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Background: In an era of rising differentiated thyroid cancer incidence, the rate and impact of neck reoperation
may inform the intensity of earlier interventions and surveillance. This study sought to define predictors of neck
reoperation and to assess its impact on survival.
Methods: Using the California Cancer Registry linked to the California Office of Statewide Health Planning and
Development records, a retrospective cohort study was performed of 24,230 patients with total or near-total
thyroidectomy for papillary or follicular thyroid cancer between 1991 and 2008 and follow-up through 2013.
The primary outcome was neck reoperation 91 days to 5 years after the initial thyroid surgery. Using logistic
and Cox proportional hazards regression, the impact of sociodemographics, tumor staging, and hospital thyroid
cancer surgery volume on neck reoperation and survival was determined.
Results: Neck reoperation was identified in 1231 (5.1%) patients in increasing odds from 1991 to 2008. In
multivariable models, male sex, papillary thyroid cancer, and advancing tumor stage were associated with neck
reoperation. Among men, neck reoperation was associated with Asian/Pacific Islander (odds ratio [OR] = 1.44
[confidence interval (CI) 1.07–1.94]) race/ethnicity. Among women, neck reoperation was associated with
younger age (15–34 years; OR = 1.50 [CI 1.17–1.92] versus ‡55 years), and Asian/Pacific Islander (OR = 1.24
[CI 1.02–1.51]) or Hispanic (OR = 1.20 [CI 1.00–1.44]) race/ethnicity. After controlling for baseline charac-
teristics, neck reoperation predicted worse thyroid cancer–specific survival (hazard ratio = 4.26 [CI 3.50–5.19]).
The effect differed between men and women, and was most pronounced among women who received radio-
iodine in initial treatment (hazard ratio = 8.32 [CI 6.14–11.27]).
Conclusions: Neck reoperation is becoming increasingly frequent and is strongly predictive of mortality.
Advancing tumor stage, Asian/Pacific Islander race/ethnicity, male sex, as well as younger age and Hispanic
ethnicity among women predict a higher risk for neck reoperation and subsequent mortality, reflecting a higher
risk of persistent or more biologically aggressive disease.
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Introduction

For the last several decades, the incidence of dif-
ferentiated thyroid cancer has risen substantially across

the world (1). In many countries, this incidence increase has
been the result of the introduction of new diagnostic medical
technologies and screening programs. In the United States, it
has been estimated that 70–80% of differentiated thyroid
cancer diagnoses in women and 45% in men have been the
result of increased diagnosis (2). However, several lines of
evidence suggest that the rising incidence in the United States
is not completely explained by the increasing use of diag-
nostic procedures (1). First, the rate of large thyroid cancers

that would be clinically apparent without diagnostic imaging
has risen dramatically (3). Second, thyroid cancer rates ap-
pear to be rising at similar pace in populations with different
use of and access to medical care (4). Third, while thyroid
cancer–specific mortality in the United States is low, death
rates have been rising on average 0.7% each year over 2004–
2013 (5).

In California, worse thyroid cancer–specific survival was
previously observed among young men, and sex-specific
differences in survival were seen among young patients with
differentiated thyroid cancer based on older age, African
American or Hispanic race/ethnicity, residence in low so-
cioeconomic status (SES) neighborhoods, and residence in
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nonmetropolitan areas (6). Additionally, it was identified that
younger patients with differentiated thyroid cancer are more
likely to undergo a total thyroidectomy and receive radio-
iodine as part of their initial treatment (7). Differentiated
thyroid cancer, especially papillary thyroid cancer, has a
propensity to spread to regional lymph nodes, necessitating
a neck reoperation when it becomes apparent after initial
therapy is complete. Patients with papillary thyroid cancer in
California who require a neck reoperation experience worse
thyroid cancer–specific survival (8). While guidelines in-
corporate an assessment of the risk for all forms of structural
disease recurrence into management recommendations (9),
this study sought to identify the clinical and demographic
subgroups of differentiated thyroid cancer patients who are
specifically at increased risk for neck reoperation.

This study utilized the large diverse population of cancer
patients captured by the cancer registry and hospitalization
data in California to identify clinical and demographic sub-
groups of patients at risk for neck reoperation and the impact
of these factors and neck reoperation on survival. It was hy-
pothesized that neck reoperation rates after initial total thyroid
cancer surgery would differ among sociodemographic groups
of patients and that these differences would impact thyroid
cancer–specific mortality.

