T~
@ Effective Health Care Program

Comparative Effectiveness Review
Number 144

Radiotherapy
Treatments for
Head and Neck
Cancer Update

ealthcare Research and Quality

AHR®
”o/ Agency for
%’wmu z Advancing Ex



Comparative Effectiveness Review

Number 144

Radiotherapy Treatments for Head and Neck Cancer
Update

Prepared for:

Agency for Healthcare Research and Quality
U.S. Department of Health and Human Services
540 Gaither Road

Rockville, MD 20850

www.ahrg.gov

Contract No. 290-2007-10058

Prepared by:

Blue Cross and Blue Shield Association
Evidence-based Practice Center
Chicago, IL

Investigators:

Thomas A. Ratko, Ph.D.

GW Douglas, M.S., M.P.H.

Jonas A. de Souza, M.D.

Suzanne E. Belinson, Ph.D., M.P.H.
Naomi Aronson, Ph.D.

AHRQ Publication No. 15-EHCO001-EF
December 2014



This report is based on research conducted by the Blue Cross and Blue Shield Association
Evidence-based Practice Center (EPC) under contract to the Agency for Healthcare Research and
Quality (AHRQ), Rockville, MD (Contract No. 290-2007-10058). The findings and conclusions
in this document are those of the authors, who are responsible for its contents; the findings and
conclusions do not necessarily represent the views of AHRQ. Therefore, no statement in this
report should be construed as an official position of AHRQ or of the U.S. Department of Health
and Human Services.

The information in this report is intended to help health care decisionmakers—patients and
clinicians, health system leaders, and policymakers, among others—make well-informed
decisions and thereby improve the quality of health care services. This report is not intended to
be a substitute for the application of clinical judgment. Anyone who makes decisions concerning
the provision of clinical care should consider this report in the same way as any medical
reference and in conjunction with all other pertinent information, i.e., in the context of available
resources and circumstances presented by individual patients.

AHRQ or U.S. Department of Health and Human Services endorsement of any derivative
products that may be developed from this report, such as clinical practice guidelines, other
quality enhancement tools, or reimbursement or coverage policies, may not be stated or implied.

This report may periodically be assessed for currency. If an assessment is done, the resulting
surveillance report describing the methodology and findings will be found on the Effective
Health Care Program Web site at www.effectivehealthcare.ahrg.gov. Search on the title of the
report.

This document is in the public domain and may be used and reprinted without special
permission. Citation of the source is appreciated.

Persons using assistive technology may not be able to fully access information in this report.
For assistance, contact EffectiveHealthCare@ahrg.hhs.gov.

None of the investigators have any affiliations or financial involvement that conflicts with the
material presented in this report.

Suggested citation: Ratko TA, Douglas GW, de Souza JA, Belinson SE, Aronson N.
Radiotherapy Treatments for Head and Neck Cancer Update. Comparative Effectiveness Review
No. 144. (Prepared by Blue Cross and Blue Shield Association Evidence-based Practice Center
under Contract No. 290-2007-10058.) AHRQ Publication No. 15-EHC001-EF. Rockville, MD:
Agency for Healthcare Research and Quality; December 2014.
www.effectivehealthcare.ahrg.gov/reports/final.cfm.




Preface

The Agency for Healthcare Research and Quality (AHRQ), through its Evidence-based
Practice Centers (EPCs), sponsors the development of systematic reviews to assist public- and
private-sector organizations in their efforts to improve the quality of health care in the United
States. These reviews provide comprehensive, science-based information on common, costly
medical conditions, and new health care technologies and strategies.

Systematic reviews are the building blocks underlying evidence-based practice; they focus
attention on the strength and limits of evidence from research studies about the effectiveness and
safety of a clinical intervention. In the context of developing recommendations for practice,
systematic reviews can help clarify whether assertions about the value of the intervention are
based on strong evidence from clinical studies. For more information about AHRQ EPC
systematic reviews, see www.effectivehealthcare.ahrq.gov/reference/purpose.cfm.

AHRQ expects that these systematic reviews will be helpful to health plans, providers,
purchasers, government programs, and the health care system as a whole. Transparency and
stakeholder input are essential to the Effective Health Care Program. Please visit the Web site
(www.effectivehealthcare.ahrg.gov) to see draft research questions and reports or to join an
email list to learn about new program products and opportunities for input.

We welcome comments on this systematic review. They may be sent by mail to the Task
Order Officer named below at: Agency for Healthcare Research and Quality, 540 Gaither Road,
Rockville, MD 20850, or by email to epc@ahrg.hhs.gov.

Richard G. Kronick, Ph.D. David Meyers, M.D.
Director, Agency for Healthcare Acting Director, Center for Evidence
Research and Quality and Practice Improvement

Agency for Healthcare Research and Quality

Stephanie Chang, M.D., M.P.H. William Lawrence, M.D.
Director, EPC Program Task Order Officer

Center for Evidence and Practice Improvement Center for Evidence and Practice
Agency for Healthcare Research and Quality Improvement

Agency for Healthcare Research and Quality
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Radiotherapy Treatments for Head and Neck Cancer
Update

Structured Abstract

Objectives. This report is an update of a Comparative Effectiveness Review (CER) published in
final form in May 2010 on the benefits and harms of radiotherapy (RT) to treat patients with
head and neck cancer (CER No. 20). RT modalities included two-dimensional RT (2DRT),
three-dimensional conformal RT (3DCRT), intensity-modulated RT (IMRT), and proton-beam
RT (PBT).

In this CER update we included 3DCRT, IMRT, PBT, and stereotactic body RT (SBRT). We
used the same Key Questions as for CER No. 20, asking whether any of these modalities is more
effective than the others (1) in reducing normal tissue toxicity and adverse events, and improving
quality of life (QOL); (2) in improving local tumor control, time to disease progression, and
survival; or (3) when used in certain anatomic locations or patient subpopulations; and, finally,
whether (4) there is more variation in patient outcomes with any modality secondary to user
experience, treatment planning, or target volumes.

The main finding of CER No. 20 was that late xerostomia was reduced and QOL domains
related to xerostomia were improved in patients treated with IMRT compared with those who
received either 3DCRT or 2DRT. Evidence was insufficient to draw conclusions on survival or
tumor control, adverse events other than late xerostomia (e.g., mucositis, dysphagia, skin
toxicities, or osteoradionecrosis of the jaw), whether patient and tumor characteristics affected
relative outcomes, or whether physician experience and treatment characteristics affected relative
clinical outcomes such as survival or treatment-associated adverse events.

Data sources. A medical librarian searched MEDLINE®, Embase®, and the Cochrane Controlled
Trials Registry for English-language articles. The overall search was performed for a period
dating 12 months before the final literature search in CER No. 20 (September 28, 2009) through
April 2013. For SBRT, the literature was searched for the period January 1, 1990, through April
2013. The search was updated May 1, 2014. A search of the gray literature included clinical trial
registries and information from manufacturers if available.

Review methods. We sought only comparative studies that reported clinical outcomes and QOL
among our populations of interest. In preparing CER No. 20, we found noncomparative studies
to be uninformative due to substantial heterogeneity in methods and populations, so we excluded
them from the update. Data were abstracted for each Key Question by one reviewer, with
independent data verification. The study limitations of randomized controlled trials (RCTs) and
other comparative studies were assessed using the U.S. Preventive Services Task Force
(USPSTF) criteria. The strength of the body of evidence for specific outcomes was assessed
according to the latest guidance in the Agency for Healthcare Research and Quality “Methods
Guide for Effectiveness and Comparative Effectiveness Reviews.”

Results. In two searches, we identified 7,130 unique titles and screened 284 in full text. Of the
latter, 14 unique studies (N=1,781) in 15 reports met the inclusion criteria, including one RCT
(N=60). In the updated search, we identified a second citation to an RCT. However, the latter
included the same patients as the previously identified RCT. Therefore, it was not double-
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counted in the total number of patients; however, because it reported additional, different
outcomes, it was reviewed. In 13 unique studies (14 reports, including the RCT), 3DCRT and
IMRT were compared. One study compared 3DCRT and SBRT; none compared IMRT and
SBRT. As in CER No. 20, no evidence was identified on PBT. Key outcomes of therapy
included overall survival, local control, adverse effects, and QOL. According to USPSTF
criteria, the RCT was deemed fair quality, whereas the other 13 studies were graded as poor
quality.

Conclusions. New evidence on the comparative effectiveness of RT modalities for head and
neck cancer is limited and heterogeneous for each comparison of 3DCRT versus IMRT or
SBRT. We did not identify any evidence for PBT. New moderate-strength evidence enhances the
CER No. 20 finding of reduced late xerostomia with IMRT compared with 3DCRT, with no
relative change in other conclusions on adverse events or QOL. New evidence was insufficient to
draw conclusions about the relative effects of IMRT and 3DCRT on overall survival or
locoregional tumor control. New evidence is insufficient to draw conclusions on the comparative
effectiveness of 3DCRT or IMRT versus SBRT or PBT.
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Executive Summary
Introduction

Objectives

In May 2010, the Agency for Healthcare Research and Quality (AHRQ) published the results
of Comparative Effectiveness Review (CER) No. 20 “Comparative Effectiveness and Safety of
Radiotherapy Treatments for Head and Neck Cancer” prepared by the Blue Cross and Blue
Shield Association (BCBSA) Evidence-based Practice Center (EPC)." In CER No. 20 we
reviewed evidence on the comparative effectiveness of various forms of radiotherapy (RT): two-
dimensional radiotherapy (2DRT), three-dimensional conformal RT (3DCRT), intensity-
modulated RT (IMRT), and proton-beam RT (PBT).

In 2012 a surveillance study prepared by the RAND and Ottawa EPCs suggested that new
evidence relevant to CER No. 20 could alter some of its conclusions.” Based on the surveillance
findings, AHRQ prioritized an update of CER No. 20 in 2013, to be undertaken by the BCBSA
EPC. For this update, we reviewed and assessed new evidence on the comparative effectiveness
of 3DCRT, IMRT, and PBT. We also systematically reviewed evidence on stereotactic body RT
(SBRT), a newer RT modality that was not widely available when we prepared CER No. 20.
However, we excluded opposed-beam 2DRT because it is considered obsolete in modern
radiation oncology practice. We also excluded brachytherapy, as it has limited applicability in
modern radiation oncology practice for head and neck cancer.

