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Background: Understanding the impact of comorbidities and competing risks of death when caring for older
adults with thyroid cancer is key for personalized management. The objective of this study was to determine
whether older adults with thyroid cancer are more likely to die from thyroid cancer or other etiologies, and
determine patient factors associated with each.
Methods: The Surveillance, Epidemiology, and End Results (SEER)-Medicare database was used to identify
patients aged ‡66 years diagnosed with thyroid cancer (papillary, follicular, Hürthle cell, medullary, anaplastic,
and other) between 2000 and 2015 (median follow-up, 50 months). We analyzed time to event (i.e., death from
other causes or death from thyroid cancer) using cumulative incidence functions. Competing risk hazards
regression was used to determine the association between patient (e.g., age at diagnosis and specific co-
morbidities) and tumor characteristics (e.g., SEER stage) with two competing mortality outcomes: death from
other causes and death from thyroid cancer.
Results: Of 21,509 patients with a median age of 72 years (range 66–106), 4168 (19.4%) died of other causes and
2644 (12.3%) died of thyroid cancer during the study period. For differentiated thyroid cancer patients, likelihood
of dying from other causes exceeds likelihood of dying from thyroid cancer, whereas the opposite is true for
anaplastic thyroid cancer. For medullary thyroid cancer, after 6.25 years patients are more likely to die from other
etiologies than thyroid cancer. Using competing risks hazards regression, male sex (hazards ratio [HR] 1.47; 95%
confidence interval [CI 1.37–1.57]), black race (HR 1.30; CI [1.16–1.46]), and comorbidities (e.g., heart disease,
HR 1.34; CI [1.25–1.44]; chronic lower respiratory disease, HR 1.25; CI [1.17–1.34]) were associated with death
from other causes. Tumor characteristics such as histology, tumor size, and stage correlated with death from
thyroid cancer (e.g., distant SEER stage compared with localized, HR 12.65; CI [10.91–14.66]).
Conclusions: The clinical context, including patients’ specific comorbidities, should be considered when diag-
nosing and managing thyroid cancer. Our findings can be used to develop decision models that account for
competing causes of death, as an aid for clinical decision making.
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Introduction

The median age of patients dying from thyroid cancer is
73 years with >70% of all thyroid cancer deaths occur-

ring in patients aged 65 years and older (1). In addition, this
same age group is at higher risk of dying from other causes,
such as heart disease and chronic lower respiratory disease
(2). Considering this age group is at higher risk of dying from
both thyroid cancer and other causes, potential risks and costs

related to thyroid cancer diagnosis and treatments in older
adults must be balanced against benefits (3,4). Importantly,
older adults are the most vulnerable to morbidity related to
surgical complications from thyroid surgery, as well as car-
diac and skeletal complications secondary to suppressive
doses of thyroid hormone therapy (4–11).

In view of the health and economic impact of thyroid cancer
on older adults, advancing patient age, the burden of co-
morbidities, and life expectancy are important considerations
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in the clinical decision-making process regarding thyroid
cancer diagnosis and management. Understanding competing
causes of death could lead to more personalized patient care,
with consideration of comorbidities and life expectancy in
addition to severity of thyroid cancer. Although prior studies
in other cancers have evaluated the relationship between
presence of comorbidities and death from other causes, this
topic is largely unexplored and perhaps even more relevant
for thyroid cancer, a cancer with a low disease-specific
mortality rate (12–14). Therefore, in the context of a rapidly
growing aging and multimorbid population and low overall
thyroid cancer-specific mortality, accounting for competing
causes of death in these patients is key to personalized
management.

Using data from Surveillance, Epidemiology, and End
Results (SEER)-Medicare, we investigated whether older
adults with thyroid cancer are more likely to die from thyroid
cancer or other etiologies and factors associated with each.
We hypothesized that a subgroup of older adults is more
likely to die of other causes than their thyroid cancer and,
therefore, individual patient context should be considered
when diagnosing and managing thyroid cancer in older
adults.

Methods

Data sources

We conducted a retrospective cohort study by using linked
SEER-Medicare data files. The SEER database captures
cancer incidence and survival data from population-based
cancer registries representing *35% of the U.S. population
(15). More than 97% of older adults (aged 65 years and older)
are eligible to enroll in Medicare, which covers claims for
health services (16,17). SEER data linked with Medicare
administrative claims provide billing information and diag-
noses from inpatient, outpatient, and noninstitutional set-
tings (18).

