3]. Previous studies have reported
that the relative risk of developing SMN varies between 2.4
and 6.1 in this group [13], depending on characteristics
of the study population, the types of SMN considered, the
diagnosis time period, and the length of follow-up time
included in the analyses. However, there is little information
on late mortality and SMN risks specifically among young
adult cancer survivors.
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The Childhood, Adolescent and Young Adult Cancer
Survivors (CAYACS) Research Program utilizes record link-
age methodology and data from population-based registries,
administrative databases, and medical charts, to examine
issues among survivors of cancer diagnosed under age of
25 years in British Columbia (BC), Canada [14]. Since a
review of the available literature indicated that there was little
published information on long-term mortality and SMN
risks for survivors of young adult cancer, we conducted
a population-based retrospective study to assess the long-
term risks of overall and cause-specific mortality and SMN
among survivors of young adult cancer in the CAYACS
cohort, as compared to these risks in the British Columbia
population. We also evaluated the demographic and clinical
factors affecting these risks.

2. Materials and Methods

2.1. Study Population. The CAYACS program’s design and
methodology has been described in detail elsewhere [14].
In brief, the cancer survivor cohort was identified from the
BC Cancer Registry (BCCR). The Registry receives notice of
all cancer diagnoses occurring in Canada to BC residents,
via multiple sources of ascertainment [14]. In this study, all
subjects had a first diagnosis of cancer between 20 and 24
years of age included in the Adolescent and Young Adult
(AYA) Cancer Classification [15], excluding non-melanoma
skin cancer and surviving at least five years from diagnosis.
All survivors were residents in BC at time of diagnosis,
diagnosed between January 1, 1970 and December 31, 1995,
and followed to the end of 2007.

2.2. Data Collection

2.2.1. Outcome Information

(1) Death Information. Death records are maintained at
the Ministry of Health Vital Statistics Agency (VSA) and
routinely reported to the BCCR within 18 months of
the death year. Information documenting death, including
date and original causes of death code using the Inter-
national Classification of Disease version 9 (ICD-9) [16],
was obtained from the BCCR. Survivors without death
information were considered alive at the end of the follow-
up period. The sex-, age-, cause-, and year-specific mortality
rates for the BC population were obtained from the VSA.
Specific causes of death were combined into three major
groups: (1) death due to recurrence or progression of the
original cancer (ICD 140–239); (2) death due to a second
original cancer (ICD 140–239); (3) death due to noncancer-
related cause, including disease-related causes and external
causes (ICD 001–139, 240–999).

(2) Second Malignant Neoplasm (SMN). SMNs were ascer-
tained from the BCCR. As defined in this study, SMN was
(1) a neoplasm that occurred between 5 years after the
original diagnosis and December 31, 2007, (2) a diagnosis
included in the International Classification of Disease for
Oncology version 3 (ICDO-3) [17] with a behavior code

of 3 or higher, indicating a malignant tumor, and (3) in a
new location or in the same location with a new histology
code. Benign tumors, local recurrence, and metastases from
the original cancer were not considered as SMNs. Only
the first subsequent neoplasm occurring more than 5 years
after the original diagnosis was counted as an SMN in this
study; thus survivors who developed a second malignant
neoplasm within the first 5-year after the original diagnosis
were removed from the analysis (n = 9).

2.2.2. Modifying Variables. Demographic characteristics,
diagnostic information on the original cancer, and follow-up
information were collected from the BCCR. Medical records
from tertiary cancer centers in BC were abstracted to obtain
clinical information, including whether or not the survivors
received surgery, chemotherapy or radiation therapy (RT)
for the original cancer, and the location of the radiation
therapy. Approximately 72% of subjects were referred to
a tertiary cancer center [14]. As all RT facilities in the
province are located in a tertiary cancer center, the survivors’
RT records were considered complete, but information
regarding chemotherapy and surgery was missing for those
cases not referred to any of these centers, as we did not have
access to information for cases treated outside this system.

2.3. Statistical Analysis. Frequency distributions and differ-
ences in demographic and clinical characteristics across out-
come groups were calculated.

