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ARTICLE INFO ABSTRACT

Objectives: The aim of this study was to estimate the direct 2-year mean incremental medical care costs for
incident oropharyngeal cancer (OPC) from the perspective of the Texas Medicaid program.

Methods: OPC patients treated from 2008 to 2012 were selected in the Texas Medicaid database. Using a two-
step 1:1 propensity score matching method, we selected controls to determine the differential cost associated
with OPC. Monthly and yearly direct costs were estimated for 2 years after the cancer diagnosis. For patients
without 2-year complete follow-up, a generalized linear model with gamma distribution and log link function
was applied to predict costs for the censored months.

Results: A total of 352 patients with OPC and the same number of controls were included in the study. Among
OPC patients, 204 (58%) were covered by Medicaid and Medicare, and 148 patients (42%) were insured under
Medicaid only. The adjusted first- and second-year mean differential costs were $45,102 and $11,684 for
Medicaid-only enrollees and $5734 and $2162 for Medicaid-Medicare dual-eligible enrollees, respectively. Being
male, Hispanic, Medicaid-only eligible, living in the Harlingen region, and having more comorbidities were
positively associated with monthly cost. Lubbock residents experienced lower costs.

Conclusions: The direct incremental medical costs associated with OPCs among patients insured by Texas
Medicaid were substantial in the first 2 years after cancer diagnosis and should be considered in assessing the
economic consequences of increasing the investment in HPV vaccination in Texas.
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Introduction experiencing a significant increase in incidence of OPCs, particularly

among middle-aged men [3,4].

Anogenital and oropharyngeal cancers caused by human papillo-
mavirus (HPV) are a significant health care burden in the United States,
including Texas [1,2]. Almost 40,000 HPV-related cancers were diag-
nosed annually in the United States during 2008-2012, with 28,500 of
these attributable to HPV types included in the 9-valent HPV vaccine
[2]. Of these, 10,400 were oropharyngeal cancers (OPCs), which have
now surpassed cervical cancer as the most common HPV-related cancer
in the United States [2,3]. Seventy percent of OPCs are attributable to
HPV, with the most common type being type 16 [2].The United States is

Fortunately, the HPV vaccine is expected to prevent the vast ma-
jority of HPV-related diseases, including OPCs [5]. Multiple studies
have demonstrated a population-level impact on HPV-related disease in
countries with HPV vaccination programs; however, the success of such
programs relies on high coverage levels [6]. Although several studies
have found the vaccine to be safe and cost effective [7-9], vaccination
rates in the United States remain low [10]. Fifty-three percent of eli-
gible girls and 44% of eligible boys have completed the vaccine ser-
ies—with even lower rates in Texas, where just 40% of adolescents have

* Corresponding author at: Division of Management, Policy, and Community Health, School of Public Health, The University of Texas Health Science Center at

Houston, 1200 Pressler St., Houston, TX 77030, United States.
E-mail address: David.R.Lairson@uth.tmc.edu (D.R. Lairson).

https://doi.org/10.1016/j.oraloncology.2019.06.033

Received 1 October 2018; Received in revised form 17 May 2019; Accepted 28 June 2019

Available online 04 July 2019
1368-8375/ © 2019 Published by Elsevier Ltd.


http://www.sciencedirect.com/science/journal/13688375
https://www.elsevier.com/locate/oraloncology
https://doi.org/10.1016/j.oraloncology.2019.06.033
https://doi.org/10.1016/j.oraloncology.2019.06.033
mailto:David.R.Lairson@uth.tmc.edu
https://doi.org/10.1016/j.oraloncology.2019.06.033
http://crossmark.crossref.org/dialog/?doi=10.1016/j.oraloncology.2019.06.033&domain=pdf

B. Zhao, et al.

completed the series [10].

Given the demonstrated success of vaccination programs [6], ad-
ditional resources are warranted to increase vaccination rates in Texas.
Justification for allocation of resources for such programs is supported
by accurate and up-to-date estimates of the costs associated with
treating HPV-related disease. We previously reported the health care
costs associated with OPC among a privately insured population in
Texas [11]. Medicaid is the largest health care payer covering low-in-
come adults, elderly adults, pregnant women, individuals with dis-
abilities, and children in the United States. Texas Medicaid is the state
and federal cooperative program that provides health insurance to
Texans with limited income and resources, and approximately 16% of
the Texas population was covered by Medicaid in 2016 [12]. The aim of
this study was to estimate the direct 2-year mean incremental medical
care costs for incident OPC from the perspective of the Texas Medicaid
program.