Methods

Setting and subjects

Patients diagnosed with invasive, first primary thyroid
cancer in 1991–2008 were identified from the California
Cancer Registry (CCR)—the largest population-based cancer
registry in the United States. The CCR contains demographic,
diagnostic, and initial treatment information for every re-
portable cancer diagnosed among residents of the state. Using
the record linkage number (an encrypted form of the social
security number) and sex, new thyroid cancer cases were
linked to hospital and ambulatory surgery discharges from
the State of California Office of Statewide Health Planning
and Development (OSHPD). Since 1990, OSHPD has main-
tained records of all patients hospitalized in non-federal hos-
pitals in the state, called the Patient Discharge Database
(PDD). Beginning in 2005, an Ambulatory Surgery (AS) da-
tabase of all hospital-associated AS facilities has also been
mandated. Facilities in PDD and AS are required to report up
to 25 diagnoses and up to 20 procedures associated with each
hospitalization, coded using the International Classification of
Disease, Ninth Revision, Clinical Modification (ICD-9-CM)
in the PDD and Current Procedural Terminology (CPT) in the
AS. Each procedure code has an associated date. In addition to
diagnostic and procedure information, demographic informa-
tion including age, sex, race/ethnicity, and insurance coverage,
type of admission (PDD only), and disposition is collected in
both PDD and AS.

This study identified patients from the CCR with papillary
or follicular thyroid cancer who had undergone thyroid
cancer surgery. The International Classification of Diseases
for Oncology, Third Edition (ICD-O-3), histology codes
8050, 8260, and 8340-8344 defined papillary thyroid cancers.
Histology codes 8290, 8330–8332, and 8335 defined follic-
ular cancers. Thyroidectomy was defined using ICD-9-CM
and CPT codes for total or near-total thyroidectomy in
OSHPD (PDD or AS) or most extensive surgery at initial

treatment from CCR (Supplementary Table S1; Supple-
mentary Data are available online at www.liebertpub.com/
thy). Patients with two lobectomies within 90 days in OSHPD
were classified as having total or near-total thyroidectomy.
Date of thyroidectomy was identified as the OSHPD procedure
date of thyroidectomy or the recorded CCR date. Patients
without a total or near-total thyroidectomy were excluded
because the intensity of subsequent neck surveillance of
those who undergo partial thyroidectomy for thyroid cancer
is likely distinct.

Neck reoperation

The primary endpoint of this study was neck reoperation,
which was defined from OSHPD as a neck lymph node sur-
gery 91 days to 5 years after the initial thyroid surgery. This
time period was chosen to capture clinically evident persis-
tent or recurrent disease that is most likely to be dependent on
initial treatment and/or aggressive biology, and is consistent
with prior studies (8). Specific ICD-9-CM (PDD) and CPT
(AS) codes were used to identify neck lymph node surgeries
of interest (Supplementary Table S2).

Tumor, sociodemographic, and treatment variables

Pathologic data (T stage, extrathyroidal extension, N stage,
and M stage), demographic data (age, race/ethnicity, and sex),
and administration of radioiodine as part of initial treatment
were obtained from the CCR. Neighborhood socioeconomic
status in the CCR is a multicomponent index of U.S. Census
characteristics (education, occupation, unemployment, house-
hold income, poverty, rent, and house values) based on resi-
dential census-block group at diagnosis (10). Comorbidities,
excluding cancer, were captured up to two years prior to the
thyroid cancer diagnosis date and identified using the Elix-
hauser index (11). Comorbidities were categorized as no ad-
missions in PDD within the two prior years, no comorbidities,
one or two comorbidities, and three or more comorbidities.
Hospital volume for thyroid cancer surgery was measured by
identifying all thyroid cancers diagnosed in CCR during 1988–
2012, identifying all admissions with thyroidectomy (total or
partial) for these patients, and then sorting hospitals by fre-
quency of thyroidectomies. Hospitals were recategorized dy-
namically by five-year eras. Given the rising numbers of
thyroidectomies performed during the study, high-volume
thyroidectomy hospitals were defined as the top 10% of hos-
pitals during each era (12).

