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Aim: To assess the cost–effectiveness of definitive therapies for nonmetastatic oropharyngeal cancer
(OPC). Materials & methods: Using the Surveillance, Epidemiology and End Results-Medicare dataset,
patients diagnosed between 2000 and 2011 were identified. The cost–effectiveness of chemoradiation
(CRT) versus radiotherapy (RT), cetuximab plus RT (cetuximab-RT) versus RT and cetuximab-RT versus CRT
were estimated. Results: The incremental cost–effectiveness ratio for CRT compared with RT from 2000
to 2005 was US$56,650 (95% CI: US$4,522–$288,688) per additional year of survival. CRT was dominated by
RT from 2006 to 2011. Cetuximab-RT was dominated by RT and CRT. Conclusion: CRT had a favorable value
from 2000 to 2005 but was dominated by RT from 2006 to 2011. The value of cetuximab-RT compared with
RT/CRT was not favorable with similar/inferior survival and substantial incremental costs.

First draft submitted: 31 August 2021; Accepted for publication: 12 April 2022; Published online:
11 May 2022

Keywords: chemotherapy • cost–effectiveness analysis • cost analysis • head and neck cancer • oropharyngeal
cancer

Background
Squamous cell carcinoma of the oropharynx is a distinct subset of head and neck cancers (HNC) that involve
the base of the tongue, tonsil, soft palate, vallecula and pharyngeal wall. While historically many oropharyngeal
cancer (OPC) cases were related to the risk factors of tobacco and alcohol use, the incidence of oncogenic human
papillomavirus (HPV) infection as an etiologic factor has increased over time. The incidence of OPC in the USA is
projected to increase from 20,124 cases in 2016 to about 30,629 cases in 2029 [1]. Previous studies have indicated
that there is an ongoing shift toward an increased incidence of OPC in the USA among older age groups, in
particular, those over 65 years of age, which is likely attributed to HPV-related OPC [1,2]. Trends of increasing
HPV-related OPC incidence have been observed in the USA and other economically developed countries [3].

Data from the Surveillance, Epidemiology and End Results (SEER) registry indicate that about 77% of the oral
cavity and pharynx cancer cases are diagnosed at a localized or regional stage [4]. While the increasing availability
of transoral robotic surgery (TORS) has allowed for surgical resection to be offered as a curative approach to more
patients [5], definitive cytotoxic chemotherapy plus radiation (CRT) is still widely employed as a curative treatment
option. The added benefit of CRT compared with radiation therapy (RT) alone was established based on multiple
clinical trials, the results of which were disseminated between 1999 and 2004 [6–9]. However, the addition of
chemotherapy to radiation can be associated with significant toxicity, especially in older individuals, and there are
limited prospective data with regard to alternative chemotherapy dosing schedules. Thus, treatment with RT alone
remained a relevant option for older patients with comorbidities, who might not tolerate chemotherapy.

In 2006, Bonner et al. presented randomized data showing a survival benefit with the monoclonal antibody
EGFR inhibitor cetuximab plus RT (cetuximab-RT) over RT alone [10]. The study was met with widespread interest
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among head and neck oncologists as it presented a new treatment option, especially for patients at higher risk of
increased toxicity from platinum-based chemotherapy. Over time, a debate developed with regard to the efficacy of
cisplatin plus RT (cisplatin-RT) versus cetuximab-RT, in part supported by a retrospective analysis that indicated
the survival outcomes were inferior with cetuximab-RT compared to cisplatin-RT [11]. In addition, subsequent
studies indicated that the toxicity of cetuximab-RT may be more pronounced than originally anticipated [12]. In
a randomized clinical trial (RTOG 1016) among patients with HPV-associated OPC, cisplatin-RT outperformed
cetuximab-RT in locoregional control, progression-free survival and overall survival (OS) [13]. In another random-
ized clinical trial (De-ESCALaTE HPV) in patients with HPV-positive low-risk OPC, cetuximab-RT did not
demonstrate reduced toxicity compared with cisplatin-RT, but did show inferior tumor control, with a lower rate
of two-year OS and a higher rate of two-year recurrence [14].