This CER update included the same Key Questions as in CER No. 20 and, for the most part,
the same methods and search strategies, modified to address the changes in the list of
interventions. We organized clinical evidence according to treatment(s) received, abstracted only
from comparative studies (randomized or nonrandomized) of the conformal RT methods used in
treatment for any head and neck cancer.

Epidemiology and Burden of Head and Neck Cancer

Head and neck cancer is a heterogeneous disease characterized by complex clinical and
pathologic presentations. Squamous cell carcinoma of the head and neck (SCCHN) constitutes
approximately 90 percent of all head and neck cancers, and accounted for approximately 3
percent (about 50,000) of all new cancer cases and 2 percent (approximately 12,000) of all
cancer deaths in 2010 in the United States.® More than 600,000 people were diagnosed with
SCCHN worldwide in 2008.°

Overview of Multimodal Clinical Management of Head and
Neck Cancer

Aggressive multimodality treatments with curative intent may include surgery, RT, and
chemotherapy. RT is a vital component of treatment, offered to nearly 75 percent of all head and
neck cancer patients with either curative or palliative intent. RT may be used alone or as a part of
a multimodality approach, often with significant long-term side effects.

ES-1



Overview of RT in Head and Neck Cancer

Conformal RT refers to modalities in which radiation beams are “shaped” to cover the tumor
volume plus surrounding tissue margin(s) to treat microscopic disease that may reside there.

We present here a brief overview of the different types of conformal RT modalities for those
who are less familiar with the specific technologies. For those seeking further details on the
different approaches, information is available from the National Cancer Institute and citations
within that reference.’

Three-Dimensional Conformal Radiotherapy

Three-dimensional conformal RT allows for accurate and precise dose calculations that
account for axial anatomy and complex tissue contours.5 Anatomic information in three
dimensions is gathered from diagnostic computed tomography (CT) scans in a forward-planning
process to deliver multiple highly focused beams of radiation that converge at the tumor site.

Intensity-Modulated Radiotherapy

IMRT is a newer, more complex, and resource-intensive form of 3DCRT that delivers
ionizing radiation conformally to the target volume while sparing uninvolved healthy tissues.>®
An inverse-planned regime is designed that allows modulation of beam energies across
conformally shaped radiation fields. Although IMRT theoretically reduces radiation dose to
organs at risk (OAR), a greater volume of uninvolved tissue or OAR may receive irradiation than
with non-IMRT conformal methods.

Stereotactic Body Radiotherapy

SBRT delivers doses of radiation in regimens that generally comprise a total dose similar to
that delivered with 3DCRT or IMRT, but in fewer fractions than those techniques, typically eight
for head and neck cancer.” In SBRT, the tumor location can be tracked in multiple dimensions
using several CT imaging techniques that depend on the platform, tracking on bony structures or
implanted fiducials.

Proton-Beam Radiotherapy

PBT is relatively rare, but has become increasingly available in the last few years. It has
theoretical advantages over photon therapy because PBT lacks an “exit dose” due to the Bragg
peak, potentially enabling physicians to deliver high-energy conformal doses to the tumor
volume while almost completely sparing normal healthy tissue.

Summary

The optimal means of delivering external beam ionizing radiation in sufficient doses to cure a
patient with SCCHN requires a fine balance between treatment effectiveness and associated
toxicity. A surveillance study prepared in 2012 by the Ottawa and RAND EPCs suggested a
rationale to update CER No. 20 based on signals of new evidence that could change several
conclusions of that report. Taken together, the emergence of new technology and evidence
suggesting potential differences between interventions in some outcomes prompted AHRQ to
prioritize this update of CER No. 20.
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Key Questions
The following four Key Questions were addressed:

Key Question 1. What is the comparative effectiveness of 3DCRT, IMRT,
SBRT, and PBT regarding adverse events and QOL [quality of life]?

Key Question 2. What is the comparative effectiveness of SDCRT, IMRT,
SBRT, and PBT regarding tumor control and patient survival?

Key Question 3. Are there differences in the comparative effectiveness of
3DCRT, IMRT, SBRT, and PBT for specific patient and tumor
characteristics?

Key Question 4. Is there variation in the comparative effectiveness of
3DCRT, IMRT, SBRT, and PBT because of differences in user experience,
treatment planning, treatment delivery, and target volume delineation?

Populations, Interventions, Comparators, Outcomes, and
Timing (PICOTS)

Population(s)

Populations of interest (Key Questions 1-4) included patients with head and neck cancer. To
define what constitutes head and neck cancer, we consulted clinical resources such as the
National Cancer Institute’s Physician Data Query Cancer Information Summary.® The definitions
include cancer in these locations:

« Pharynx (hypopharynx, oropharynx, and nasopharynx)

Larynx

Lip and oral cavity

Paranasal sinus and nasal cavity
Salivary gland

Head and neck (occult primary)

All therapeutic strategies were included. RT can be delivered as a primary (curative) intent
therapy or as an adjunct to surgery. We sought direct evidence for one intervention compared
with another, with or without chemotherapy or surgery.

Interventions

Interventions (Key Questions 1-4) were—
o 3DCRT

« IMRT

« SBRT

« PBT

Interventions may occur as part of a multimodal treatment strategy if the comparisons differ
only with respect to the RT given.
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Comparators

For comparators (Key Questions 1-4) all therapies were compared with each other as part of
a continuum of treatment for patients with head and neck cancer.

Outcomes

Outcomes for Key Questions 1, 3, and 4 included—

« Final outcomes: QOL and adverse events, including radiation-induced xerostomia and
dysphagia

« Intermediate outcomes: Salivary flow and probability of completing treatment according
to protocol

We sought evidence related to user experience, treatment planning, and target volume
delineation within the context of Key Question 4.

Outcomes for Key Questions 2—4 included—

« Final outcomes: Overall survival and cancer-specific survival

« Intermediate outcomes: Local control and time to recurrence

Timing
All durations of followup were considered.

Settings

Typically, settings were community based versus tertiary or academic medical centers.

Analytic Framework

Figure A provides an analytic framework illustrating the population, interventions, outcomes,
and adverse effects that guided the literature search and synthesis. It links the interventions of
interest directly with final health outcomes (e.qg., overall survival) and adverse events (e.g.,
xerostomia) as well as indirectly with final outcomes via intermediate outcomes (e.g., local
control, disease-free survival).
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Figure A. Analytic framework for comparative effectiveness of RT for head and neck cancer
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Figure A depicts the Key Questions (KQs) within the context of the PICOTS described in the previous section. In general, the
figure illustrates how the interventions 3DCRT, IMRT, SBRT, and PBT may result in intermediate outcomes (e.g., local tumor
control, disease-free survival) and final health outcomes (e.g., overall survival, cancer-specific survival, QOL). Also, adverse
events (e.g., radiation-associated xerostomia and salivary dysfunction, dysphagia, mucositis, otologic dysfunction, visual
dysfunction) may occur at any point after the treatment is received.

Abbreviations: 3DCRT = 3-dimensional conformal radiation therapy; IMRT = intensity-modulated radiation therapy; KQ = Key
Question; PBT = proton-beam radiation therapy; QOL = quality of life; RT = radiation therapy; SBRT = stereotactic body
radiation therapy.

Methods

Overview

This section describes the methods used to produce this CER update. The methodological
practices we followed derived from the “Methods Guide for Effectiveness and Comparative
Effectiveness Reviews” (Methods Guide).® We also consulted the article published by
Tsertsvadze et al. on methods to update CERs.™

Study Inclusion Criteria

We included only full-length reports that describe the final results of randomized controlled
trials (RCTs) and nonrandomized comparative studies (observational, case-control, and cohort
studies) that meet the PICOTS criteria (outlined above).

Literature Search Strategies

An experienced medical librarian designed and performed all searches for this CER update.
The literature search for the update was backdated to 12 months before the final literature search
for CER No. 20 (dated September 28, 2009). For SBRT, the literature was searched
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electronically for citations from January 1, 1990, through April 2013. The entire search was
updated May 1, 2014, after AHRQ posted the draft of this report for peer review. We searched
the following databases:

« MEDLINE®

« EMBASE®

« Cochrane Controlled Trials Register

Data Abstraction and Data Management

Literature search results were transferred to EndNote® and subsequently into Distiller for
study screening.

Review of Titles and Abstracts

We developed data collection forms for abstract review, full-text review, and data extraction.
Two CER team members performed the initial title and abstract screen. To be excluded, a study
must have been independently excluded by both team members.

Full-Text Review

Full-text articles were reviewed against the PICOTS to determine their inclusion in the
systematic review. Two CER team members independently reviewed all articles, then met to
resolve conflicts on inclusion, conferring with our clinical content expert if necessary. The
reason for excluding each article retrieved in full text was recorded in the Distiller database.

Data Abstraction

We abstracted data into tables created in the Systematic Review Data Repository. Each
article included was abstracted by a single reviewer. A second reviewer assessed the data
extraction against the original articles for quality control.

The data elements abstracted included the following:

« Patient characteristics

« Treatment characteristics

« Outcome assessment (see PICOTS and Analytical Framework sections)

Evidence Tables

The same abstraction tables were used for all studies. The dimensions of each evidence table
may vary by Key Question, but the tables contain common elements such as author, year of
publication, sample size, study type, intervention(s), and comparator(s).

Methodological Risk of Bias (Quality or Limitations) of Individual
Studies

In adherence to the Methods Guide,” the general approach to grading the quality or
limitations of individual comparative studies was use of a U.S. Preventive Services Task Force
(USPSTF) method.** Individual study quality assessment accounted for the following study
elements:

« Number of participants and flow of participants through steps of study

« Treatment-allocation methods (including concealment)

« Use of blinding
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« Study design (prospective vs. retrospective)
« Use of an independent outcome assessor

Data Synthesis

The qualitative synthesis emphasized comparative studies sorted by specific head-to-head
comparisons of interventions, specific treatment regimens, patient characteristics, specific
outcomes, and status relative to the evidence hierarchy and study quality assessment.

