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Background: Few studies have focused on prognostic factors among adolescents and young adults (AYAs) 15
to 39 years of age when diagnosed with differentiated thyroid cancer (DTC). Our study expands upon prior
work by including an evaluation of survival among AYA men and by neighborhood socioeconomic status,
health insurance, and clinical factors to identify subgroups of young DTC patients at higher risk of mortality.
Methods: Data for 16,827 AYA DTC patients diagnosed between 1988 and 2010 were obtained from the
California Cancer Registry. Survival, through 2010, by sociodemographic and clinical factors was analyzed
using Cox proportional hazards regression.
Results: Of the 2.1% of AYAs who died, 16.7% died from thyroid cancer and 21.4% died from a subsequent
cancer. In multivariate analyses, older AYAs 35 to 39 year of age (versus 15- to 29-year-olds), men (hazard
ratio [HR] 2.77, 95% confidence interval [CI] 1.62–4.72), and AYAs of African American or Hispanic race/
ethnicity (versus non-Hispanic whites) had worse thyroid cancer specific survival. In addition, residing in low
socioeconomic status neighborhoods (HR 3.11 [CI 1.28–7.56]) and nonmetropolitan areas (HR 5.53 [CI 2.07–
14.78]) was associated with worse thyroid cancer–specific survival among AYA men, but not AYA women.
Conclusions: Despite the generally good prognosis among AYAs with DTC, we identified subgroups of AYA
patients at risk for poor outcomes. Further study of the factors underlying these associations, including possible
barriers to receiving high-quality treatment and follow-up care, as well as lifestyle factors, are critical to
reducing these disparities.

Introduction

Thyroid cancer is one of the most common cancers in
adolescent and young adults (AYA) between the ages of

15 and 39, ranking as the second or third most common
cancer from 1975 to 2011 within this age group (1). The
incidence of this cancer overall has been increasing for the
last three decades (2), with a particularly dramatic increase
since 2001 (1). Further, the rise in incidence rates have been
observed in men and women of all race/ethnicities (3).
Thyroid cancer is typically divided into differentiated and
undifferentiated forms, with papillary and follicular thyroid
carcinoma classified together as differentiated thyroid cancer
(DTC) (4). Temporal increases have been greatest for pap-
illary carcinomas, the most common histologic type ac-
counting for about 80% of all thyroid cancers in the United

States, with smaller but significant increases observed for
follicular carcinomas, which account for about 10% of all
thyroid cancers (2,5,6).

While five-year relative survival after diagnosis of DTC is
high among AYAs ( > 98%) (1,6) and better than survival
among older DTC patients (7–9), recently it was shown that
survival was worse in AYA women diagnosed with distant
stage disease, follicular histology, or subsequent primary
cancers, as well as among AYA women who were not mar-
ried or of African American race/ethnicity (versus non-
Hispanic [NH] whites) (8). As age is an effect modifier of
survival (8) and few studies have focused on factors associ-
ated with prognosis within AYAs (7,8,10), it remains unclear
whether additional factors, such as neighborhood socioeco-
nomic status (SES) and health insurance status, are associated
with prognosis, or whether the observed survival associations
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in AYA women (8) apply to AYA men as well. Our study
expands upon prior work by including an evaluation of sur-
vival among AYA men and by neighborhood SES, health
insurance status, and detailed clinical factors to identify
subgroups of young patients at higher risk of mortality from
this cancer that is, otherwise, generally associated with ex-
cellent prognosis.

Materials and Methods

Study population

We obtained data from the California Cancer Registry
(CCR), which contributes approximately half of the data in
the National Cancer Institute’s Surveillance, Epidemiology,
and End Results (SEER) program and is estimated to include
more than 99% of all invasive cancers diagnosed in the state
of California. We included patients diagnosed with a first,
invasive thyroid carcinoma (International Classification of
Disease for Oncology, third edition, site codes C73.9) be-
tween 15 and 39 years of age during the period January 1,
1998, to December 31, 2010. Included were patients with one
of the following histologic types: classical papillary (Inter-
national Classification of Disease for Oncology, third edition,
histology codes 8050, 8260, 8340, 8341, 8343, and 8450),
diffuse sclerosing variant of papillary (histology code 8350),
tall cell variant of papillary (histology codes 8344), or fol-
licular (histology codes 8290, 8330, 8331, 8332, and 8335);
we hereafter refer to these patients as having DTC even
though we have not included Hürthle cell carcinomas. After
excluding 35 AYAs who were diagnosed by death certificate/
autopsy only, the final study population included 16,827
patients. Ethics approval for human-subjects research was
obtained from the California Prevention Institute of Cali-
fornia Institutional Review Board. As the analysis was based
on state-mandated cancer registry data, the study was con-
ducted in accordance with the waivers of individual informed
consent and Health Insurance Portability and Accountability
Act authorization.