The expected numbers of deaths, standardized mortality
ratios (SMRs), and absolute excess risks (AERs) of the young
adult survivor cohort were estimated by type of original
diagnosis, diagnosis period, length of follow-up, type of
treatment, and major cause of death. Person-years at risk
were calculated as the time from 5 years after the original
cancer diagnosis to death or the end of follow-up period
(December 31, 2007). The expected number of deaths was
computed by multiplying the sex-, age-, cause-, and year-
specific mortality rate in BC by the person-years at risk in
each category in the study group. The SMR was calculated
as the number of observed deaths divided by the expected
number. The AER of death was calculated as the observed
number of deaths minus the expected number, divided by
the person-years at risk, and reported as per 1,000 cancer
survivors per year.

Standardized incidence ratios (SIRs) and related AERs
were calculated using the same methods. Person-years at risk
for SMN were calculated from 5 years post original cancer
diagnosis to diagnosis of the first SMN, death, or the end of
the follow-up.

The cumulative incidence function for both mortality
and SMN was estimated for each sex. The Cox proportional
hazards regression model was used to estimate the effects
of different survivor- (age and sex), disease- (e.g., type
and period of diagnosis of the original cancer, having early
relapse), and treatment-related characteristics (chemother-
apy, RT, and surgery) on the risks of death and SMN. In
addition, the method developed by Fine and Gray was also
applied in the analysis of SMN to estimate subdistribution
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hazard ratios (HRs) by considering death as a competing risk
[18]. Since these two methods gave very similar results for
effects of SMN risk factors, only the results of subdistribution
hazard ratios were presented.

For missing chemotherapy and surgery status on cases
who were not referred to any of the tertiary cancer center,
multiple imputation was utilized under the assumption of
missing at random [19]. The imputation model contained
information on sex, type of original cancer (seven categories
in the mortality analysis, five categories in the SMN analysis),
diagnosis period (10-year group), having relapse <5 years
after diagnosis (yes/no), and having radiation (yes/no),
and created 20 datasets without missing chemotherapy or
surgery value. The analysis was repeated 20 times and the
results were combined and summarized to generate valid
statistical inferences. All calculations were performed using
the statistical package SAS version 9.2 (SAS Institute Inc,
Cary, NC, USA).

2.4. Study Approvals. The study received ethical approval
from the University of British Columbia/BC Cancer Agency
Clinical Research Ethics Board. Approval for access, use, and
linkage of data was obtained from the BC Cancer Registry
and the BC Cancer Agency Health Records Departments. To
protect confidentiality, all counts less than 5 were masked in
tables and text.

3. Results

3.1. Descriptive Analysis. In total, 1248 survivors were identi-
fied, including 589 (47.2%) males and 659 (52.8%) females.
The survivors were followed to the end of 2007, more than
20 years on average after their original cancer diagnosis
(mean = 23.4 years for the mortality study; mean = 23.1 years
for the SMN study). Among the survivors in the cohort, 27%
(n = 341) were diagnosed with carcinoma, including cancers
in the thyroid (n = 117) and cervix and uterus (n = 92), 25%
had lymphoma (n = 307), and 18% had melanoma (n =
222) (Table 1). About a third (31.6%) were diagnosed before
1980. In total, 369 (29.6%) young adult cancer survivors
received RT as a component of their treatment, and 342 (out
of 894 with known chemotherapy status, 38.3%) survivors
received chemotherapy.

3.2. Late Mortality. After 21711 person-years of follow-up,
a total of 138 deaths (138/1248 or 11.1% of the cohort)
were observed more than 5 years after diagnosis (Table 2). Of
these, 117 deaths (84.8%) had cause of death information.
There were 16,835 person-years beyond 20 years after the
original diagnosis, and 18,689 person-years beyond age 40
years. The mean age at the end of follow-up was 46.0 (SD ±
7.2), and the mean duration of follow-up from diagnosis was
23.4 years (SD± 7.1).

The overall mortality rate for the young adult survivors
was almost 6 times higher than the corresponding rate for
the BC population (SMR = 5.9; 95% CI, 4.9–6.9) (Table 2).
Survivors of all original diagnoses measured had elevated
mortality compared to the BC population rate. Central
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Figure 1: Cumulative incidence of SMN by sex.

nervous system (CNS) tumor survivors had the highest SMR
(SMR = 23.6; 95% CI, 15.1–35.1). The smallest excess risks
were seen in subjects originally diagnosed with germ cell
tumor or carcinoma and having a longer time of follow-up.
Overall, females (SMR = 6.3; 95% CI, 4.8–8.3) had a higher
risk of death compared to males (SMR = 5.6; 95% CI, 4.5–
6.9).