Thus, while this data did not support the use of cetuximab for HPV-positive OPC, its use for HPV-negative
disease has not specifically been studied. There remain questions about efficacy in this subset, coupled with the
known increased cost associated with cetuximab. A previously published study demonstrated that treatment with
cetuximab-RT is associated with substantial incremental costs compared with treatment with CRT or RT alone [15].
Therefore, it is important to evaluate the clinical and economic outcomes of OPC treatment options, establish
their cost–effectiveness and compare their results as the treatment landscape changes over time.

Although there are a few cost–effectiveness studies of cetuximab for locally advanced HNC [16–18], there is a
need for studies that focus on OPC given the etiologic nature of this subsite and its common association with
HPV. In addition, previous cost–effectiveness studies were conducted by modeling data from clinical trials and this
evidence must be complemented by real-world data that reflect actual spending by payers. Moreover, the shifting
age demographics and HPV prevalence over time as well as developments in radiation treatment in recent years
warrant evaluating how the value of OPC treatments has evolved over a long interval of time (2000–2013).

The objective of this study was to conduct cost–effectiveness analyses to assess the value of definitive therapeutic
options for OPC between 2000 and 2013. To facilitate the analysis of cost–effectiveness over time, the study period
was divided into two based on the year of diagnosis (2000–2005 and 2006–2011). In the early time period, the
survival and costs outcomes of CRT versus RT alone were compared. In the later time period, comparisons included
CRT versus RT alone, cetuximab-RT versus RT alone and CRT versus cetuximab-RT.

Materials & methods
Study design & data source
This retrospective cohort study aimed to estimate the cost–effectiveness of definitive CRT and cetuximab-RT
compared with RT alone over time among patients with OPC. The linked SEER-Medicare database, which
provides clinical and health services utilization information on Medicare beneficiaries with cancer by linking two
large population-based datasets, was used [19]. SEER data provides demographic and cancer-related information,
while Medicare data provide medical claims information for the utilized health services. During the study period
(2000–2013), the SEER registry collected demographic and cancer-related information from registries that covered
approximately 28% of the US population. This study was approved by the local Institutional Review Board
(HP-00067264).

Beneficiaries aged 66 years and older who were newly diagnosed with nonmetastatic OPC and who were treated
with definitive RT, concurrent CRT or concurrent cetuximab-RT were identified. The study included patients
diagnosed between 2000 and 2011 and with Medicare claims data from 1999 until 2013. The study sample was
divided into two cohorts based on the diagnosis period: 2000–2005 (Cohort I) and 2006–2011 (Cohort II). These
two time periods were selected to reflect the change in the treatment landscape associated with the publication
of the Bonner et al. study [10] and the approval of cetuximab for locally or regionally advanced HNC in 2006.
The analytic dataset was limited to patients who received the following treatments within 180 days postdiagnosis:
RT or CRT in Cohort I, and RT, CRT or cetuximab-RT in Cohort II. Patients were required to have continuous
enrollment in fee-for-service Medicare Parts A and B during the 12 months prior to the OPC diagnosis (baseline
period) and until the end of the study period (31 December 2013) or death. The following exclusion criteria were
applied: in situ or distant tumors, receipt of cetuximab in Cohort I, health maintenance organization enrollment
during the baseline period, OPC diagnosis on autopsy, missing diagnosis date, nonsquamous cell carcinoma, benign
tumor and unknown race. This cost–effectiveness study was conducted from a Medicare perspective and examined
the direct medical costs associated with OPC diagnosis and treatment. The study time horizon was 5 years. The
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cost and survival estimates were discounted at an annual 3% rate and costs were inflated to 2017 US dollars using
the Medical Component of the Consumer Price Index.

Treatment receipt
Patients with tumor-node-metastasis (TNM) stage M0 disease were assigned to the CRT group if they had at least
one claim for RT and at least one claim for chemotherapy within 180 days of diagnosis. Patients were assigned to
the cetuximab-RT group if they had at least one claim for RT and one claim for cetuximab within 180 days of
diagnosis. Patients with at least one claim for RT and no claims for chemotherapy within 180 days of diagnosis were
assigned to the RT-alone group. Cohort I was limited to patients who received either RT alone or CRT. Cohort II
included patients who received RT alone, CRT or cetuximab-RT.

