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1. Grantee Institution: The Pennsylvania State University

2. Reporting Period (start and end date of grant award period): 1/1/2010 - 12/31/2013

3. Grant Contact Person (First Name, M.1., Last Name, Degrees): John Anthony, MPA

4. Grant Contact Person’s Telephone Number: 814 935 1081

5. Grant SAP Number: 4100050904

6. Project Number and Title of Research Project: 28. Outcomes for Recurrent Thyroid
Cancer in the Elderly

7. Start and End Date of Research Project: 9/1/2010 - 6/30/2012

8. Name of Principal Investigator for the Research Project: Christopher S. Hollenbeak,
Ph.D.

9. Research Project Expenses.

9(A) Please provide the total amount of health research grant funds spent on this project for
the entire duration of the grant, including indirect costs and any interest earned that was
spent:

$ 31,656

9(B) Provide the last names (include first initial if multiple individuals with the same last
name are listed) of all persons who worked on this research project and were supported with
health research funds. Include position titles (Principal Investigator, Graduate Assistant,
Post-doctoral Fellow, etc.), percent of effort on project and total health research funds
expended for the position. For multiple year projects, if percent of effort varied from year to
year, report in the % of Effort column the effort by year 1, 2, 3, etc. of the project (x% Yr 1;
2% Yr 2-3).



Last Name, First Name | Position Title % of Effort on Project Cost

Boltz, Melissa Resident 10% $6,443

Schaefer, Eric Statistician 10% $8,308

9(C) Provide the names of all persons who worked on this research project, but who were not
supported with health research funds. Include position titles (Research Assistant,
Administrative Assistant, etc.) and percent of effort on project. For multiple year projects, if
percent of effort varied from year to year, report in the % of Effort column the effort by year
1, 2, 3, etc. of the project (x% Yr 1; z% Yr 2-3).

Last Name, First Name | Position Title % of Effort on Project
Hollenbeak, Christopher | Professor 2.5%
Goldenberg, David Professor 1%

9(D) Provide a list of all scientific equipment purchased as part of this research grant, a short
description of the value (benefit) derived by the institution from this equipment, and the cost
of the equipment.

Type of Scientific Equipment | Value Derived Cost
None
10. Co-funding of Research Project during Health Research Grant Award Period. Did this

11.

research project receive funding from any other source during the project period when it was
supported by the health research grant?

Yes No X

If yes, please indicate the source and amount of other funds:

Leveraging of Additional Funds

11(A) As a result of the health research funds provided for this research project, were you
able to apply for and/or obtain funding from other sources to continue or expand the
research?

Yes No X

If yes, please list the applications submitted (column A), the funding agency (National
Institutes of Health—NIH, or other source in column B), the month and year when the
application was submitted (column C), and the amount of funds requested (column D). If



you have received a notice that the grant will be funded, please indicate the amount of funds
to be awarded (column E). If the grant was not funded, insert “not funded” in column E.

Do not include funding from your own institution or from CURE (tobacco settlement funds).
Do not include grants submitted prior to the start date of the grant as shown in Question 2. If
you list grants submitted within 1-6 months of the start date of this grant, add a statement
below the table indicating how the data/results from this project were used to secure that
grant.

A. Title of research B. Funding C. Month | D. Amount | E. Amount
project on grant agency (check and Year of funds of funds to
application those that apply) Submitted | requested: be awarded:
CINIH $ $
None O Other federal
(specify: )
[0 Nonfederal
source (specify: )

12.

13.

11(B) Are you planning to apply for additional funding in the future to continue or expand
the research?

Yes X No
If yes, please describe your plans:

We are in the process of writing a grant to study in greater depth treatment selection for
thyroid cancer and its impact on outcomes and costs.

Future of Research Project. What are the future plans for this research project?

From our perspective, this research project is complete. We have achieved our specific aims
and we have published two papers in reputable, peer-reviewed journals. The next step is to
expand our research based upon the knowledge gained from this work. This expansion
includes: 1) studying how well the definition of recurrence used in this study translates to
other cancers, such as oral cavity and oropharyngeal cancers, and 2) studying other
dimensions of thyroid cancer outcomes, such as factors that drive treatment selection and
how treatment selection relates to economic outcomes.

New Investigator Training and Development. Did students participate in project
supported internships or graduate or post-graduate training for at least one semester or one
summer?

Yes No X




If yes, how many students? Please specify in the tables below:

Undergraduate Masters Pre-doc Post-doc

Male

Female

Unknown

Total

Undergraduate Masters Pre-doc Post-doc

Hispanic

Non-Hispanic

Unknown

Total

Undergraduate Masters Pre-doc Post-doc

White

Black

Asian

Other

Unknown

Total

14. Recruitment of Out-of-State Researchers. Did you bring researchers into Pennsylvania to
carry out this research project?

Yes No X

If yes, please list the name and degree of each researcher and his/her previous affiliation:

15. Impact on Research Capacity and Quality. Did the health research project enhance the
quality and/or capacity of research at your institution?

Yes X No

If yes, describe how improvements in infrastructure, the addition of new investigators, and
other resources have led to more and better research.

This project enhanced the human capital for research of one of our surgery residents. Dr.
Boltz leveraged her knowledge and skills obtained while working on this research project to
write and publish another paper related to thyroid cancer in adolescent women. This article
is forthcoming:

Boltz MM, Enomoto LM, Ornstein RM, Saunders BD, Hollenbeak CS. Incidence and
survival differences of differentiated thyroid cancer among younger women.



16.

17.

Forthcoming in Clinical Oncology in Adolescents and Young Adults, 2013

In addition, this project enhanced the skills of Mr. Schaefer, our statistician, in working with
SEER-Medicare data. He continues to leverage this knowledge and is working on other
studies using SEER-Medicare data to study head and neck cancer and other cancer sites.

Collaboration, business and community involvement.

16(A) Did the health research funds lead to collaboration with research partners outside of
your institution (e.g., entire university, entire hospital system)?

Yes No X

If yes, please describe the collaborations:

16(B) Did the research project result in commercial development of any research products?
Yes No X

If yes, please describe commercial development activities that resulted from the research
project:

16(C) Did the research lead to new involvement with the community?
Yes No X

If yes, please describe involvement with community groups that resulted from the
research project:

Progress in Achieving Research Goals, Objectives and Aims.

List the project goals, objectives and specific aims (as contained in the grant agreement).
Summarize the progress made in achieving these goals, objectives and aims for the period
that the project was funded (i.e., from project start date through end date). Indicate whether
or not each goal/objective/aim was achieved; if something was not achieved, note the reasons
why. Describe the methods used. If changes were made to the research
goals/objectives/aims, methods, design or timeline since the original grant application was
submitted, please describe the changes. Provide detailed results of the project. Include
evidence of the data that was generated and analyzed, and provide tables, graphs, and figures
of the data. List published abstracts, poster presentations and scientific meeting presentations
at the end of the summary of progress; peer-reviewed publications should be listed under
item 20.




This response should be a DETAILED report of the methods and findings. It is not sufficient
to state that the work was completed. Insufficient information may result in an unfavorable
performance review, which may jeopardize future funding. If research findings are pending
publication you must still include enough detail for the expert peer reviewers to evaluate the
progress during the course of the project.