Among the 117 deceased cases with known cause of
death, death due to original cancer was the leading cause,
with 62 (53.0%) cases attributed to the recurrence or
progression of the original cancer diagnosis, representing a
crude rate of 2.86 per 1,000 person-years (not shown in
table). An additional 23 (19.7%) deaths were attributed to
a different cancer, and 32 (27.4%) deaths were reported as
due to noncancer-related causes, including external causes,
such as accident and suicide. Male survivors showed higher
risk of death due to SMN and noncancer causes than females.
For cumulative mortality, male survivors had higher risk over
time than females (Figure 2). Of the 98 deaths followed less
than 20 years (87 cases with known causes of death), the
leading cause of death was original cancer (56/87 deaths,
64.4%, not shown in table), followed by noncancer death
(19/87 deaths, 21.8%). For survivors who had survived at
least 20 years (30 cases with known cause of death), deaths
due to a cause other than cancer (13 of 30 deaths, 43.3%) and
SMNs (10 of 30 deaths, 33.3%) were the two most common
causes of death.

3.3. Second Malignant Neoplasm. Of the 1248 survivors of
young adult cancer in the study, 62 developed an SMN
during the follow-up period (Table 3). The average latency
period between cohort entry and diagnosis of the SMN was
19.9 years with a cumulative incidence of 5.0% (95% CI,
3.5%–6.6%) 20 years after study entry. Of the 62 cases who
had an SMN, 37.1% (n = 23) were deceased by the end
of follow-up. The two most common SMNs were breast
carcinoma (n = 18) among female survivors, which was
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Table 1: Characteristics of young adult cancer survivors by sex.

Characteristic Entire cohort N (%) Male N (%) Female N (%)

Overall 1248 589 (47.2) 659 (52.8)

Type of original cancer

Lymphoma 307 (24.6) 162 (27.5) 145 (22)

Central nervous system tumor 59 (4.7) 36 (6.1) 23 (3.5)

Soft tissue sarcoma 66 (5.3) 40 (6.8) 26 (4.0)

Germ cell tumor 178 (14.3) 161 (27.3) 17 (2.6)

Melanoma 222 (17.8) 80 (13.6) 142 (21.5)

Carcinoma 341 (27.3) 71 (12.1) 270 (41)

Othersa 75 (6.0) 39 (6.6) 36 (5.5)

Birth year

1945–1954 271 (21.7) 115 (19.5) 156 (23.7)

1955–1964 528 (42.3) 261 (44.3) 267 (40.5)

1965–1975 449 (36) 213 (36.2) 236 (35.8)

Diagnosis period

1970–1979 394 (31.6) 170 (28.9) 224 (34.0)

1980–1989 520 (41.7) 259 (44) 261 (39.6)

1990–1995 334 (26.8) 160 (27.2) 174 (26.4)

Attained age (years)

25–39 366 (29.3) 179 (30.4) 187 (28.4)

40–49 522 (41.8) 265 (45) 257 (39.0)

50+ 360 (28.8) 145 (24.6) 215 (32.6)

Follow-up time (years)

5–19 years 521 (41.7) 250 (42.4) 256 (38.8)

20+ years 727 (58.3) 339 (57.6) 403 (61.2)

Relapse < 5 years after diagnosis

Yes 82 (6.6) 46 (7.8) 36 (5.5)

No 1166 (93.4) 543 (92.2) 623 (94.5)

Vital status

Dead 138 (11.1) 84 (14.3) 54 (8.2)

Alive 1110 (88.9) 505 (85.7) 605 (91.8)

SMN ≥ 5 years after diagnosis

Yes 62 (5) 25 (4.2) 37 (5.6)

No 1186 (95) 564 (95.8) 622 (94.4)

Having chemotherapy

Yes 342 (27.4) 200 (34) 142 (21.5)

No 552 (44.2) 267 (45.3) 285 (43.2)

Missing 354 (28.4) 122 (20.7) 232 (35.2)

Having radiation

Yes 369 (29.6) 204 (34.6) 165 (25.0)

No 879 (70.4) 385 (65.4) 494 (75.0)

Having surgery

Yes 628 (50.3) 332 (56.4) 296 (44.9)

No 270 (21.6) 137 (23.3) 133 (20.2)

Missing 350 (28.0) 120 (20.4) 230 (34.9)
a
Other types of original cancers include leukemia, bone tumor, and miscellaneous-specified tumor.

most often after a lymphoma diagnosis (n = 10), and cancer
of digestive system among males (n = 9).