Sociodemographic and clinical characteristics

For each thyroid cancer case, we obtained cancer registry
information routinely abstracted from the medical record (11)
on age at diagnosis, race/ethnicity (Hispanic, NH white, NH
black, and NH Asian/Pacific Islander [API], hereafter re-
ferred to as ‘‘Hispanic,’’ ‘‘White,’’ ‘‘African American,’’ and
‘‘API,’’ respectively), marital status (never married, married,
previously married, unknown), histology (papillary and its
variants—hereafter referred to as ‘‘papillary’’—and follicu-
lar, as defined above), SEER summary stage at diagnosis
(localized, regional, distant, and unknown), tumor size ( £ 1,
> 1–2, > 2–3, > 3–4, and > 4 cm), lymph node involvement
(none, regional/distant, unknown), extension of the primary
tumor (intrathyroidal, extrathyroidal, unknown), and focality
(solitary, multifocal, unknown). Lymph node dissection was
determined by ‡ 4 lymph nodes examined or positive lateral
neck or mediastinal lymph node involvement (N1b). We also
obtained registry information on initial course of treatment
(recorded separately for surgery, chemotherapy, hormone,
and radiation therapy), the development of any subsequent
primary cancers, and vital status as of December 31, 2010
(routinely determined by the CCR through hospital follow-up

and database linkages including the Social Security Admin-
istration), and, for deceased patients, the underlying cause of
death.

We also obtained information on health insurance, defined
as the primary source of payment at the time of initial diag-
nosis and/or treatment, which is routinely abstracted by the
CCR for patients diagnosed from 2001 forward. Health in-
surance was grouped into public insurance (Medicaid and
other government-assisted programs), private insurance
(health maintenance organizations, preferred provider orga-
nizations, and managed care not otherwise specified) military
care, no insurance and insurance status unknown (12).

As information on patient education or other individual-
level measures of SES are not collected by the CCR, we
assigned a multicomponent measure of neighborhood SES
based on patients’ residential census-block group at diagnosis
using a previously described index that incorporates 2000
U.S. Census (for cases diagnosed through 2005) and 2006–
2010 American Community Survey data (for cases diagnosed
in 2006 forward) on education, occupation, unemployment,
household income, poverty, rent, and house values (13). Each
cancer case was then assigned to a neighborhood SES quintile
based on the distribution of SES across all census block
groups in California and then into two categories: lower SES
(quintiles 1 and 2) and higher SES (quintiles 3, 4, and 5).
Based upon the population density of census blocks (14,15),
we defined urbanization level as metropolitan (metropolitan
urban and metropolitan suburban blocks) and nonmetropol-
itan (city, town and rural blocks).

Statistical analyses

To evaluate differences in survival by sociodemographic
and clinical factors, we conducted survival analyses with Cox
proportional hazards regression to estimate hazard ratios
(HR) and associated 95% confidence intervals (CI) among all
AYAs and for males and females separately. For deceased
patients, survival time was measured in days from the date of
diagnosis to the date of death from any cause for overall
survival or to the date of death from thyroid cancer for thyroid
cancer–specific survival. Patients who died from other causes
were censored at the time of death for analyses of thyroid
cancer–specific survival. Competing risk analysis was con-
ducted among all AYAs using the same vital status and cause
of death information to classify deaths from other (non-
thyroid) cancers and deaths from all noncancer causes. Pa-
tients alive at the study end date (December 31, 2010) were
censored at this time or at date of last follow-up (i.e., last
known contact); 92% of all censored patients had a follow-up
date within 2 years of the study end date.

The proportional hazards assumption was examined by
statistically evaluating the correlation between weighted
Schoenfeld residuals and logarithmically transformed sur-
vival time. Violations of the assumption were observed only
for stage at diagnosis, so stage at diagnosis was included as a
stratifying variable in the analyses and is not included in
Tables 2, 3, or 4. Multivariate Cox regression models in-
cluded the variables significant at p < 0.1 in univariate models
for overall survival [i.e., age at diagnosis, subsequent cancer,
sex, marital status, urbanization level, neighborhood SES,
radioactive iodine, tumor size, extension, and lymph node
dissection] or with a priori hypotheses for inclusion [i.e., year
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of diagnosis, race/ethnicity, histology subtype (papillary,
follicular), total thyroidectomy, and hormone therapy].
Components of stage at diagnosis, including tumor size and
extension, were included in the multivariable models to
control for the residual effects of stage. Having a subsequent
cancer was strongly correlated with other cancer–specific
survival and was not included in the multivariate model for
this survival outcome.

