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Purpose: We compared work outcomes in patients with oropharyngeal cancer (OPC),
randomized to intensity-modulated proton (IMPT) versus intensity-modulated photon
therapy (IMRT) for chemoradiation therapy (CRT).

Patients and Methods: In 147 patients with stage II-IVB squamous cell OPC
participating in patient-reported outcomes assessments, a prespecified secondary aim of
a randomized phase II/lll trial of IMPT (n = 69) versus IMRT (n = 78), we compared
absenteeism, presenteeism (i.e., the extent to which an employee is not fully functional
at work), and work productivity losses. We used the work productivity and activity
impairment questionnaire at baseline (pre-CRT), at the end of CRT, and at 6 months, 1
year, and 2 years. A one-sided Cochran-Armitage test was used to analyze within-arm
temporal trends, and a y? test was used to compare between-arm differences. Among
working patients, at each follow-up point, a 1-sided Wilcoxon rank-sum test was used to
compare work-productivity scores.

Results: Patient characteristics in IMPT versus IMRT arms were similar. In the IMPT
arm, within-arm analysis demonstrated that an increasing proportion of patients resumed
working after IMPT, from 60% (40 of 67) pre-CRT and 71% (30 of 42) at 1 year to 78%
(18 of 23) at 2 years (P = 0.025). In the IMRT arm, the proportion remained stable, with
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57% (43 of 76) pre-CRT, 54% (21 of 39) at 1 year, and 52% (13 of 25) working at 2 years (P = 0.47). By 2 years after CRT, the
between-arm difference between patients who had IMPT and those who had IMRT trended toward significance (P = 0.06).
Regardless of treatment arm, among working patients, the most severe work impairments occurred from treatment initiation to the end
of CRT, with significant recovery from absenteeism, presenteeism, and productivity impairments by the 2-year follow-up (P < 0.001 for
all). Higher magnitudes of recovery from absenteeism (at 1 year, P = 0.05; and at 2 years, P = 0.04) and composite work impairment
scores (at 1 year, P= 0.04; and at 2 years, P = 0.04) were seen in patients treated with IMPT versus those treated with IMRT.
Conclusion: In patients with OPC receiving curative CRT, patients randomized to IMPT demonstrated increasing work and
productivity recovery trends. Studies are needed to identify mechanisms underlying head and neck CRT treatment causing work
disability and impairment.

Keywords: oropharyngeal cancer; proton therapy; work; productivity; patient-reported outcomes

Introduction

Rising costs of cancer care have prompted a pressing need for “value” in cancer treatment decisions [1—4]. The challenge to
achieve “high-value” radiation oncology care is particularly relevant in oropharyngeal cancer (OPC), a head and neck cancer
that uses radiation treatment as the mainstay for cure [5]. The current standard for curative therapy in OPC requires 6 to 7
weeks of radiation directly targeting the soft tissues and lymph nodes of the head and neck, concurrent with chemotherapy.
Because of this intensive, multimodality treatment approach for head and neck cancer, conventional treatment is associated
with toxicities that can be symptomatically severe and impair a patient’s daily function: acutely, mucositis, thick secretions,
dehydration, poor nutrition, and requirement of narcotic pain medications, and, in the long term, xerostomia, dysphagia,
dysgeusia, lymphedema, trismus, esophageal stricture, and dependency on a feeding tube [6—10]. It is not surprising that the
health care costs of patients with head and neck cancer in survivorship are among the costliest in the United States [11].

Evidence suggests that patients with OPC and other head and neck cancers are also personally vulnerable to economic
burdens related to the illness and disability after their intensive therapy course and subsequent toxicities [12—15]. Patients with
head and neck cancer frequently miss or lose work during radiation treatment, with prior studies reporting between 40% and
60% of patients still failing to return to work in long-term survivorship [12, 13]. Relatedly, patients with head and neck cancer
report personal financial distress or “financial toxicity” [16]. A recent single-center study [17] found that about one third of
patients with head and neck cancer had moderate to catastrophic financial toxicity with radiation treatment.

Therefore, treatment strategies that address clinical toxicities in patients with OPC may also lead to benefits in functional
recovery, ability to return to work, and downstream financial toxicity. To address the severe clinical toxicities associated with
current OPC treatment, one strategy in head and neck radiation is intensity-modulated proton therapy (IMPT) because IMPT
seeks to improve clinical outcomes through reducing radiation-associated toxicity when compared with conventional intensity-
modulated photon therapy (IMRT). Moreover, IMPT takes advantage of the unique physical properties of protons (Bragg
peak), allowing minimal radiation exit doses and sparing surrounding healthy tissues from resultant toxicity [18, 19]. Prior
observational studies of patients with OPC have demonstrated that IMPT was associated with lower risks of dry mouth,
swallowing difficulties, damaged taste, and feeding-tube dependence, with equivalent cancer survival rates when compared
with conventional IMRT [20-22].