Grading the Strength of Evidence for Individual Comparisons and
Outcomes

Studies were assessed for relevance against target populations, interventions of interest, and
outcomes of interest. The system used for rating the strength of the overall body of evidence is
outlined in the recently updated (2013) chapter from the Methods Guide® and is based on a
system developed by the GRADE (Grading of Recommendations Assessment, Development and
Evaluation) Working Group.*?

This system explicitly addresses the following domains: study limitations, directness,
consistency, precision, and reporting bias.

The overall strength of evidence (SOE) grade is classified into four categories, as shown in
Table A.

Table A. Overall strength-of-evidence categories and criteria for assignment

Grade Definition Criteria for Assignment

High We are very confident that the The body of evidence has few or no deficiencies. We
estimate of effect lies close to the believe that the findings are stable.
true effect for this outcome.

Moderate | We are moderately confident that The body of evidence has some deficiencies. We believe
the estimate of effect lies close to that the findings are likely to be stable, but some doubt
the true effect for this outcome. remains.

Low We have limited confidence that the | The body of evidence has major or numerous deficiencies
estimate of effect lies close to the (or both). We believe that additional evidence is needed
true effect for this outcome. before concluding either that the findings are stable or

that the estimate of effect is close to the true effect.

Insufficient | We have no evidence, we are No evidence is available or the body of evidence has

unable to estimate an effect, or we unacceptable deficiencies, precluding judgment.
have no confidence in the estimate
of effect for this outcome.

Assessing Applicability
We assessed applicability of findings with the AHRQ Methods Guide using the PICOTS
framework.>** Included studies were assessed for relevance against target populations,

interventions and comparators of interest, and outcomes of interest. We anticipated that results
would be applicable only to the specialized populations of interest by Key Question.

Results

Overview

In this section, we first report our literature search results and PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) diagram, which depicts the flow of articles
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through the review according to our screening and inclusion criteria. We provide an overview of
the design, patients, and quality (risk of bias) of all included studies. Finally, we lay out a
qualitative synthesis of the evidence focusing on key outcomes related to CER No. 20.

Results of Literature Searches

Electronic Search

In the original and postreview search for this CER we identified 7,130 unique titles and
screened 284 in full text. Of the latter, 15 reports (14 unique studies; N=1,781) met the inclusion
criteria, including one RCT (Gupta et al., 2012; N=60)."* In the updated search, we identified a
second citation to an RCT (Rathod et al., 2013)."® Because the latter included the same patients
as the previously identified RCT, it was not double-counted in the total number of patients;
however, it reported additional, different outcomes that we reviewed and so is counted in that
context. Thus, 3DCRT and IMRT were compared in 14 reports that contained unique data,
including Rathod et al.’s RCT.*® One study compared 3DCRT and SBRT;® none compared
IMRT and SBRT. As in CER No. 20, no evidence was identified on PBT. The flow of articles
through the screening and study selection process is shown in the PRISMA diagram (Figure B).

Although CER No. 20 was published in final form in 2010, we had obtained the final data for
PARSPORT (Parotid-Sparing Intensity-Modulated versus Conventional Radiotherapy in Head
and Neck Cancer),'” a key phase 3 multicenter RCT, from the investigators at the time we
updated the CER No. 20 literature search. Because the PARSPORT findings appeared in CER
No. 20, they were not included in this report.
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Figure B. PRISMA diagram for disposition of literature search results

Title and Abstract Screen (N=7,130)

» Excluded Records (N=6,846)

Full-Text Review (N=284)

Excluded Records (N=269)

* Included in Original CER (N=19)
Unique Articles Included (N=15)2 ¢ Abstract Only (N=120)
* Nonprimary Data (N=25)
Key Question 1 (N=13) * Nonrelevant Disease (N=2)
Key Question 2 (N=14) * Nonrelevant Outcome (N=2)
Key Question 3 (N=0) * Overlapping Patient Population (N=1)°
Key Question 4 (N=0) * Nonrelevant Study Design (N=100)

*Twelve studies addressed both Key Questions 1 and 2.

®Overlapping patient population refers to the studies in which the same patients were included in more than 1 study. In this case,
only 1 study was included to avoid oversampling. The decision to include a study was based on the clarity in reporting relevant
patients and/or outcomes.

Abbreviations: CER = Comparative Effectiveness Review; PRISMA = Preferred Reporting Items for Systematic Reviews and
Meta-Analyses.

Gray Literature (Publication Bias)

We did not include any information based on comprehensive searches of meeting abstracts.
We examined the bibliographies of all papers screened in full text to identify peer-reviewed
articles the electronic search may have missed.

We accessed the Web site ClinicalTrials.gov to identify ongoing phase 3 RCTs that would
meet the criteria for inclusion based on our protocol. After a MEDLINE search of the NCT
(National Clinical Trial) number(s) and title(s), we did not find any published results; it is
unknown whether any data have been reported. At submission of this final report, we had
received Scientific Information Packets from one manufacturer of RT equipment. Information
contained therein had no effect on our analysis.

Description of All Included Studies

Fifteen reports (14 unique studies) met the inclusion criteria for this CER update. They are
generally described in this section; other details and results specific to a particular Key Question
follow in the relevant subsections.
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Study Limitations

We assigned a fair USPSTF rating to Gupta et al.’s RCT, primarily because the study was not
double blinded, particularly its outcome assessments.** The investigators did not report an
intention-to-treat analysis but did report a “modified intention-to-treat” analysis that was not
further described. This is moot, however, because they reported a 97-percent followup rate in
each of two study arms. Gupta et al. reported aggregated survival results in patients with tumors
in different sites. However, the distribution of tumor sites and characteristics was similar
between arms. Overall, the two study arms were statistically similar and comparable.

The 13 unigue nonrandomized studies were retrospective database analyses, one of which
used a historical comparator group. Overall, these studies were poorly designed, executed, and
reported.

Study Design and Patient Characteristics

In total, 3DCRT and IMRT were compared in 13 studies (14 reports), including one small
(N=60) RCT.

Overall, the body of studies in the update, similar to what we identified for CER No. 20, is
heterogeneous in terms of tumor site and stage, treatment regimen, and treatment intent (e.g.,
curative vs. palliative or recurrent). Patients were generally in their midfifties, with males
predominating across studies. Tumor sites included the hypopharynx, larynx, nasal sinus,
nasopharynx, oral cavity, and oropharynx. Seven nonrandomized studies involved patients with
single tumor sites.*®*®%* The majority of patients across studies had locally advanced (stage 111
and V) cancer, although small proportions of patients had stage | or 11 disease.

The treatment regimens included concurrent chemoradiotherapy (CCRT); RT with or without
concurrent chemotherapy (CCT); CCRT with or without surgery; and adjuvant postoperative RT.

Key Question 1. 3DCRT, IMRT, SBRT, and PBT: Adverse Events
and QOL

Overview

In this section we summarize evidence on comparative acute and late toxicities for different
RT types. We focused this update, as we did CER No. 20, on grade 2 or higher toxicities
prominently associated with RT in the head and neck and of high importance to patients:
dysphagia, salivary gland function, and xerostomia. We did not seek evidence from other study
designs (e.g., single-arm observational) that may report additional toxicities not captured in the
comparative studies.

Our results show that toxicity outcomes were not collected consistently across studies. Only
eight studies (53%) reported acute (<90 days post-treatment) toxicities.****?%?22427 Nine studies
(60%) reported late (>90 days post-treatment) toxicities.*°8-2022227 Only two studies,
including the RCT by Rathod et al.,*® reported QOL evidence according to RT modality.

Investigators did not adjust results to account for chemotherapy-associated toxicities
independent of RT-associated toxicities, which complicates interpretation of toxicity evidence
for many adverse events (e.g., mucositis). This is somewhat ameliorated by our focus on studies
in which chemotherapy regimens are similar between study arms, thus potentially isolating the
effect of the RT modality on such outcomes.
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Key Points

Key points are—

« New comparative evidence assessed in this update strengthens the conclusion from CER
No. 20 that the risk of grade 2 or higher late xerostomia is significantly lower in patients
treated with IMRT than 3DCRT.

« Although we identified evidence on other key toxicities (e.g., mucositis, dysphagia, skin
toxicities, osteoradionecrosis of the jaw) and QOL, the reported comparisons within
modalities were inconsistent. Thus, evidence on adverse events other than late xerostomia
remains insufficient to alter the conclusions of CER No. 20.

« Post-treatment toxicities were reported inconsistently across studies, precluding
comparisons within the body of evidence. We are uncertain whether the limited evidence
on RT-associated toxicities overall reflects their absence or whether the investigators
either did not systematically collect them or chose not to report them.

Qualitative Synthesis

In Table B and below, we summarize new comparative evidence and the SOE related to Key
Question 1 on QOL and toxicities actually reported in multiple studies according to the
intervention comparison and timeframe (acute vs. long-term).

RT-Associated Toxicities

Three studies of IMRT compared with 3DCRT in the regimen of CCRT showed statistically
significant reduction in late xerostomia with IMRT.*?*# The rate of late xerostomia also was
significantly lower with IMRT than 3DCRT in single studies in the regimen of RT with or
without CCT™® or postoperative RT.* The same set of studies reported inconsistent evidence on
acute and late dysphagia.

RT-Associated QOL

One RCT reported QOL evidence on IMRT versus 3DCRT in the regimen of RT with
CCT." Rathod et al. reported on mean QOL scores using the European Organization for
Research and Treatment of Cancer QOL questionnaire (QLQ-C30) and Head-Neck module (HN-
35) validated self-administered tools at baseline (pretreatment) and periodically on followup (3,
6, 12, 18, and 24 months). The study reported that global QOL was not significantly affected by
RT technique. Treatment with IMRT showed a benefit in some general QOL domains, as well as
several domains specific to head and neck cancer, compared with 3DCRT. General domains in
which IMRT demonstrated a significant benefit included emotional functioning at 12 months
(p=0.008), role functioning at 12 months (p = 0.008), and social contact at 24 months (p=0.03).
Symptoms specific to head and neck cancer for which IMRT demonstrated a significant benefit
(p <0.05) compared with 3DCRT included scales and dry month (6, 12, and 18 months), as well
as opening mouth (6 and 24 months). Sticky saliva, pain, swallowing, senses, sexuality, feeling
ill, and insomnia tended to be ameliorated by the use of IMRT compared with 3DCRT and were
all statistically significant for at least one timepoint. No QOL domains were worse with IMRT
than 3DCRT at any timepoint. For both RT techniques, QOL domains generally experienced
maximal deterioration after RT, followed by a trend toward gradual recovery over time.