Statistical analyses

Chi-square tests were used for unadjusted comparisons
between patients with and without neck reoperation. Then,
multivariable logistic regression was performed to identify
demographic, tumor, and hospital characteristics associated
with neck reoperation. Finally, multivariable Cox propor-
tional hazards models were developed for thyroid cancer–
specific and overall survival, including demographic, tumor,
and hospital characteristics. Variables were included in the
multivariable logistic and survival models if they were sig-
nificant at p < 0.05 in univariable analyses, and neck re-
operation was treated as a time-dependent variable. The study
looked for specific interactions between neck reoperation and
key tumor/initial treatment characteristics (extrathyroidal
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tumor extension and radioiodine administration as part of
initial treatment). For deceased patients, survival time was
measured in days from the date of diagnosis to the date of
death from thyroid cancer for thyroid cancer–specific sur-
vival or to the date of death from any cause for overall sur-
vival. Patients who died from other causes were censored at
the time of death for analyses of thyroid cancer–specific
survival. Because thyroid cancer is a biologically distinct
disease for males and females, all regression models were
stratified by sex. Results are presented as adjusted odds ratios
(OR) or hazard ratios (HR) and confidence intervals (CI).
Interactions were considered significant if p < 0.05, and the
proportionality assumption was tested using Schoenfeld re-
siduals. All analysis was performed using SAS v9.4 (SAS
Institute, Cary, NC). These data analyses were performed
under a research protocol approved by the University of
California, Davis, Institutional Review Board and the Cali-
fornia’s Health and Human Services Agency Committee for
the Protection of Human Subjects.

Results

The study identified 35,113 patients aged ‡15 years when
diagnosed with invasive, first primary differentiated thyroid
cancer from the CCR during 1991–2008 with follow-up
through 2013. Diagnoses through 2008 were considered to
allow for a minimum of five years of follow-up from initial
diagnosis for neck reoperation in OSHPD. After including
only patients who underwent total or near-total thyroidec-
tomy and excluding patients with missing identifiers for
linkage to OSHPD, autopsy diagnosis, and missing follow-
up, a total of 24,230 patients were included for analyses
(Fig. 1).

The primary endpoint of neck reoperation from 91 days to
5 years after initial surgery was observed in 5.1% of patients
(Table 1). Neck reoperation was more common in the first
two years but could be detected throughout the first five years
after diagnosis using the linked databases (Supplementary
Fig. S1). In unadjusted analyses, patients were more likely
to have a neck reoperation with papillary histology, higher

stage, male sex, and more recent (2000–2008) diagnosis.
Radioiodine was administered to 60.6% of patients diag-
nosed in 1991–1999 and to 59.1% of patients diagnosed in
2000–2008 ( p = 0.03). Hispanics and Asian/Pacific Islanders
had higher rates of neck reoperations than black and non-
Hispanic white populations. There were 169 (2.8%) neck
reoperations among patients with microcarcinomas (tumor
size <1 cm). Patients with node-positive disease (21.9%) and
extrathyroidal extension (20.1%) at diagnosis were the most
likely to require subsequent neck reoperation.

In the overall multivariable logistic regression model,
males were more likely to require neck reoperation (OR = 1.29
[CI 1.13–1.48]). Although there were differences in the pre-
dictors of reoperation between men and women, papillary
histology, larger tumor size, more advanced nodal disease at
diagnosis, and the presence of extrathyroidal tumor extension
were predictors of neck reoperation among both men and
women (Table 2). Similarly, the provision of radioiodine with
initial treatment was associated with higher odds of neck re-
operation. Asian/Pacific Islanders of both sexes had higher
odds of neck reoperation, while Hispanic women had higher
odds. The odds of neck reoperation were higher in younger
women, but age was not a factor among men. Women residing
in lower SES neighborhoods or who received their initial
thyroid surgery in high-volume hospitals had lower odds of
neck reoperation. After accounting for other tumor and
patient factors, an earlier era of diagnosis was strongly as-
sociated with reduced odds of neck reoperation among both
men and women.

In the adjusted Cox proportional hazards survival model,
neck reoperation was associated with a higher hazard of
thyroid cancer–specific mortality (HR = 4.26 [CI 3.50–5.19]),
and men had worse outcomes than women (HR = 1.44 [CI
1.24–1.68]). Older age and more advanced tumor character-
istics predicted a higher hazard of thyroid cancer–specific
death. There were differences in the stratified Cox proportional
hazards survival model between men and women (Table 3). In
men, neck reoperation was associated with nearly threefold
worse thyroid cancer–specific survival (HR = 2.90 [CI 2.13–
3.96]), and the provision of radioiodine in initial treatment was