Therefore, with differences in radiation toxicity and long-term symptom profiles, treatment with IMPT versus IMRT could
potentially demonstrate an effect on downstream work and financial toxicity outcomes [14]. Despite a growing appreciation for
the need to compare the effect of different radiation treatment strategies on those outcomes, it is unknown whether IMPT
versus IMRT may lead to different work outcomes in patients with OPC. Accordingly, we sought to compare work and
productivity outcomes, prospectively and longitudinally measured by the validated work productivity and activity impairment
(WPAI) instrument in patients with OPC who received either IMPT or IMRT in a randomized trial setting.

Materials and Methods

Data Source and Study Sample

This study reports results from a prespecified secondary outcome analysis of a randomized phase II/lll clinical trial
(NCT01893307) [23], which was approved by the University of Texas MD Anderson Cancer Center Institutional Review Board.

Smith et al (2021), Int J Particle Ther
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Between 2014 and 2018, 192 patients provided consent and were enrolled in our phase |l trial of IMPT versus IMRT for
definitive chemoradiation (CRT) for stage II-IVB [24] squamous cell carcinoma of the oropharynx. Eligibility criteria included
patients who were older than 18 years with histologically documented cancer and an Eastern Cooperative Oncology Group
performance status of 0 to 2 and, for women, who had a negative pregnancy test. Randomization to IMPT versus IMRT
treatment arms was stratified by receipt of induction chemotherapy, human papillomavirus (HPV)/p16 status, and smoking
status (< 5 pack years versus > 5 pack years). The primary outcome of the phase Il trial was treatment toxicity, and the
primary phase Ill randomized trial is ongoing. Of enrolled patients, we excluded patients who withdrew before randomization
(N = 2; 1%) and who withdrew after randomization (N = 3; 2%). This analysis includes 147 patients (79%) who participated in
longitudinal survey assessment of patient-reported outcomes; 40 patients elected not to participate in the survey assessments
(Supplemental Figure S1).

Treatment

In the randomized trial, all patients received concurrent chemotherapy (eg, cisplatin 40 mg/m? weekly), prescribed at the
discretion of the medical oncologist. The total prescribed radiation dose to gross disease was 70 Gy radiobiologic equivalent
(GyRBE) at 2.12 GyRBE/fraction and, for low-risk microscopic disease, was 57 GyRBE at 1.72 GyRBE/fraction, for a total of
33 fractions. Target volume definitions were in accordance with the International Commission on Radiation Units and
Measurements report 50 [25] and 62 [26]. Prescribed doses and margins to target volumes were consistent between proton
and photon plans, which encompassed > 95% of the planning target volume and could be normalized to the 93% to 98%
prescription isodose line. In IMPT, intensities of all pencil beams (“beamlets”) of multiple beams were simultaneously
optimized to achieve the desired balance between healthy tissue and target coverage. Pencil beams of individual beams were
not required to reach the distal edge of the target volume. Low-dose regions and dose heterogeneity in the target per beam
were compensated for with pencil beams from other directions. Robust optimization addressed range-sensitive IMPT plans to
ensure IMPT plan validity.

Work and Productivity Outcome Measures and Covariates

Patient-reported work outcomes were prospectively measured with the validated WPAI questionnaire [27] as a prespecified
trial aim. The WPAI questionnaire was completed by patients at baseline (pre-CRT), at the end of CRT, and at 6 months, 1
year, and 2 years after therapy. The WPAI questionnaire assessed various dimensions of work productivity and activity
impairment. Working status was evaluated with a yes/no question that asked patients to report whether they were working for
pay in the prior week (within the prior 7 days). Among those who were working, the following dimensions of work productivity
were additionally assessed in the questionnaire: (1) absenteeism, which quantified a patient’s reported hours of missed work
relative to his or her total typical work hours; (2) presenteeism, which quantified a patient’s perceived change in work quality
compared with his or her usual work quality; and (3) productivity impairment, which compositely quantified absenteeism and
presenteeism [28]. Absenteeism, presenteeism, and productivity impairment were scored on a scale of 0 to 100, based on the
scoring calculation approach of Reilly et al [28], with higher numbers (closer to 100) representing recovery from work
impairment and lower numbers (closer to 0) representing worsening work impairment levels, for ease of interpretation. For
analysis at each time point, each patient’s change (recovery) in their score was calculated as: A = Score at follow-up time
point — Score pre-CRT, so that A > 0 represented recovery of work impairment over time, whereas A < 0 represented a
persistent worsening of absenteeism, presenteeism, or work productivity as measured by a composite work impairment score
over time. Patients’ baseline sociodemographic characteristics and disease and tumor covariates were obtained from medical
records and baseline trial data abstractions.