Outcomes: overall survival & cost
OS was estimated using the diagnosis date (actual diagnosis month and first day of that month) and the date of
death. OS was defined as the time from cancer diagnosis until death or censoring for those alive on 31 Decem-
ber 2013. Direct medical costs were estimated from the following sources: hospitalizations, healthcare providers,
outpatient facilities, home health, skilled nursing facilities, hospice and durable medical equipment. Costs recorded
in Medicare files represented Medicare reimbursements to healthcare providers or healthcare facilities. The total
cost per patient was estimated by summing all monthly costs from all sources during the follow-up period until
death or censoring.

Covariates
Patients’ baseline demographic and clinical characteristics, including age, race, gender, marital status, Charlson
Comorbidity Index (CCI), stage (localized/regional), urban residence (Yes/No) , census tract median income, year
of diagnosis and geographic region were evaluated. The staging information (i.e., localized/regional) was based
on SEER Summary Stage for cases diagnosed in 2000–2003. For nonmetastatic cases diagnosed in 2004–2011,
localized/regional stages were derived based on the American Joint Committee on Cancer (AJCC) Sixth Edition
staging with a review of tumor and nodal staging. Localized stage was assigned for nonmetastatic tumors with
no lymph node involvement while regional disease was assigned for nonmetastatic tumors with lymph node
involvement. For each comparison under evaluation, the factors associated with cost and OS were evaluated.

Statistical analyses
Patients’ demographic and clinical characteristics were compared across study cohorts using t-tests, the Fisher’s exact
test and the likelihood ratio test. To control for measurable systematic differences between the study groups, the
comparison groups were matched on observable factors. For each comparison under evaluation (e.g., CRT vs RT
in 2005–2011), 1:1 propensity score matching was conducted based on the factors associated with cost and OS.
The factors that were statistically associated with costs were identified based on the results from multivariable
generalized linear models (with a log link and gamma distribution) that included all baseline variables. Factors
statistically associated with OS were identified based on multivariable Cox proportional hazards models that
included all baseline variables. Accordingly, for each comparison, the factors that were associated with cost and/or
OS (Supplementary Table 1) were identified and included in the logistic regression models that were used to
calculate the propensity scores for treatment receipt. The comparison groups were then matched using a greedy
five-to-one digit matching algorithm that aimed to increase the number of matched cases while maintaining the
goodness of matching [20]. The greedy matching algorithm was based on the following approach: first, patients
were matched on the five digits of the propensity score of treatment receipt. The remaining unmatched cases were
then matched on the four digits of the propensity score. This sequence was followed until patients were matched
on one digit of the propensity score. The goodness of matching was assessed by comparing the characteristics of the
matched groups using standardized mean differences. The standardized mean differences between the comparison
groups were less than 0.25 for all covariates included in the matching process, indicating a good variable balance [21].

Median OS was estimated using the Kaplan–Meier approach and survival functions were compared across cohorts
using the Wilcoxon and log-rank tests. The restricted mean survival time (RMST) was also estimated at five years
for the matched comparison groups. The RMST estimated the area under the Kaplan–Meier curve, restricted at
five years, and provided a reliable estimate of mean survival that can accommodate the available study follow-up
time [22].
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In each of the matched samples, the mean five-year cost per patient was estimated for each comparison group.
Since there was no censoring in Cohort I at five years, we estimated the mean five-year cost by summing the
costs from all sources and dividing by the number of patients in the group of interest. In Cohort II, the censoring
proportion at 5 years ranged 25–36% (Supplementary Table 2). Therefore, the inverse probability weighting (IPW)
method was used to adjust for right-censoring as suggested by Bang and Tsiatis [23,24]. Using this approach, the cost
of censored patients was accounted for based on the costs of complete observations. Patients with longer survival
received higher weights compared with patients who died soon after diagnosis.

To estimate the cost–effectiveness of CRT compared with RT in Cohort I, the mean incremental cost of CRT
compared with RT was first estimated by calculating the difference between the mean costs of both groups.
Given the skewed distribution of the cost data, the 95% CI of the incremental cost estimate was estimated using
nonparametric bootstrapping with 1000 sampling repetitions. Second, the mean difference in RMST between the
two groups was estimated. Similar to the incremental cost, the 95% CI of the difference was estimated using the
same bootstrapped samples. Third, the incremental cost–effectiveness ratio (ICER) was estimated by dividing the
incremental cost by the incremental RMST. The 95% CI of the ICER estimate was derived from the 25th and
975th percentiles obtained from the bootstrapped samples. Finally, the joint incremental cost and effectiveness
estimates from the bootstrapped samples were plotted on the cost–effectiveness plane to graphically illustrate
the cost–effectiveness of CRT compared with RT. The same approach was applied to all study comparisons. All
statistical analyses were conducted using SAS (version 9.4, SAS Institute Inc., NC, USA) and R statistical software
(version 3.6.2; R Foundation, Vienna, Austria) .