Methods
Data source

We used the Texas Medicaid database from 2008 to 2012 to select
patients for the cost evaluation of OPCs in this study. During the study
period, Texas Medicaid had 4.2-5.2 million enrollees annually. The
database had information about demographics, enrollment, and claims
for medical treatment and pharmacy use, along with associated pay-
ments.

Study population

OPC cohort

Newly diagnosed adult OPC patients were identified from the da-
taset. Patients were included in the cohort if they had at least one in-
patient claim or two outpatient claims 30 days apart with an ICD-9 code
of 141.0 (malignant neoplasm of base of tongue), 141.6 (malignant
neoplasm of lingual tonsil), 145.3 (malignant neoplasm of soft palate),
145.4 (malignant neoplasm of uvula), 146 (malignant neoplasm of or-
opharynx), 149.0 (malignant neoplasm of pharynx, unspecified) and
149.1 (Malignant neoplasm of Waldeyer's ring) [11]. The first day of
the OPC diagnosis was defined as the index diagnosis date.

Patients were then excluded from the cohort if they (1) were not
continuously enrolled in Medicaid 6 months before or 6 months after
the index diagnosis date, (2) were younger than 18 years on the index
diagnosis date, or (3) had any other cancer diagnosis 6 months before
the index diagnosis date.

Control group

We selected a 1:1 matched control group from the same Medicaid
dataset. First, patients with no HPV-related conditions during the study
period were identified as potential controls. Then, each index diagnosis
date from the OPC cohort was randomly assigned to all potential con-
trols (one-to-many match). After that, patients in the control group
were excluded if they were not continuously enrolled in Medicaid
6 months before or 6 months after the index diagnosis date, or if they
had any other cancer diagnosis 6 months before the index diagnosis
date.

A two-step matching process was implemented. First, all eligible
controls were matched with cancer patients if they had (1) age within
5years of that of cancer patients, (2) the same index date, and (3) the
same Medicaid only or Medicaid-Medicare dual-eligible status. In the
second step, we applied a 1:1 propensity score matching with
Mahalanobis distance. The variables included in the propensity score
matching were sex, race, health services region, Charlson comorbidity
score, number of psychiatric diagnostic groups [13] during the
6 months before the index date, and costs between the 6 months and
3 months before the index date. To avoid including costs related to
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cancer diagnosis, we did not include the costs for the 3 months im-
mediately before the index date in the cost variable.

Statistical analysis

Baseline characteristics were compared between OPC patients and
controls. Because the Medicaid data included no Medicare costs for
Medicaid-Medicare dual-eligible patients, OPC patients, as well as
controls, were separated into two subgroups: Medicaid only and those
dual eligible for Medicaid and Medicare coverage. Since care for dual-
eligible patients was partially covered by the federal Medicare program,
it was important to document the differences between the two major
subgroups of patients. The Pearson chi-square test was used to compare
categorical baseline characteristics between groups, and the t-test was
used for numerical variables; p-values < 0.05 were considered statisti-
cally significant.

Cost was measured from the Texas Medicaid program perspective.
The first- and second-year costs after the index date were analyzed for
all OPC patients and controls by Medicaid-only and dual-eligible status.
Subgroup cost analysis was performed to show how coverage by the
federal Medicare program affects the costs incurred by the state of
Texas. The cost was converted to 2015 US dollars using the medical
care category of the US Bureau of Labor Statistics Consumer Price
Index.

For patients with less than 2 years of follow up, costs in the censored
months were predicted using a generalized linear model with gamma
distribution and log link function. To account for the nonlinear effect of
time, both month and month-squared were included in the model.
Observed total cost and predicted total cost were reported for both the
first and second year. The observed total cost was also itemized to in-
patient cost, outpatient cost, and pharmacy cost. Cost difference be-
tween OPC patients and controls was estimated and defined as the cost
associated with cancer. Monthly cost was plotted using the combined
observed and predicted costs; if patients were censored and observed
cost was not available, predicted cost was used; otherwise, observed
cost was used. All analyses were performed using SAS Enterprise Guide
7.1 (SAS institute, NC). All data were de-identified and therefore ex-
empt from review by The University of Texas Health Science Center
Committee for the Protection of Human Subjects.