Health research grants funded under the Tobacco Settlement Act will be evaluated via a
performance review by an expert panel of researchers and clinicians who will assess project
work using this Final Progress Report, all project Annual Reports and the project’s strategic
plan. After the final performance review of each project is complete, approximately 12-16
months after the end of the grant, this Final Progress Report, as well as the Final Performance
Review Report containing the comments of the expert review panel, and the grantee’s written
response to the Final Performance Review Report, will be posted on the CURE Web site.

There is no limit to the length of your response. Responses must be single-spaced below,
no smaller than 12-point type. If you cut and paste text from a publication, be sure
symbols print properly, e.g., the Greek symbol for alpha (o) and beta (13) should not
print as boxes () and include the appropriate citation(s). DO NOT DELETE THESE
INSTRUCTIONS.

Objectives: Over the past 20 years the incidence of thyroid cancer has doubled to
approximately 24,000 new cases diagnosed yearly. Despite the excellent prognosis of thyroid
cancer in which the proportion of deaths has remained relatively constant over time,
recurrence of thyroid carcinomas is not unusual. The objective of this project is to address
deficiencies in the knowledge base about treatment outcomes for recurrent thyroid cancers.
The research will lead to an understanding of the factors associated with variation in
treatment, the costs of different treatments, the clinical outcomes of different treatments, and
the relative value of alternative interventions.

Specific Aims: 1) To identify factors associated with variation in treatment for thyroid
cancers in the Medicare population, 2) To estimate the impact of different treatments on cost
of medical care for patients with recurrent thyroid carcinomas, controlling for tumor features,
demographic characteristics, and co-morbid conditions, and 3) To estimate the impact of
different treatments on overall and disease-free survival for patients with recurrent
carcinomas.

Research Design: All information obtained and analyses performed will utilize the National
Cancer Institute’s Surveillance, Epidemiology, and End Results (SEER)-Medicare linked
database, which has collected standardized data, covering approximately 14% of the U.S.
population, from a number of population-based registries since 1973. The data that will be
used include thyroid cancer diagnoses from 1986-2005 and their associated billing records
that are available from 1986 to 2008. To achieve Specific Aim 1 the univariate associations
between thyroid cancer treatment and candidate predictor variables such as age categories,
gender, stage, and co-morbidities will be analyzed. In Specific Aim 2 we will first compute
one-, two-, and five-year total costs for each patient. Costs will be defined as total Medicare




payments. To estimate one-, two- and five-year costs a consistent estimator of the survivor
function is obtained. This will be done using the Kaplan-Meier product limit method.
Second, the average costs incurred on each day is estimated for patients who are at risk (that
is, not censored). Finally, the sum of the product of these terms yields a consistent estimate
of average cumulative costs. In Specific Aim 3 we will perform survival analyses of patient
survival and tumor free survival among patients with recurrent disease using the Kaplan-
Meier method. Survivor functions will be stratified by treatment and comparisons will be
made using the log rank test. We will then estimate survivor functions using the Cox
proportional hazard model to control for demographic characteristics, tumor features, and co-
morbidities.

Progress
The focus of this research was recurrence of thyroid cancer in the elderly. We recognize that

Specific Aim 1 is a slight departure from the initial statement of aims. Specific Aim 1 was to
study variation in treatment for thyroid cancer, which was not done as part of this study. The
amount of effort required to identify and code recurrence was substantial and the research
team felt that the contribution of recurrent was greater than treatment variation. Specific Aim
2 was to estimate the cost of thyroid cancer. This was achieved and one of our two
publications focuses on this aim. The main internal focus for the analysis was the additional
costs attributable to recurrence. However, when we submitted our paper for peer review, the
reviewers felt that the recurrence piece was less important than the overall cost of thyroid
cancer and asked that we remove it. So the first of our two papers, which achieved Specific
Aim 2, estimated the attributable cost of thyroid cancer in the elderly. Specific Aim 3 was to
estimate the effect of recurrence on survival for elderly patients with thyroid cancer. This aim
was achieved and our second paper was accepted for publication.

Publication 1:
Attributable costs of differentiated thyroid cancer in the elderly Medicare population

Introduction

The incidence of thyroid cancer in the United States has more than doubled since the early
1970s. The yearly incidence has increased from 3.6 per 100,000 in 1973 to 8.7 per 100,000 in
2002. Although the incidence is rising steadily, thyroid cancer is still relatively uncommon as
there were only 56,460 cases diagnosed in 2012. The majority of disease is differentiated
thyroid cancer (DTC), which includes papillary and follicular cancers, and comprises
approximately 90% of all thyroid cancers.*

In addition, thyroid cancer incidence also increases with age. Elderly patients often present
with more aggressive forms of thyroid cancer, larger tumors, more extensive local growth, or
distant metastases.®® However, the literature for outcomes in this age group remains scarce.

Treatment of low-risk differentiated thyroid cancer is controversial despite the management
guidelines recommended by the American Thyroid Association, which were first developed
in 1996, and most recently updated in 2009. Given the long-term survival of DTC, the rising
cost of healthcare, and the need for cost-containment, treatment strategies have become



increasingly conservative. Follow-up and treatment of well differentiated thyroid cancer
extends for years beyond the initial surgical procedure.

Although long-term survival of patients with differentiated thyroid cancer is common, little is
known about the cost attributable to the disease and follow-up care. The objective of this
study was to use data from the Surveillance Epidemiology and End Results (SEER) and
Medicare linked databases® to study the costs attributed to the stage of disease, treatment
options, and recurrence of differentiated thyroid cancer in the elderly, as well as the
cumulative cost of the disease over 5 years.

Methods

Data

Data for this study were from the SEER-Medicare linked data from the National Cancer
Institute.” The SEER program is a national tumor registry that collects data on approximately
26% of the US population, and reports cancer incidence and survival in the United States.®
SEER-Medicare linked data contains the subset of Medicare enrollees in the SEER registry.
It then links these patients to all Medicare claims records. Thus, using the Medicare billing
claims data it is possible to identify specific types of resource utilization in the combined
SEER-Medicare data. We exploited this feature of the data in order to identify recurrent
thyroid cancer based on utilization of specific procedures commonly used to treat recurrent
disease.® The SEER-Medicare database also includes a group of patients without cancer that
can be used for comparison purposes.’

Study Population

Our analysis was limited to elderly adult Medicare enrollees (66 years and older) diagnosed
with a single primary thyroid cancer (papillary or follicular). Claims data were only available
for certain types of services since 1994. Therefore, we limited our sample to patients who
were first diagnosed between 1995 and 2005. In addition, patients enrolled in a health
maintenance organization (HMO) at or after the cancer diagnosis were excluded as these
patients do not have any Medicare billing records. The final analysis data set contained 2,761
patients.

A comparison group sample of Medicare patients without cancer was selected from the
Medicare 5% sample. To control for potentially different distributions of patient
characteristics, propensity score matching was used to select a comparison sample that had a
similar distribution of background characteristics as the thyroid cancer patients. We chose a
propensity score matching approach since there was a large number of characteristics on
which to match, including age, gender, race/ethnicity, and several comorbidities. An
additional advantage of this technique is that the statistical analysis does not require
adjustment for pairing as do exact matching techniques.