FIG. 1. Derivation of
analysis cohort of differenti-
ated thyroid cancer patients
treated with total thyroidec-
tomy, California, 1991–2008.
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Table 1. Baseline Characteristics of California Differentiated Thyroid Cancer Patients with Total

or Near-Total Thyroidectomy by Neck Reoperation (91 Days–5 Years), 1991–2008

Neck reoperation No neck reoperation

n % n % p-Value

All 1231 100 22,999 100

Sex
Male 391 31.7 5085 22.1 <0.001
Female 842 68.3 17,914 77.9 <0.001

Race/ethnicity
NH white 625 50.8 13,447 58.5 <0.001
NH African American 24 1.9 785 3.4 0.005
Hispanic 342 27.8 5157 22.4 <0.001
NH Asian/Pacific Islander 231 18.8 3397 14.8 <0.001
Other/unknown 9 0.7 213 0.9 0.48

Age at diagnosis (years)
15–24 130 10.6 1424 6.2 <0.001
25–34 247 20.1 4141 18.0 0.07
35–44 277 22.5 5767 25.1 0.04
45–54 228 18.5 5324 23.1 <0.001
55–64 160 13.0 3332 14.5 0.14
65–74 137 11.1 2015 8.8 0.005
‡75 52 4.2 996 4.3 0.96

Year of diagnosis
1991–1999 280 22.7 8262 35.9 <0.001
2000–2008 951 77.3 14,737 64.1 <0.001

Histology
Papillary 1178 95.7 20,791 90.4 <0.001
Follicular 53 4.3 2208 9.6 <0.001

N stage at diagnosis
N0 265 21.5 13,072 56.8 <0.001
N1 677 55.0 4623 20.1 <0.001
Unknown 289 23.5 2159 9.4 0.15

M stage at diagnosis
M0 877 71.2 17,406 75.7 <0.001
M1 34 2.8 352 1.5 <0.001
Unknown 320 26.0 1474 6.4 0.001

Tumor size
<1 cm 169 13.7 5936 25.8 <0.001
1–2 cm 320 26.0 6592 28.7 0.04
2–3 cm 289 23.5 4393 19.1 <0.001
3–4 cm 139 11.3 2181 9.5 0.03
>4 cm 221 18.0 2278 9.9 <0.001
Unknown 93 7.6 1619 7.0 0.50

Extrathyroidal extension
No 615 50.0 17,393 75.6 <0.001
Yes 571 46.4 4293 18.7 <0.001
Unknown 45 3.7 1313 5.7 0.002

Comorbidities at diagnosisa

No admission £2 years of diagnosis 753 61.2 11,349 49.3 <0.001
0 180 14.6 6419 27.9 <0.001
1–2 240 19.5 4252 18.5 0.39
‡3 58 4.7 979 4.3 0.45

Treatment
Radioiodine therapy 929 75.5 13,513 58.8 <0.001

Neighborhood socioeconomic status
Low 595 48.3 11,317 49.2 0.51
High 619 50.3 11,466 49.9 0.72
Unknown 17 1.4 216 0.9 0.12

(continued)
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associated with a reduced hazard for thyroid cancer death
(HR = 0.60 [CI 0.47–0.75]). Among women, the overall as-
sociation of neck reoperation on thyroid cancer–specific sur-
vival (HR = 6.29 [CI 4.86–8.14]) differed based on the receipt
of radioiodine at initial treatment ( p = 0.0039). The magnitude
of the association of neck reoperation and thyroid cancer–
specific mortality was higher among women who received
radioiodine as part of their initial treatment course (HR = 8.32
[CI 6.14–11.27]) than among women who did not (HR = 3.64
[CI 2.28–5.80]). African American men had better thyroid
cancer–specific survival than non-Hispanic white men. African
American women had worse outcomes compared to non-
Hispanic white women. The volume of thyroid surgeries
performed at the initial treating hospital was not associated
with survival. Findings in Cox proportional hazards models
for overall survival were similar (Supplementary Table S3).

Discussion

Using linked cancer registry and hospitalization/ambula-
tory care databases in California, this study found that the rate
of neck reoperation in the first five years after total thyroid-
ectomy for differentiated thyroid cancers (diagnosed during
1991–2008) is rising and that neck reoperation is associated
with worse thyroid cancer–specific and overall survival. The
data confirm others that report an adverse impact of neck
reoperation on thyroid cancer–specific survival (8,13), and
expands on them by identifying a rise in neck reoperation
rates, as well as specific clinical and demographic subgroups
that are at increased risk for neck reoperation after controlling
for other tumor and sociodemographic variables.