A nonrandomized study reported QOL evidence on IMRT versus 3DCRT in the regimen of
RT with or without CCT.?® Chen et al. reported on mean QOL scores using the University of
Washington Quality of Life validated self-administered tool. In this study, the salivary gland
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domain was the only specific component of the score wherein significant differences were
observed between the IMRT and the 3DCRT groups at both 1 and 2 years (p <0.001 at both
points). Other domains (pain, appearance, activity, recreation, swallowing, chewing, speech,
shoulder, taste, saliva, mood, anxiety) showed no differences according to RT modality. At 1
year after completion of RT, the global QOL was rated as “very good” or “outstanding” for 51
percent of patients treated with IMRT compared with 41 percent of those treated with 3DCRT
(p=0.11). However, at 2 years, the corresponding percentages were 73 percent and 49 percent,
respectively (p <0.001), showing a benefit of IMRT. Multivariate analysis showed no effect on
QOL scores by age, sex, radiation intent, radiation dose, T (tumor) stage, primary site, or use of
CCT and neck dissection. The use of IMRT was the only variable associated with improved
QOL (p <0.01).

The qualitative evidence synthesis and SOE for QOL are summarized in Table B.
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Table B. Key Question 1: Qualitative evidence synthesis for key reported comparative grade 2 or higher toxicity outcomes and QOL

Comparison | Outcome | Timeframe Number of Individual Study Directness Consistency Precision Overall SOE
Studies Study Limitations
(Number of Statistically (Risk of Bias)
Patients) Significant
Results
(p-Value)
3DCRT vs. Xerostomia | Late Four All 4 studies Moderate Direct Consistent Precise Moderate.
IMRT studies™*?°?*?” | showed The body of
(N=576) statistically One fair-quality | All 4 All 4 studies evidence
significant small RCT studies showed a comprises 1
benefit of (N=60, Gupta, directly statistically RCT, for a
IMRT vs. 2012") plus 3 | compared | significant provisional SOE
3DCRT (p poor-quality IMRT and reduction of late of high. We
<0.05). nonrandomized | 3DCRT. grade >2 downgraded the
studies result in xerostomia with SOE 1 level
a moderate IMRT compared based on the
study with 3DCRT (p moderate risk of
limitations <0.05). bias of the body
rating. of evidence.
Although the

Gupta trial** was
relatively small,
its statistically
significant result,
coupled with
similar findings of
the much larger
nonrandomized
evidence, merits
an overall rating
of precise. The
overall SOE was
rated as
moderate due to
limitations in the
methodological
quality of the
studies.
However, the
findings of the 3
studies were
consistent and
indicated
statistical
significance.
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Table B. Key Question 1: Qualitative evidence synthesis for key reported comparative grade 2 or higher toxicity outcomes and QOL

(continued)
Comparison

3DCRT vs.
IMRT
(continued)

Outcome

Dysphagia

Number of
Studies
(Number of
Patients)

Timeframe

Acute Four
studies
(N=576)

14,20,25,27

Individual
Study
Statistically
Significant
Results
(p-Value)

Only 1 study
showed a
statistically
significant
benefit of
IMRT vs.
3DCRT ép
<0.05).2

Study
Limitations
(Risk of Bias)

Moderate

One fair-quality
small RCT
(N=60, Gupta
2012™) plus
three poor-
quality
nonrandomized
studies result in
a moderate
study
limitations
rating.
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Directness

Direct

Consistency

Inconsistent

One
nonrandomized
study showed a
statistically
significant
reduction with
IMRT compared
with 3DCRT (p
<0.05).% The
other non-RCTs
showed a
directionally
same but
nonsignificant
effect that
favored IMRT
over 3DCRT.
Gupta, 2012,*
showed a lower
but also
nonsignificant
rate difference
for acute
dysphagia with
3DCRT
compared with
IMRT.

Precision

Imprecise

The Gupta
RCT"
included
only 60
cases,
compared
with 516
for the
other 3
studies. It
was likely
not
sufficiently
powered
to detect
slight
changes
in rates of
adverse
effects,
particularl
y in the
face of
much
larger,
albeit
poor-
quality,
non-RCT
evidence.

Overall SOE

Insufficient

A high
provisional SOE
based on the
Gupta RCT* was
reduced 3 levels
for 3 reasons: (1)
rating was
inconsistent; (2)
rating was
imprecise based
on the small size
of the Gupta RCT
and its
nonsignificant
result; and (3) the
3 nonrandomized
studies were of
poor quality,
heterogeneous,
and subject to a
high risk of bias,
thus increasing
the risk of bias to
moderate for the
body of evidence.



Table B. Key Question 1: Qualitative evidence synthesis for key reported comparative grade 2 or higher toxicity outcomes and QOL

(continued)

Comparison | Outcome | Timeframe Number of Individual Study Directness Consistency Precision Overall SOE
Studies Study Limitations
(Number of Statistically (Risk of Bias)
Patients) Significant
Results
(p-Value)
3DCRT vs. Dysphagia | Late Three Two studies High Direct Inconsistent Precise Insufficient
IMRT (continued) studies®®®*?” | showed a
(continued) (N=774) statistically Three poor- Two studies The 3
significant quality showed a nonrandomized
benefit of nonrandomized statistically studies were
IMRT vs. studies significant effect poor quality and
3DCRT comprise the of IMRT heterogeneous,
(grade 222 (p | body of compared with with high risk of
<0.05)°?2 evidence. 3DCRT (p bias that
<0.05), with the compromises the
third study value of their
showing a results.

reduction, albeit
a nonsignificant
reduction.
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Table B. Key Question 1:

(continued)

Qualitative evidence synthesis for key reported comparative grade 2 or higher toxicity outcomes and QOL

Comparison | Outcome | Timeframe | Number of Individual Study Directness Consistency Precision Overall SOE
Studies Study Limitations
(Number Statistically (Risk of Bias)
of Significant
Patients) Results
(p-Value)
3DCRT vs. QOL Acute and | Two Rathod’s RCT™ | Moderate Direct Inconsistent Imprecise | Insufficient
IMRT late studies™?® | showed
(continued) (N=215) statistically One fair-quality One study The A high
significant (p small RCT showed a Rathod provisional SOE
<0.05) benefit (N=60, Rathod, statistically RCT™ based on the
for IMRT inthe | 2013™) plus 1 significant included Rathod RCT*®
domains specific | poor-quality benefit (p only 60 was reduced 3
to head and nonrandomized <0.001) of IMRT | cases, levels for 3
neck cancer of study resultin a compared with compared | reasons: (1)
scales and dry moderate study 3DCRT for with 155 rating was
mouth, sticky limitations global QOL at1 | for the inconsistent; (2)
saliva, and rating. and 2 years,28 second rating was
swallowing for at while the study. It imprecise based
least 1 second study was likely | on the small size
timepoint. No reported no not of the Rathod
QOL endpoints statistical sufficiently | RCT and its
were worse with difference based | powered nonsignificant
IMRT than with on radiotherapy | to detect result; and (3) the
3DCRT at any technique. slight nonrandomized
timepoint in the changes study was of poor
Rathod study. In in QOL, quality,
the other particularl heterogeneous,
study,?® use of yin the and subject to a
IMRT was the face of high risk of bias,
only variable much thus increasing
associated with larger, the risk of bias to
improved QOL albeit moderate for the
(p <0.01). poor- body of evidence.
quality,
non-RCT
evidence.

Abbreviations: 3DCRT = 3-dimensional conformal radiotherapy; IMRT = intensity-modulated radiotherapy; QOL = quality of life; RCT = randomized controlled trial; SOE =
strength of evidence.
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Key Question 2. 3DCRT, IMRT, SBRT, and PBT: Tumor Control
and Patient Survival

Overview

In this section we summarize evidence on comparative oncologic outcomes for different RT
types. We did not seek evidence from other study designs (e.g., single-arm observational) that
may report additional outcomes not captured in the comparative studies.

Overall, key oncologic outcomes were not reported consistently across studies, and not all
outcomes were collected in each study. Data were most often reported on overall survival and
locoregional control.

Key Points
Key points are—
« Aswe found in CER No. 20, comparative evidence assessed in this update was
insufficient to draw relative conclusions on any oncologic outcomes.
« The key oncologic outcomes were not reported universally across studies, so we could
not make comparisons across a larger body of evidence.

Qualitative Synthesis

In Table C, we summarize new comparative evidence and the SOE related to Key Question 2
on oncologic outcomes actually reported in multiple studies.

In general, evidence on tumor control and survival outcomes is sparse. Statistically
significant differences were inconsistently reported for overall survival, local control, and
locoregional control in studies of 3DCRT versus IMRT.
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Table C. Key Question 2: Qualitative evidence synthesis for key reported comparative oncologic outcomes

Comparison | Outcome Number of Individual
Studies Study
(Number of Statistically
Patients) Significant
Results (p-
Value)
3DCRT vs. Overall Eight studies Only 1 study
IMRT survival 9 showed a
reports)***>?% | statistically
220 significant
(N=1,080) benefit of
IMRT vs.
3DCRT (p
<0.05)*

Risk of Bias

Moderate

One fair-quality
small RCT (2
reports; N=60,
Gupta, 2012;*
N=60, Rathod,
2013") plus 7
poor-quality
nonrandomized
studies resultin a
moderate study
limitations rating.

Directness

Direct

All 8 studies
directly
compared
IMRT and
3DCRT.
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Consistency

Inconsistent

The retrospective
Huang study*
reports an overall
survival benefit of
IMRT compared
with 3DCRT at 5
years. The
remaining 7
studies showed
no statistically
significant
difference
between 3DCRT
and IMRT in rate
of overall survival
at 2 or 5 years.