Young adult cancer survivors had a 3-fold higher rate of
SMN (SIR = 3.0, 95% CI, 2.3–3.8) compared to the cancer
incidence rate of the BC population (Table 3). Lymphoma

survivors were 7 times more likely to experience an SMN
(SIR = 7.0, 95% CI, 4.7–9.9). The SIR decreased with time,
from 11.6 (95% CI, 7.9–16.6) in the period 5–19 years
later, to 1.7 (95% CI, 1.2–2.5) in the period 20+ years from
diagnosis. It increased from 2.5 to 4.0 for survivors diagnosed
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Figure 2: Cumulative mortality by sex.

in the 1970s compared to those diagnosed in the early 1990s.
The cumulative incidence of developing an SMN for both
sexes did not show significant difference over time (Figure 1).

RT increased the risk of SMN (SIR, 5.7 versus SIR, 1.8
for patients without radiation exposure). Of the 35 SMNs
in survivors who received RT, 19 (54.3%) developed an
SMN within the previous radiation field (as determined by
the radiation oncologist), most following RT for Hodgkin
lymphoma (16 of 19). Twenty-six of 31 SMN cases with an
original diagnosis of Hodgkin lymphoma had received RT.
Twenty-seven survivors developed the SMN in the absence
of radiation exposure, including 15% (4 of 27) treated with
chemotherapy, 52% (14 of 27) without chemotherapy, and 9
cases with missing chemotherapy data.

3.4. Factors Affecting Late Mortality and SMN Risk.
Table 4 shows the unadjusted and adjusted associations
between characteristics of survivors of young adult cancer,
and the likelihood of death during the follow-up period.
After adjusting for other factors, survivors of CNS had a
statistically significant increased risk of dying (Hazard Ratio
[HR]adj = 3.4, 95% CI, 2.1–5.7) compared to lymphoma
survivors, whereas germ cell tumor and carcinoma survivors
had decreased risks (HRadj = 0.4, 95% CI, 0.2–0.7; HRadj =
0.5, 95% CI, 0.3–0.8, resp.). Male survivors were 1.7 times
more likely to die than their female counterparts (HRadj =
1.7, 95% CI, 1.2–2.4). Five-year survivors who had relapsed
in the first 5 years following their diagnosis had an almost
3-fold increased risk of death (HRadj = 2.9, 95% CI, 1.9–
4.5), compared to those who had not. RT was also associated
with a 2-fold increased risk (HRadj = 2.0, 95% CI, 1.3–3.1),
compared to those who had not received RT.

Compared with survivors of lymphoma, survivors of
both melanoma and carcinoma had decreased risks for the
development of an SMN (HRadj = 0.3, 95% CI= 0.1–0.6;
HRadj = 0.2, 95% CI= 0.1–0.5, resp.) (Table 5). The other
independent predictor for SMN, in addition to type of

original diagnosis, was exposure to RT (HRadj = 2.0, 95%
CI= 1.1–3.7).

4. Discussion

To our knowledge, this is the first study to evaluate the risk
of mortality and SMN, and the effects of disease-related
characteristics, in a cohort of survivors of young adult cancer.
We found increased risks of death and SMN in the survivors
compared with the general population. Not surprisingly,
survivors with recurrence of their original cancer and those
with a second malignancy had higher mortality. Survivors
with an original diagnosis of lymphoma had an elevated risk
for the development of an SMN. Exposure to RT was directly
associated with an increased risk of death and SMN. Use of
linked population-based registries, health records, and vital
statistics data in this study allows for essentially complete
cases and ascertainment of outcomes over many years, and
assessment of the impact of demographic and clinical factors
on risk.