Differentiated thyroid cancer, especially papillary thyroid
cancer, has a propensity to spread to regional lymph nodes.
Reoperation for removal of neck lymph nodes after initial
thyroid cancer surgery may reflect the intensity of initial
surgery (i.e., later management of disease that was present
at the time of diagnosis), more intense surveillance, and/or
the aggressiveness of tumor biology (i.e., true recurrence of
disease not apparent at diagnosis) (14). In an era of rapid
increase in the diagnosis of differentiated thyroid cancer (4),
the present data demonstrate that repeated intervention on the
neck has also risen from an unadjusted rate of 3.3% in 1991–
1999 to 6.1% in 2000–2008. These rates are higher than
previously reported (8), perhaps because of an expanded list
of surgical procedures included in the list of neck reopera-
tions. The rising neck reoperation rate is surprising, given
that a large fraction of the rise in thyroid cancer incidence
over the same period has been attributed to increased diag-
nosis (2), suggesting that there has been a concomitant
change in the intensity of initial management, surveillance,
and/or disease biology. Given that neck reoperation is asso-
ciated with the risks of hypoparathyroidism, injury to neu-
rovascular structures, and worse survival, the data strongly
support attention to the quality of initial presurgical disease
assessment and to the quality of post-surgical surveillance
(15). Indeed, recent guidelines recommend assessment of the
central neck at the time of diagnosis for patients at high risk
of nodal metastases and specify risk-stratified surveillance
that includes measurement of thyroglobulin, neck ultrasound,
and physical examination (9).

As expected, neck reoperation occurred more frequently
among patients with advanced tumor stage at diagnosis,

Table 1. (Continued)

Neck reoperation No neck reoperation

n % n % p-Value

Residence at time of diagnosis
Urban 1193 96.9 22,054 95.9 0.07
Rural 38 3.1 930 4.0 0.09
Unknown 15 0.1 0.37

Marital status
Never married 337 27.4 4944 21.5 <0.001
Previously married 127 10.3 2,923 12.7 0.01
Married 744 60.4 14,758 64.2 0.009
Unknown 23 1.9 374 1.6 0.52

Insurance coverage
No insurance/self-pay 26 2.1 403 1.8 0.35
Private insurance 869 70.6 15,398 67.0 0.009
Medicaid/government 81 6.6 1682 7.3 0.33
Medicare 172 14.0 2159 9.4 <0.001
Unknown 83 6.7 3357 14.6 <0.001

Hospital thyroidectomy volumeb

High 501 40.7 9072 39.4 0.37
Low 611 49.6 11,144 48.5 0.42
Unknown 119 9.7 2783 12.1 0.01

Vital status
All cause 229 18.6 2524 11.0 <0.001
Thyroid cancer specific 148 12.0 631 2.7 <0.001

aExlihauser comorbidity index diagnosis or two years prior to diagnosis, cancer was excluded as a comorbidity.
bHigh-volume thyroidectomy hospital defined as the top 10% of hospitals performing thyroidectomies.
NH, non-Hispanic.
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Table 2. Multivariable Logistic Regression Models for Neck Reoperation by Sex for California

Differentiated Thyroid Cancers with Total or Near-Total Thyroidectomy, 1991–2008

Males Females

OR CI p OR CI p

Race/ethnicity
NH white REF — — REF — —
NH African American 0.96 [0.43–2.14] 0.92 0.74 [0.44–1.24] 0.25
Hispanic 1.18 [0.89–1.58] 0.24 1.20 [1.00–1.44] 0.05
NH Asian/PI 1.44 [1.07–1.94] 0.02 1.24 [1.01–1.50] 0.04
Other/unknown 1.34 [0.38–4.68] 0.65 0.71 [0.31–1.64] 0.42

Age at diagnosis (years)
15–34 0.93 [0.65–1.33] 0.69 1.50 [1.17–1.92] 0.001
35–44 0.82 [0.58–1.16] 0.26 1.26 [0.99–1.61] 0.06
45–54 1.16 [0.86–1.58] 0.33 0.88 [0.68–1.14] 0.33
‡55 REF — — REF — —

Year of diagnosis
1991–1993 0.34 [0.16–0.73] 0.006 0.68 [0.41– 1.13] 0.14
1994–1996 0.34 [0.20–0.57] <0.001 0.50 [0.37–0.67] <0.001
1997–1999 0.67 [0.46–0.99] 0.04 0.45 [0.35–0.59] <0.001
2000–2002 0.82 [0.59–1.13] 0.23 0.45 [0.35–0.58] <0.001
2003–2005 0.94 [0.70–1.26] 0.66 0.84 [0.70–1.02] 0.07
2006–2008 REF — — REF — —