Precision

Imprecise

The Gupta,
2012, RCT*
was likely not
sufficiently
powered to
detect slight
changes in
rates of overall
survival with
IMRT
compared with
3DCRT,
particularly in
the face of
much larger,
albeit poor-
quality, non-

RCT evidence.

Overall SOE

Insufficient

A high provisional SOE
based on the Gupta
RCT* was reduced 3
levels for 3 reasons: (1)
rating was imprecise
based on the small size
of the Gupta and
Rathod RCT**** and
the nonsignificant
result; (2) the 7
nonrandomized studies
were of poor quality,
heterogeneous, and
subject to a high risk of
bias, yielding an overall
moderate risk of bias;
and (3) the relatively
larger size of these 7
studies compared with
Gupta, accounting for
over 94% of all patients
in the body of
evidence, obscures the
findings of the latter,
resulting in an overall
SOE rating of
insufficient.



Table C. Key Question 2: Qualitative evidence synthesis for key reported comparative oncologic outcomes (continued)

Comparison Outcome Number of Individual Study Risk of Bias Directness Consistency Precision Overall SOE
Studies Statistically
(Number of Significant
Patients) Results (p-
Value)
3DCRT vs. Locoregional | Six studies (7 | Huang, 2013 (5- Moderate Direct Inconsistent Imprecise Insufficient
IMRT control reports)****>?% | year),** Kong,
(continued) e 2013 (1- and 2- One fair-quality All studies | Three studies Neither the A high provisional
(N=695) year),® and Mok, | RCT (Gupta, directly showed a Gupta, 2012,** | SOE based on the
2014 (3-year)®® 2012;** Rathod, compared | statistically nor Rathod, Gupta™ (and
report a 2013") and 5 IMRT and | significant effect | 2013,"° RCT | Rathod™) RCT was
statistically much larger poor- | 3DCRT. of IMRT was likely reduced 3 SOE
significant benefit | quality compared with sufficiently levels, as outlined
of IMRT vs. nonrandomized 3DCRT, while powered to above, for overall
3DCRT as it studies resultin a the remaining 3 detect slight survival. The
pertains to moderate study showed no changes in patients in the
locoregional limitations rating. significant rates of nonrandomized
control (p <0.05). difference. locoregional studies comprised
The remaining 3 control with more than 91% of
studies report no IMRT the evidence base,
statistically compared with | obscuring Gupta’s
significant 3DCRT, and Rathod’s
difference in particularly in results.
locoregional the face of
control. much larger,
albeit poor-
quality, non-
RCT
evidence.

Abbreviations: 3DCRT = 3-dimensional conformal radiotherapy; IMRT: intensity-modulated radiotherapy; RCT = randomized controlled trial; SOE = strength of evidence.
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Key Question 3. 3DCRT, IMRT, SBRT, or PBT: Specific Patient

and Tumor Characteristics

In CER No. 20, no comparative studies addressed these issues. In this update, we did not
identify any new evidence that specifically addressed Key Question 3.

Key Question 4. 3DCRT, IMRT, SBRT, or PBT: Differences in User
Experience, Treatment Planning, Treatment Delivery, and Target

Volume Delineation

In CER No. 20, no comparative studies addressed these issues. In this update, we did not
identify any new evidence that specifically addressed Key Question 4.

Discussion

Strength of Evidence Relative to CER No. 20

Table D provides a summary of the conclusions we drew for the relevant RT comparisons for
each Key Question in CER No. 20 and in this update. Because 2DRT was not addressed in the
update, it is not included in Table D. Moderate-strength evidence from the update shows a
reduction of the incidence of late grade 2 or higher xerostomia with IMRT compared with
3DCRT. This evidence increases the SOE on this toxicity from the SOE in CER No. 20, raising
it to high based on a body of evidence including two RCTs that are in agreement on this
outcome. Evidence in the update is insufficient to show a difference between IMRT and 3DCRT
in overall survival or locoregional tumor control rates. We found no new evidence to alter any
conclusions of CER No. 20 for any other toxicity, oncologic outcomes, or comparisons.

ES-20



Table D. Comparison of relevant CER No. 20 and update conclusions

Key Question Comparison Clinical CER No. 20 CER No. 20 CER No. 20 CER No. 20 Cumulative
Outcome Total Evidence Conclusions Update Total Update Update
Base Evidence Base Conclusions Conclusions
(Action
Needed)
Key Question 1: What is 3DCRT vs. Grade 22 late One good- Moderate SOE One fair-quality | Moderate SOE Raises final
the comparative IMRT xerostomia quality RCT shows RCT, 6 poor- shows SOE to high
effectiveness of 3DCRT, and 6 poor- significant quality non- significant based on a body
IMRT, SBRT, and PBT quality non- reduction in RCTs reduction in of evidence
regarding adverse events RCTs incidence incidence including 2
and QOL? RCTs (no further
study required)
3DCRT vs. Other RT- One good- Insufficient One good- Insufficient Insufficient
IMRT associated quality RCT, 13 | evidence to quality RCT, 9 evidence to evidence to
grade >2 poor-quality draw poor-quality draw draw
toxicities (e.qg., non-RCTs conclusions non-RCTs conclusions conclusions
acute or late (further study
dysphagia, required)
salivary gland
dysfunction,
swallowing
function)
3DCRT vs. QOL Three poor- Insufficient One fair-quality | Insufficient Insufficient
IMRT quality non- evidence to RCT, 1 poor- evidence to evidence to
RCTs draw quality non-RCT | draw draw
conclusions conclusions conclusions
(further study
required)
3DCRT or IMRT | Any No evidence No evidence No evidence No evidence Insufficient
vs. PBT identified identified,; identified identified,; evidence to
insufficient insufficient draw
conclusions
(further study
required)
3DCRT or IMRT | Any Not applicable Not applicable One poor- Insufficient Insufficient
vs. SBRT (SBRT not (SBRT not quality non-RCT | evidence to evidence to
included) included) draw draw
conclusions conclusions
(further study
required)
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Table D. Comparison of relevant CER No. 20 and update conclusions (continued)

Key Question

Key Question 2: What is
the comparative
effectiveness of 3DCRT,
IMRT, SBRT, and PBT
regarding tumor control
and patient survival?

Key Question 3: Are there
differences in the
comparative effectiveness
of 3DCRT, IMRT, SBRT,
and PBT for specific
patient and tumor
characteristics?

Key Question 4: Is there
variation in the
comparative effectiveness
of 3DCRT, IMRT, SBRT,
and PBT because of
differences in user
experience, treatment
planning, treatment
delivery, and target volume
delineation?

Comparison

3DCRT vs.
IMRT

3DCRT or IMRT
vs. PBT

3DCRT or IMRT
vs. SBRT

3DCRT or IMRT
vs. PBT or
SBRT

3DCRT or IMRT
vs. PBT or
SBRT

Clinical
Outcome

Overall survival,

local control,
locoregional
control,
disease-free
survival

Any

Any

Any

Any

CER No. 20

Total Evidence

Base

One good-
quality RCT, 6
poor-quality
non-RCTs

No evidence
identified

Not applicable
(SBRT not
included)

No evidence
identified

No evidence
identified

CER No. 20
Conclusions

Insufficient
evidence to
draw
conclusions

No evidence
identified;
insufficient

Not applicable
(SBRT not
included)

No evidence
identified;
insufficient

No evidence
identified;
insufficient

CER No. 20
Update Total
Evidence Base

One fair-quality
RCT, 9 poor-
quality non-
RCTs

No evidence

identified

One poor-
quality non-RCT

No evidence
identified

No evidence
identified

CER No. 20
Update
Conclusions

Insufficient
evidence to
draw
conclusions

No evidence
identified;
insufficient

Insufficient
evidence to
draw
conclusions

No evidence
identified;
insufficient

No evidence
identified;
insufficient

Cumulative
Update
Conclusions

(Action

Needed)
Insufficient
evidence to
draw
conclusions
(further study
required)
Insufficient
evidence to
draw
conclusions
(further study
required)
Insufficient
evidence to
draw
conclusions
(further study
required)
Insufficient
evidence to
draw
conclusions
(further study
required)

Insufficient
evidence to
draw
conclusions
(further study
required)

Abbreviations: 3DCRT = 3-dimensional conformal radiotherapy; CER = Comparative Effectiveness Review; IMRT = intensity-modulated radiotherapy; PBT = proton-beam

radiotherapy; QOL = quality of life; RCT = randomized controlled trial; RT = radiotherapy; SBRT = stereotactic body radiotherapy; SOE = strength of evidence.
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Applicability of the Findings

In general, applicability assessment would depend on a body of evidence sufficient to form
new conclusions about the comparative outcomes of 3DCRT, IMRT, SBRT, and PBT in
treatment of head and neck cancer. However, comparative evidence that meets study selection
criteria for this CER update is sparse for 3DCRT, IMRT, and SBRT, and nonexistent for PBT. In
the absence of sufficient evidence, additional factors may be considered in making a treatment
decision. Those could include relative convenience and cost, issues outside the scope of this
CER.

In preparing this update, we discussed the interventions that we included in CER No. 20 and
whether all remained applicable to current radiation oncology practice. In particular, we
examined the role of opposed-beam 2DRT in modern radiation oncology practice and
reexamined whether brachytherapy should be included. Based on the literature and input from
our Technical Expert Panel members, we concluded that brachytherapy has a limited role in RT
of head and neck cancer, so it was not included in this update. We also concluded that 2DRT is
no longer used in the United States for definitive treatment of head and neck cancer; thus we
excluded it from the update. We realize that, in doing so, we excluded evidence from an RCT
performed in China that showed a statistically significant improvement in overall survival with
IMRT compared with 2DRT, which to our knowledge is the only study that has shown a
statistically significant survival benefit of one RT modality compared with another.?® However,
this did not alter our overall conclusion to exclude 2DRT from the current report.

We considered including dosimetry studies in CER No. 20 and this update. For both reports,
our ultimate conclusion not to include dosimetry studies was agreed upon among our EPC team,
among AHRQ personnel, and in discussion with our Technical Expert Panel. The primary
rationale for this conclusion is that dosimetry studies do not provide a link to actual clinical
outcomes that are realized by patients. Dosimetry modeling is clearly needed to advance research
in RT methods, but it does not provide evidence for clinical efficacy.