Results
Descriptive results
A total of 922 patients with OPC were identified in Cohort I. Patients receiving CRT represented 42% (n = 391)
of the cohort while patients receiving RT represented 58% (n = 531). The cohorts exhibited differences in age, sex,
stage and tract median income as shown in Table 1.

In Cohort II, 1133 OPC patients were identified with the following distribution by primary treatment: CRT
group = 31% (n = 349), cetuximab-RT group = 23% (n = 257) and RT group = 47% (n = 527). The cohorts
exhibited differences in age, gender, race, marital status, stage, median tract income and census region as shown in
Table 2.

After matching the CRT and RT groups in Cohort I, 530 patients we retained, divided evenly between the
two groups. After matching the CRT and RT groups in Cohort II, 546 patients were retained, divided evenly
between the two groups. The matched cetuximab-RT and RT groups in Cohort II included 448 patients. Lastly,
the matched cetuximab-RT and CRT groups in Cohort II included 396 patients. The patient characteristics of the
matched groups were comparable based on the variables that were selected for matching as shown in Supplementary
Tables 3–6.

Overall survival
The Kaplan–Meier OS functions for the matched groups are shown in Figure 1. The survival curves indicate that
the CRT group exhibited longer survival compared with the RT group in Cohort I (p = 0.049). In Cohort II, there
was no difference in OS between the CRT and RT groups. OS was also similar between the cetuximab-RT and
RT groups in Cohort II. Finally, the CRT group had superior survival compared with the cetuximab-RT group
(p = 0.017).

Cost–effectiveness
Cost–effectiveness results are provided for four comparisons across two time periods and their associated cohorts:
CRT versus RT in Cohort I (2000–2005); CRT versus RT in Cohort II (2006–2011); cetuximab-RT versus RT in
Cohort II; and cetuximab-RT versus CRT in Cohort II. Based on the first comparison, the incremental cost of CRT
compared with RT was US$19,261 (95% CI: US$4232–$35,054). The incremental RMST was 0.34 (95% CI:
0.03–0.65) years. The ICER was US$56,650 (95% CI: US$4522–$288,688) per additional year of survival. Based
on the second comparison, the incremental cost of CRT compared with RT in Cohort II was US$32,665 (95% CI:
US$13,692–$51,668). The incremental RMST was 0.24 (95% CI: -0.05–0.51) years. The ICER was US$136,104
(95% CI: -910,678–1,111,999) per additional year of survival. The results for the third comparison were as follows:
the incremental cost of cetuximab-RT compared with RT was US$46,557 (95% CI: US$27,961–$66,094). The
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Table 1. Characteristics of patients with oropharyngeal cancer diagnosed in 2000–2005 (Cohort I).
Treatment group p-value

Overall (n = 922) CRT (n = 391) RT (n = 531)

n % n % n %

Age �0.001

66–69 251 (27.2) 138 (35.3) 113 (21.3)

70–74 267 (29.0) 119 (30.4) 148 (27.9)

75–79 210 (22.8) 88 (22.5) 122 (23.0)

80+ 194 (21.0) 46 (11.8) 148 (27.9)

Sex 0.004

Male 595 (64.5) 273 (69.8) 322 (60.6)

Female 327 (35.5) 118 (30.2) 209 (39.4)

Race 0.321

White 799 (86.7) 345 (88.2) 454 (85.5)

African-American 82 (8.9) 33 (8.4) 49 (9.2)

Other 41 (4.4) 13 (3.3) 28 (5.3)

Married 0.174

Missing 46 (5.0) 21 (5.4) 25 (4.7)

No 441 (47.8) 173 (44.2) 268 (50.5)

Yes 435 (47.2) 197 (50.4) 238 (44.8)