Statistical Analysis

Baseline characteristics were compared between patients who were randomized to IMPT and to IMRT treatment arms.
Continuous variables were compared by t test, and categorical variables were compared by the y? test. For the outcome of
employment (patients working and returning to work), we used the Cochran-Armitage test for within-arm temporal trends for a
change in the proportion of patient employment during follow-up in each of the groups of patients treated with IMPT and with
IMRT. For between-arm comparisons of the outcome of employment, we tested univariate difference in proportions of patient
employment at each time point by %2 tests. We tested a generalized linear mixed model with binomial distribution to identify
whether there were significant longitudinal changes in the proportion of patients working.

Smith et al (2021), Int J Particle Ther 321



INTERNATIONAL
JOURNAL

of PARTICLE
THERAPY

Work outcomes after oropharyngeal cancer

Table 1. Patient characteristics by treatment arm.

Characteristic IMPT, No. (%), N = 69 IMRT, No. (%), N =78 P value

Age, mean (SD), y 59.4 (9.1) 58.7 (9.1) 0.67

White race 63 (91.3) 71 (91.0) 0.95

[T 12 (17.4) 11 (14.1)

Induction chemotherapy 8 (11.6) 12 (15.4)

Baseline employment

Primary insurance 1.00

Medicare 19 (27.5) 22 (28.2)

Abbreviations: IMPT, intensity-modulated proton therapy; IMRT, intensity-modulated photon therapy; AJCC, AJCC Cancer
Staging Manual; HPV, human papillomavirus.

For outcomes of work impairment, we used a one-sided Wilcoxon rank-sum test with nonnormal distribution to compare A
scores for absenteeism, presenteeism, and work productivity, as measured by a composite work impairment score, assessing
the change in score at each follow-up point (6 months, 1 year, and 2 years) from the pre-CRT score. Additionally, we tested
unadjusted and adjusted generalized linear mixed models for those scores to identify significant longitudinal changes in
absenteeism, presenteeism, and productivity scores over time, as well as to identify predictors of longitudinal changes. In
multivariate analysis, covariates with associations of P < 0.25 in univariate analysis and clinical significance were used to
identify parsimonious models. Regarding missingness, the general linear mixed models provided unbiased estimates of
effects. We alternatively tested a last-observation carry-forward approach for sensitivity analysis. All analyses were conducted
with SAS Enterprise Guide software (version 7.11; SAS Institute, Cary, North Carolina), and P values < 0.05 for 1- and 2-
tailed tests were considered statistically significant.

Results

Patient Characteristics

In 147 patients, mean (SD) age was 59 (9.1) years, and 88% (n = 129) were men, 83% (n = 122) were stage IVA to IVB, and
96% (n = 141) had HPV-positive results. At baseline, 73% (n = 107) of patients were employed (not retired) before cancer
diagnosis. In patients randomized to receive IMPT versus IMRT, baseline sociodemographic and clinical characteristics were
well balanced, without significant differences (Table 1). During the follow-up period, the response rate (the number of patients
with a scoreable questionnaire, divided by the number participating in the patient-reported survey outcomes assessments)
was 56% (82 of 147) at 6 months, 55% (81 of 147) at 1 year, and 33% (48 of 147) at 2 years.

Employment and Return-to-Work Outcomes

At pre-CRT baseline, before beginning active treatment, only 58% (83 of 143) of patients overall were actively working,
with relatively little change at 65% (31 of 48) by the 2-year follow-up. This overall stable longitudinal pattern for the entire
cohort was confirmed in the mixed model (P = 0.32 for time covariate). However, in the within-arm analysis, patients
treated with IMPT, a significantly increased proportion resumed working over time, from 60% (40 of 67) pre-CRT and 71%
(25 of 35) at 1 year to 78% (18 of 23) at 2 years (1-sided Cochran-Armitage test for a trend of P = 0.025). In the within-arm
analysis of the IMRT arm, the proportions remained stable, with 57% (43 of 76) at pre-CRT, 54% (21 of 39) at 1 year, and
52% (13 of 25) at 2 years (one-sided Cochran-Armitage test for trend P =0.47). At 2 years after CRT, the between-arm
comparison between patients in IMPT and IMRT treatment arms approached significance (y? test, P = 0.06; Figure,
Table 2).