Results

A total of 352 patients diagnosed with OPC during the 2008-2012
period were identified in the Texas Medicaid database. Of these, 148
patients (42%) were covered under Medicaid only and 204 (58%) were
dual-eligible enrollees under Medicaid and Medicare (Table 1). The
mean age of patients was 54.98 and 67.62 years for Medicaid-only and
dual-eligible enrollees, respectively. Among OPC patients, there were
more males (66.9% and 59.8% of the Medicaid-only and dual-eligible
enrollees, respectively) than females, and nearly half (47.3% and 47.1%
of the Medicaid-only and dual-eligible enrollees, respectively) were
non-Hispanic whites. With 28.4% and 24.0%of patients in the Medi-
caid-only and dual-eligible groups, respectively, the health service re-
gion of Arlington had the highest rate of OPC patients. The demo-
graphic characteristics, Charlson comorbidity score, number of
psychiatric diagnosis groups, and pre-diagnosis costs were not sig-
nificantly different between OPC patients and controls among Medi-
caid-only and dual-eligible enrollees (Table 1).

The mean observed costs of OPC for Medicaid-only enrollees
($43,233 and $2165 for the first and second year, respectively) were
higher than those for dual-eligible enrollees ($5392 and $1152 for the
first and second year, respectively; Table 2). The highest costs were
incurred for outpatient service in both groups.

Generalized linear model was applied to predict the censored
monthly costs. After model adjustments, the cost differences between
cases and controls among Medicaid-only beneficiaries were $45,102
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Baseline characteristics for oropharyngeal cancer patients and matched population controls.

Medicaid-Medicare

Medicaid-only

Covariates Oropharyngeal cancer group Control group P Value Oropharyngeal cancer group Control group p-value
(n = 204) (n = 204) (n = 148) (n = 148)
Age, mean (SD), y 67.62 (10.98) 67.70 (11.14) 0.944 54.98 (6.09) 54.76 (6.13) 0.763
Sex 1.000 1.000
Female 82 (40.20%) 82 (40.20%) 49 (33.11%) 49 (33.11%)
Male 122 (59.80%) 122 (59.80%) 99 (66.89%) 99 (66.89%)
Race 0.722 0.795
White (not Hispanic) 96 (47.06%) 98 (48.04%) 70 (47.30%) 64 (43.24%)
Black (not Hispanic) 44 (21.57%) 47 (23.04%) 47 (31.76%) 54 (36.49%)
Hispanic 46 (22.55%) 47 (23.04%) 22 (14.86%) 23 (15.54%)
Other 18 (8.82%) 12 (5.88%) 9 (6.08%) 7 (4.73%)
Health service region 0.615 0.373
Public health region 1 - Lubbock 7 (3.43%) 8 (3.92%) 0 (0.00%) 3 (2.03%)
Public health region 2/3 - Arlington 49 (24.02%) 55 (26.96%) 42 (28.38%) 45 (30.41%)
Public health region 4/5 - Tyler 20 (9.80%) 24 (11.76%) 20 (13.51%) 13 (8.78%)
Public health region 6/5 - Houston 43 (21.08%) 54 (26.47%) 40 (27.03%) 37 (25.00%)
Public health region 7 - Temple 25 (12.25%) 18 (8.82%) 17 (11.49%) 19 (12.84%)
Public health region 8 - San Antonio 24 (11.76%) 18 (8.82%) 18 (12.16%) 18 (12.16%)
Public health region 9/10 - El Paso 9 (4.41%) 6 (2.94%) 7 (4.73%) 4 (2.70%)
Public health region 11 - Harlingen 27 (13.24%) 21 (10.29%) 4 (2.70%) 9 (6.08%)
Charlson comorbidity index score, mean 1.90 (1.97) 1.80 (2.00) 0.636 1.66 (1.65) 1.69 (1.76) 0.865
(sD)*
No. of psychiatric diagnosis groups, mean 0.17 (0.46) 0.25 (0.65) 0.137 0.20 (0.57) 0.25 (0.63) 0.498
(SD)*
Costs between 6 months and 3 months prior  559.0 (1344) 418.2 (806.4) 0.200 2141 (3391) 1990 (2946) 0.683

to diagnosis, mean (SD), $

Abbreviation: SD, standard deviation.