The propensity score was the estimated probability in a logistic regression of case status (N =
2,761) versus comparison group status (N = 422,259). Covariates included year of birth
(<1900, 5-year increments 1900-1934, >1935), sex, and race/ethnicity (White, Black, Asian,
Other). An interaction between sex and race was also included, as it was the only interaction
that was statistically significant. The predicted probability of being a case was computed for



each subject and used as a propensity score. Two controls were matched to each case with
the exact propensity score. Hence, each case was matched to two controls with the same sex
and race, and born within the same 5-year window. With these criteria the final sample
included 2,761 patients with papillary or follicular thyroid cancer, and 5,522 matched non-
cancer comparison group cases.

Costs

The cost analyses took the perspective of Medicare as payer and represented actual payments
made by Medicare for all-cause treatment of patients. All costs were adjusted for inflation to
year 2005 dollars. Billing files were used to create monthly costs for 5 years after the primary
thyroid cancer diagnosis. All billing records, regardless of whether the bills were directly for
treating cancer, were accumulated in each of the 60 months. For the month of diagnosis, bills
from one month prior to diagnosis and the diagnosis month were included. For the month of
death, bills from the month of death and two months after death were included in order to
account for lags in reporting.

Covariates

We studied the impact of demographic and disease characteristics, comorbidities, and
treatment choice on 1-year and 5-year costs. Data from the SEER registry included the
demographic variables age, gender, race/ethnicity, and urbanicity. Disease variables included
stage at diagnosis (in-situ/local, regional, distant, unstaged). Treatment indicators were
identified as no treatment, surgical intervention, surgery with radiation, and other treatment.
An indicator was also included for chemotherapy, which may have been used in combination
with the other treatments.

Recurrent thyroid cancer was defined using a combination of International Classification of
Diseases 9th Version, Clinical Modification (ICD9-CM) and Current Procedural
Terminology (CPT) codes as there is no specific classification or code for recurrent thyroid
cancer.10 Patients undergoing injection of 1-131 (ICD9 92.28), thyroid carcinoma imaging
for metastasis (CPT 78015), had thyroid carcinoma metastasis uptake (CPT 78020), total or
complete thyroidectomy (CPT 60240), subtotal or partial thyroidectomy (CPT 60271), or
subtotal or total thyroidectomy for malignancy with limited dissection (CPT 60252) more
than six months after their initial diagnosis date and procedure (total or hemi-thyroidectomy
and/or 1-131 therapy) were classified as having recurrent thyroid cancer. While we recognize
that this algorithm will not perfectly capture recurrent disease, it has been previously reported
and it may be adequate in the absence of a clinical assessment since these are procedures that
are veryginfrequently received among thyroid cancer patients except in the case of recurrent
disease.

Statistical Analysis

Patients in the SEER-Medicare data have variable follow-up. Therefore, the approach to
estimating costs at one year and five years was a method proposed by Bang and Tsiatis,
which accounts for variable follow-up and patient censoring.!! This approach estimates costs
for each patient at regular time intervals (monthly costs) and weights those estimates by the
inverse of the probability that the patient is not censored. Bang and Tsiatis recommend a
nonparametric estimator of the inverse probability. This was obtained from a Kaplan-Meier



estimator of time to censoring. Using 60 monthly observation periods we weighted the
monthly costs for each patient that was uncensored by the inverse probability, and then
summed the weighted costs up to twelve months to estimate one-year average cumulative
costs, and up to 60 months to estimate five-year average cumulative costs. This was done
separately for thyroid cancer cases and comparison group patients.

Multivariate analysis was performed using the approach suggested by Lin.2 Using this
approach, each of the 60 monthly costs were fit to a linear model, where covariates included
patient, disease, treatment, and recurrence variables. Coefficients for months one through
twelve were summed to give marginal effects of covariates on one-year costs; coefficients for
months one through sixty were summed to give marginal effects on five-year costs. Ninety-
five percent confidence intervals were obtained from 1,000 bootstrap replicates. All analyses
were performed using SAS statistical software, version 9.2 (SAS Institute Inc., Cary, NC)
and R (2.13.0), open source software available at: http://www.r-project.org/.

Results

Characteristics of the 2,761 patients with papillary or follicular thyroid cancer are presented
in Table I. The majority of patients (30.5%) were first diagnosed between the ages of 66
years and 69 years, were female (72.7%), white (79.3%), and married (54.3%). The
comorbidity burden was relatively low, with most patients (84.8%) having no comorbidities.
Most thyroid cancer patients lived in a metropolitan area (85.7%) and had local disease
(54.1%) as opposed to regional (32.6%) or distant (10.2%) disease. In addition, 52.9% of
thyroid cancer patients did not receive radiation, but of those who did, 76% underwent 1-131
therapy. Surgical therapy alone was the primary treatment modality (84.3%), followed by a
combination of surgery and radiation therapy (6.6%). Not surprisingly 33.1% of the patients
developed recurrent disease.

The average inverse probability weighted costs through 60 months is presented in Figure 1.
A significant portion of the costs attributed to thyroid cancer over five years occurred in the
first 7 months of diagnosis. During those first 7 months the average cost attributed to the
disease was $7,000 to $10,000. At 10 months after diagnosis the costs leveled out over the
remaining 60 month follow-up.

Figure 2 presents the average cumulative cost curves from diagnosis up to 5 years following
diagnosis for DTC patients and comparison group patients. The costs were calculated under
the assumption that the patient survived up to the time period specified on the x-axis. At one
year following diagnosis DTC patients had accumulated approximately $25,000 while
comparison group patients had accumulated an average of $7,000. By five years,
accumulated costs were approximately $100,000 for DTC patients and $70,000 for
comparison patients. The difference between the curves is $30,000, meaning approximately
$30,000 per patient is attributable to thyroid cancer over the 60 months post-diagnosis.

In the multivariable models of one-year costs, several patient, disease, and treatment factors
were significantly associated with accumulated costs at one year (Table Il). At one year,
patients age 70-74 had $4,140 (95% CI: $321-8,496) higher costs and patients greater than 79
years had $4,510 (95% CI: $717-8,656) higher costs than younger patients age 66-70. The
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higher costs incurred by males and black patients were not statistically significant. Disease
stage was a significant determinant of cost. Patients with regional disease incurred $9,612
(95% CI: $6,703-12,725) and patients with distant disease incurred $28,059 (95% ClI:
$20,357-36,345) in additional costs. Comorbidities were the most substantial driver of costs
where 1-2 comorbidities added $12,966 (95% CI: $6,398-20,686) and greater than 3
comorbidities added $36,011(95% CI: $25,289-47,623) in costs. Treatment also significantly
affected 1-year costs. Compared to surgery alone, patients undergoing both surgery and
radiation incurred $13,380 (95% CI: $6,817-20,138) higher cost, and patients undergoing
other treatment including chemotherapy incurred $21,575 (95% CI: $10,617-34,374) higher
Costs.