Source of health insurance coverage was included in
subanalyses for patients diagnosed after 2001; due to the
small number of events among uninsured AYAs ( < 5) and
consistent with prior studies that suggest the small percentage
of AYA cancer patients who were uninsured likely reflect
retroactive enrollment in Medicaid at the time of cancer di-
agnosis (16), we considered publicly insured and uninsured
together in the survival analyses. Because focality was not
available for most patients, it was not included in the multi-
variate models. Finally, because the effect of marital status on
survival may vary by age, we repeated our analyses, re-
moving those under 25 years of age, and included interaction
terms between age and marital status in our survival models
( p > 0.10); in these sensitivity analyses, the associations be-
tween marital status and survival remained and were more
pronounced for overall survival (data not shown). Cells with
fewer than five cases are not shown for privacy purposes.
Analyses were carried out using SAS software version 9.3
(SAS Institute, Cary, North Carolina). All p values reported
are two-sided.

Results

In this cohort of 16,827 AYAs diagnosed with DTC, we
had up to 23 years of follow-up and a mean follow-up time of
10.3 years (standard deviation = 6.7 years). Most AYA pa-
tients were female (83%), white (52%) or Hispanic (30%),
living in a high-SES neighborhood at diagnosis (47% in
the two highest quintiles), and had a total thyroidectomy
(76%) or received radioactive iodine (57%) (Table 1).
Sixty-two percent of AYAs who had a total thyroidectomy
and 33% of AYAs without a total thyroidectomy received
radioactive iodine. Among AYAs diagnosed after 2001
(i.e., for whom insurance data is available), most (74%)
had private health insurance. Males were much more likely
than females to be diagnosed at a regional/ distant stage
of disease (47% of males versus 35% of females). Among
the 2.1% of patients who died, 38% died from either their
thyroid or a subsequent cancer.

Overall survival

After adjusting for sociodemographic and cancer charac-
teristics, AYA men were over two times more likely than
women of the same age to die from any cause after a diag-
nosis of thyroid cancer (HR 2.68 [CI 2.14–3.34]) (Table 2).
AYAs diagnosed at 30 years of age and older has worse
survival than younger AYAs. There were no racial/ethnic
differences in overall survival; however, residing in lower
SES neighborhoods, residing in a nonmetropolitan area,
being unmarried, and having a subsequent cancer were as-
sociated with poorer overall survival. Having received ra-
dioactive iodine therapy was associated with better overall
survival. In addition, AYA patients diagnosed during 2001–

2010 with public or no medical insurance also experienced
worse overall survival (HR 2.56 [CI 1.39–4.71]).

In analyses stratified by sex (Table 3), sociodemographic
and clinical factors associated with survival were generally
similar for AYA men and women. However, the worse sur-
vival associated with residing in a low-SES neighborhood
was stronger in AYA men than women ( p for interac-
tion = 0.03) and the worse survival associated with a subse-
quent primary cancer was stronger in AYA women than men
( p for interaction < 0.01).

Thyroid cancer–specific survival

AYA men were over two times more likely to die from
thyroid cancer than were women of the same age (HR 2.77
[CI 1.62–4.72]) (Table 2). Older AYAs 35–39 years of age
had worse survival than AYAs diagnosed between the ages of
15 and 29 years, and African American and Hispanic AYAs
were over six and three times, respectively, more likely to die
than White AYAs. Residing in lower SES neighborhoods was
not significantly associated with thyroid cancer–specific
survival, but living in a nonmetropolitan area was associated
with poorer survival (HR 2.17 [CI 1.22–3.87]). AYA patients
with follicular histology or who received a total thyroidec-
tomy experienced worse thyroid cancer–specific survival.
Radioactive iodine therapy was associated with better thyroid
cancer–specific survival.

Many associations between age, race/ethnicity and thyroid-
specific survival were similar for AYA men and women
(Table 3). However, the worse survival associated with re-
siding in low-SES neighborhoods ( p for interaction with
sex < 0.01) and nonmetropolitan areas ( p for interaction with
sex = 0.05) was limited to AYA men. In addition, the bene-
ficial effect of radioactive iodine was somewhat stronger in
AYA men than women ( p for interaction with sex = 0.06).

Other cancer–specific survival

AYA patients who were older, unmarried (borderline
significant) or resided in lower SES neighborhoods (HR 2.01
[CI 1.24–3.26]) experienced worse other cancer–specific
survival (Table 2). Radioactive iodine therapy was not as-
sociated with other cancer–specific survival (Table 2). Re-
sults were similar when we considered only females (Table
4); the few other cancer–specific causes of death among
males (n = 13) precluded conducting separate analyses for
males.

Noncancer-specific survival

In analyses of noncancer causes of death (62% of all
deaths), we found similar associations to those reported
above for overall survival (Table 2). Additionally, we found
that hormone therapy was associated with better noncancer-
specific survival. Associations were similar when men and
women were considered separately (Table 4).