2 Charlson comorbidity index score and no. of psychiatric diagnosis groups were calculated for the 6 months prior to the index date.

and $11,684 for the first and second year, respectively (Table 2). For
the dual-eligible enrollees, the cost differences between cases and
controls were $5734 and $2162 for the first and second year, respec-
tively. Higher Charlson Comorbidity index score, residing in the Har-
lingen health service region, being a female, being a case, higher costs
between 6 months and 3 months prior to diagnosis, month-squared and
interaction term between month-squared and case/control were sig-
nificantly associated with higher monthly cost of OPC (Table 3). An
example calculation of the model adjusted cost is provided in the

Supplement. Costs for OPC cases in the first month ($4019) were higher
than it in the second month ($3617). The highest cost for OPC cases was
observed in the third month, then it gradually decreased until the tenth
month (Fig. 1). After the tenth month, the costs remained steady (be-
tween $1000 and $2000 for cases and between $500 and $1000 for
controls), until the end of the two-year follow-up period.

Table 2
Observed and adjusted cost differences between oropharyngeal cancer patients and controls by Medicare enrollment status.
Insurance Year Variable Oropharyngeal cancer group Control group Differential cost p-value
Mean SD Mean SD Mean SD
Medicaid-only (n = 148) First year All costs 57,936 51,869 14,703 20,874 43,233 39,536 <0.0001
Inpatient service 15,918 23,214 4230 11,410 11,688 18,290 <0.0001
Outpatient service 37,983 36,892 6240 9385 31,743 26,918 <0.0001
Drug 4036 5470 4233 6143 —198 5816 0.7702
Adjusted costs* 60,726 52,639 15,624 23,875 45,102 40,871 <0.0001
Second year All costs 12,162 25,697 9997 21,943 2165 23,894 0.4364
Inpatient service 2994 10,273 2946 13,046 47 11,741 0.9724
Outpatient service 7626 17,216 5022 10,716 2604 14,339 0.1195
Drug 1542 2955 2029 3549 —487 3266 0.2009
Adjusted costs* 27,426 31,320 15,742 28,183 11,684 29,793 0.0008
Medicaid-Medicare (n = 204) First year All costs 7662 9341 2270 4370 5392 7292 <0.0001
Inpatient service 519 3242 85 486 435 2318 0.0596
Outpatient service 7074 7551 2156 4302 4918 6145 <0.0001
Drug 69 253 29 104 40 193 0.0365
Adjusted costs* 8102 9298 2368 4351 5734 7259 <0.0001
Second year All costs 2341 4526 1189 2548 1152 3673 0.002
Inpatient service 96 689 15 124 81 495 0.0989
Outpatient service 2199 4230 1151 2512 1048 3479 0.0025
Drug 46 169 23 124 23 148 0.1214
Adjusted costs* 4004 4421 1842 2498 2162 3590 <0.0001

Abbreviation: SD-standard deviation.

“ The cost was adjusted so that the follow up period is the same for all enrollees after predicting the cost for the censored months using a generalized linear model