Histology
Papillary 1.82 [1.12–2.98] 0.02 1.59 (1.10, 2.31) 0.01
Follicular REF — — REF — —

N stage
N0 REF — — REF — —
N1 2.86 [2.22–3.69] <0.001 3.61 [3.05–4.26] <0.001
Unknown 1.83 [1.20–2.79] 0.005 2.01 [1.51–2.67] <0.001

M stage
M0 REF — — REF — —
M1 0.57 [0.32–1.05] 0.07 0.93 [0.56—1.53] 0.77
Unknown 1.17 [0.75–1.81] 0.49 1.18 [0.88–1.58] 0.28

Tumor size
<1 cm REF — — REF — —
1–2 cm 0.93 [0.64–1.35] 0.69 1.32 [1.04–1.67] 0.02
2–3 cm 1.14 [0.78–1.65] 0.50 1.72 [1.35–2.21] <0.001
3–4 cm 1.62 [1.08–2.42] 0.02 1.49 [1.10–2.02] 0.01
>4 cm 2.05 [1.43–2.96] <0.001 2.19 [1.64–2.93] <0.001
Unknown 1.25 [0.75–2.10] 0.39 1.96 [1.40–2.75] <0.001

Extrathyroidal extension
No REF — — REF — —
Yes 2.19 [1.73–2.78] <0.001 2.34 [1.99–2.74] <0.001
Unknown 1.69 [0.88–3.24] 0.11 1.28 [0.79–2.09] 0.31

Comorbidities at diagnosisa

No admission £2 years after diagnosis 1.28 [0.89–1.83] 0.18 1.38 [1.12–1.70] 0.002
0 REF — — REF — —
1–2 1.37 [0.92–2.04] 0.12 1.37 [1.07–1.75] 0.01
‡3 0.99 [0.56–1.77] 0.98 1.38 [0.92–2.06] 0.12

Treatment
No radioiodine REF — — REF — —
Radioiodine 1.66 [1.29–2.14] <0.001 1.62 [1.37–1.92] <0.001

Marital status
Never married 1.05 [0.78–1.40] 0.75 1.21 [1.02–1.45] 0.03
Previously married 1.23 [0.83–1.83] 0.30 0.85 [0.66–1.08] 0.19
Married REF — — REF — —
Unknown marital status 1.22 [0.49–3.05] 0.67 1.46 [0.86–2.46] 0.16

Neighborhood socioeconomic status
High REF — — REF — —
Low 0.94 [0.74–1.18] 0.59 0.84 [0.72–0.98] 0.03
Unknown 2.01 [0.99–4.06] 0.05 0.50 [0.20–1.25] 0.14

(continued)
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including those with extracapsular invasion and nodal in-
volvement. After consideration of stage and demographic
factors, neck reoperation was more common among Asian/
Pacific Islanders as well as younger and Hispanic women.
Previously, it was found that younger patients are more likely
to undergo total thyroidectomy as their initial thyroid surgery
and to receive radioiodine as part of their initial treatment
course (7), supporting the hypothesis that age may impact the
intensity of initial therapy. Among women, thyroidectomy
at a high-volume hospital was associated with lower odds of
neck reoperation, suggesting a possible effect of experience
in presurgical evaluation and thyroid cancer surgery in re-
ducing the rates of persistent disease (16). Additionally,
lower SES and Medicaid insurance were associated with
reduced odds of neck reoperation in women. Thus, factors
associated both with the provision of initial surgical care and
access to subsequent surveillance may contribute to the dif-
ferences in neck reoperation rates observed among demo-
graphic groups in this study.

Surprisingly, a small but significant (2.8%) rate of neck
reoperation after diagnosis of a thyroid microcarcinoma
(<1 cm) we identified. It is widely accepted that these tumors
are associated with a minimal mortality risk. Consequently,
guidelines are moving toward a reduction in the intensity
of management or even observation for selected micro-
carcinomas with other favorable risk factors (9). Nonetheless,
the subsequent morbidity of reoperation in patients with these
tumors highlights the need for personalized medicine ap-
proaches to surveillance and intervention in differentiated
thyroid cancer.