Urban residence 0.849

No 15 (1.6) † † † †

Yes 907 (98.4) † † † †

CCI score 0.080

Missing 48 (5.2) 24 (6.1) 24 (4.5)

0 469 (50.9) 213 (54.5) 256 (48.2)

1 231 (25.1) 92 (23.5) 139 (26.2)

2+ 174 (18.9) 62 (15.9) 112 (21.1)

Stage �0.001

Missing 58 (6.3) 23 (5.9) 35 (6.6)

Localized 201 (21.8) 47 (12.0) 154 (29.0)

Regional 663 (71.9) 321 (82.1) 342 (64.4)

Census tract median income
quartile

0.021

Missing 12 (1.3) † † † †

1st 228 (24.7) 76 (19.4) 152 (28.6)

2nd 228 (24.7) † † † †

3rd 228 (24.7) † † † †

4th 226 (24.5) 105 (26.9) 121 (22.8)

Region 0.047

Midwest 96 (10.4) 43 (11.0) 53 (10.0)

Northeast 165 (17.9) 83 (21.2) 82 (15.4)

South 292 (31.7) 108 (27.6) 184 (34.7)

West 369 (40.0) 157 (40.2) 212 (39.9)

Teaching hospital �0.001

No 779 (84.5) 289 (73.9) 490 (92.3)

Yes 143 (15.5) 102 (26.1) 41 (7.7)

†Per data use agreement, cell sizes less than 11 cannot be shown or derived.
CCI: Charlson Comorbidity Index; CRT: Cytotoxic chemotherapy plus radiation; RT: Radiation therapy.
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Table 2. Characteristics of patients with oropharyngeal cancer diagnosed in 2006–2011 (Cohort II).
Treatment group p-value

Overall (n = 1133) RT (n = 527) CRT (n = 349) Cetuximab-RT (n = 257)

n % n % n % n %

Age �.001

66–69 366 (32.3) 155 (29.4) 145 (41.5) 66 (25.7)

70–74 367 (32.4) 176 (33.4) 109 (31.2) 82 (31.9)

75–79 202 (17.8) 79 (15.0) 66 (18.9) 57 (22.2)

80+ 198 (17.5) 117 (22.2) 29 (8.3) 52 (20.2)

Sex 0.047

Male 847 (74.8) 376 (71.3) 270 (77.4) 201 (78.2)

Female 286 (25.2) 151 (28.7) 79 (22.6) 56 (21.8)

Race 0.020

White 1021 (90.1) 465 (88.2) 317 (90.8) 239 (93.0)

African-American 68 (6.0) † † † † † †

Other 44 (3.9) † † † † † †

Married 0.001

Missing 75 (6.6) † † † † † †

No 451 (39.8) † † † † † †

Yes 607 (53.6) 249 (47.2) 201 (57.6) 157 (61.1)

Urban residence 0.215

No 18 (1.6) † † † † † †

Yes 1115 (98.4) † † † † † †

CCI score 0.417

Missing 39 (3.4) † † † † † †

0 574 (50.7) † † † † † †

1 273 (24.1) 128 (24.3) 91 (26.1) 54 (21.0)

2+ 247 (21.8) 119 (22.6) 69 (19.8) 59 (23.0)

Stage �0.001

Missing 30 (2.6) † † † † † †

Localized 195 (17.2) † † † † † †

Regional 908 (80.1) 398 (75.5) 290 (83.1) 220 (85.6)

Census tract median
income quartile

0.004

Missing † † † † † † † †

1st † † † † † † † †

2nd 282 (24.9) 138 (26.2) 80 (22.9) 64 (24.9)

3rd 282 (24.9) 115 (21.8) 84 (24.1) 83 (32.3)

4th 281 (24.8) 119 (22.6) 96 (27.5) 66 (25.7)

Region 0.002

Midwest 99 (8.7) 47 (8.9) 36 (10.3) 16 (6.2)

Northeast 192 (16.9) 90 (17.1) 61 (17.5) 41 (16.0)

South 332 (29.3) 168 (31.9) 110 (31.5) 54 (21.0)

West 510 (45.0) 222 (42.1) 142 (40.7) 146 (56.8)

Teaching hospital 0.250

No 1051 (92.8) 482 (91.5) 326 (93.4) 243 (94.6)

Yes 82 (7.2) 45 (8.5) 23 (6.6) 14 (5.4)