Smith et al (2021), Int J Particle Ther 32
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Work and Productivity Impairment

In the entire sample of patients, there was a distinct pattern of work impairment and recovery. During cancer treatment,
patients experienced their nadir of absenteeism, presenteeism, and productivity scores (worst median score for each of those
measures). Median scores for each of those measures also significantly and steadily improved (recovered) during the follow-
up period from 6 months to 2 years after CRT (all P < 0.001 for time covariates in each mixed-effects growth model for
outcomes, with the parameter estimates indicating improvement over time for absenteeism, presenteeism, and productivity
impairment scores. Supplemental Tables S1-S3).

Higher magnitudes of recovery, or improvement, in absenteeism scores were seen for patients randomized to IMPT versus
IMRT. Complete recovery would be indicated by A =+ 100, and no change would be A = 0. In patients treated with IMPT, the
median improvement in absenteeism scores at 1 year was A =+ 40 (interquartile range [IQR]+ 71 and 0) versus A =+ 8 (IQR
+ 35 and 0) in patients treated with IMRT (1-sided Wilcoxon rank-sum, P = 0.054). At 2 years, median improvement in
absenteeism scores was A =+ 40 (IQR + 75 and 0) in patients treated with IMPT versus A =+ 0 (IQR + 38 and 0) in patients
treated with IMRT (1-sided Wilcoxon rank-sum, P = 0.04. Table 3).

Similarly, higher magnitudes of recovery in productivity measured by composite work impairment scores were seen for
patients randomized to IMPT versus IMRT. At 1 year, the improvement in composite work impairment scores was A =+ 38
(IQR + 70 and 0) in patients treated with IMPT versus A =+ 23 (IQR + 48 and 0) in patients treated with IMRT (1-sided
Wilcoxon rank-sum, P = 0.05). At 2 years, the improvement was A =+ 46 (IQR + 70 and 0) in patients treated with IMPT
versus A=+ 9 (IQR + 35 and 0) in patients treated with IMRT (1-sided Wilcoxon rank-sum P = 0.04. Table 3).

Table 2. Between-arm comparison of the proportion of patients working during radiation treatment and survivorship.

Randomization arm Pre-CRT End of CRT 6 mo 1y 2y
IMPT, n = 69
Working per response, No. (%) 40 (60) 27 (63) 25 (71) 30 (71) 18 (78)
Response rate, No. (%) 76 (97) 40 (51) 47 (60) 39 (50) 25 (32)
Between-arm comparison P value® 0.71 0.16 0.14 0.10 0.06
Abbreviations: CRT, chemoradiation therapy; IMPT, intensity-modulated proton therapy; IMRT, intensity-modulated photon therapy.
a,z2
x~ test.

Smith et al (2021), Int J Particle Ther 323
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Table 3. Mean and median changes in work and productivity impairment (WPAI) scores during survivorship among working patients with oropharyngeal
cancer (OPC) by treatment arm. Positive change (A) in absenteeism and composite work impairment scores represent an improvement from before
chemoradiation therapy (pre-CRT) baseline score; negative change in scores represents a worsening of impairment from pre-CRT treatment baseline score.

Absenteeism Composite work impairment

Randomization End of End of
arm Pre-CRT CRT 6 mo 1y 2y CRT 6 mo 1y 2y
IMPT arm

Median (IQR), A 0 (0, —43) 0 (+24, —45) +40 (+71,0) +40 (+75,0) —5 (+39, —47) 0 (+46, —20) 38 (+70,0) +46 (+70, 0)

Mean (SD), A —19 (28) +19 (42) +21 (37) +21 (27) —23 (32) +16 (41) +23 (38) +20 (29)

Abbreviations: IQR, interquartile range; IMPT, intensity-modulated proton therapy; IMRT, intensity-modulated photon therapy.

There were no differences in presenteeism recovery between treatment arms. In generalized linear mixed models, other
predictors of significantly better work impairment recovery over time were more-favorable baseline scores (eg, starting with
less absenteeism, presenteeism, and work impairment levels before cancer treatment), more time after treatment, and
younger age (Supplemental Tables S1-S3).

Discussion

Patients with OPC who undergo definitive therapy with CRT are at high risk for financial toxicity and missed or lost work
associated with the intensive multimodality therapy [15]. Moreover, with the epidemiology of OPC incidence and prevalence
shifting toward an increasing representation by younger, working-aged patients [29], these disease trends underscore the
population effect of missed or lost work after treatment. There is a need to identify optimal CRT strategies that help to preserve
work and productivity, as well as to minimize the economic burden of disease and treatment for patients and society.