Similar effects were observed for costs accumulated at five years following diagnosis (Table
I11). Patients aged 70-74 incurred on average $9,168 (95% ClI: $1,870-16,563) in higher
costs, patients age 74-78 incurred on average $8,045 (95% CI: $1,459-14,846), and patients
age 79 or older incurred on average $14,038 (95% CI: $6,512-22,430) compared to younger
patients (reference age 66-69). In contrast to one-year cumulative costs, the higher costs of
approximately $7,342 (95% CI: $827-13,847) in male patients was statistically significant.
Disease stage was also a significant determinant of costs as patients with regional disease
accumulated $9,521 (95% CI: $3,670-$15,437) and patients with distant metastases incurred
on average $21,264 (95% CI: $9,615-32,130) in additional costs, which was similar to one-
year costs. Comorbidities were a substantial driver of five-year costs where patients having
1-2 comorbidities incurred $26,470 (95% CI: $16,653-36,381) in additional costs at five
years and greater than 3 comorbidities resulted in $51,812 (95% CI: $37,012-67,599) in
additional cumulative costs. Treatment choice was significantly associated with five-year
costs. Compared to patients who received surgery alone, patients who received surgery and
radiation therapy had $21,495 (95% ClI: $10,359-33,886) higher costs and patients who
underwent other treatments which included chemotherapy had $21,876 (95% CI: $2,601-
43,950) higher costs. While patients with recurrence incurred $4,417 in additional costs, it
was not statistically significant (95% ClI: -$1,417-10,353).

Discussion

The rapid and dramatic increase in the incidence of differentiated thyroid cancer carries with
it the corresponding escalating economic burden of thyroid cancer care. The long-term
disease-specific survival from this relatively indolent malignancy is excellent. However,
close and ongoing surveillance is necessary to detect and treat potential cancer recurrence for
years after the initial diagnosis of a differentiated thyroid cancer. In this era of rising public
and private health care expenditures, as well as the recognized need for cost-containment, it
is vital to have valid data on the true monetary cost attributable to disease management.

The costs associated with the increasing incidence of thyroid cancer are not well-understood.
There is currently no literature on the overall costs related to non-metastatic thyroid cancer,
the long term management, or repeat 1-131 therapy for refractory disease. Given that most
thyroid cancer is non-metastatic and the number of these cases is on the rise, the costs related
to therapy will almost inevitably rise.*®

A study by Shrime et al. sought to compare the 20 year cost-effectiveness of an initial
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hemithyroidectomy versus total thyroidectomy in the management of small papillary thyroid
cancer. They used pooled data of 31 studies from the published literature to determine key
statistics for decision analysis such as rates of recurrence, rates of complications for all
interventions undertaken, and rates of death. The authors found that during 20 years the cost
estimates including initial surgery, follow-up, and treatment of recurrence were between
$13,897 and $14,242 for total thyroidectomy and between $15,038 and $15,064 for
hemithyroidectomy. 4

Another study by Berger et al. performed a retrospective longitudinal cohort study using a
US health insurance claims database and analyzed the costs of health related interventions in
183 patients with newly metastatic thyroid cancer between 2003 and 2005. Inpatient care was
the main driver of the total healthcare expenditure, representing 43% of all costs. 1-131
therapy was used in 19%, thyroid surgery in 13%, and chemotherapy in 11% of patients. The
costs were substantial and totaled $60,200 per patient during the first year and $35,200
during the second year of follow-up.*®

The present study sought to identify the total cumulative costs of medical care for
differentiated thyroid cancer in a well-defined, and at-risk, population of patients. The
Medicare-linked SEER database is a powerful, well-validated and large cross-sectional
sample of elderly cancer patients in the United States. The billing files associated with this
database represent actual payments by Medicare such that a meaningful measure of costs for
differentiated thyroid cancer care at one and five years from diagnosis could be obtained.

We have identified that the one year incremental increase in cost for a patient with
differentiated thyroid cancer is in excess of $15,000. Much of this cost is incurred within the
first seven months of a new diagnosis and initial treatment of the thyroid malignancy. This
time frame appears logical in that the up-front costs associated with initial surgical
extirpation, hospitalization, and, if used, radioactive iodine remnant ablation, is anticipated to
be clustered in the several months surrounding a diagnosis. From month ten after initial
diagnosis through to sixty months after the diagnosis, the incremental cost is present over a
control patient without malignancy, but remains relatively stable. The sum total excess
expenditure attributable to differentiated thyroid cancer over a five year period nears $40,000
per patient.

Multivariate analysis of the one- and five-year costs revealed numerous factors that
significantly influence the costs attributable to the care of differentiated thyroid cancer
patients. Advancing age of the individual patient plays the largest demographic role in the
cost of care. This is despite treatment and surveillance guidelines that do not differentiate
between age groupings in their recommendations. Further, all patients included in this
Medicare-based study would be included in the high risk category based on any number of
the thyroid cancer risk scores. Male gender and black race statistically significantly increased
the cost of care for this disease process, notably at the five year mark. Finally, more
medically fragile patients as measured by their recorded number of co-morbid diagnoses had
a great impact on and higher costs for care of differentiated thyroid cancer.

As might be expected due to higher disease burden, patients with more advanced disease had
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a stepwise increment in costs associated with thyroid cancer care. Differentiated thyroid
cancer metastatic to regional lymph nodes added over $9,500 of cost at one and five years.
Disease classed as metastatic added in excess of $28,000 and $21,000 at one and five years,
respectively. Somewhat surprising in our data was the fact that disease recurrence did not
alone account for a significant increase in the costs encountered during the care of a patient
with differentiated thyroid cancer.

The addition of multimodal treatment for differentiated thyroid cancer is often the standard
pathway for the care of these patients. While this has been shown to offer decreases in
disease recurrence, it does come with an associated economic cost. The use of radioisotope
therapy in an adjuvant setting does increase the one and five year costs by an average of
$13,000 and $21,000, respectively.

This study is limited by the granularity of the data available in the SEER-Medicare database.
There was a clear clinical limitation to the broad descriptors of disease stage. Further, the
details of surgery and adjuvant therapies were limited as well. Finally, this data set did not
have clear coding for cancer recurrence, and thus we employed a proxy by capturing
procedures typically used in the treatment of recurrent differentiated thyroid cancer. While
certainly not perfect, the rate of cancer recurrence identified in this study, 33%, is in-line
with historical estimates of cancer recurrence in the elderly population.

The strength of this data is the capture of actual payments made by Medicare for the care of
these thyroid cancer patients. The excess cost encumbered as a result of differentiated thyroid
cancer is a real contributor to health care costs, and is likely to increase as the rate of this
diagnosis rises, and patients survive longer. The costs were largely accounted for via
immutable variables such as necessary upfront treatments and disease stage-specific
variables. However, these monetary data can be included in cost effectiveness analyses as
future iterations of treatment and surveillance guidelines are researched.