It was found that radioiodine administration as part of
initial treatment was associated with a higher likelihood of
neck reoperation, despite adjustment for multiple tumor and
patient-specific factors. This likely reflects unmeasured
prognostic variables, either patient or provider based, that are
associated with both the provision of radioiodine and neck
reoperation. The finding that the radioiodine administration
rate declined over time is consistent with a prior study, which
showed that the decline is limited to localized tumors <2 cm
(17). As advancing tumor stage and radioiodine use were
associated with neck reoperation, a decline in radioiodine use
among low-risk thyroid cancer patients is unlikely to have

impacted the results of this study. Nonetheless, the need
for neck reoperation is strongly associated with worse sur-
vival, even after controlling for radioiodine administration
in both men and women. In women, neck reoperation after
administration of radioiodine as part of initial treatment is
associated with a greater hazard of thyroid cancer–specific
mortality; this interaction was not found in males. The
magnitude of this effect suggests that the subgroup of women
with a neck reoperation after initial thyroidectomy and
radioiodine treatment have a high risk of an aggressive dis-
ease phenotype. Thyroid cancer–specific survival outcomes
were better in African American men and worse in African
American women. Prior studies have connected worse out-
comes among minorities to deficiencies in surgical care, in-
cluding receiving care from inexperienced surgeons (16,18).
This study did observe that women receiving their thyroid-
ectomy at high-volume hospitals had lower odds of neck
reoperation, but no impact was found of hospital thyroid
cancer surgery volume on survival. However, the quality of
initial thyroid surgery may be more accurately assessed at the
individual surgeon level (12,19), but it is not possible to
analyze surgeon-specific neck reoperation rates with these
databases. Alternatively, there may be biologic differences in
thyroid cancer arising among racial/ethnic groups that impact
the rate of persistent or recurrent disease, as have been ob-
served in colorectal and breast cancer (20,21).

There are several limitations of this large retrospective
analysis of administrative data. The analysis is limited
to patients diagnosed and treated in California. This study
focuses on reoperation after total thyroidectomy. The deter-
minants for neck reoperation after less than total thyroidec-
tomy are likely to be distinct and are the subject of a separate
ongoing study. Some neck reoperations were missed if they
were performed in an ambulatory surgery facility before
2005, prior to the collection of these data by OSHPD. As the
numbers of ambulatory surgery operations increased after
2005, the number of missed ambulatory surgery cases prior to
2005 is expected that to be small. Moreover, the rate of neck
reoperation rose dramatically, even excluding ambulatory
cases after 2005 (data not shown). Out-migration during
follow-up may be non-random and will reduce neck re-
operation rate estimates. Thus, the rates reported in this study

Table 2. (Continued)

Males Females

OR CI p OR CI p

Health insurance
No insurance/self-pay 0.40 [0.12–1.33] 0.14 1.36 [0.86–2.14] 0.19
Private insurance REF — — REF — —
Medicaid/government 0.87 [0.54–1.41] 0.58 0.69 [0.52–0.93] 0.01
Medicare 1.83 [1.32–2.53] <0.001 1.29 [0.97–1.72] 0.08
Unknown 0.97 [0.53–1.77] 0.92 0.46 [0.30–0.71] <0.001

Hospital thyroidectomy volumeb

Low REF — — REF — —
High 1.07 [0.85—1.35] 0.54 0.85 [0.73–0.99] 0.04
Unknown 0.61 [0.40–0.93] 0.02 0.84 [0.65–1.07] 0.15

aExlihauser comorbidity index diagnosis or two years prior to diagnosis, cancer was excluded as a comorbidity.
bHigh-volume thyroidectomy hospital defined as the top 10% of hospitals performing thyroidectomies.
OR, odds ratio; CI, confidence interval; REF, reference group.
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Table 3. Multivariable Cox Proportional Hazard Models for Thyroid Specific Mortality Among California

Differentiated Thyroid Cancers with Total or Near-Total Thyroidectomy, 1991–2008

Males Females

HR CI p HR CI p

Neck reoperation
No REF — — REF — —
Yes 2.90 [2.13–3.96] <0.001 6.29 [4.86–8.14] <0.001

Initial treatment
No radioiodine REF — — REF — —
Radioiodine 0.60 [0.47–0.75] <0.001 0.88 [0.73–1.07] 0.22

Race/ethnicity
NH white REF — — REF — —
NH African American 0.43 [0.21–0.89] 0.02 1.62 [1.02–2.56] 0.04
Hispanic 0.95 [0.70–1.28] 0.72 1.28 [1.00–1.64] 0.05
NH Asian/Pacific Islander 0.82 [0.58–1.15] 0.24 1.21 [0.94–1.56] 0.13
Other/unknown 1.28 [0.17–9.46] 0.81 0.96 [0.30–3.07] 0.95