Study population

Using SEER-Medicare we identified all patients diagnosed
with any type of thyroid cancer (papillary, follicular, Hürthle
cell, medullary, anaplastic, and other) at age 66 years or older
between 2000 and 2015. We subsequently excluded those
who had another cancer first (i.e., a cancer other than thyroid
cancer) since SEER only records cause of death from the
primary cancer (19). Since our study focuses on older adults
who are most at risk for death, and the vast majority of
Americans join Medicare at age 65 years, we restricted our
SEER-Medicare cohort to patients aged ‡66 years to capture
at least 1 year of Medicare claims before thyroid cancer di-
agnosis to extract reliable information on comorbidities.

The study did not require Institutional Review Board ap-
proval because it involves research using publicly available
deidentified data.

Outcome measures

Cause of death and survival time were obtained from the
SEER records. Cause of death was used to determine whether
each patient died as a result of their thyroid cancer or another
cause, or whether they were alive at the end of the follow-up
period.

Covariates

Patient characteristics. Patient demographic variables
were obtained from the SEER records, including age at the
time of thyroid cancer diagnosis, sex, race, and ethnicity.
Comorbidities were selected to represent the top leading
noncancer causes of death in older adults aged 65 years and
older in the United States and were identified from Medicare
data using ICD-9-CM codes before thyroid cancer diagnosis
(2). These comorbidities included heart disease (coronary
artery disease, myocardial infarction, and heart failure),
chronic lower respiratory disease (chronic obstructive pul-
monary disease, asthma), cerebrovascular disease (stroke,
ischemic cerebrovascular disease, and bilateral carotid artery
occlusion), Alzheimer’s disease, and diabetes mellitus.

Tumor characteristics. SEER data were used to obtain
information on tumor characteristics, including histology
(papillary, follicular, Hürthle, medullary, anaplastic, and
other), tumor size (categorized as £1 cm, >1 and £2 cm, >2
and £4 cm, >4 cm, and unknown) and SEER stage (catego-
rized as localized, regional, distant, and unknown).

Statistical analysis

We analyzed the time to event (i.e., death from other
causes or death from thyroid cancer) by performing regres-
sion analysis of competing risks using cumulative incidence
functions. The competing risks considered were death from
other causes and death from thyroid cancer. Patients who
were alive at the end of the follow-up period were considered
to have censored survival times. We used a semiparametric
proportional hazards model for the subdistribution hazards
proposed by Fine and Gray to determine the association be-
tween patient and tumor characteristics and time to event.
This approach takes into account the competing causes of
death in thyroid cancer patients and allows estimation of the
impact of covariates on the outcome of interest (20–23).

All statistical analyses were performed using SAS 9.4
software. A two-tailed p < 0.05 was considered statistically
significant.

Results

A total of 21,509 thyroid cancer patients were included in the
study with a median follow-up of 50 months (range 0–191
months). Median follow-up differed by thyroid cancer type with
more aggressive types, such as anaplastic and medullary thyroid
cancer, having shorter median follow-up times (2 and 44 months,
respectively), and less aggressive types, such as papillary thyroid
cancer, having longer median follow-up times (55 months).
Table 1 shows the characteristics of the study population, in-
cluding demographics and tumor characteristics. Patients had a
median age of 72 years (range 66–106). The majority of patients
were female (69.5%) and white (79.3%), with approximately
one-third having heart disease (35.4%), chronic lower respira-
tory disease (31.9%), or diabetes mellitus (34.9%). Three-
fourths of the patients had papillary thyroid cancer. Overall,
4168 (19.4%) patients died of other causes and 2644 (12.3%)
patients died of thyroid cancer during the study period.

Figure 1a–c shows the crude cumulative incidence curves
demonstrating cause-specific death in differentiated thyroid
cancer, medullary thyroid cancer, and anaplastic thyroid
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cancer patients over time. Figure 1a demonstrates that a
higher proportion of patients with differentiated thyroid
cancer die of other causes over time. For patients with
medullary thyroid cancer, a higher proportion die from thy-
roid cancer initially, but after 6.25 years the proportion of
patients dying from other causes is higher (Fig. 1b). In con-
trast, a higher proportion of anaplastic thyroid cancer patients
die from thyroid cancer than from other causes over time,
with rate of death being highest in the first year after diag-
nosis (Fig. 1c).