These data show too that there were apparent disparities in the cost of care by gender,
race/ethnicity, and urbanicity. While there is likely a complex interplay amongst all these
factors, and with disease-specific factors, further investigation into this will be necessary to
ensure that costs are contained as much as possible. These data may ultimately suggest that
regionalization of care yields the most cost effective care for a diverse and growing
population of patients.
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Fig. 1. Average inverse probability weighted (IPW) costs through 60 months
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Fig. 2. Cumulative inverse probability weighted (IPW) unadjusted costs for patients with
differentiated thyroid cancer (black line) and matched disease-free comparison group cases
(gray line)
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Table I. Demographic and disease characteristics of SEER-Medicare patients
with well-differentiated thyroid cancer

Total (N=2761)

Year of diagnosis
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005

Age
66-69
70-73
74-78
79+

Sex
Male
Female

Race
White
Black
Asian
Hispanic
Other

Marital status
Single
Married
Separated
Divorced
Widowed
Unknown

Urban/rural code
Big Metro
Metro
Urban
Less Urban
Rural

Stage
Localized
Regional
Distant
Unstaged

Number of comorbidities

15

113 (4.1%)
119 (4.3%)
130 (4.7%)
117 (4.2%)
115 (4.2%)
273 (9.9%)
304 (11%)
372 (13.5%)
362 (13.1%)
415 (15%)
441 (16%)

842 (30.5%)
633 (22.9%)
666 (24.1%)
620 (22.5%)

754 (27.3%)
2007 (72.7%)

2190 (79.3%)
151 (5.5%)
232 (8.4%)
90 (3.3%)
98 (3.5%)

203 (7.4%)
1500 (54.3%)
17 (0.6%)
151 (5.5%)
779 (28.2%)
111 (4%)

1630 (59%)
736 (26.7%)
146 (5.3%)
201 (7.3%)
48 (1.7%)

1495 (54.1%)

899 (32.6%)

281 (10.2%)
86 (3.1%)



0
1-2
>3

Radiation

None

Beam radiation

Radioactive implants

Radioisotopes

Combination of beam with implants/isotopes
Radiation, NOS

Refused/Unknown

Treatment

None

Surgery alone

Radiation alone

Surgery + Radiation only
Chemo (£ Surgery/Radiation)

Recurrence

No
Yes

2340 (84.8%)
252 (9.1%)
169 (6.1%)

1460 (52.9%)
141 (5.1%)
38 (1.4%)

985 (35.7%)
50 (1.8%)
17 (0.6%)
70 (2.5%)

173 (6.3%)
2328 (84.3%)
39 (1.4%)
182 (6.6%)
39 (1.4%)

1847 (66.9%)
914 (33.1%)
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Table I1. Multivariate regression results for 1-year costs

95% Confidence

Variable Parameter Estimate, $ Lower Upper
Intercept 15,048 12,271 17,728
Age 66-69 Reference

Age 70-73 4,140 321 8,496
Age 74-78 2,864 -979 6,736
Age 79+ 4,510 717 8,656
Female Reference

Male 2,760 -836 6,664
White Reference

Black 8,217 -957 18,482
Asian -2,544 -7,374 2,338
Race, Other -3,379 -7,837 1,737
Married Reference

Single 7,163 -793 17,709
Separated/Divorced 374 -4,740 6,193
Widowed 3,325 165 6,658
Marital status unknown 725 -7,018 10,066
Big Metro Reference

Metro -6,045 -8,770 -3,198
Urban -4,822 -1,105 1,400
Less urban/Rural -8,337 -12,784 -3,587
Localized Reference

Regional 9,612 6,703 12,725
Distant 28,059 20,357 36,345
Unstaged -10,104 -17,346 -2,509
No comorbidities Reference

1-2 comorbidities 12,966 6,398 20,686
3+ comorbidities 36,011 25,289 47,623
Surgery alone Reference

No treatment 6,641 -3,173 16,850
Surgery and radiation 13,380 6,817 20,138
Other treatment 21,575 10,617 34,374
No recurrence Reference

Recurrence 1,833 -879 4719
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Table I11. Multivariate regression results for 5-year costs

95% Confidence

Variable Parameter Estimate, $ Lower Upper
Intercept 41,373 35,598 47,575
Age 66-69 Reference

Age 70-73 9,168 1,870 16,563
Age 74-78 8,045 1,459 14,846
Age 79+ 14,038 6,512 22,430
Female Reference

Male 7,342 827 13,847
White Reference

Black 11,543 -4,219 28,566
Asian -3,128 -13,177 7,156
Race, Other -7,497 -17,333 2,544
Married Reference

Single 15,854 2,776 29,148
Separated/Divorced 3,420 -6,130 13,525
Widowed 8,988 2,429 16,012
Marital status unknown 2,246 -11,965 17,784
Big Metro Reference

Metro -9,689 -15,042 -3,954
Urban -3,637 -14,762 8,584
Less urban/Rural -14,913 -22,766 -6,734
Localized Reference

Regional 9,521 3,670 15,437
Distant 21,264 9,615 32,130
Unstaged -10,271 -25,204 4,231
No comorbidities Reference

1-2 comorbidities 26,470 16,653 36,381
3+ comorbidities 51,812 37,012 67,599
Surgery alone Reference

No treatment 7,121 -6,768 22,372
Surgery and radiation 21,495 10,359 33,886
Other treatment 21,876 2,601 43,950
No recurrence Reference

Recurrence 4,417 -1,417 10,353

18



References

1.

10.

11.

12.

13.

14.

15.

American Thyroid Association (ATA) Guidelines Taskforce on Thyroid Nodules and
Differentiated Thyroid Cancer, Cooper DS, Doherty GM, Haugen BR, Kloos RT, Lee
SL, et al. Revised American Thyroid Association management guidelines for patients
with thyroid nodules and differentiated thyroid cancer. Thyroid. 2009;19:1167-1214.
Surveillance Epidemiology and End Results program. US Mortality Data 1969-2007.
National Cancer Institute, DCCPS, Surveillance Research Program, Cancer Statistics
Branch, released June 2010. 2010.

Coburn MC, Wanebo HJ. Age correlates with increased frequency of high risk factors
in elderly patients with thyroid cancer. Am J Surg. 1995;170:471-475.

Miccoli P, lacconi P, Cecchini GM, Caldarelli F, Ricci E, Berti P, et al. Thyroid
surgery in patients aged over 80 years. Acta Chir Belg. 1994;94:222-223.

Whitman ED, Norton JA. Endocrine surgical diseases of elderly patients. Surg Clin
North Am. 1994;74:127-144.

Surveillance Epidemiology and End Results program. SEER Medicare Research Data
1986-2007. National Cancer Institute, DCCPS, Surveillance Research Program, Cancer
Statistics Branch, released June 2010. 2010.

NCI. SEER-Medicare Linked Database. 2008;
http://healthservices.cancer.gov/seermedicare/aboutdata/cases.html. Accessed May 23,
2011.

National Cancer Institute. Surveillance Epidemiology and End Results. 2011;
http://seer.cancer.gov/. Accessed April 29, 2011.

Hollenbeak CS, Boltz MM, Schaefer EW, Saunders BD, Goldenberg D. Recurrence of
differentiated thyroid cancer in the elderly. Eur J Endocrinol. 2013Mar;168(4):549-56.
American Thyroid Association. ICD-9 Codes Recommended to Medicare by the ATA.
2008; http://www.thyroid.org/professionals/advocacy/icd9.html. Accessed April 1,
2010.

Bang H, Tsiatis A. Estimating medical costs with censored data. Biometrika.
2000;87:329-343.

Lin D. Linear regression analysis of censored medical costs. Biostatistics. 2000;1:35-
47.

Brown RL, deSouza JA, Cohen EEW. Thyroid cancer: burden of illness and
management of disease. J Cancer. 2011;2:193-199.

Shrime MG, Goldstein DP, Seaberg RM, Sawka AM, Rotstein L, Freeman JL, et al.
Cost-effective management of low-risk papillary thyroid carcinoma. Arch Otolaryngol
Head Neck Surg. 2007;133:1245-1253.

Berger A, Edelsberg J, Chung K, Ngyuyen A, Stepan D, Oster G. Healthcare (HC)
utilization and costs in patients (pts) with newly diagnosed metastatic thyroid cancer
(mTC). J Clin Oncol. 2007;25:170-182.