Key Questions 1 and 2

The degree to which the evidence presented in this report is applicable to clinical practice is a
function of the similarity between populations in the included studies and the patient population
that receives clinical care in diverse settings. It also is related to the relative availability of the
interventions. Because of the overall weakness of evidence for Key Questions 1 and 2, we have
primarily limited comments to the relevance of the PICOTS elements, a practical and useful
structure to review the applicability in a systematic manner (Table E).
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Table E. Summary of applicability of evidence for Key Questions 1 and 2

PICOTS Applicability of Evidence
Domain
Populations o Overall, patients included in the evidence base of this CER update are typical of the head and

neck cancer population treated with RT based on age, sex, and tumor characteristics.

Interventions | e« 3DCRT, IMRT, and SBRT represent different technological approaches to the delivery of
conformal photon RT. The major advantage of these interventions compared with traditional wide-
field 2DRT is the ability to deliver tightly focused ionizing radiation by delineating the shape and
size of the tumor using a CT-based or other imaging planning system.

o 3DCRT represents a minimum technical standard for delivery of forward-planned conformal RT. It
involves static fields with a fixed shape, modified by compensators (wedges and segments).
3DCRT is widely available.

o IMRT offers beam strength attenuation through a multileaf collimator (tungsten), with dynamic field
shapes for each beam angle. IMRT is as widely available as 3DCRT but requires labor-intensive
inverse planning and a higher level of quality assurance.

o SBRT is a hypofractionated technique to administer RT in far fewer fractions than 3DCRT and
IMRT.

e SBRT is not as widely available as 3DCRT or IMRT, but its use is growing in other diseases such
as non-small-cell lung cancer.

e The institutional programmatic requirements for SBRT differ from those of IMRT.

o Comparative evidence for PBT is unavailable.

Comparators | e See above for Interventions.
Outcomes e The major beneficial health outcomes in this CER are overall survival and late xerostomia.

e Overall survival is the primary outcome of interest for any cancer intervention study.

o Local control is of interest to patients because it measures the effectiveness of an intervention in
disease control. On local failure, patients enter into a new category centered on systemic

chemotherapy.

Timing e The relevant periods occur from the time of treatment through followup over months (palliation) or
years (overall survival).

Setting * The evidence for Key Questions 1 and 2 is mostly international, primarily obtained in tertiary

institutions. More sophisticated interventions such as IMRT and SBRT require an institutional

commitment to quality assurance and ongoing training that may be difficult to achieve in smaller

community-based centers.

o We did not collect or analyze information to examine these issues.

Abbreviations: 2DRT = 2-dimensional radiotherapy; 3DCRT = 3-dimensional conformal radiotherapy; CER = Comparative
Effectiveness Review; CT = computed tomography; IMRT = intensity-modulated radiotherapy; PBT = proton-beam
radiotherapy; PICOTS = populations, interventions, comparators, outcomes, timing and setting; RT = radiotherapy; SBRT =
stereotactic body radiotherapy.

Key Questions 3 and 4
The current evidence base for Key Questions 3 and 4 is nonexistent based on our literature
review. Therefore we cannot assess the applicability to clinical practice.

Findings in Relationship to What Is Already Known

Our updated systematic literature search and review revealed no relevant evidence-based
guidelines we could compare with our findings for any of the Key Questions.
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Limitations of the Current Review and Evidence Base

Although the body of evidence we identified was more substantial for 3DCRT and IMRT
than SBRT, and nonexistent for PBT, we have significant concerns about interstudy
heterogeneity, with variability in RT dose, schedule of treatment, concurrent treatments, patient
selection criteria, tumor size and location, and so forth. As stated previously in this report, we are
not sure whether the inconsistency in key reported RT-associated adverse events reflects a lack
of systematic collection of this type of information by investigators or failure to consistently
report it in publications. We acknowledge that our inclusion of comparative studies alone may
have limited collection of additional RT-associated adverse events that may be revealed in larger
observational studies. However, we believe our decision to focus on the key comparative
outcomes of xerostomia, dysphagia, and salivary gland toxicity was merited based on our
understanding of the literature and the importance of those toxicities to cancer patients.

We also are aware that a body of dosimetry evidence is available to suggest potential
differences in the benefits and harms of different conformal RT types. Our exclusion of such
evidence may be viewed by some readers as a limitation of this CER update. However, we
maintain that because dosimetry modeling studies do not provide a clear link to clinical
outcomes, they do not add critical information to assess the comparative effectiveness of RT in
the treatment of head and neck cancer.

Research Gaps

The primary research gap we identified is a continuing lack of evidence from well-executed
comparative studies (randomized or otherwise) to draw conclusions on the relative clinical
benefits and harms of the RT interventions used in patients with head and neck cancer. We also
identified some potential impediments to the type of rigorous comparative studies that we
suggest are necessary to determine their comparative effectiveness. We urge that rigorous
methods be used for the conduct of RCTSs, particularly intention-to-treat analysis and adjustment
of survival data to account for all patients based on their treatment plans.

Primary comparative oncologic outcomes that remain to be addressed in clinical studies
include overall survival, cancer-specific survival, and local control. Prespecified systematic
collection of adverse events using validated criteria (e.g., Common Terminology Criteria for
Adverse Events) is necessary to permit accurate assessment of the relative benefits and risks of
the interventions. In particular, given the evidence summarized in this report, we recognize
dysphagia as a key adverse outcome of interest to patients to be included in comparative clinical
studies of RT types.

The potential impact of tumor tissue human papilloma virus (HPV) positivity on oncologic
outcomes and management of patients with HPV positivity has been increasing in importance.
Studies are needed to identify reduced intensity-RT regimens that still yield satisfactory
oncologic outcomes. To accomplish this, investigators will need to stratify patients according to
HPV status and analyze data accordingly.

Potential Impediments to Comparative Studies of RT Interventions
for Head and Neck Cancer

The general dissemination of advanced conformal RT technologies into community clinical
practice is a theoretical impediment to comparative study of those technologies. Broad
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availability of technologies previously available only in tertiary centers may dissuade referrals to
tertiary centers in favor of a local provider. We also acknowledge that randomized studies of
3DCRT versus IMRT or PBT may be very difficult to recruit and conduct based on technical and
potential ethical issues related to perceptions of unequal clinical benefit among the interventions.
The cost of conducting rigorous RCTSs is another potential impediment given current resource
constraints in the United States.

Summary and Conclusions

The main finding of CER No. 20 was that late xerostomia was reduced and QOL domains
related to xerostomia were improved in patients treated with IMRT compared with those who
received either 3ADCRT or 2DRT. Evidence was insufficient to draw relative conclusions on
survival or tumor control; adverse events other than late xerostomia (e.g., mucositis, dysphagia,
skin toxicities, osteoradionecrosis of the jaw); whether patient and tumor characteristics affected
relative outcomes; or whether physician experience and treatment characteristics affected relative
clinical outcomes such as survival or treatment-associated adverse events.

Moderate-strength evidence from the update shows a reduction of the incidence of late grade
2 or higher xerostomia with IMRT compared with 3DCRT. This increases the SOE on this
toxicity from CER No. 20, raising it to “high” based on a body of evidence including two RCTs
that are in agreement on this outcome. Evidence in the update is insufficient to show a difference
between IMRT and 3DCRT in overall survival or locoregional tumor control rates. We found no
new evidence to alter any conclusions of CER No. 20 for any other toxicity, oncologic outcomes,
or comparisons.

References

1. Samson DJ, Ratko TA, Rothenberg BM, et 4,
al. Comparative effectiveness and safety of
radiotherapy treatments for head and neck
cancer. Comparative Effectiveness Review
No. 20 (Prepared by Blue Cross and Blue
Shield Association Technology Evaluation
Center under Contract No. 290-02-0026.)
Rockville, MD: Agency for Healthcare

National Cancer Institute. Radiation
Therapy for Cancer. Fact Sheet.
www.cancer.gov/cancertopics/factsheet/The
rapy/radiation. Accessed August 13, 2014.

5. Bucci M, Bevan A, Roach M 111. Advances
in radiation therapy: conventional to 3D, to
IMRT, to 4D, and beyond. CA Cancer J

Research and Quality; May 2010.
www.effectivehealthcare.ahrg.gov/reports/fi
nal.cfm.

Clin. 2005;55:117-34. PMID: 15761080.

Lee N, Puri DR, Blanco Al, et al. Intensity-
modulated radiation therapy in head and
neck cancers; an update. Head Neck.

2. Ahmadzai N, Tsertsvadze A, Skidmore B. ) . )
AHRQ Comparative Effectiveness Review 2007;29(4)-387-400. PMID: 16358297.
Surveillance Program: Comparative Siddiqui F, Raben D, Lu JJ, et al. Emerging
Effectiveness and Safety of Radiotherapy applications of stereotactic body radiation
Treatments for Head and Neck Cancer. therapy for head and neck cancer. Expert
Agency for Healthcare Research and Rev Anticancer Ther. 2011 Sep;11(9):1429-
Quality; 2012. 36. PMID: 21929316.
www.effectivehealthcare.ahrg.gov/ehc/prod . .
ucts/19/1540/head-neck-cancer-surveillance- Pfister DG, Ang K-K, Brizel DM, etal.
130613.pdf. Head and neck cancers. J Nat Compr Cancer

Netw. 2011 Jun 1;9(6):596-650. PMID:
3. Jemal A, Bray F, Center MM, et al. Global 21636536.

cancer statistics. CA Cancer J Clin. 2011
Mar-Apr;61(2):69-90. PMID: 21296855.



10.

11.

12.

13.

14.

15.

Methods Guide for Effectiveness and
Comparative Effectiveness Reviews. AHRQ
Publication No. 10(14)-EHC063-EF.
Rockville, MD: Agency for Healthcare
Research and Quality. January 2014.
Chapters available at
www.effectivehealthcare.ahrg.gov.