with gamma distribution and log link function.
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Table 3
Estimated coefficients for the generalized linear model, 2-year monthly cost estimate.
Parameter Beta estimate SE 95% confidence interval Z p-value
Intercept 6.9373 0.407 6.1396 7.7349 17.05 <0.0001
Age —0.0017 0.0057 —0.0128 0.0095 —0.29 0.7682
Charlson comorbidity index score® 0.1106 0.0305 0.0509 0.1703 3.63 0.0003
No. of psychiatric diagnosis groups” 0.1041 0.0718 —0.0367 0.2449 1.45 0.1474
Health service region
Public health region 1 - Lubbock —0.7952 0.2265 —1.2392 —0.3513 —3.51 0.0004
Public health region 4/5 - Tyler —0.2514 0.1662 —0.5771 0.0742 —1.51 0.1302
Public health region 6/5 - Houston 0.1365 0.1539 —0.1652 0.4383 0.89 0.3751
Public health region 7 - Temple —0.1534 0.1662 —0.4792 0.1723 —0.92 0.3559
Public health region 8 - San Antonio 0.0216 0.1651 —0.302 0.3452 0.13 0.896
Public health region 9/10 - El Paso —0.2556 0.3967 —1.0331 0.522 —0.64 0.5194
Public health region 11 - Harlingen 0.5569 0.2096 0.1462 0.9676 2.66 0.0079
Public health region 2/3 - Arlington Reference
Gender
Male —0.2695 0.1078 —0.4808 —0.0582 —-25 0.0124
Female Reference
Race
Black (non-Hispanic) 0.0185 0.1314 —0.2391 0.276 0.14 0.8883
Hispanic —0.3205 0.1419 —0.5987 —0.0424 —2.26 0.0239
Other 0.1786 0.1555 —0.1262 0.4833 1.15 0.2508
White (non-Hispanic) Reference
Medicare
Yes —1.7381 0.1448 —2.022 —1.4543 —-12 <0.0001
No Reference
Case/Control status
Case 2.2119 0.154 1.91 2.5137 14.36 <0.0001
Control Reference
Costs between 6 months and 3 months prior to diagnosis 0.0001 0 0.0001 0.0002 7.77 <0.0001
Censor status
Not censored —0.0131 0.1014 —0.2118 0.1857 -0.13 0.8974
Censored Reference
Month
Month —0.0548 0.0256 —-0.105 —0.0046 —-2.14 0.0324
Month-squared 0.0025 0.0012 0.0002 0.0047 215 0.0314
Interaction between month and case status
Month * case —-0.1372 0.0317 —0.1993 —0.0752 —4.33 <0.0001
Month * control Reference
Month-square * case 0.003 0.0014 0.0002 0.0057 2.1 0.036
Month-square * control Reference

Abbreviation: SE-standard error.
*Sample interpretation:

Age: As age increase by 1 year-old, the 2-year monthly cost is exp(—0.0017) = 0.998 times lower, after adjusting for other covariates in the model. As age increase by
10 years-old, the 2-year monthly cost is exp(—0.0017 * 810) = 0.983 times lower, after adjusting for other covariates in the model.
Charlson comorbidity index score: As Charlson comorbidity index score increase by 1 point, the 2-year monthly cost is exp(0.1106) = 1.117 times higher, after

adjusting for other covariates in the model.

Health service region: Compared with patients living in Arlington, the 2-year monthly cost for patients living in Houston is exp(0.1365) = 1.146 times higher, after

adjusting for other covariates in the model.

& Charlson comorbidity index score and no. of psychiatric diagnosis groups were calculated during the six months prior to index date.
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Fig. 1. Variation of the cost of oropharyngeal cancer in patients insured by Texas Medicaid from the date of cancer diagnosis to the 24th month of follow-up.
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Discussion

In this study, the mean differential health care costs to the Texas
Medicaid program for the first 2 years following OPC diagnosis were
substantially higher for Texas residents enrolled in Medicaid only
($56,786) than for those enrolled in both Medicare and Medicaid
($7896). The main explanation for this difference is that, for the
Medicaid-only enrollees, the cost reported represents the total cost of
OPC treatment from the Medicaid program perspective, while for the
dual-eligible enrollees, our estimates represent only the Medicaid por-
tion of cost of OPC treatment, as Medicare cost was not available for
analysis in the study. Patients who were male, had more comorbidities,
were Hispanic, had Medicaid only, or lived in the Harlingen region
were more likely to have a greater monthly cost in the first 2 years of
treatment. To our knowledge, this is the first population-based study on
the cost associated with management of OPC in patients enrolled in
Texas Medicaid.

The incidence of OPCs in the United States has been rising in the
past decade [3], probably reflecting the substantial increase in the in-
cidence of HPV-related OPCs. Since there currently exists no validated
screening option for this malignancy, HPV vaccination offers the only
opportunity for prevention of OPCs. Because vaccination policy is
decided at a state level in the United States, state-wide assessment of
direct costs incurred by OPC patients is essential to determine the po-
tential economic consequences of HPV vaccination for the state. Since
safety net programs are budgeted by the state government, cost of care
for patients insured by Medicaid may be of utmost importance.