19



Publication 2:
Recurrence of Differentiated Thyroid Cancer in the Elderly

Introduction

The incidence of well-differentiated thyroid cancer in the United States has more than
doubled since the early 1970s. Between 1996 and 2005, the incidence rose annually by 5.8%
among men and 7.1% among women, a more rapid increase than any other cancer site.
Although the incidence is rising steadily, thyroid cancer is still relatively uncommon as only
45,000 cases are diagnosed per year.)

Prognosis for well-differentiated thyroid cancer remains excellent, and its associated
mortality has not changed in years. In the 1990’s well-differentiated (papillary and follicular)
thyroid cancer had an expected 10-year survival of 90% or greater. Even patients with distant
metastatic disease live many years before succumbing to their disease or dying of other
causes. The literature suggests that approximately 55% of patients who present with
pulmonary metastases and thyroid cancer survive at least 10 years.®

Recurrence of thyroid cancer is not unusual, and the literature suggests that it has an impact
on mortality. Coburn et al. suggests that patients who develop recurrent disease after curative
treatment do not fare as well as those with no recurrence, with 50-60% eventually dying of
the disease.® The ability to detect recurrent disease has improved in recent years. In the past,
surveillance to detect persistent or recurrent differentiated thyroid carcinoma did not include
sensitive serum thyroglobulin assays or neck ultrasonography by experienced technicians.
Therefore, many patients appeared to be cured by initial therapy of total thyroidectomy with
or without lymph node dissection and radioactive iodine (1-131) ablation therapy to the
remnant tissue only to have recurrent disease found years later.®)

Although most cases of thyroid cancer are diagnosed before age 55®, it does occur
frequently among patients over age 65. Furthermore, the implications for recurrent disease
may be very different in the elderly population than among younger patients. Older patients
are at greater risk of other health conditions to which they may succumb, lessening the health
burden of the recurrent thyroid cancer. Assessing the rate of recurrence of thyroid cancer and
the impact of thyroid cancer recurrence on mortality is made more challenging by the fact
that recurrence and mortality are competing risks. Patients who die will not recur, and a
recurrence suggests that patients survived long enough for the event to happen. This must be
accounted for in any analysis of thyroid cancer recurrence and its impact. The objective of
this study was to use data from the Surveillance Epidemiology and End Results (SEER)®)
Medicare-linked database to study recurrent well-differentiated thyroid cancer in the elderly.
We identified risk factors associated with recurrent thyroid cancer of well-differentiated
histology among elderly Medicare patients, and assessed the impact of recurrence on five-
year survival after controlling for patient, disease, and treatment related variables, as well as
competing risks with mortality.

METHOD
Data
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Data for this study were from the SEER-Medicare linked data of the National Cancer
Institute (NC1).® The SEER program is a national tumor registry that collects data on
approximately 26% of the US population, and reports cancer incidence and survival in the
United States.® The SEER-Medicare linked data contains the subset of Medicare enrollees
in the SEER registry. It then links these patients to all Medicare claims records. Thus, using
the Medicare billing claims data it is possible to identify specific types of resource utilization
in the combined SEER-Medicare data. We exploit this feature of the data in order to identify
recurrent thyroid cancer based on utilization of specific procedures commonly used to
diagnose and treat recurrent disease.

Our analysis was limited to elderly adult Medicare enrollees (65 years and older) diagnosed
with a single, unifocal primary thyroid cancer (papillary or follicular) between 1995 and
2007. Data from the SEER registry included demographics (age, gender, race/ethnicity,
location of residence), stage at diagnosis (local, regional, distant, unstaged), therapy (surgical
intervention, radioisotope therapy with surgery, chemotherapy), and survival (duration from
diagnosis until death). We also included only patients who survived at least through the first
year so that recurrence could be possible. The final analysis data set contained 2,883 patients.

Recurrence Definition

Recurrence of disease is not recorded as such in the SEER registry.() Therefore, we
identified recurrence through billing records for procedures that are not commonly used
except in such cases. Billing codes included a combination of International Classification of
Diseases 9th Version, Clinical Modification (ICD9-CM), Current Procedural Terminology
(CPT) codes and Healthcare Common procedure Coding System (HCPCS) codes. Patients
undergoing injection of 1-131 (ICD9-CM 92.28), therapeutic 1-131 injection (HCPCS A9530)
with thyroid uptake on nuclear imaging (CPT 78000), thyroid carcinoma imaging for
metastasis (CPT 78015), had thyroid carcinoma metastases imaging whole body (CPT
78018) or with additional studies (CPT 78016) total or complete thyroidectomy (CPT
60240), thyroid lobectomy (CPT 60220), subtotal or partial thyroidectomy (CPT 60271),
subtotal or total thyroidectomy for malignancy with limited neck dissection (CPT 60252),
thyroidectomy with radical neck dissection (CPT 60254), thyroidectomy substernal with
sternal split (CPT 60270), or modified radical neck dissection (CPT 38724), more than six
months after their initial diagnosis date and procedure (total or hemi-thyroidectomy and/or I-
131 therapy) were classified as having recurrent thyroid cancer. While we recognize that this
algorithm cannot perfectly capture recurrent disease, these are procedures that are very
infrequently received among thyroid cancer patients except in the case of recurrent disease.
Statistical Analysis

The statistical analysis was designed to identify risk factors for recurrent thyroid cancer in
the SEER population, and estimate the impact of recurrence of cancer-specific mortality,
controlling for other patient and disease characteristics that may also impact survival.
Summary statistics for patient characteristics, cancer stage, histology, and treatment,
stratified by recurrence are presented using Chi-squared and Wilcoxon tests to test for
differences between groups. Time to recurrence was defined as the time from the date of
diagnosis to the date of the first recurrence treatment code at least six months after diagnosis.
Patients who were alive and free from recurrence at their last follow-up were censored. Death
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prior to recurrence is a competing risk that must be accounted for in the analysis. Traditional
Kaplan-Meier survival methods are not appropriate as the method assumes that censored
individuals remain at risk for recurrence. This is violated for patients who die prior to
recurrence. Therefore, cumulative incidence curves were used to estimate the time to
recurrence curves in the presence of the competing risk of death.

As an alternative, we used a landmark Kaplan-Meier analysis at 1 and 2 years. In this
analysis, only patients that are alive at the landmark are included in the analysis. Patients
who have recurred prior to the landmark are classified as having recurrence, and patients who
have not recurred prior to the landmark are classified in a comparison group, even if
recurrence occurred after the landmark. Kaplan-Meier curves were created for these groups
beginning at the time of the landmark. One limitation to the landmark approach is that we
must select a landmark before conducting the data analysis and patient data is explicitly
excluded in the estimation of the survival curves. In addition the interpretation is conditional
on the time point chosen.

Multivariate analysis of survival was also performed using a Cox proportional hazards model
with a time-varying covariate. In this model, all patients are initially grouped as “no
recurrence” at baseline. Once a recurrence is observed, the patient group status is changed to
“recurrence” at the time (month) of recurrence. Comparisons of recurrence vs. non-
recurrence were based only on those time points that have both recurrent and non-recurrent
patients. The multivariable model includes adjustments for baseline patient characteristics.
All statistical analyses were performed using SAS software (version 9.2, Cary, NC). All tests
were two-sided and statistical significance was defined as a P value < 0.05.