†Per data use agreement, cell sizes less than 11 cannot be shown or derived.
CCI: Charlson Comorbidity Index; Cetuximab-RT: Cetuximab plus radiation; CRT: Cytotoxic chemotherapy plus radiation; RT: Radiation therapy.
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Figure 1. Kaplan–Meier survival curves comparing treatment groups in Cohorts I and II. (A) CRT versus RT in Cohort I
(2000–2005). (B) CRT versus RT in Cohort II (2006–2011). (C) Cetuximab-RT versus RT in Cohort II (2006–2011). (D) CRT
versus cetuximab-RT in Cohort II (2006–2011).
Cetuximab-RT: Cetuximab plus radiation; CRT: Cytotoxic chemotherapy plus radiation; NR: Not reached; RT: Radiation
therapy.

incremental RMST was -0.19 (95% CI: -0.53–0.15) years. Lastly, based on the fourth comparison, the incremental
cost of cetuximab-RT compared with CRT was US$34,422 (95% CI: US$13,919–$56,982). The incremental
RMST was -0.48 (95% CI: -0.81– -0.16) years.

The cost–effectiveness results of the four comparisons are summarized in Table 3 and illustrated graphically in
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Table 3. Costs, effects and incremental cost–effectiveness ratios for the four comparisons.
Evaluation CRT vs RT CRT vs RT Cetuximab-RT vs RT Cetuximab-RT vs CRT

Diagnosis year 2000–2005 2006–2011 2006–2011 2006–2011

CRT RT CRT RT Cetuximab-
RT

RT Cetuximab-
RT

CRT

N 265 265 273 273 224 224 198 198

Mean cost, $ (SD) 127,585
(83,597)

108,325
(92,529)

138,894
(124,905)

106,229
(91,747)

162,550
(104,449)

115,993
(95,186)

160,595
(104,044)

126,174
(105,505)

RMST, years (95% CI) 2.89
(2.67–3.10)

2.54
(2.33–2.76)

3.47
(3.28–3.66)

3.23
(3.02–3.44)

2.91
(2.68–3.14)

3.10
(2.87–3.33)

2.92
(2.67–3.16)

3.39
(3.16–3.63)

Median survival, years (95% CI) 3.01
(2.31–4.10)

2.07
(1.64–2.61)

NR NR 2.86
(2.15–4.26)

3.96
(2.95–NR)

2.88
(2.10–4.41)

4.50
(3.96–NR)

Censoring, % 0 0 36 35 24 32 24 36

Incremental cost, $ (95% CI) 19,261
(4232–
35,054)

32,665
(13,692–
51,668)

46,557
(27,961–
66,094)

34,422
(13,919–
56,982)

Incremental RMST, years (95% CI) 0.34
(0.03–0.65)

0.24
(-0.05–0.51)

-0.19
(-0.53–0.15)

-0.48
(-0.81– -0.16)

ICER, $ per additional year of survival
(95% CI)

56,650
(4522–
288,688)

136,104
(-910,678–
1,111,999)

Dominated
Positive
incremental
cost and
negative
incremental
RMST

Dominated
Positive
incremental
cost and
negative
incremental
RMST

Cetuximab-RT: Cetuximab plus radiation; CRT: Cytotoxic chemotherapy plus radiation; ICER: Incremental cost–effectiveness ratio; NR: Not reached; RMST: Restricted mean survival
time; RT: Radiation therapy; SD: Standard deviation.
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Figure 2. Scatter plot of incremental costs and effects based on 1000 bootstrapped replicates. (A) CRT versus RT in
Cohort I (2000–2005). (B) CRT versus RT in Cohort II (2006–2011). (C) Cetuximab-RT versus RT in Cohort II (2006–2011).
(D) CRT versus cetuximab-RT in Cohort II (2006–2011).
Cetuximab-RT: Cetuximab plus radiation; CRT: Cytotoxic chemotherapy plus radiation; RT: Radiation therapy.