Results from this analysis help to address that knowledge gap. Our analysis provided a concerning new insight into the
overall longitudinal pattern of the frequency of return to work—uwith little improvement in the overall frequency of return to work
in patients with OPC—only about 60% (n = 88) of patients, even at 2 years of follow-up. Furthermore, among those who did
maintain or return to work, many reported substantial work impairments (absenteeism, presenteeism, and impaired
productivity). The most marked severity of those work impairments occurred during active CRT through 6 months after CRT,
although with significant recoveries in scores for work impairment between 1 and 2 years after treatment.

The randomized design of this study with work and productivity as prespecified endpoints additionally allowed for a novel
direct comparison of patients randomized to IMPT versus IMRT treatment arms. In patients randomized to the IMPT arm,
results showed a trend toward an increased proportion of recovery and return to work to near pre-CRT levels of employment.
At 1 year, 71% (n = 49) of patients randomized to IMPT were working, whereas, at the same follow-up time point, 54% (n = 42)
who were randomized to IMRT were working, and that proportion remained unchanged among IMRT patients over time.
Results further demonstrated a trend toward IMPT patients experiencing greater recovery from absenteeism and greater work
productivity during long-term follow-up. At 1-year and 2-year times, the difference in absenteeism and composite work
impairment scores for IMPT versus IMRT patients approached or achieved a “minimally important difference” in scores,
calculated as 0.5 XSD or 19 points. Although the underlying causal mechanisms for these differences in productivity by
treatment arm are yet unknown, it is possible that differences in toxicities and symptom burdens seen on prior observational
studies of patients with OPC who receive proton treatment could contribute to differences in recovery of function, recovery that
may be effective enough to influence long-term disability. Recent observational studies of oropharyngeal or nasopharyngeal
cancer, which included long-term survivors, identified the significance of fatigue, neurobehavioral dysfunction, and disability as
contributing to work loss in these populations [30, 31]. Therefore, the potential acute, subacute, and long-term toxicity profile
benefits of IMPT could have a role in mitigating work outcomes. Ultimately, these findings generate an additional provocative
hypothesis that, in patients with OPC, a strategy that uses IMPT could have the potential to increase recovery of iliness-related
costs and decrease patient economic burdens compared with IMRT, “value-based” oncology outcomes that merit additional
investigation [1—4, 32-34].

The main limitation of this study is that detailed data on the underlying reason(s) why participants did or did not return to
work were not available. In addition to the potential contribution of toxicity as an underlying barrier to return to work,
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alternatively, prior studies have identified that, after cancer treatment, the significance of a diagnosis of cancer may have an
important psychologic effect, from which patients reframe their life circumstances and consider alternative life plans, which
may trigger intentional change (discontinuation) of employment [35]. In contrast, the decision to return to work may also, in
fact, be motivated by other financial concerns patients face, such as needing to pay direct medical-care costs. Finally, not all
patients who were randomized to treatment participated in the survey, and any biases in response related to unblinded
treatment could not be controlled for, although there were not significant differences between known characteristics of
respondents treated with IMPT or IMRT. Additional study is also needed to define and quantify the subset of patients who
discontinue employment who are still seeking a job (true unemployment). Most patients in this trial were enrolled from a single
center, almost all were HPV™; therefore, external validation of these results is warranted. If validated, findings may help affect
health policy, payer policy, and employer policy levels to support and expand use of proton therapy for OPC.

Conclusions

In patients with OPC who receive curative CRT, a substantial proportion fail to return to work after treatment, and among those
who do work, there are sustained impairments demonstrated by absenteeism and lower productivity, even during survivorship.
Our analysis demonstrated a trend toward patients randomized to IMPT more frequently remaining as workers throughout
treatment and during long-term follow-up. Moreover, among those who were able to remain working, patients randomized to
IMPT also more often showed sustained recovery of productivity. Future studies are needed to identify the mechanisms
underlying treatment-related factors contributing to work disability and impairment after curative head and neck CRT.

ADDITIONAL INFORMATION AND DECLARATIONS

Previous Presentation: Portions of these results were presented in a poster at the annual scientific meeting of the American
Society for Radiation Oncology; September 15-18, 2019; Chicago, lllinois.

Conflicts of Interest: Steven J. Frank, MD, is an Associate Editor of the International Journal of Particle Therapy. Dr Frank
reports grants and personal fees from Hitachi. Outside the submitted work, Dr Frank is a cofounder of C4 Imaging, LLC, for
which he reports grants and personal fees, and he reports grants from Eli Lilly and Elekta, other remuneration from
Breakthrough Chronic Care, and personal fees from Varian, Augmenix, and the National Comprehensive Cancer Center
(NCCN). The other authors have no conflicts of interest to disclose.