Results

Recurrence

Using data from the SEER database 2,883 patients were identified with either primary
papillary or follicular thyroid cancer between 1995 and 2007. Of this group 1,117 patients
developed recurrence at some point according to our measure (38.7%, average length of
follow-up was 5 years). Characteristics of patients stratified by recurrence are presented in
Table 1, which shows that these groups were similar in demographic characteristics such as
gender (p = 0.57), race (p = 0.33), and urbanicity (p = 0.56). The groups were also similar in
terms of histology (p = 0.19). There were, however, characteristics that were suggestive of
risk factors for recurrence, which include age, stage, and treatment (all p < 0.0001). Regional
disease was present in 44% of the recurrence group and in only 24% of the control group. In
addition, only 32% of the recurrence group received single modality surgery while 61% of
patients who did not experience recurrence had single modality surgery. And while 53% of
the recurrence group had surgery and radioisotope therapy (I-131) as part of their initial
treatment, only 22% of the non-recurrence group had the same treatment, indicating that I-
131 is a marker of more aggressive disease.

The overall cumulative incidence for recurrence in the presence of the competing risk of

death, as well as cumulative incidence stratified by histology, is presented in Fig. 1. In all
three panels a majority of thyroid cancer recurrence occurred within the first two years of

22



diagnosis. After the first two years of diagnosis the probability of developing recurrent
thyroid cancer within ten years never exceeded 45%.

All-Cause Mortality

Of the 2,883 patients diagnosed with thyroid cancer 662 (23%) patients died. Thyroid cancer
represented the cause of death in 273 (41.2%) of those patients, or 9% of the patients overall.
Fig. 2 (left panel) presents ten-year all-cause mortality stratified by recurrent disease status at
a landmark of 1 year. Without controlling for other factors, patients who had a disease
recurrence had a higher risk of all-cause mortality within ten years of diagnosis than patients
with no recurrence; however this was not statistically significant (p = 0.65). A similar trend
was observed at a landmark of 2 years (Fig. 2, right panel) (p = 0.99).

Fig. 3 presents ten-year all-cause mortality stratified by recurrent disease and histology.
Interestingly, patients with follicular cancer and disease recurrence (bottom panels) had a
lower risk of all-cause mortality within ten years of diagnosis than patients with no
recurrence at both 1 year (p = 0.61) and 2 year (p = 0.09) landmarks, but this was not
statistically significant.

Table 2 presents the results of a Cox proportional hazards regression of all-cause mortality fit
separately for papillary and follicular thyroid cancer. Recurrence is estimated as a time-
varying covariate. Among patients with papillary thyroid cancer and controlling for other
covariates, patients who had thyroid cancer recurrence were more likely to die (HR, 1.13, p <
0.27) than patients with no recurrence, but this was not statistically significant. Other factors
also contributed to all-cause mortality with the papillary group. For example, older patients
(HR, 1.50; p < 0.001) with regional (HR, 1.68; p < 0.001) or distant (HR, 4.52; p < 0.001)
thyroid disease had a significantly increased risk of all-cause related death. In addition,
patients who had treatment other than surgery or 1-131 therapy (HR, 1.99; p < 0.001) or no
treatment at all (HR, 4.39; p < 0.001) had an increased all-cause mortality risk. I-131 therapy
in conjunction with surgery was a protective factor (HR, 0.77; p = 0.024) when assessing
mortality from all causes.

Unlike papillary cancer, recurrence in patients with follicular cancer was protective against
all-cause mortality (HR, 0.54; p = 0.03). The only significant risks of all-cause mortality in
patients with follicular cancer were older age and stage of disease. Distant disease increased
mortality by 593% (p < 0.001). As with papillary thyroid cancer, patients with follicular
thyroid cancer who underwent surgery and 1-131 therapy were 31% less likely to die (p =
0.21).

Discussion

Thyroid cancer is the most common malignancy of the endocrine system. There were 44,670
cases diagnosed in the U.S. in 2010. Well-differentiated tumors (papillary or follicular) are
highly treatable and usually curable. Poorly differentiated tumors (medullary or anaplastic)
are much less common, more aggressive, metastasize early, and have a much poorer
prognosis. Factors such as age, sex, size of the tumor, stage of disease, presence of
extrathyroidal spread, and completeness of resection have been found to significantly
influence prognosis and outcomes. €9
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Well-differentiated thyroid carcinoma is associated with good outcomes in the majority of
patients. In prior series the recurrence rates for WDTC has been reported to be 20-30% ?:10),
The overall rate of recurrence for WDTC in our series of elderly Medicare patients was 39%,
which is 10 percentage points above the range of prior studies. As with other studies,
recurrence in our study had a significantly negative impact on patient outcomes, but only for
patients with papillary disease. In one study 50-60% of patients with differentiated thyroid
cancer who recurred eventually died of their disease.®

Since many studies are based on single institutional series and because papillary thyroid
cancer (PTC) is overwhelmingly more common than follicular thyroid cancer (FTC), many
studies combine the two types of WDTC together in their findings. Previous reports suggest
that the rate of recurrence for PTC is approximately 25% ,* while the rate of recurrence for
FTC is approximately 18% (2, Rates of recurrence in this study were not similar. Of the
patients who developed a recurrence, 89.3% had PTC and 10.7% had FTC. We found those
with FTC had a decreased risk for developing thyroid cancer recurrence when compared
those with PTC.

The risks of metastasis and recurrence have been summarized by the American Joint
Committee on Cancer (AJCC) and the National Comprehensive Cancer Network (NCCN)®®
and are related to both patient and tumor related factors. Sex is considered an independent
risk factor in well-differentiated thyroid cancer, with males typically having a more
aggressive disease course. In our study 71.6% of females as opposed to 28.4% of males
developed recurrent disease, which was not a statistically significant difference. Age has also
been considered an important factor for well-differentiated thyroid cancer. For patients below
the age of 40, mortality rate at the time of diagnosis is low and increases progressively after
the age of 40. Patients, who are older than 65 years as compared to patients younger than 40
years, often develop locally aggressive tumors and have clinical recurrences.® We, too,
found similar evidence that older age significantly impacts outcome for WDTC.

Racial disparities in thyroid cancer have been reported. The incidence of thyroid cancer in
African-Americans is significantly lower than in white Americans. In fact, thyroid cancer is
half as common in the African-American population as in the white population. @9 A
number of studies have investigated racial disparities in incidence and outcome in thyroid
cancer. ! Mitchell et al. found that although African-American patients were more likely to
harbor larger neoplasms, the mortality and survival was not significantly different. ")
Recently Yu et al. concluded that African-American patients had a lower 5 year survival
from PTC than other racial or ethnic groups, but not from other thyroid cancer histology.*®)
In the current study, only 20.3% of non-white patients developed recurrence compared to
79.7% of whites, but was not statistically significant.

Regional disease was present in 44% of the recurrence group and in only 24% of patients
without recurrence (p < 0.0001). This may suggest that regional metastasis at diagnosis puts
patients at higher risk for recurrence.