Ten years ago, Epstein et al. investigated the cost of treatment for
oral and pharyngeal cancers using a cohort of patients insured by Medi-
Cal, the California Medicaid program [14]. The authors found that
treatment costs were $33,358 (2015 USD) in the first year after diag-
nosis, lower than the costs observed in our study. However, the Medi-
Cal patients represented a heterogeneous group of cancers. Treatment
of OPC differs widely from oral cavity cancer and other cancers of the
pharynx (e.g. hypopharyngeal and nasopharyngeal carcinomas) [15].
OPC is now mainly attributable to HPV, in contrast to cancers at other
head and neck sites which rarely are [16], and are recognized to be a
subset of head and neck cancers with distinct epidemiological, patho-
logical, and clinical characteristics [17]. Patients with HPV-related OPC
are less likely to have a history of alcohol and tobacco use than those
with cancers at other head and neck [17], and typically present with a
small tumor burden with neck nodal metastases [18]. Treatment of OPC
often incudes radiation and those with HPV-related disease have an
improved prognosis compared to those with HPV-unrelated disease
[19]. Mainly due to different treatment strategies in oral cavity versus
OPCs, health care cost of OPC may be underestimated when OPC is
combined with oral cavity cancer [20,21]. Cost estimates derived from
SEER-Medicare data by Hollenbeak et al. [22] ($48,544 [2015 USD])
and Hu and Goldie [23] ($42,534 [2015 USD]) were closer to the
findings in our study. Although these studies included OPC with oral
cavity cancer, Medicare generally pays more for services than Medicaid.
These offsetting effects resulted in mean cost estimates similar to our
findings for Medicaid OPC cases.

Our estimate ($88,152) for overall cost during the first 2 years after
diagnosis of OPC in Texas Medicaid-insured patients is lower than that
in our previous study, in which the overall first-2-year cost for Texas
commercially insured OPC patients was $160,639 [11]. Part of the
reason why Medicaid-insured OPC patients had lower cost may be be-
cause on average, Medicaid generally has lower payment rates than
private insurance for the same services. A study of 2005 Medical Ex-
penditure Panel Survey data found that—after adjusting for health
status, socioeconomic status, and other factors—if an average adult
were covered by Medicaid instead of private insurance, inpatient hos-
pital, outpatient hospital, and physician expenditures would be 33%,
40%, and 34% lower, respectively [24]. A recent survey of Medicaid
physician fees revealed that in 2016 in Texas, Medicaid fees were 65%
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of the Medicare fees, and for primary care the Medicaid-to-Medicare
ratio was only 58% [25]. Studies have demonstrated disparities in ac-
cess to health care related to health insurance status, such as hospital
utilization (nonteaching vs. teaching hospitals) [26] and coverage of
medications and procedures [27,28]. These also likely contributed to
the cost difference between Medicaid and private insurance in OPC
treatment.

This study has some limitations. Our study may be underpowered to
detect significant cost differences due to a relatively small sample size.
We used propensity score matching to balance observable risk factors
related to medical care cost but could not correct for unobservable
factors that may affect costs. Although Texas Medicaid database pro-
vides excellent medical claim data, disease-specific variables were
limited, and we were unable to analyze the variation in cost based on
stage at diagnosis, HPV status or end of life care. This lack of disease-
specific variables, along with retrospective data confined to Texas,
limits the generalizability of our findings. In addition, adults may be
more likely to enroll in Medicaid when they are ill; so the differential
cost may be underestimated.

The strengths of this study include up-to-date comprehensive
longitudinal medical claims data and a robust methodology to assess
the differential cost due to OPC, adjusting for the unrelated cost, right
censoring, and not normally distributed data. We estimated medical
cost of OPC by demographic and health characteristics such as age,
race, dual-eligible status, and comorbid conditions. By incorporating
these characteristics into our model and including only HPV-related
OPCs (well-defined ICD-9-CM site codes), we can address questions
regarding health care costs of these HPV-related cancers and risk factors
that affect cost in the Texas Medicaid population.

In conclusion, after diagnosis of OPC, mean incremental medical
cost for Medicaid was about $45,100 in the first year and 11,700 in the
second year in Texas Medicaid-only patients, and about $5700 in the
first year and $2200 in the second year in dual-eligible patients, in-
dicating a significant cost burden of OPC. As costs for running Medicaid
continue to grow, this study provides important parameters for future
decision-analytic models of the cost-effectiveness of investments to in-
crease HPV vaccination in Texas.
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