Results from the competing risk hazards regression anal-
ysis are shown in Table 2. Older age was associated with both
a greater probability of death from other causes (e.g., age ‡85
compared with age 66–69 years, hazards ratio [HR] 4.01;
95% confidence interval [CI 3.55–4.54]) and death from

thyroid cancer (e.g., age ‡85 compared with age 66–69 years,
HR 1.96; CI [1.69–2.26]). Male sex (HR 1.47; CI [1.37–
1.57], compared with female sex), black race (HR 1.30; CI
[1.16–1.46], compared with white race) and presence of co-
morbidities (e.g., heart disease, HR 1.34; CI [1.25–1.44];
chronic lower respiratory disease, HR 1.25; CI [1.17–1.34])
were associated with death from other causes. Tumor
characteristics such as histology (e.g., anaplastic compared
with papillary, HR 5.51; CI [4.82–6.31]), tumor size (e.g.,
>4 cm compared with £1 cm, HR 3.35; CI [2.71–4.15]) and
stage (e.g., distant SEER stage compared with localized, HR
12.65; CI [10.91–14.66]) correlated with death from thyroid
cancer.

Discussion

The results of this population-based study of a large cohort
of older adults with thyroid cancer demonstrate that likeli-
hood of death from other causes versus thyroid cancer differs
by specific thyroid cancer type. Importantly, likelihood of
dying of other causes correlated with patient characteristics,

Table 1. Characteristics of Patients

with Thyroid Cancer (N = 21,509)

Patient characteristics N (%)

Age at diagnosis (years)
66–69 6991 (32.5)
70–74 6209 (28.9)
75–79 4240 (19.7)
80–84 2461 (11.4)
‡85 1608 (7.5)

Sex
Female 14,957 (69.5)
Male 6552 (30.5)

Race
White 17,057 (79.3)
Black 1517 (7.1)
Other 2935 (13.6)

Ethnicity
Non-Hispanic 19,394 (90.2)
Hispanic 2115 (9.8)

Comorbidities
Heart disease 7609 (35.4)
Chronic lower respiratory disease 6856 (31.9)
Cerebrovascular disease 3259 (15.2)
Alzheimer’s disease 435 (2.0)
Diabetes mellitus 7510 (34.9)

Tumor characteristics
Histology

Papillary 16,323 (75.9)
Follicular 1690 (7.9)
Hürthle cell 1033 (4.8)
Medullary 589 (2.7)
Anaplastic 695 (3.2)
Other 1179 (5.5)

Tumor size (cm)
£1 6697 (31.1)
>1 and £2 4195 (19.5)
>2 and £4 4379 (20.4)
>4 3813 (17.7)
Unknown 2425 (11.3)

SEER stage
Localized 13,488 (62.7)
Regional 4522 (21.0)
Distant 2653 (12.4)
Unknown 846 (3.9)

SEER, Surveillance, Epidemiology, and End Results.

FIG. 1. (a–c) Cumulative incidence curves demonstrating
cause-specific death in differentiated thyroid cancer patients
(a), medullary thyroid cancer patients (b), and anaplastic
thyroid cancer patients (c).
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including specific comorbidities, while likelihood of dying
from thyroid cancer correlated with tumor characteristics,
such as histology, tumor size, and stage. These findings are
relevant to providing personalized care for thyroid cancer
patients as they highlight the importance of considering pa-
tient context when balancing benefits and harms of thyroid
cancer diagnosis and management in older adults.