Our analysis indicated a six-fold increase in mortality
among 5-year survivors of young adult cancer. This estimate
is lower than the SMRs identified from studies in childhood
cancer survivors, ranging from 7.5 to 10.8 [5, 6, 10, 20–
22]. These studies all focused on survivors of younger age
than our study, with diagnoses 0–15 years old in British
study [20], 0–20 years old in the Nordic study [5], and
0–21 years old in the CCSS study [6, 21]. This difference
in SMR is likely caused by the lower proportion of some
types of cancer diagnosed in young adulthood compared to
childhood, such as CNS tumor, which have a poor prognosis
when diagnosed at younger ages [21]. It is also possible that
cancer therapy delivered at an early age when the young
person is experiencing a singular amount of growth and
development may have a profound impact later on.

Studies of childhood cancer found that recurrence or
progression of original cancer was the leading cause of death
for survivors [5, 6, 10, 20, 21]. Meanwhile, several studies
raised a concern that the cause of death was potentially
related to the length of follow-up [5, 20, 23]. A study among
15+ year survivors of childhood and adolescent cancers
reported second malignancies to be the leading cause of
death [23]. Our study identified the original cancer to be the
leading cause of death for survivors with less than 20 years
follow-up, and noncancer-related death to be the leading
cause of death amongst survivors with more than 20 years
of follow-up, followed by second malignancies, representing
43.3% and 33.3% of deaths respectively. Taken together, these
results suggest that the longer time the patient has survived,
the less likely the survivor is to die from the original cancer.

In this study, we found that female survivors of young
adult cancer were at increased risk for the development of
breast cancer, particularly those previously treated for the
Hodgkin lymphoma. Several previous studies conducted in
childhood cancer survivors have reported that thoracic RT
is associated with an increased risk of breast cancer, and it
is estimated that at least 12% to 20% of women exposed to
moderate to high dose thoracic RT would go on to develop
breast cancer [24–27]. Age at treatment did not appear to
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Table 4: Hazard ratio of mortality for all causes of death.

All causes of death (N = 138)

Unadjusted HR (95% CI) Adjusted HR (95% CI)

Sexa

Female 1 1

Male 1.9 (1.4–2.7)∗ 1.7 (1.2–2.4)∗

Type of original cancerb

Lymphoma 1 1

Central nervous system tumors 3.1 (1.9–5.2)∗ 3.4 (2.1–5.7)∗

Soft tissue sarcomas 1.1 (0.6–2.2) 1.2 (0.6–2.3)

Germ cell tumor 0.3 (0.2–0.7)∗ 0.4 (0.2–0.7)∗

Melanoma 0.5 (0.3–0.9)∗ 0.7 (0.4–1.2)

Carcinoma (except of skin) 0.4 (0.2–0.6)∗ 0.5 (0.3–0.8)∗

Othersc 1.0 (0.5–1.9) 1.1 (0.6–2.1)

Diagnosis periodd

1970–1979 1 1

1980–1989 0.7 (0.4–1.0) 0.6 (0.4–0.9)∗

1990–1995 0.9 (0.5–1.5) 0.9 (0.5–1.4)

Relapse < 5 years after diagnosise

No 1 1

Yes 4.1 (2.7–6.3)∗ 2.9 (1.9–4.5)∗

Having chemotherapyf

No 1 1

Yes 1.1 (0.8–1.6) 0.9 (0.6–1.5)

Having radiationf

No 1 1

Yes 2.7 (2–3.8)∗ 2.0 (1.3–3.1)∗

Having surgeryf

No 1 1

Yes 0.6 (0.5–0.9)∗ 1.3 (0.9–1.9)
∗
P < 0.05.

aMultivariate analyses adjusted for type of original cancer, diagnosis period, and relapse < 5 years after diagnosis.
bMultivariate analyses adjusted for sex, diagnosis period, and relapse < 5 years after diagnosis.
cOther types of original cancers include leukemia, bone tumor, and miscellaneous-specified tumor.
dMultivariate analyses adjusted for sex, type of original cancer, and relapse < 5 years after diagnosis.
eMultivariate analyses adjusted for sex, type of original cancer, and diagnosis period.
fMultivariate analyses adjusted for sex, type of original cancer, diagnosis period, and relapse < 5 years after diagnosis.

be significantly associated with the risk of subsequent breast
cancer in most studies [28–30]. One study reported that
the risk of breast cancer was not significant in girls treated
between age 5–9 years old, but the risk became significantly
increased in girls treated after the age of 10 [31]. The possible
explanations for these findings include that proliferating
and developing breast tissue, rather than prepubertal breast
tissues, may be more sensitive to the effect of radiation;
familial cancer syndromes may have important effect in
breast cancer risk; the length of follow-up may not be
sufficient for developing breast cancer [32]. Our findings are
consistent with the recommendation for early and increased
breast cancer screening in women exposed to moderate to
high dose thoracic RT as part of a diagnosis of cancer in
childhood and young adulthood, starting at 25 years of age
or 8 years after radiation [33–35].