Tsertsvadze A, Maglione M, Chou R, et al.
Updating comparative effectiveness
reviews: current efforts in AHRQ’s
Effective Health Care Program. J Clin
Epidemiol. 2011 Nov;64(11):1208-15.
PMID: 21684114.

Harris RP, Helfand M, Woolf SH, et al.
Current methods of the US Preventive
Services Task Force: a review of the
process. Am J Prev Med. 2001;20(3
Suppl):21-35. PMID: 11306229.

Owens DK, Lohr KN, Atkins D, et al.
AHRQ series paper 5: grading the strength
of a body of evidence when comparing
medical interventions—Agency for
Healthcare Research and Quality and the
Effective Health-Care Program. J Clin
Epidemiol. 2010;63:513-23. PMID:
19595577.

Brown P, Brunnhuber K, Chalkidou K, et al.
How to formulate research
recommendations. BMJ. 2006 Oct
14,;333(7572):804-6. PMID: 17038740.

Gupta T, Agarwal J, Jain S, et al. Three-
dimensional conformal radiotherapy (3D-
CRT) versus intensity modulated radiation
therapy (IMRT) in squamous cell carcinoma
of the head and neck: a randomized
controlled trial. Radiother Oncol. 2012
Sep;104(3):343-8. PMID: 22853852.

Rathod S, Gupta T, Ghosh-Laskar S, et al.
Quality-of-life (QOL) outcomes in patients
with head and neck squamous cell
carcinoma (HNSCC) treated with intensity-
modulated radiation therapy (IMRT)
compared to three-dimensional conformal
radiotherapy (3D-CRT): evidence from a
prospective randomized study. Oral Oncol.
2013 Jun;49(6):634-42. PMID: 23562564.

ES-27

16.

17.

18.

19.

20.

21.

22.

Ozyigit G, Cengiz M, Yazici G, etal. A
retrospective comparison of robotic
stereotactic body radiotherapy and three-
dimensional conformal radiotherapy for the
reirradiation of locally recurrent
nasopharyngeal carcinoma. Int J Radiat
Oncol Biol Physics. 2011;81(4):e263-8.
PMID: 21514737.

Nutting CM, Morden JP, Harrington KJ, et
al. Parotid-sparing intensity modulated
versus conventional radiotherapy in head
and neck cancer (PARSPORT): a phase 3
multicentre randomised controlled trial.
Lancet Oncol. 2011 Feb;12(2):127-36.
PMID: 21236730.

Al-Mamgani A, Mehilal R, van Rooij PH, et
al. Toxicity, quality of life, and functional
outcomes of 176 hypopharyngeal cancer
patients treated by (chemo)radiation: the
impact of treatment modality and radiation
technique. Laryngoscope. 2012
Aug;122(8):1789-95. PMID: 22833307.

Al-Mamgani A, Monserez D, Rooij P, et al.
Highly-conformal intensity-modulated
radiotherapy reduced toxicity without
jeopardizing outcome in patients with
paranasal sinus cancer treated by surgery
and radiotherapy or (chemo)radiation. Oral
Oncol. 2012 Sep;48(9):905-11. PMID:
22584070.

Al-Mamgani A, van Rooij P, Verduijn GM,
et al. The impact of treatment modality and
radiation technique on outcomes and
toxicity of patients with locally advanced
oropharyngeal cancer. Laryngoscope. 2013
Feb;123(2):386-93. PMID: 23404489.

Huang HI, Chan KT, Shu CH, et al. T4-
locally advanced nasopharyngeal carcinoma:
prognostic influence of cranial nerve
involvement in different radiotherapy
techniques. Sci World J. 2013;2013:439073.
PMID: 24385882.

Lohia S, Rajapurkar M, Nguyen SA, etal. A
comparison of outcomes using intensity-
modulated radiation therapy and 3-
dimensional conformal radiation therapy in
treatment of oropharyngeal cancer. JAMA
Otolaryngol Head Neck Surg. 2014 Apr
1;140(4):331-7. PMID: 245575009.



23.

24.

25.

26.

Mok G, Gauthier I, Jiang H, et al. Outcomes 217.

of intensity-modulated radiotherapy versus
conventional radiotherapy for
hypopharyngeal cancer. Head Neck. 2014
Mar 2. PMID: 24590756.

Dirix P, Vanstraelen B, Jorissen M, et al.

Intensity-modulated radiotherapy for 28.

sinonasal cancer: improved outcome
compared to conventional radiotherapy. Int J
Radiat Oncol Biol Physics. 2010;78(4):998-
1004. PMID: 20338694.

Kong M, Hong SE, Choai J, et al.

Comparison of survival rates between 29.

patients treated with conventional
radiotherapy and helical tomotherapy for
head and neck cancer. Radiat Oncol J.
2013;31(1):1-11. PMID: 2013256692.

Kruser TJ, Rice SR, Cleary KP, et al. Acute
hematologic and mucosal toxicities in head
and neck cancer patients undergoing
chemoradiotherapy: a comparison of 3D-
CRT, IMRT, and helical tomotherapy.
Technol Cancer Res Treat. 2013;12(5):383-
9. PMID: 2013256692.

ES-28

Lambrecht M, Nevens D, Nuyts S. Intensity-
modulated radiotherapy vs. parotid-sparing
3D conformal radiotherapy. Effect on
outcome and toxicity in locally advanced
head and neck cancer. Strahlenther Onkol.
2013 Mar;189(3):223-9. PMID: 23319256.

Chen AM, Farwell DG, Luu Q, et al.
Intensity-modulated radiotherapy is
associated with improved global quality of
life among long-term survivors of head-and-
neck cancer. Int J Radiat Oncol Biol Phys.
2012 Sep 1;84(1):170-5. PMID: 22300572.

Peng G, Wang T, Yang KY, etal. A
prospective, randomized study comparing
outcomes and toxicities of intensity-
modulated radiotherapy vs. conventional
two-dimensional radiotherapy for the
treatment of nasopharyngeal carcinoma.
Radiother Oncol. 2012 Sep;104(3):286-93.
PMID: 22995588.



Introduction

Objectives

In May 2010, the Agency for Healthcare Research and Quality (AHRQ) published the results
of Comparative Effectiveness Review (CER) No. 20, “Comparative Effectiveness and Safety of
Radiotherapy Treatments for Head and Neck Cancer,” prepared by the Blue Cross and Blue
Shield Association Evidence-based Practice Center (EPC).* CER No. 20 examined evidence on
clinical outcomes achieved with two-dimensional radiotherapy (2DRT), three-dimensional
conformal RT (3DCRT), intensity-modulated RT (IMRT), and proton-beam RT (PBT). The
main finding of CER No. 20 was that late xerostomia was reduced and quality of life (QOL)
domains related to xerostomia were improved in patients treated with IMRT compared with
those who underwent 3DCRT or 2DRT. Evidence was insufficient to draw conclusions on
overall survival or tumor control; adverse events other than late xerostomia (e.g., mucositis,
dysphagia, skin toxicities, or osteoradionecrosis of the jaw); whether patient and tumor
characteristics affected relative outcomes; or whether physician experience and treatment
characteristics affected relative clinical outcomes such as survival or treatment-associated
adverse events.

In 2012, AHRQ published a surveillance report that used methods developed by the RAND
and Ottawa EPCs to prioritize an update of AHRQ CER No. 20 in 2013.% In preparing this
update, we examined the applicability of opposed beam 2DRT and brachytherapy (BT) in
modern radiation oncology practice. Our conclusion, based on the current literature and input
from our Technical Expert Panel (TEP) members, was that 2DRT is no longer in routine use in
the United States for definitive treatment of head and neck cancer, thus we excluded it from the
update.

Brachytherapy is an invasive technique that was the first form of RT in clinical use, dating
back to 1901. Historically, it has been used extensively in many tumor types, including head and
neck cancer. The primary advantage of BT over traditional opposed external beam 2DRT has
been its capability to conform a high, localized radiation dose to the implanted tumor, limiting
exposure to noninvolved tissues. However, as conformal external beam RT methods (e.g.,
3DCRT and IMRT) have become more prevalent in the past 2 decades, this advantage has been
mitigated.

Brachytherapy can be used in select head and neck cancer cases as a means of dose
escalation in conjunction with external beam irradiation.®* However, this practice has become
uncommon because sufficient dose escalation can usually be achieved in these cases with a
noninvasive approach (i.e., conformal RT). Brachytherapy alone is very rarely employed, except
with small (T1) tumors of the nasal vestibule, lip, or oral cavity.”® These presentations of head
and neck cancers are relatively uncommon (1 percent to perhaps 5 percent of all cases), and RT
is typically not first-line treatment in many cases. Therefore, because BT alone for primary
management of head and neck malignancies has limited applicability in modern radiation
oncology practice, we did not seek evidence of it for this current CER; we focused instead on RT
modalities that are used as the sole RT intervention for a given presentation of head and neck
cancer.

For this update, we reviewed and assessed new evidence on the comparative effectiveness of
3DCRT, IMRT, and PBT. We also systematically reviewed and assessed evidence on
stereotactic body RT (SBRT), a newer RT modality that was not widely available when we



prepared CER No. 20. This update used the same Key Questions as in CER No. 20 and, for the
most part, the same methods and search strategies, modified to address the changes in the list of
interventions. We organized clinical evidence according to treatment regimen, abstracted only
from comparative studies (randomized or nonrandomized) of the conformal RT methods used in
treatment for any head and neck cancer.

Epidemiology and Burden of Head and Neck Cancer

Head and neck cancer is a heterogeneous disease characterized by complex clinical and
pathologic presentations. Squamous cell carcinoma of the head and neck (SCCHN) specifically
arises in the squamous epithelium of the upper aerodigestive tract (oral cavity, larynx,
hypopharynx, oropharynx, nasopharynx, paranasal sinuses/nasal cavity). SCCHN constitutes
approximately 90 percent of all head and neck cancers, and accounted for approximately 3
percent (about 50,000) of all new cancer cases and 2 percent (approximately 12,000) of all
cancer deaths in 2010 in the U.S.1° While these cancers in total comprise a relatively small
percentage of all cancers, cumulatively they are the sixth most common cancer worldwide, with
notable exceptions of high nasopharyngeal cancer incidence in South Eastern China and South
Eastern Asia and high oral cavity cancer incidence in Melanesia and South Central Asia. More
than 600,000 people were diagnosed with SCCHN worldwide in 2008.