Histology

In analysis of AYAs with follicular histology, we found
similar findings to those presented for DTC (Fig. 1; multi-
variate Cox regression analyses not shown). Specifically, we
did not observe significant interactions between histology
and the sociodemographic and clinical factors considered in
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Table 1. Sociodemographic and Clinical Characteristics for Adolescents and Young Adults 15–39 Years

of Age When Diagnosed with Invasive Thyroid Cancer by Sex, California, 1988–2010

Total Males Females
Sociodemographic and clinical characteristic (n = 16,827) (n = 2885) (n = 13,942)

Age at diagnosis
15–29 6554 (38.9%) 998 (34.6%) 5557 (39.9%)
30–34 4812 (28.6%) 872 (30.2%) 3940 (28.3%)
35–39 5461 (32.5%) 1015 (35.2%) 4446 (31.9%)

Race/ethnicity
Non-Hispanic white 8725 (51.9%) 1645 (57.0%) 7080 (50.8%)
African American 490 (2.9%) 83 (2.9%) 407 (2.9%)
Hispanic 4995 (29.7%) 718 (24.9%) 4277 (30.7%)
Asian/Pacific Islander 2442 (14.5%) 411 (14.2%) 2031 (14.6%)
Unknown 175 (1.0%) 28 (1.0%) 147 (1.1%)

Marital status at diagnosis
Married 9439 (56.1%) 1527 (52.9%) 7912 (56.7%)
Never married 6150 (36.5%) 1167 (40.5%) 4983 (35.7%)
Previously married 836 (5.0%) 114 (4.0%) 722 (5.2%)
Unknown 402 (2.4%) 77 (2.7%) 325 (2.3%)

Neighborhood socioeconomic status
Quintile 1 (low) 2405 (14.3%) 334 (11.6%) 2071 (14.9%)
Quintile 2 2930 (17.4%) 486 (16.8%) 2444 (17.5%)
Quintile 3 3619 (21.5%) 618 (21.4%) 3002 (21.5%)
Quintile 4 3941 (23.4%) 705 (24.4%) 3236 (23.2%)
Quintile 5 (high) 3932 (23.4%) 742 (25.7%) 3190 (22.9%)

Urbanization level
Metropolitan 10,893 (64.7%) 1897 (65.8%) 8996 (64.5%)
Nonmetropolitan 4865 (28.9%) 813 (28.2%) 4052 (29.1%)
Unknown 1069 (6.4%) 175 (6.1%) 894 (6.4%)

Histology
Classic papillary 15,328 (91.1%) 2604 (90.3%) 12,724 (91.3%)
Papillary, diffuse sclerosing variant 47 (0.3%) 6 (0.2%) 41 (0.3%)
Papillary, tall cell variant 52 (0.3%) 10 (0.3%) 42 (0.3%)
Follicular 1400 (8.3%) 265 (9.2%) 1135 (8.1%)

Tumor stage
Localized 10,169 (60.4%) 1463 (50.7%) 8706 (62.4%)
Regional 5746 (34.1%) 1208 (41.9%) 4538 (32.5%)
Distant 556 (3.3%) 155 (5.4%) 401 (2.9%)
Unknown 356 (2.1%) 59 (2.0%) 297 (2.1%)

Tumor size
0–1.00 cm 3565 (21.2%) 485 (16.8%) 3080 (22.1%)
1.01–2.00 cm 4849 (28.8%) 644 (22.3%) 4205 (30.2%)
2.01–4.00 cm 4992 (29.7%) 903 (31.3%) 4089 (29.3%)
> 4.00 cm 1612 (9.6%) 476 (16.5%) 1136 (8.1%)
Unknown/missing 1809 (10.8%) 377 (13.1%) 1432 (10.3%)

Lymph node dissection
No 12,365 (73.5%) 1895 (65.7%) 10,470 (75.1%)
Yes 2742 (16.3%) 659 (22.8%) 2083 (14.9%)
Unknown 1720 (10.2%) 331 (11.5%) 1389 (10.0%)

Lymph node involvement
None 9100 (54.1%) 1273 (44.1%) 7827 (56.1%)
Regional involvement 4806 (28.6%) 1072 (37.2%) 3734 (26.8%)
Distant involvement 110 (0.7%) 32 (1.1%) 78 (0.6%)
Unknown 2811 (16.7%) 508 (17.6%) 2303 (16.5%)

Focality, limited to patients who were diagnosed after 2004 (n = 6688)
Solitary 3985 (59.6%) 638 (57.4%) 3347 (60.0%)
Multifocal 2556 (38.2%) 445 (40.1%) 2111 (37.9%)
Unknown 147 (2.2%) 28 (2.5%) 119 (2.1%)

Extension
Intrathyroidal 12,099 (71.9%) 1906 (66.1%) 10,193 (73.1%)
Extrathyroidal 2402 (14.3%) 532 (18.4%) 1870 (13.4%)
Unknown 2326 (13.8%) 447 (15.5%) 1879 (13.5%)

(continued)

638 KEEGAN ET AL.



Table 1. (Continued)

Total Males Females
Sociodemographic and clinical characteristic (n = 16,827) (n = 2885) (n = 13,942)