It is well known that chemotherapy and RT are associated
with increased risks of SMN [24, 25, 36, 37]. In our study, we
found 6-fold excess risks of SMN associated with chemother-
apy and RT. 30% (19/62 cases) of SMNs developed in the
RT exposure field, whereas 23% (14/62 cases) developed
SMNs without RT and chemotherapy, suggesting that genetic
or other factors may also play an important role in the
occurrence of these SMNs.

Although the availability of administrative dataset and
tumor treatment information on the majority of subjects
and the long follow-up time period were strengths of the
study, our study was limited by relatively small numbers of
cases, which ruled out the possibility of assessing treatment-
related dose-response for mortality and SMN risk. Other
limitations included the missing data on treatment modality
(approximately 28% of cases with missing chemotherapy
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Table 5: Hazard ratio of SMN.

SMN (N = 62)

Unadjusted HR (95% CI) Adjusted HR (95% CI)

Sexa

Female 1 1

Male 0.9 (0.5–1.5) 0.7 (0.4–1.2)

Type of original cancerb

Lymphoma 1 1

Germ cell tumor 0.4 (0.2–0.9)∗ 0.5 (0.2–1.1)

Melanoma 0.3 (0.1–0.7)∗ 0.3 (0.1–0.6)∗

Carcinoma (except of skin) 0.3 (0.1–0.5)∗ 0.2 (0.1–0.5)∗

Othersc 0.3 (0.1–0.7)∗ 0.3 (0.1–0.7)∗

Diagnosis periodd

1970–1979 1 1

1980–1989 1.5 (0.8–2.7) 1.5 (0.8–2.8)

1990–1995 1.8 (0.6–5.1) 1.7 (0.6–5)

Relapse < 5 years after diagnosise

No 1 1

Yes 1.9 (0.8–4.3) 1.2 (0.5–2.9)

Having chemotherapyf

No 1 1

Yes 1.9 (1.1–3.3)∗ 1.3 (0.7–2.5)

Having radiationf

No 1 1

Yes 2.9 (1.8–4.9)∗ 2.0 (1.1–3.7)∗

Having surgeryf

No 1 1

Yes 0.8 (0.5–1.5) 1.4 (0.7–2.7)
∗
P < 0.05.

aMultivariate analyses adjusted for type of original cancer, diagnosis period, and relapse < 5 years after diagnosis.
bMultivariate analyses adjusted for sex, diagnosis period, and relapse < 5 years after diagnosis.
cOther types of original cancers include leukemia, CNS, bone tumor, soft tissue sarcoma, and miscellaneous-specified tumor.
dMultivariate analyses adjusted for sex, type of original cancer, and relapse < 5 years after diagnosis.
eMultivariate analyses adjusted for sex, type of original cancer, and diagnosis period.
fMultivariate analyses adjusted for sex, type of original cancer, diagnosis period, and relapse < 5 years after diagnosis.

and surgery), and the unknown information on vital status
and SMN, due to events that may have occurred outside of
Canada.

Even after more than 20 years follow-up, the majority of
young adult cancer survivors have just reached middle age. It
is possible that, with longer follow-up, the risks of mortality
and SMN may increase together with other long-term late
health effects. This study emphasizes the importance of
screening for late effects such as SMN leading to mortality,
and the development of prevention and intervention strate-
gies to address chronic health problems in these survivors.

5. Conclusion

In conclusion, our cohort study shows that young adult can-
cer survivors experience elevated risks of mortality and SMN
over many years compared with the general population.
Although the increased risks of mortality and SMN were gen-
erally observed across all demographic and treatment-related
groups, the risk was highest in survivor groups characterized

by a later time period of diagnosis, an original diagnosis of
lymphoma and receipt of radiation therapy. These elevated
risks suggest that future efforts should focus on the develop-
ment of screening programs for early detection of late effects
and strategies to help prevent these significant long-term
health problems among survivors of young adult cancer.
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