Postoperative iodine-131 therapy for well-differentiated thyroid cancer has been advocated
for several reasons, which include treatment of possible residual disease, and ablation of
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residual thyroid tissue to allow more accurate follow-up of the patient with whole-body 1-131
scans and serum thyroglobulin measurements. Radio-iodine therapy in patients with
differentiated thyroid cancer has resulted in decreased recurrences, regardless of whether
patients had known residual disease % or no known residual disease.** In our study 53% of
the recurrence group had received radioisotope therapy (I1-131), while only 22% of the
control (non recurrent) group (p < 0.0001) had undergone 1-131 treatment. It is not clear
whether this difference represents actual practice in the elderly Medicare population or
whether it represents a limitation of the data. In addition, use of radioactive iodine therapy
may indicate more advanced disease.

The most important departure from the literature in our findings was that patients who had
follicular thyroid cancer with recurrence were less likely to die from all-causes than patients
without a recurrence. There are several possible explanations for this finding. First, it may
call into question the use of billing data to identify recurrence. However, the specific
procedure codes we used to identify recurrence are rarely used outside the context of a
recurrence. Furthermore, the fact that the rate of recurrence in the aggregate histologies was
similar to previous studies, lends face validity to our billing code proxy. The most likely
explanation is that recurrence and mortality are competing risks that are more important in an
older population. Some time is required for micrometastases to grow into full-blown
recurrence. In a younger population where thyroid cancer is seen most often, it would be rare
for a patient not to outlive the recurrence. However, in a study population whose average age
is 73, this may not be the case. We suspect that many elderly patients in our population are
not living long enough for recurrence to become a reality. Recurrence, then, in the elderly
population becomes an indicator that a patient has survived longer. The longer survival
observed among the population who recurred does not suggest that recurrence contributed to
survival, but rather it is an indicator of a patient who would or who has survived longer
independent of the recurrence.

The primary limitation of this study is the lack of a clinical variable in the SEER registry to
indicate recurrence. We therefore relied on evidence from billing data of iodine-131, imaging
for metastatic thyroid carcinoma, additional thyroid operations, or lymph node dissection
beyond six months of diagnosis to suggest recurrence. While our proxy measure has face
validity, as mentioned previously, there is still the chance that this measure missed patients
who did not receive iodine treatment or who underwent no treatment or non-conventional
treatment for their thyroid cancer. It may also have erroneously counted patients who
underwent treatment for their primary cancer in a delayed fashion and did not actually have a
recurrence. In addition, our analysis is unable to account for persistent disease beyond six
months of diagnosis. However, given that thyroid cancer is a surgically treated disease the
likelihood of having persistent disease is low. Another limitation is that because our
population is the elderly Medicare population, our results do not generalize to a younger
population where thyroid cancer is more prevalent.

To our knowledge, this study represents the largest series of recurrent well differentiated
thyroid cancer in the elderly Medicare population. We found an overall recurrence risk of
39% of the 2,883 patients in the cohort. In this population patients with regional disease and
distant metastases were at greater risk for developing recurrent disease. Those with PTC were
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at greater risk for recurrence than those with FTC. Sex and racial difference impacted the
chance of recurrence but were not statistically significant. Patients with follicular thyroid
cancer and recurrent disease had significantly longer survival, most likely suggesting a
competing risk between recurrence and mortality. This may be important when considering
treatment strategies for recurrent follicular thyroid cancer in the elderly population.
Additional research is needed in order to study the economic implications of recurrent
thyroid cancer in the elderly.
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TABLE 1 Characteristics of patient cohort stratified by recurrence

No Recurrence Recurrence
Variable N=1766 N=1117 P value
Age at diagnosis, years <0.0001
Mean (SD) 74.6 (6.43) 72.8 (5.43)
Median 74 72
Range 66.0-99.0 66.0-94.0
Age at diagnosis (group) <0.0001
66-69 years 496 (2.18%) 394 (35.3%)
70-74 years 469 (26.6%) 334 (29.9%)
75-79 years 405 (22.9%) 237 (21.2%)
80+ years 396 (22.3%) 152 (13.6%)
Sex 0.5699
Female 1282 (72.6%) 800 (71.6%)
Male 484 (27.4%) 317 (28.4%)
Race 0.3264
White 1380 (78.1%) 890 (79.7%)
Non-white 386 (21.9%) 227 (20.3%)
Urban/rural code 0.5564
Big metro 1056 (59.8%) 653 (58.5%)
Metro/urban 562 (31.8%) 358 (32.1%)
Less urban/rural 148 (8.4%) 106 (9.5%)
Historic stage <0.0001
Localized 1077 (61%) 493 (43.8%)
Regional 428 (24.2%) 496 (44.4%)
Distant 196 (11.1%) 103 (9.2%)
Unstaged 65 (3.7%) 29 (2.6%)
Histology 0.1929
Papillary 1548 (87.7%) 997 (89.3%)
Follicular 218 (12.3%) 120 (10.7%)
Treatment <0.0001
None 161 (9.1%) 24 (2.1%)
Surgery only 1069 (60.5%) 361 (32.3%)
Surgery and radioisotopes 385 (21.8%) 596 (53.4%)

Other (Chemo, non-radioisotope radiation)

151 (8.6%)

136 (12.2%)
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TABLE 2 Multivariable Cox models fit separately for papillary and follicular thyroid cancer

Papillary Follicular
HR* (95% CI) P-value HR* (95% CI) P-value
Age, 5 year increase 1.50 (1.41-1.60) <0.001 1.39 (1.19-1.61) <0.001
Sex
Male 1.30 (1.08-1.56) 0.005 1.28 (0.86-1.91) 0.22
Female Reference Reference
Race
White Reference Reference
Non-white 1.01 (0.82-1.24) 0.96 0.92 (0.60-1.41) 0.69
Urban/Rural code
Big metro Reference Reference
Urban/metro 0.88 (0.73-1.07) 0.21 0.81 (0.53-1.24) 0.33
Rural 1.03 (0.77-1.39) 0.83 1.45 (0.80-2.65) 0.22
Historic stage
Localized Reference Reference
Regional 1.68 (1.36-2.08) <0.001 1.75 (0.97-3.14) 0.06
Distant 4.52 (3.47-5.87) <0.001 6.93 (3.89-12.4) <0.001
Unstaged 0.57 (0.36-0.91) 0.018 2.27 (0.79-6.49) 0.13
Number comorbidities
0 Reference Reference
>1 1.79 (1.46-2.19) <0.001 1.18 (0.75-1.85) 0.47
Treatment
Surgery Reference Reference
Surgery and radioisotopes 0.77 (0.61-0.97) 0.024 0.69 (0.38-1.24) 0.21
Other 1.99 (1.54-2.58) <0.001 1.09 (0.63-1.88) 0.76
None 4.39 (3.26-5.91) <0.001 1.72 (0.96-3.09) 0.07
Recurrence
Yes 1.13 (0.91-1.41) 0.27 0.54 (0.31-0.93) 0.028
No Reference Reference

*HR=Hazard Ratio
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Title: Environmental Causes for the Souring Rates of Thyroid Cancer in Pennsylvania
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Role: PI
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Title: Clinical and Financial Impact of Treatment for Oral and Pharyngeal Cancer

Project Goal: To assess the financial and clinical impact of different treatment approaches for oral and
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(PPS)
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and pharyngeal cancers.

Role: Biostatistician

44



5 R18 HS19150-02 Gabbay (PI) 09/01/2010 — 07/31/2013
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