Acknowledgments: Steven J. Frank, MD, and this research were supported, in part, by National Institutes of Health (NIH)
5U19CA021239 and NIH 5P01CA021239, and from Hitachi. Grace L. Smith, MD, PhD, MPH is supported by NIH/National
Cancer Institute (NCI) KO7CA211804. Support for this analysis was provided, in part, by a NIH/NCI cancer center support
grant (CA16672; principal investigator: P. Pisters, MD Anderson Cancer Center) and through the MD Anderson Radiation
Oncology Strategic Initiative. Robert L. Foote, MD, receives research funding as the Hitachi Professor of Radiation Oncology
Research.

Ethical Approval: All patient data were collected under internal review board—approved protocol.

References

1. Cheng S, McDonald EJ, Cheung MC, Arciero VS, Qureshi M, Jiang D, Ezeife D, Sabharwal M, Chambers A, Han D, Leighl
N, Sabarre KA, Chan KKW. Do the American Society of Clinical Oncology value framework and the European Society of
Medical Oncology magnitude of clinical benefit scale measure the same construct of clinical benefit? J Clin Oncol. 2017;35:
2764-71.

2. Cherny NI, de Vries EGE, Dafni U, Garrett-Mayer E, McKernin SE, Piccart M, Latino NJ, Douillard JY, Schnipper LE,
Somerfield MR, Bogaerts J, Karlis D, Zygoura P, Vervita K, Pentheroudakis G, Tabernero J, Zielinski C, Wollins DS,
Schilsky RL. Comparative assessment of clinical benefit using the esmo-magnitude of clinical benefit scale version 1.1 and
the ASCO value framework net health benefit score. J Clin Oncol. 2019;37:336—49.

3. Schnipper LE, Davidson NE, Wollins DS, Blayney DW, Dicker AP, Ganz PA, Hoverman JR, Langdon R, Lyman GH,
Meropol NJ, Mulvey T, Newcomer L, Peppercorn J, Polite B, Raghavan D, Rossi G, Saltz L, Schrag D, Smith TJ, Yu PP,
Hudis CA, Vose JM, Schilsky RL. Updating the American Society of Clinical Oncology value framework: revisions and
reflections in response to comments received. J Clin Oncol. 2016;34:2925-34.

Smith et al (2021), Int J Particle Ther 325



10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

INTERNATIONAL
JOURNAL
of PARTICLE
THERAPY

Work outcomes after oropharyngeal cancer

Schnipper LE, Davidson NE, Wollins DS, Tyne C, Blayney DW, Blum D, Dicker AP, Ganz PA, Hoverman JR, Langdon R,
Lyman GH, Meropol NJ, Mulvey T, Newcomer L, Peppercorn J, Polite B, Raghavan D, Rossi G, Saltz L, Schrag D, Smith
TJ, Yu PP, Hudis CA, Schilsky RL; American Society of Clinical Oncology. American Society of Clinical Oncology
statement: a conceptual framework to assess the value of cancer treatment options. J Clin Oncol. 2015;33:2563—77. Author
contributions are found at the end of this article.

NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines) Version 1.2019. https://www.nccn.org/professionals.
Accessed February 23, 2021.

Gillison ML, Trotti AM, Harris J, Eisbruch A, Harari PM, Adelstein DJ, Jordan RCK, Zhao W, Sturgis EM, Burtness B, Ridge
JA, Ringash J, Galvin J, Yao M, Koyfman SA, Blakaj DM, Razaq MA, Colevas AD, Beitler JJ, Jones CU, Dunlap NE,
Seaward SA, Spencer S, Galloway TJ, Phan J, Dignam JJ, Le QT. Radiotherapy plus cetuximab or cisplatin in human
papillomavirus-positive oropharyngeal cancer (NRG Oncology RTOG 1016): a randomised, multicentre, non-inferiority trial
[published correction appears in Lancet. 2020;395:784]. Lancet. 2019;393:40-50.

Givens DJ, Karnell LH, Gupta AK, Clamon GH, Pagedar NA, Chang KE, Van Daele DJ, Funk GF. Adverse events
associated with concurrent chemoradiation therapy in patients with head and neck cancer. Arch Otolaryngol Head Neck
Surg. 2009;135:1209-17.

Machtay M, Moughan J, Farach A, Martin-O’Meara E, Galvin J, Garden AS, Weber RS, Cooper JS, Forastiere A, Ang KK.
Hypopharyngeal dose is associated with severe late toxicity in locally advanced head-and-neck cancer: an RTOG analysis.
Int J Radiat Oncol Biol Phys. 2012;84:983-9.