Surgery
No 254 (1.5%) 62 (2.1%) 192 (1.4%)
Surgery, but not total thyroidectomy 3728 (22.2%) 545 (18.9%) 3183 (22.8%)
Total thyroidectomy 12,816 (76.2%) 2272 (78.8%) 10,544 (75.6%)
Surgery not otherwise specified or unknown 29 (0.2%) 6 (0.2%) 23 (0.2%)

Chemotherapy
No 16,751 (99.5%) 2876 (99.7%) 13,875 (99.5%)
Yes 43 (0.3%) < 5 39 (0.3%)
Unknown 33 (0.2%) 5 (0.2%) 28 (0.2%)

Hormone therapy
No 10,062 (59.8%) 1714 (59.4%) 8348 (59.9%)
Yes 6577 (39.1%) 1144 (39.7%) 5433 (39.0%)
Unknown 188 (1.1%) 27 (0.9%) 161 (1.2%)

Radiation therapy
No 7177 (42.7%) 1064 (36.9%) 6113 (43.8%)
Yes 9644 (57.3%) 1821 (63.1%) 7823 (56.1%)

Radioactive iodine 9178 (95.2) 1730 (95.0%) 7448 (95.2%)
External beam radiation 220 (1.3%) 47 (1.6%) 173 (1.2%)
Other radiation therapy 466 (4.8%) 91 (5.0%) 375 (4.8%)

Unknown 6 (0.0%) < 5 6 (0.0%)

Subsequent cancer
No 16,233 (96.5%) 2809 (97.4%) 13,424 (96.3%)
Yes* 594 (3.5%) 76 (2.6%) 518 (3.7%)

Breast < 5 151 (29.2%)
Melanoma < 5 42 (8.1%)
Thyroid < 5 34 (6.6%)
Uterus < 5 32 (6.2%)
Colorectal < 5 25 (4.8%)
Lymphoma < 5 17 (3.3%)
Head and neck < 5 13 (2.5%)
Kidney 8 (10.5%) 6 (1.2%)
Ovary < 5 11 (2.1%)
Prostate 10 (13.5%)
Stomach < 5 7 (1.4%)
Lung < 5 7 (1.4%)
Others 21 (27.6%) 46 (8.9%)
Unknown 17 (22.3%) 127 (24.5%)

Insurance status, limited to patients who were diagnosed after 2001 (n = 8929)
Private, health maintenance organizations 1848 (20.7%) 296 (19.8%) 1552 (20.9%)
Private, preferred provider organizations 1310 (14.7%) 252 (16.9%) 1058 (14.2%)
Private, other 3417 (38.3%) 557 (37.3%) 2860 (38.5%)
Military 230 (2.6%) 51 (3.4%) 179 (2.4%)
Public insurance 1064 (11.9%) 133 (8.9%) 931 (12.5%)
No insurance 259 (2.9%) 50 (3.4%) 209 (2.8%)
Unknown 801 (9.0%) 153 (10.3%) 648 (8.7%)

Vital status
Alive 16,468 (97.9%) 2750 (95.3%) 13,718 (98.4%)
Deceased 359 (2.1%) 135 (4.7%) 224 (1.6%)

Cause of death among deceased
Thyroid cancer 60 (16.7%) 26 (19.3%) 34 (15.2%)
Other cancers* 77 (21.4%) 13 (9.6%) 64 (28.6%)

Breast < 5 14 (21.9%)
Leukemia < 5 9 (14.1%)
Lung < 5 8 (12.5%)
Ovary < 5 5 (7.8%)
Other 10 (76.9%) 28 (43.8%)

Heart/cerebrovascular disease 34 (9.5%) 19 (14.1%) 15 (6.7%)
Accidents/intentional self-harm/assault 47 (13.1%) 26 (19.3%) 21 (9.4%)
Other causes 99 (27.6%) 40 (29.6%) 59 (26.3%)
State death certificate not available yet 42 (11.7%) 11 (8.1%) 31 (13.8%)

*Data on type of subsequent cancer and other cancer cause of death are presented for males and females only in order to protect
confidentiality, as many cancer types included < 5 adolescent and young adults.
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Table 4. Other Cancer–Specific and Noncancer-Specific Survival Among Adolescents and Young

Adults 15–39 Years of Age When Diagnosed with Thyroid Cancer, by Sex, California, 1988–2010

Malesa Females

Noncancer-specific survival Other cancer–specific survival Noncancer-specific survival

Sociodemographic
and clinical characteristics

No. deaths
(n = 96) HR (95% CI)

No. deaths
(n = 64) HR (95% CI)

No. deaths
(n = 126) HR (95% CI)

Age at diagnosis
15–29 27 Reference 17 Reference 41 Reference
30–34 34 2.18 (1.29–3.69) 20 1.87 (0.96–3.66) 36 1.53 (0.97–2.43)
35–39 35 2.41 (1.41–4.11) 27 2.44 (1.29–4.61) 49 2.15 (1.39–3.31)