Age at diagnosis (years)
15–34 0.05 [0.03–0.11] <0.001 0.01 [0.00–0.02] <0.001
35–44 0.12 [0.07–0.21] <0.001 0.05 [0.03–0.08] <0.001
45–54 0.32 [0.21–0.49] <0.001 0.13 [0.09–0.20] <0.001
55–64 0.51 [0.34–0.77] 0.001 0.43 [0.32–0.59] <0.001
65–74 0.82 [0.57–1.17] 0.27 0.63 [0.49–0.82] <0.001
‡75 REF — — REF — —

Year of diagnosis
1991–1993 2.00 [1.13–3.54] 0.02 2.14 [1.28–3.59] 0.004
1994–1996 1.87 [1.18–2.94] 0.007 1.82 [1.24–2.69] 0.002
1997–1999 1.75 [1.13–2.70] 0.01 1.99 [1.39–2.84] <0.001
2000–2002 1.08 [0.70–1.67] 0.72 1.35 [0.93–1.95] 0.12
2003–2005 1.16 [0.76–1.78] 0.49 1.08 [0.75–1.57] 0.68
2006–2008 REF — — REF — —

Histology
Papillary 0.64 [0.47–0.88] 0.006 0.52 [0.41–0.66] <0.001
Follicular REF — — REF — —

N stage at diagnosis
N0 REF — — REF — —
N1 1.25 [0.94–1.67] 0.13 1.72 [1.35–2.20] <0.001
Unknown 1.63 [1.14–2.31] 0.007 1.68 [1.27–2.23] <0.001

M stage at diagnosis
M0 REF — — REF — —
M1 6.21 [4.48–8.61] <0.001 3.16 [2.33–4.28] <0.001
Unknown 1.01 [0.66–1.55] 0.97 1.05 [0.74–1.48] 0.80

Tumor size
<1 cm REF — — REF — —
1–2 cm 1.42 [0.79–2.57] 0.24 1.22 [0.76–1.96] 0.42
2–3 cm 2.37 [1.36–4.11] 0.002 2.09 [1.33–3.29] 0.002
3–4 cm 3.32 [1.89–5.83] <0.001 3.62 [2.27–5.76] <0.001
>4 cm 5.06 [3.03–8.45] <0.001 4.47 [2.86–6.99] <0.001
Unknown 3.92 [2.23–6.89] <0.001 4.01 [2.51–6.39] <0.001

Extrathyroidal extension
No REF — — REF — —
Yes 3.64 [2.75–4.80] <0.001 4.32 [3.39–5.49] <0.001
Unknown 2.28 [1.38–3.75] 0.001 2.37 [1.52–3.71] <0.001

Comorbidities at diagnosisa

No admission £2 years of diagnosis 1.80 [1.21–2.68] 0.004 1.20 [0.88–1.64] 0.25
0 REF — — REF — —
1–2 1.37 [0.89–2.10] 0.15 1.44 [1.04–2.00] 0.03
‡3 2.26 [1.30–3.92] 0.004 2.09 [1.40–3.12] <0.001

Neighborhood socioeconomic status
Low 1.56 [1.23–1.98] <0.001 0.99 [0.81–1.21] 0.92
High REF — — REF — —

(continued)
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should be considered conservative estimates of the true rate.
It was not possible to capture the details of the diagnostic
workup prior to initial thyroid surgery and to capture fully the
extent of any neck dissection performed along with thy-
roidectomy. Future studies are needed to understand how the
quality of preoperative imaging and the extent initial surgery,
including therapeutic neck dissections, impact the rates of
neck reoperation for persistent and recurrent differentiated
thyroid cancer. Moreover, the specific pathologic details,
including variant histologies, are not available in the registry.
It is possible that unmeasured prognostic characteristics may
impact the need for neck reoperation. Importantly, it was not
possible to identify the activity of radioiodine administered,
which may impact the need for neck reoperation. None-
theless, it was found that radioiodine administration at un-
specified doses was associated with the likelihood of neck
reoperation and an overall improvement in thyroid cancer–
specific survival in men.

In conclusion, the rate of neck reoperation for thyroid
cancer is rising in California and is especially common
among men, younger women, and the Asian/Pacific Islander
and female Hispanic populations. Neck reoperation is strongly
associated with worse survival outcomes, despite adjustment
for known prognostic factors, highlighting a subgroup of
thyroid cancer patients with more aggressive disease. Taken
together, these data argue for enhancing research efforts
into personalized medicine approaches to initial thyroid
cancer management and subsequent surveillance in an era of
rising thyroid cancer incidence.
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