Prior studies evaluating other cancer types have assessed
competing causes of death and the effect of comorbidities;
however, this topic is understudied and perhaps even more
relevant for thyroid cancer, a cancer with low disease-specific
mortality (24–30). Although some studies on thyroid cancer
have attempted to assess death from other etiologies, many of
these prior studies primarily used single institution data
(30,31), did not assess the effect of comorbidities (32,33), or

only focused on number of comorbidities and not specific
types of comorbidities (30,34,35). In a population-based
study of 29,225 patients diagnosed with thyroid cancer tu-
mors £2 cm between 1988 and 2003 using data from SEER,
Yang et al. developed a nomogram based on a competing
risks model to predict the probability of death for patients
with thyroid cancer (32). They found a nearly twofold higher
risk of dying from causes other than thyroid cancer (32).
However, Yang et al. did not consider specific comorbidities.
In contrast to this prior study (32), we used a more contem-
porary cohort, focused on a high-risk population (i.e., older
adults), included all tumor sizes, and most importantly,
evaluated the effect of specific comorbidities such as heart
disease and chronic lower respiratory disease, which are
more relevant to risk of death in the clinical setting.

Table 2. Competing Risk Analyses for Death in Thyroid Cancer Patients

Death from other
causes, HR [95% CI]

Death from other
causes, p-value

Death from thyroid
cancer, HR [95% CI]

Death from thyroid
cancer, p-value

Age at diagnosis (years)
66–69 Ref. Ref.
70–74 1.47 [1.33 to 1.61] <0.001 1.21 [1.07 to 1.36] 0.003
75–79 2.23 [2.03 to 2.46] <0.001 1.32 [1.16 to 1.50] <0.001
80–84 3.32 [3.00 to 3.68] <0.001 1.61 [1.40 to 1.85] <0.001
‡85 4.01 [3.55 to 4.54] <0.001 1.96 [1.69 to 2.26] <0.001

Sex
Female Ref. Ref.
Male 1.47 [1.37 to 1.57] <0.001 1.00 [0.91 to 1.09] 0.922

Race
White Ref. Ref.
Black 1.30 [1.16 to 1.46] <0.001 0.91 [0.77 to 1.08] 0.298
Other 0.77 [0.70 to 0.86] <0.001 1.00 [0.89 to 1.13] 0.950

Ethnicity
Non-Hispanic Ref. Ref.
Hispanic 1.03 [0.92 to 1.16] 0.595 1.03 [0.90 to 1.17] 0.697

Comorbidities
Heart disease 1.34 [1.25 to 1.44] <0.001 0.95 [0.86 to 1.05] 0.308
Chronic lower respiratory

disease
1.25 [1.17 to 1.34] <0.001 0.99 [0.90 to 1.09] 0.782

Cerebrovascular disease 1.09 [1.00 to 1.18] 0.053 0.88 [0.78 to 1.01] 0.065
Alzheimer’s disease 1.72 [1.44 to 2.05] <0.001 1.14 [0.87 to 1.49] 0.343
Diabetes mellitus 1.14 [1.06 to 1.21] <0.001 0.97 [0.88 to 1.07] 0.571

Histology
Papillary Ref. Ref.
Follicular 1.04 [0.94 to 1.16] 0.442 1.29 [1.12 to 1.48] <0.001
Hürthle cell 0.92 [0.81 to 1.05] 0.199 1.49 [1.25 to 1.78] <0.001
Medullary 1.05 [0.88 to 1.26] 0.599 1.96 [1.61 to 2.38] <0.001
Anaplastic 0.59 [0.47 to 0.74] <0.001 5.51 [4.82 to 6.31] <0.001
Other 0.85 [0.72 to 0.99] 0.040 3.01 [2.65 to 3.43] <0.001

Tumor size (cm)
£1 Ref. Ref.
>1 and £2 1.00 [0.91 to 1.10] 0.983 1.26 [0.99 to 1.60] 0.059
>2 and £4 1.03 [0.94 to 1.13] 0.519 2.35 [1.91 to 2.90] <0.001
>4 1.14 [1.04 to 1.27] 0.009 3.35 [2.71 to 4.15] <0.001
Unknown 1.22 [1.09 to 1.38] 0.001 4.10 [3.29 to 5.11] <0.001

SEER stage
Localized Ref. Ref.
Regional 0.94 [0.86 to 1.01] 0.101 4.59 [3.98 to 5.31] <0.001
Distant 0.81 [0.72 to 0.91] <0.001 12.65 [10.91 to 14.66] <0.001
Unknown 0.93 [0.78 to 1.11] 0.440 5.04 [4.11 to 6.17] <0.001