Race/ethnicity
Non-Hispanic White 59 Reference 34 Reference 68 Reference
African-American < 5 * < 5 * 7 1.43 (0.64–3.19)
Hispanic 28 1.02 (0.63–1.66) 13 0.66 (0.33–1.31) 38 1.03 (0.67–1.58)
Asian/Pacific Islander < 5 * 14 1.77 (0.92–3.41) 13 0.83 (0.45–1.52)
Unknown < 5 * < 5 * < 5 *

Marital status at diagnosis
Married 29 Reference 35 Reference 58 Reference
Not married 64 3.32 (2.10–5.26) 28 1.52 (0.90–2.57) 65 1.91 (1.32–2.76)
Unknown < 5 * < 5 * < 5 *

Socioeconomic status (SES)
Low (quintile 1–2) 47 2.40 (1.57–3.69) 29 1.94 (1.14–3.29) 55 1.61 (1.10–2.36)
High (quintile 3–5) 49 Reference 35 Reference 71 Reference

Urbanization level
Metropolitan 59 Reference 37 Reference 72 Reference
Nonmetropolitan 28 0.99 (0.62–1.57) 19 1.37 (0.76–2.45) 36 1.12 (0.74–1.69)
Unknown 9 0.96 (0.46–2.02) 8 1.67 (0.75–3.75) 18 1.58 (0.91–2.72)

Histology
Papillary 86 Reference 60 Reference 116 Reference
Follicular 10 1.16 (0.57–2.36) < 5 * 10 0.83 (0.43–1.62)

Lymph node dissection
No 52 Reference 37 Reference 72 Reference
Yes 18 0.69 (0.36–1.32) 6 0.86 (0.32–2.31) 15 1.10 (0.58–2.08)
Unknown 26 3.06 (0.77–12.14) 21 1.04 (0.35–3.04) 39 3.21 (1.15–8.99)

Subsequent cancer
No 94 Reference – 122 Reference
Yes < 5 * < 5 *

Total thyroidectomy
No 26 Reference 22 Reference 44 Reference
Yes 69 1.07 (0.65–1.77) 41 0.86 (0.49–1.52) 82 0.88 (0.59–1.32)
Unknown < 5 * < 5 * < 5 *

Radioactive iodine
No 48 Reference 35 Reference 76 Reference
Yes 48 0.67 (0.43–1.04) 29 0.72 (0.42–1.24) 50 0.63 (0.42–0.93)

Hormone therapy
No 67 Reference 35 Reference 93 Reference
Yes 28 0.78 (0.49–1.24) 29 1.63 (0.97–2.72) 33 0.70 (0.46–1.05)
Unknown < 5 * < 5 * < 5 *

Insurance status, limited to patients who were diagnosed from 2001–2010
Private/military insurance 12 Reference 6 Reference 25 Reference
Public insurance/no

insurance/unknown
11 1.27 (0.37–4.38) < 5 * 11 3.68 (1.45–9.36)

All Cox models were stratified by stage at diagnosis (localized, regional, metastasized, unknown), included the variables presented in the
tables, and additionally adjusted for year at diagnosis (continuous), tumor size (<1.0 cm, > 1.0 to £ 2.0 cm, < 2.0 to £ 4.0 cm, > 4.0 cm,
unknown), extension (intrathyroidal, extrathyroidal, unknown), and block effect by block group.

‘‘*’’ Symbol indicates data not shown. ‘‘ – ’’ Symbol indicates variable not included in model.
aThe few other cancer–specific causes of death among males (n = 13) precluded conducting separate analyses.
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these analyses for any of the survival outcomes, with the
exception of total thyroidectomy, which was associated with
worse overall survival among AYAs with follicular (HR 2.26
[CI 1.04–4.91]), but not papillary (HR 0.96 [CI 0.74–1.25]),
histology ( p for interaction = 0.01).

Discussion

Despite the overall very good outcome for DTC (1,6), our
population-based study of 16,827 AYAs diagnosed with
DTC in California found sociodemographic disparities in
survival. After taking into account factors, including stage at
diagnosis, histology, and initial treatment, we found that
older AYAs 35 to 39 years of age, men, and AYAs of African
American or Hispanic race/ethnicity had worse thyroid
cancer–specific survival. In addition, residing in low-SES
neighborhoods and nonmetropolitan areas were associated
with worse thyroid cancer–specific survival among AYA
men, but not AYA women. Because most AYAs die from
other causes, we also considered competing causes of death
and found that men and AYAs with public or no medical
insurance were more likely to die from other, noncancer
causes of death and AYAs who were unmarried or residing in
low-SES neighborhoods were more likely to die from non-
thyroid cancer–specific causes of death. Our study identified
populations of DTC cancer survivors at higher risk for mor-
tality after diagnosis with the most common, best prognosis

DTC tumors. Identifying these patient subgroups may help in
developing more effective treatment decisions and tailored
survivorship guidelines for the highest risk individuals.