Machtay M, Moughan J, Trotti A, Garden AS, Weber RS, Cooper JS, Forastiere A, Ang KK. Factors associated with severe
late toxicity after concurrent chemoradiation for locally advanced head and neck cancer: an RTOG analysis. J Clin Oncol.
2008;26:3582-9.

. Miah AB, Gulliford SL, Morden J, Newbold KL, Bhide SA, Zaidi SH, Hall E, Harrington KJ, Nutting CM. Recovery of

salivary function: contralateral parotid-sparing intensity-modulated radiotherapy versus bilateral superficial lobe parotid-
sparing intensity-modulated radiotherapy. Clin Oncol (R Coll Radiol). 2016;28:e69—76.

Massa ST, Osazuwa-Peters N, Adjei Boakye E, Walker RJ, Ward GM. Comparison of the financial burden of survivors of
head and neck cancer with other cancer survivors. JAMA Otolaryngol Head Neck Surg. 2019;145:239—-49.

Isaksson J, Wilms T, Laurell G, Fransson P, Ehrsson YT. Meaning of work and the process of returning after head and
neck cancer: support care cancer. 2016;24:205—-13.

Smith JC, Johnson JT, Cognetti DM, Landsittel DP, Gooding WE, Cano ER, Myers EN. Quality of life, functional outcome,
and costs of early glottic cancer. Laryngoscope. 2003;113:68-76.

Chan RJ, Gordon LG, Tan CJ, Chan A, Bradford NK, Yates P, Agbejule OA, Miaskowski C. Relationships between
financial toxicity and symptom burden in cancer survivors: a systematic review. J Pain Symptom Manage. 2019;57:646—
60.e1.

Baddour K, Kudrick LD, Neopaney A, Sabik LM, Peddada SD, Nilsen ML, Johnson JT, Ferris RL, Mady LJ. Potential
impact of the COVID-19 pandemic on financial toxicity in cancer survivors. Head Neck. 2020;42:1332-8.

de Souza JA, Kung S, O’'Connor J, Yap BJ. Determinants of patient-centered financial stress in patients with locally
advanced head and neck cancer. J Oncol Pract. 2017;13:e310-8.

Beeler WH, Bellile EL, Casper KA, Jaworski E, Burger NJ, Malloy KM, Spector ME, Shuman AG, Rosko A, Stucken CL,
Chinn SB, Dragovic AF, Chapman CH, Owen D, Jolly S, Bradford CR, Prince MEP, Worden FP, Jagsi R, Mierzwa ML,
Swiecicki PL. Patient-reported financial toxicity and adverse medical consequences in head and neck cancer. Oral Oncol.
2020;101:104521.

Holliday EB, Kocak-Uzel E, Feng L, Thaker NG, Blanchard P, Rosenthal DI, Gunn GB, Garden AS, Frank SJ. Dosimetric
advantages of intensity-modulated proton therapy for oropharyngeal cancer compared with intensity-modulated radiation:
a case-matched control analysis. Med Dosim. 2016;41:189-94.

Kraan AC, van de Water S, Teguh DN, Al-Mamgani A, Madden T, Kooy HM, Heijmen BJM, Hoogeman MS. Dose
uncertainties in IMPT for oropharyngeal cancer in the presence of anatomical, range, and setup errors. Int J Radiat Oncol
Biol Phys. 2013;87:888-96.

Blanchard P, Garden AS, Gunn GB, Rosenthal DI, Morrison WH, Hernandez M, Crutison J, Lee JJ, Ye R, Fuller CD,
Mohamed AS, Hutcheson KA, Holliday EB, Thaker NG, Sturgis EM, Kies MS, Zhu XR, Mohan R, Frank SJ. Intensity-

Smith et al (2021), Int J Particle Ther 326


https://www.nccn.org/professionals

21.

22.

23.

24.

25.

26.

27.

28.

20.

30.

31.

32.

33.

34.
35.

INTERNATIONAL
JOURNAL
of PARTICLE
THERAPY

Work outcomes after oropharyngeal cancer

modulated proton beam therapy (IMPT) versus intensity-modulated photon therapy (IMRT) for patients with oropharynx
cancer—a case matched analysis. Radiother Oncol. 2016;120:48-55.

Sio TT, Lin HK, Shi Q, Gunn GB, Cleeland CS, Lee JJ, Hernandez M, Blanchard P, Thaker NG, Phan J, Rosenthal DI,
Garden AS, Morrison WH, Fuller CD, Mendoza TR, Mohan R, Wang XS, Frank SJ. Intensity modulated proton therapy
versus intensity modulated photon radiation therapy for oropharyngeal cancer: first comparative results of patient-reported
outcomes. Int J Radiat Oncol Biol Phys. 2016;95:1107—-14.