Figure 2. The figure shows scatter plots of the incremental costs and RMST pairs from the 1000 bootstrapped
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samples. For the CRT versus RT comparison in Cohort I, most of the points fall in the northeast quadrant, which
indicates that CRT is associated with improved survival and higher costs. For the CRT versus RT comparison in
Cohort II, most of the points also fall in the northeast quadrant; however, a proportion of the points cross over to
the northwest quadrant, which indicates a lack of evidence of improved survival with CRT. For the cetuximab-RT
versus RT comparison in Cohort II, most of the points fall in the northwest quadrant, indicating that cetuximab-RT
is associated with higher costs without evidence of improved survival. Finally, for the cetuximab-RT versus CRT
comparison in Cohort II, almost all of the points fall in the northwest quadrant, which indicates that cetuximab-RT
is associated with inferior survival and higher costs.

Discussion
This study examined the cost–effectiveness of definitive treatments for OPC using 13 years of data for individuals
newly diagnosed with nonmetastatic OPC as their first cancer and represented in the linked SEER-Medicare
data. Leveraging the long time period, cost–effectiveness estimates were compared over time periods defined by
the availability of cetuximab. The comparisons provided novel information regarding the cost–effectiveness of
treatments for OPC before and after a significant change in the treatment landscape.

The first comparison of CRT versus RT alone in the earlier time period (2000–2005) showed that the ICER of
CRT fell within acceptable ranges of cost–effectiveness, which was anticipated given the expected survival benefit
of adding platinum-based chemotherapy [25] at a relatively low cost. The second comparison of CRT versus RT
alone in the post-cetuximab era (2006–2011) showed that CRT was dominated by RT because it was associated
with higher costs without evidence of improved RMST compared with RT. It was expected that CRT would
offer a survival advantage over RT in the post-cetuximab era. However, there are several factors to consider in
reviewing these results. While CRT was associated with a numerically improved RMST, the limited follow-up
time and the small sample size may have prevented capturing a survival difference. Similar trends were observed
in the Kaplan–Meier functions of both groups (Figure 1B) and in the cost–effectiveness scatter plot (Figure 2B).
Another factor to consider is the increasing prevalence of HPV among older patients with OPC in more recent
time periods. For instance, analysis of HPV prevalence in OPC has shown a significant increase from 64% between
2000 and 2004 to 72% between 2005 and 2009 [26]. HPV-positive OPC has a better prognosis compared with
HPV-negative OPC [27], which may be reflected by the observed improvements in survival with both RT and
CRT in Cohort II compared with Cohort I (Figure 1A & B). The improved prognosis of HPV-positive OPC
and the concerns over morbidity and mortality related to chemotherapy have promoted discussion of treatment
de-escalation in this patient group with the goal of reducing toxicity while maintaining tumor control [14]. Several
strategies for de-escalating the treatment of HPV-positive OPC have been previously tested and continue to be
tested in ongoing trials [28], and this topic may be of special importance in the case of older patients. Additionally,
in a meta-analysis that evaluated the benefit of adding chemotherapy to locoregional treatment, the benefit of
chemotherapy was found to decrease with older age, potentially due to higher toxicity and reduced adherence to
treatment [29]. Nonetheless, future confirmatory analyses are warranted to investigate these findings.

Third, the comparison of cetuximab-RT versus RT alone in Cohort II showed that cetuximab-RT was dominated
by RT alone, due to incremental costs of US$46,557 with no incremental survival benefit (the incremental RMST
point estimate was negative). These survival results were consistent with an exploratory subgroup analysis from
the landmark randomized controlled trial of cetuximab, which suggested no additional benefit of cetuximab
among patients 65 years or older [30]. In the fourth comparison, cetuximab-RT demonstrated incremental costs
of US$34,422 coupled with inferior survival compared with CRT. The survival results were consistent with two
clinical trials and multiple retrospective analyses [11,13,14,31]. These findings suggest that other treatment options
are preferred over cetuximab-RT from both survival and cost perspectives.