AYA men were over two and one-half times more likely
to die from thyroid cancer than AYA women diagnosed
with DTC. Many, but not all (17), studies have found poorer
survival in men with DTC (9,10,18,19). While a previous
study concluded that the apparent survival disadvantage
among men overall resulted from a larger percentage of
men diagnosed with advanced stage disease, in young men
there was a small, statistically significant survival disad-
vantage for stage 1 papillary thyroid cancer and suggestive
survival disadvantage in stage 2 papillary thyroid cancer
(18). When we considered survival by stage and histology
in sensitivity analyses, we found sex disparities across all
stage and histology groups (data not shown), suggesting
that these factors do not explain these sex survival differ-
ences in our study.

In our study, radioactive iodine therapy was associated
with better survival, particularly in AYA men. In addition,
we found that radioactive iodine was associated with better
survival across all stages of disease (localized, regional, or
distant stage), except among AYA women with localized
disease where radioactive iodine was not associated with
survival (data not shown). Few studies have considered the
impact of radioactive iodine therapy on survival in AYAs
(10,20). In one SEER cancer registry analysis, radiation

FIG. 1. Kaplan-Meier curve of overall and thyroid cancer-specific survival by histologic subtypes (papillary, follicular),
neighborhood socioeconomic status (SES; low, high) and sex in adolescent and young adult patients, California 1988–2011.
The vertical axis represents survival probability; the horizontal axis represents survival time in years. All p log-ranks < 0.01.
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therapy was not associated with overall or thyroid-specific
survival in young women with DTC (8), while another SEER
cancer registry analysis found radioactive iodine to be asso-
ciated with better survival in women, but not men, of all ages
with DTC (9). Furthermore, among AYAs with first or sec-
ond primary thyroid cancer in a National Cancer Database
study, radioactive iodine therapy was associated with better
overall survival (10). Given its higher use among AYAs than
older adults (21), the influence of radioactive iodine on health
and survival outcomes in AYAs should be considered in more
detail in future studies.

We also observed worse thyroid cancer–specific survival
among AYA men residing in low-SES neighborhoods and
nonmetropolitan areas, but did not observe these associations
in AYA women. However, for other cancer–specific and
noncancer-specific causes of death, we found that poorer
survival was observed for both AYA men and women re-
siding in low-SES neighborhoods. Ours is the first study to
observe survival differences by these neighborhood charac-
teristics. These findings suggest that patients of low-SES, as
well as men in nonmetropolitan areas, may experience bar-
riers (e.g., lack of health insurance, financial burden, long
travel time to healthcare facilities) (22–24) to obtaining high-
quality treatment and follow-up care that result in poorer
outcomes. It is also possible that AYA women receive more
routine health care, regardless of SES, than AYA men be-
cause of increased physician visits to the obstetrician/gyne-
cologist during their reproductive years.

In the subset of patients diagnosed after 2000, we found
that public or no medical insurance was associated with
worse noncancer causes of death, findings that are consistent
with recent studies of young adults (25,26). In an analysis of
nearly 40,000 20- to 40-year-olds diagnosed with cancer,
those who were younger, male, nonwhite, and unmarried
were more likely to be uninsured, as were patients who were
from rural or low-SES regions (25). Furthermore, being un-
insured was associated with presentation of metastatic dis-
ease, being undertreated and worse all-cause survival (25). A
recent CCR analysis of DTC patients of all ages similarly
found that nonwhite, low-SES, uninsured/Medicaid-insured
and male patients were more likely to be diagnosed with later
stage disease at diagnosis (19). While we considered health
insurance at diagnosis, we did not have this information for
patients diagnosed before 2001 or information on changes in
health insurance after initial treatment, a factor that likely
influences subsequent care and outcomes.

In our study, African American and Hispanic AYAs were
more likely to die from thyroid cancer than non-Hispanic
whites. In a SEER analyses of women under 40 years of age,
African Americans were over two times more likely to die
from any cause and over three times more likely to die from
noncancer causes of death (8). In the same study of young
women, Hispanics and APIs had suggestively worse overall
survival (8) and, in AYAs with primary or secondary thyroid
cancer, Hispanics experienced worse overall survival (10).
Previous studies in patients of all ages have also found Af-
rican Americans, but not Hispanics or APIs, to have worse
survival than non-Hispanic whites (9,19). Prior studies in
thyroid cancer patients of all ages suggest that these racial/
ethnic disparities in survival may result from minority pa-
tients receiving inadequate surgical care (27) and being
less likely to be operated on by a high-volume, experienced

surgeon (28), factors that can contribute to a higher risk of
complications and poorer outcomes.