Manzar GS, Lester SC, Routman DM, Harmsen WS, Petersen MM, Sloan JA, Mundy DW, Hunzeker AE, Amundson AC,
Anderson JL, Patel SH, Garces YI, Halyard MY, McGee LA, Neben-Wittich MA, Ma DJ, Frank SJ, Whitaker TJ, Foote RL.
Comparative analysis of acute toxicities and patient reported outcomes between intensity-modulated proton therapy
(IMPT) and volumetric modulated arc therapy (VMAT) for the treatment of oropharyngeal cancer. Radiother Oncol. 2020;
147:64-74.

Randomized trial of intensity-modulated proton beam therapy (IMPT) versus intensity-modulated photon therapy (IMRT)
for the treatment of oropharyngeal cancer of the head and neck. ClinicalTrails.gov.identifier: NCT01893307. https://
clinicaltrials.gov/ct2/show/NCT01893307. Published July 9, 2013. Updated October 1, 2020. Accessed February 23,
2021.

Edge SB, Byrd DR, Compton CC, Fritz AG, Greene FL, Trotti A Ill, eds; American Joint Committee on Cancer. AJCC
Cancer Staging Manual. 7th ed. New York, NY: Springer; 2010.

Landberg T, Chavaudra J, Dobbs J, Hanks G, Johansson KA, Méller T, Purdy J. Prescribing, Recording and Reporting
Photon Beam Therapy (Report 50). Stockholm, Sweden: International Commission on Radiation Units & Measurements;
1993.

Landberg T, Chavaudra J, Dobbs J, Gerard JP, Hanks G, Horiot JC, Johansson KA, Méller T, Purdy J, Suntharalingam N,
Svensson H. Prescribing, Recording and Reporting Photon Beam Therapy (Supplement to ICRU Report 50). Stockholm,
Sweden: International Commission on Radiation Units & Measurements; 1999. ICRU report 62.

Reilly MC, Zbrozek AS, Dukes EM. The validity and reproducibility of a work productivity and activity impairment
instrument. Pharmacoeconomics. 1993;4:353—65.

Reilly MC, Gooch KL, Wong RL, Kupper H, van der Heijde D. Validity, reliability and responsiveness of the work
productivity and activity impairment questionnaire in ankylosing spondylitis. Rheumatology (Oxford). 2010;49:812-9.
Chaturvedi AK, Engels EA, Anderson WF, Gillison ML. Incidence trends for human papillomavirus—related and —unrelated
oral squamous cell carcinomas in the United States. J Clin Oncol. 2008;26:612-9.

Morales CZ, McDowell L, Lisy K, Piper A, Jefford M. Return to work in survivors of human papillomavirus—associated
oropharyngeal cancer: an Australian experience. Int J Radiat Oncol Biol Phys. 2020;106:146-56.

So N, McDowell LJ, Lu L, Xu W, Rock K, Waldron J, Bernstein LJ, Chan HB, Huang SH, Giuliani M, Hope A, O’Sullivan B,
Bratman SV, Cho J, Kim J, Jang R, Bayley A, Ringash J. The prevalence and determinants of return to work in
nasopharyngeal carcinoma survivors. Int J Radiat Oncol Biol Phys. 2020;106:134—-45.

Porter ME. What is value in health care? N Engl J Med. 2010;363:2477-81.

Tran G, Zafar SY. Financial toxicity and implications for cancer care in the era of molecular and immune therapies. Ann
Transl Med. 2018;6:166.

Tran G, Zafar SY. Price of cancer care and its tax on quality of life [editorial]. J Oncol Pract. 2018;14:69-71.

Frazier LM, Miller VA, Miller BE, Horbelt DV, Delmore JE, Ahlers-Schmidt CR. Cancer-related tasks involving
employment: opportunities for clinical assistance. J Support Oncol. 2009;7:229-36.

Smith et al (2021), Int J Particle Ther 327


http://ClinicalTrails.gov.identifier
https://clinicaltrials.gov/ct2/show/NCT01893307
https://clinicaltrials.gov/ct2/show/NCT01893307

	b01
	b02
	b03
	b04
	b05
	b06
	b07
	b08
	b09
	b10
	b11
	b12
	b13
	b14
	b15
	b16
	b17
	b18
	b19
	b20
	b21
	b22
	b23
	b24
	b25
	b26
	b27
	b28
	b29
	b30
	b31
	b32
	b33
	b34
	b35