In HNC, in general, several studies found that cetuximab plus radiation therapy was cost-effective compared
with radiation alone [16–18]. These studies utilized modeling approaches (e.g., Markov models or decision trees)
and data from the cetuximab landmark clinical trial. However, the current study provides important insights to
supplement available evidence because it is based entirely on observed survival and healthcare resource utilization
in real-world practice. It also included individuals who are older and with comorbidities and thus, less likely to
be enrolled in trials. The current study also provides a novel examination of the value of CRT over time. While
the results indicate that CRT may have offered good value compared with RT alone in the pre-cetuximab era,
the findings suggest that CRT had similar survival benefits compared with RT alone but at a higher cost.
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The study results must be considered in the context of study limitations. First, the observational nature of the
study may result in patient selection into treatment groups that may impact the estimated outcomes. Although we
aimed to reduce this patient selection bias by matching treatment groups, unobserved characteristics, factors such as
performance status and patient preference, could not be controlled for and might have led to residual confounding.
Second, in order to reduce the amount of censored cost data, the time horizon of the study was reduced, which may
have limited our ability to observe differences between the comparison groups in the long run. Future studies with
longer follow-up data are needed to complement the evidence from this study. Third, while the type of cytotoxic
chemotherapy (i.e., carboplatin vs low-dose cisplatin vs high-dose cisplatin) may have an impact on patient
outcomes, specific types of cytotoxic chemotherapy could not be studied due to sample size limitations. Therefore,
as the first step for a cost–effectiveness analysis using real-world data, the family of cytotoxic chemotherapy agents
that were utilized in the real-world setting were evaluated as one group. Future studies with larger sample sizes are
warranted to evaluate the cost–effectiveness of specific cytotoxic chemotherapy agents. Fourth, this study assessed
the value of concomitant RT with cytotoxic chemotherapy or cetuximab as treatment options in nonmetastatic
OPC, which included localized (10–16% of the patients in the matched cohorts) and regional tumors (84–90%
of the patients in the matched cohorts). In future studies using larger samples, stage-specific subgroup analyses
may be warranted to evaluate the cost and survival outcomes of such treatments within each stage group. Fifth,
the study reports an additional year of survival as the effectiveness measure and did not adjust the estimates based
on quality of life. Additional research on health-related quality of life will be needed to provide reliable inputs for
population-based cost–effectiveness studies of OPC treatments based on real-world or modeled data. The study
results also may not generalize to individuals diagnosed with OPC who are younger than 66 years old. Lastly, the
results may not generalize to the source SEER-Medicare OPC population because all comparisons were conducted
using matched samples. While matching is appropriate to maintain the internal validity of the group comparisons,
there is potential that the results are not externally valid. Despite these limitations, the results provide important,
novel information regarding the value of therapies across a changing treatment landscape for nonmetastatic OPC.

Conclusion
The value of definitive CRT compared with RT has changed over time for older patients diagnosed with OPC. In
the earlier time period, the ICER for CRT was US$56,650 per additional year of survival, which may fall within
acceptable cost–effectiveness thresholds. In the later time period, CRT was associated with similar survival as RT
alone, but at a higher cost. Finally, cetuximab-RT was associated with substantial costs compared with both RT
and CRT despite the lack of a survival benefit compared with RT and the inferior survival compared with CRT.
Based on these findings, the value of cetuximab for older patients with OPC was not favorable.

Summary points

• The landscape of oropharyngeal cancer (OPC) has been changing with an increased incidence among older
patients as well as an increased prevalence of human papillomavirus (HPV) infection as an etiologic factor.

• There is limited evidence related to the cost–effectiveness of nonmetastatic OPC therapies based on real-world
data. With the changing OPC landscape, it is important to evaluate the related change in the value of OPC
therapies over time.

• Using data from the linked Surveillance, Epidemiology and End Results-Medicare dataset, an observational
retrospective cohort study that included patients aged 66+ years with nonmetastatic OPC was conducted.

• The way the value of definitive OPC treatments has evolved over time was evaluated from 2000 to 2013 using
real-world data from patients diagnosed with OPC between 2000 and 2011.

• Over a five-year time horizon, the cost and overall survival outcomes for patients who received radiotherapy
alone (RT), concurrent chemoradiation (CRT) or concurrent radiation with cetuximab (cetuximab-RT) were
compared.

• Among patients diagnosed between 2000 and 2005, CRT was associated with a survival benefit at a relatively low
incremental cost compared with RT alone. The incremental cost–effectiveness ratio (US$56,650 per additional
year of survival) fell within acceptable cost–effectiveness limits.

• Comparing CRT to RT alone among patients diagnosed between 2006 and 2011, CRT was associated with higher
costs without evidence of improved survival.

• Comparing cetuximab-RT to RT alone or CRT among patients diagnosed between 2006 and 2011, cetuximab-RT
was associated with similar or inferior survival with substantially higher costs.
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