CI, 95% confidence interval; HR, hazards ratio.
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Our finding that likelihood of death from other causes
versus thyroid cancer differs by cancer type and specific
comorbidities highlights the importance of considering pa-
tient context, including pre-existing comorbidities, in addi-
tion to risk of death from thyroid cancer when deciding
management in older adults. This finding provides clinical
context for future patients and appeals to physicians to con-
tinuously reassess competing risks over time in older adults
with thyroid cancer. This is important as for older patients
who are more likely to survive several years from their thy-
roid cancer, death from other causes may become more rel-
evant shifting focus of patient management. Therefore, we
propose a personalized approach, instead of a ‘‘one size fits
all’’ treatment, when caring for older adults with thyroid
cancer. This approach should take into consideration that
physicians must balance the significance of prompt recog-
nition of aggressive thyroid cancers more likely to be asso-
ciated with increased disease-specific mortality against the
indolent course of the majority of older patients with thyroid
cancer.

Controversy remains as to whether age thresholds should
guide medical decision making in cancer care, as older adults
of similar age can have complex and heterogeneous health
trajectories and functional status (36–40). However, much of
this heterogeneity in outcome is secondary to some older
adults having specific comorbidities that will lead to death
and other older adults having very few comorbidities or co-
morbidities that have low risk of death (36,39–42). By as-
sessing risk of death from thyroid cancer versus other causes
in a population-based cohort of older adults, we elucidate the
importance of understanding the entire clinical context and
personalizing care to the patient. For example, older adults
with high risk of death from heart disease or chronic lower
respiratory disease may not benefit from additional work-up
and evaluation of thyroid nodules, the precursor to thyroid
cancer (31,43). In addition, if life expectancy from another
pre-existing comorbidity is low, then the harms associated
with thyroid cancer treatments such as external beam radia-
tion should be balanced with the likelihood of improved
overall survival. Overall, our findings suggest that under-
standing the influence of specific comorbid conditions on
mortality can enable a better and more patient-centered as-
sessment of prognosis for older thyroid cancer patients.

Strengths of our study include the population-based design
with inclusion of a large cohort representative of older adults
with thyroid cancer in the United States, a 98% registry
completeness for incident cancers in SEER (18), the focus on
specific comorbidities known to be common etiologies of
death in older patients instead of simply using a crude count
of number of comorbidities (2), and the use of an analytic
approach that accounted for the presence of competing risks.
As actual prognosis measures have been traditionally un-
available for older patients and those with comorbidities,
mainly because cancer registries do not routinely report co-
morbid conditions on cancer patients, we utilized two com-
plementary databases (SEER and Medicare) to address this
limitation and longitudinally track patients until death. Study
limitations include those inherent to studies using claims
data, such as risk for coding errors and reporting bias.
However, even though SEER acquires cause of death from
death certificates that may be prone to inaccuracies, it has
been shown that validity of cause of death in SEER is high

(44). In addition, we excluded patients who had another
cancer diagnosis first (i.e., a cancer other than thyroid cancer)
since SEER only records cause of death from the primary
cancer. Although this is a limitation, it likely leads to an
underestimation of death due to other causes, further em-
phasizing the importance of understanding clinical context.
Moreover, Medicare lacks information on the severity and
duration of comorbidities. Since this study lacks detail on
severity and duration of comorbidities, it is possible that life
expectancy of individuals with specific comorbidities varies,
and could have impacted physician decision making. Finally,
we were not able to assess the effects of treating specific
comorbidities on death.

Our study underscores the need for careful consideration of
competing causes of death and presence of comorbidities when
caring for older adults with thyroid cancer, in view of the
excellent prognosis and relatively indolent course of most
thyroid cancer tumors. Older adults with thyroid cancer rep-
resent a heterogeneous cohort of patients and incorporating
competing risks of death and comorbidities in the decision-
making process will help physicians better understand the
patients’ overall health status to pursue a balanced clinical
individualized approach. Given the strong relevance of quality
of life when considering any intervention in the geriatric
population, our findings emphasize the need to reappraise
which older patients are expected to benefit from thyroid
cancer diagnosis and treatment, especially in the context of
comorbidities that could substantially increase the risk of
nonthyroid cancer death. Ultimately, our results can be used to
develop decision models that account for competing causes of
death, as a step toward personalized care and an aid for clinical
decision making in older adults with thyroid cancer.
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