In addition, our study shows that nonmarried AYAs gen-
erally experienced poorer survival outcomes compared with
married patients, an observation consistent with previous
findings for many cancers (8,25,29,30). These findings likely
relate to married patients having stronger social support from
spouses, which results in better adherence with prescribed
treatments (31), fewer psychological difficulties (32), and
greater likelihood of having health insurance (25) than non-
married cancer patients. The findings in our study that older
AYAs 35–39 years of age had worse survival is consistent
with a large, population-based cancer registry analysis that
considered over 42,000 patients diagnosed with papillary and
follicular thyroid cancer (4), as well as a number of other
studies (9). In particular, Oyer et al. found that survival began
to decline in patients > 35 years of age and continued steadily
declining with further advances in age (4). Declining survival
by age may reflect the inherent increase in mortality as age
increases (9) or differences in disease biology between
younger and older patients (7). As in prior studies (4), follic-
ular histology was associated with much worse thyroid can-
cer–specific survival. Even with differences in prognosis, we
observed similar associations between sociodemographic and
clinical characteristics and survival by histology in our study.

The occurrence of second primary cancers in our study was
associated with worse other cancer–specific survival, con-
sistent with prior studies (8,33). As with our study, others
have found that thyroid cancer is associated with subsequent
primary cancers of many different organs (34,35), with one
study finding increased risks of salivary gland, stomach, co-
lon, breast, kidney, brain and central nervous system, thyroid,
and adrenal gland cancers in patients diagnosed with first
primary thyroid cancer before the age of 40 years (34). Al-
though the risk of second primaries after thyroid cancer has
been found to be comparable among men and women and
higher among those treated with radioactive iodine for certain
cancer types (i.e., stomach cancer and leukemia) (34,35), we
found that AYA women were more likely to die from sub-
sequent cancers than AYA men, and radioactive iodine for
the first primary thyroid cancer was not associated with other
cancer–specific survival. Our finding that AYA women were
more likely to die from subsequent cancers may be consistent
with a cancer predisposition and should be explored further.

Our study is one of the first to simultaneously consider the
impact of small-area neighborhood SES, health insurance,
marital status, diagnosis of subsequent cancers, and a number
of tumor characteristics on survival after DTC in AYAs. Be-
cause thyroid cancer is the only cancer that includes age as
part of the American Joint Committee on Cancer (AJCC)
staging criteria (no patient < 45 years of age can have stage
3 or 4 disease) (4,9), we accounted for stage by stratifying our
survival models by SEER summary stage at diagnosis, which
does not follow the AJCC age-specific staging guidelines, and
additionally controlled for lymph node dissection, tumor size,
and extension in our analyses. This population-based study
included a large diverse AYA population of DTC cancer
patients who received their care across all types of institutions,
thus increasing the generalizability of these findings. Fur-
thermore, having a mean follow-up of over 10 years allowed
us to consider factors associated with competing causes of
death in patients with this usually indolent malignancy.
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On the other hand, we were unable to consider additional
factors that could contribute to the survival disparities we
observed in our study, including differences in genetic sus-
ceptibility, disease biology, access to high-quality care,
treatment adherence, lifestyle behaviors, comorbidities, obe-
sity, environmental exposures, and follow-up care (19,22).
For comorbidities, however, we did not observe racial/ethnic
differences in noncancer-specific causes of death, as found
previously (9), suggesting that competing risk from comorbid
conditions may play less of a role in our population. The
potential misclassification of race/ethnicity needs to be
considered, although excellent overall agreement with self-
reported race/ethnicity has been shown for whites and blacks,
and good agreement has been shown for Hispanics and
Asians (36,37); as a result, differential recording of race/
ethnicity at the time of diagnosis is unlikely to be related to
survival. While we considered the first course of cancer-
directed treatment, we did not have details on treatment such
as dosing, or treatment received after this period, including
treatment for subsequent malignancies; therefore, our find-
ings could be subject to residual confounding from incom-
plete treatment data in the cancer registry (38). We also
lacked information about treatment failure or recurrence and
molecular factors that could influence prognosis (7,17).
Furthermore, our study did not have individual-level mea-
sures of SES to consider separately or with our neighborhood
measure. While neighborhood and individual SES are asso-
ciated, neighborhood SES has been found to underestimate
associations observed with individual-level SES (39).

Conclusion

Despite the good prognosis among AYAs diagnosed with
DTC, we identified subgroups of AYA patients at risk
for poor outcomes, including men, African American and
Hispanic patients, publicly insured or uninsured patients,
unmarried patients and patients residing in low-SES neigh-
borhoods and non-metropolitan areas. These subgroups of
patients are also less likely to have medical insurance, a
factor that influences stage at diagnosis, treatment, and out-
comes (25). Further study of the factors underlying these
associations, including possible barriers to receiving high-
quality treatment and follow-up care, as well as lifestyle
factors, are critical to further understanding and reducing
these disparities.
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