Major risk factors for the development of head and neck cancer include tobacco and alcohol
abuse, with other less common risk factors including occupational exposures, nutritional
deficiencies, and poor oral health.!! Viral etiologies have also been established, with human
papillomavirus (HPV) infection appearing to be a risk factor, particularly within the oropharynx,
in younger people without a history of tobacco or alcohol abuse. The reported proportion of
oropharyngeal cancers attributable to HPV in the U.S. has increased from 16.3 percent during the
1980s to 72.7 percent during the 2000s.#*® Careful anatomic site stratification has shown that
the age-adjusted incidence of oropharyngeal cancer is rising dramatically (estimated to be a 5
percent annual increase). In addition to HPV, an association has been made between Epstein-
Barr virus and nasopharyngeal cancer.

Overview of Multimodal Clinical Management of Head and
Neck Cancer

Most patients with SCCHN present with locally advanced but curable disease; only a small
percentage of these patients have demonstrable distant metastases. Treatment decisions are
primarily determined by the size, location, and grade of the primary tumor; the extent of nodal
involvement; and the estimated functional impact of therapy. Patient characteristics may include
substantial comorbidities and poor performance status that would be considered in devising a
comprehensive treatment plan.™*

Aggressive multimodality treatments with curative intent may include surgery, RT, and
chemotherapy. Radiotherapy is a mainstay of treatment, offered to nearly 75 percent of all head
and neck cancer patients with either curative or palliative intent. Radiotherapy may be used alone
or as a part of multimodality approach, often with significant long-term side effects. In planning
this CER, we sought to account for multimodal treatment strategies by organizing evidence
according to treatments used in comparative studies of the RT modalities. Toxicities associated
with RT represent important clinical outcomes that can substantially reduce QOL and the ability
of cancer patients to tolerate and complete the entire planned course of treatment.



The main challenge in RT for any type of cancer is to attain the highest probability of tumor
control or cure with the least amount of morbidity and toxicity. However, improved outcomes
with aggressive RT regimes come at the cost of increased treatment toxicity, mainly due to the
close proximity of critical organs and the often large irradiation fields necessary to effect local
tumor control in head and neck cancer patients. For example, xerostomia is the most prevalent
toxicity of RT to the head and neck and is a major cause of reduced QOL. In addition to patient
perception of mouth dryness, it leads to impaired speech and swallow function, all of which also
contribute to decreased QOL. Other prominent, RT-associated toxicities include salivary gland
dysfunction, accelerated dental caries, and osteoradionecrosis.

Although RT-associated toxicities are highly problematic in any patient with head and neck
cancer, such adverse events may assume greater importance in patients identified with HPV-
positive compared with those with HPV-negative disease.*® Patients with HPV-positive
oropharynx cancer not only appear to have a different clinical phenotype from HPV-negative
cancers, but they also have had better outcomes in multiple large studies, even when correcting
for other known prognostic factors.** This trend has led investigators to research
deintensification of treatment for patients with HPV-related head and neck cancers to limit
toxicities, and alternatively intensification of treatment to improve tumor control in those with a
significant HPV-negative cancer with a smoking history.**** However, it is important to note
that current practice guidelines, such as the National Comprehensive Cancer Network (NCCN),
do not recommend treatment differences based on HPV status (with perhaps the exception of
HPV+ unknown primary cancers). In preparing this update, we sought to identify, where
possible, HPV-positive patients as separate entities from HPV-negative patients.

RT in Head and Neck Cancer

Overview

We present a brief overview of the different types of RT modalities for those less familiar
with the specific technologies. For those seeking further details on the different approaches,
information is available from the National Cancer Institute and citations therein. *°

Radiotherapy designs have evolved over the past 30 years from being based on two-
dimensional (2D) to three-dimensional (3D) images, incorporating increasingly complex
computer algorithms.'® 2DRT consists of a single beam from one to four directions with the
radiation fields designed on 2D fluoroscopic simulation images. A quest to improve on the
survival rates and adverse effect profile of 2DRT led to widespread adoption and application of
3D imaging-based methods for definitive (curative) treatment of patients with SCCHN, with
general abandonment of 2DRT in this role in the U.S.

Conformal RT refers to modalities in which radiation beams are “shaped” to cover the tumor
volume plus a surrounding tissue margin to treat microscopic disease that may reside there. To
standardize image-based tumor volume definitions for 3D radiation planning, the Internal
Commission of Radiation Units and Measurements created terminology for use across
institutions. Definitions include gross tumor volume (GTV), clinical target volume (CTV), and
planning target volume (PTV)."” The GTV pertains to gross disease identified by clinical workup
(e.g., physical exam and imaging), CTV includes the GTV and any areas at risk for microscopic
disease, and PTV is an expansion of the CTV by a margin (usually 3-5 mm in the head and neck
patient) to account for patient or organ motion and day-to-day setup variation.



Conformal RT Modalities

Conformal external-beam photon-based RT modalities used to treat SCCHN include 3DCRT,
IMRT, and SBRT, which is also known as stereotactic ablative RT.*® For purposes of this
update, we use the term SBRT. Charged particle-based conformal external-beam therapy such as
PBT is also available. Here we briefly review each conformal RT modality in this CER update.

Three-Dimensional Conformal Radiotherapy

Three dimensional conformal RT uses 3D anatomic information from diagnostic computed
tomography (CT) scans in a forward-planned process to deliver multiple, highly focused beams
of radiation that converge at the tumor site. This allows accurate and precise conformity of the
radiation to the typically irregular tumor volume, theoretically reducing exposure of surrounding
tissues when compared with traditional opposed-beam 2DRT.*

Intensity-Modulated Radiotherapy

In the 1990s, technological and computer treatment planning advances led to the
development of IMRT.***® The technique of IMRT is more complex and resource-intensive than
3DCRT. It uses a CT-based inverse-planning process to deliver ionizing radiation conformally to
the target. By altering the beam intensity using tungsten-based multileaf collimators, IMRT
theoretically reduces radiation dose to adjacent organs or tissues at risk (e.g., the parotid glands).
However, with IMRT a larger volume of uninvolved adjacent tissues may be exposed to ionizing
radiation than 3DCRT. Standard IMRT techniques are referred to as sliding window, step and
shoot, and volumetric modulated arcs; any of these was noted in this CER as IMRT.

Stereotactic Body Radiotherapy

Stereotactic body RT is a type of 3D conformal RT that is used to deliver tumoricidal doses
of radiation in fewer treatment sessions than used in 3DCRT or IMRT regimens.*® Regimens
used in SBRT generally comprise a total dose equal to that delivered by 3DCRT or IMRT, but
typically in eight fractions rather than 25 or more fractions. As a technique, SBRT is defined by
robust immobilization, highly precise, image-guided patient setup, and high dose-per-fraction
irradiation focused on gross disease with a minimal margin for setup error. There are many
different platforms for SBRT, but especially in head and neck cancer therapy there is less
tracking than for other sites, and 4D simulation is not used.

Proton-Beam Radiotherapy

Although PBT is not widely available in the U.S., it has become increasingly available in the
last few years. Like IMRT or SBRT, PBT is a 3D conformal RT technique; however, it delivers
charged particles at tumoricidal doses rather than photons. PBT has a physical advantage over
photon therapy because it lacks an “exit dose” from tumor tissue. Unlike photons, which release
energy along their path traversing tumors, protons deposit the majority of their energy at the end
of their path through tissue, in the tumor volume, resulting in what is referred to as the Bragg
peak.

Summary

The optimal means of delivering external beam ionizing radiation in sufficient doses to cure a
patient with SCCHN requires a fine balance between treatment effectiveness and associated
toxicity. In CER No. 20, the compiled evidence demonstrated an advantage for IMRT over



3DCRT and 2DRT in reducing late xerostomia and improving measures of xerostomia-related
QOL. Evidence was insufficient to demonstrate any relative difference between modalities in
measures such as overall survival or tumor control. Since CER No. 20 was published, a newer
conformal technology—SBRT—has come into practice, whereas 2DRT has fallen out of use in
the U.S. A surveillance study prepared in 2012 by the Ottawa and RAND EPCs suggested
rationale to update CER No. 20, based on signals of new evidence that would change several
conclusions of that report. Taken together, the emergence of new technology and evidence
suggesting potential differences in some comparative outcomes prompted AHRQ to prioritize
this update of CER No. 20.

Key Questions

The proposed Key Questions for CER No. 20, entitled “Comparative Effectiveness and
Safety of Radiotherapy Treatments for Head and Neck Cancer,” were posted for public comment
for 4 weeks during its development. At that time, changes to the Key Questions and the PICOTS
were made based on comments received and discussion with the TEP for the report. In the
surveillance assessment used to determine the priority to update the 2010 report, the language of
the Key Questions was modified slightly, but unchanged in meaning.

The Key Questions we used for this update follow below. In addition to 3DCRT, IMRT, and
PBT, we included SBRT, which was not part of CER No. 20. Based on input from TEP
discussions and a review of the literature, we excluded 2DRT from further consideration and did
not include brachytherapy for reasons listed previously in the report. In response to TEP input,
we also revised the language of Key Question 4 to expand the list of potential variables to
consider.

Key Question 1.What is the comparative effectiveness of 3DCRT, IMRT,
SBRT, and PBT regarding adverse events and QOL?

Key Question 2.What is the comparative effectiveness of 3DCRT, IMRT,
SBRT, and PBT regarding tumor control and patient survival?

Key Question 3. Are there differences in the comparative effectiveness of
3DCRT, IMRT, SBRT, and PBT for specific patient and tumor
characteristics?

Key Question 4. Is there variation in the comparative effectiveness of
3DCRT, IMRT, SBRT, and PBT because of differences in user experience,
treatment planning, treatment delivery, and target volume delineation?

PICOTS
Population(s)
Key Questions 1-4
Populations of interest included patients with head and neck cancer. To define what

constitutes head and neck cancer, we consulted clinical resources such as the National Cancer
Institute’s (NCI) Physician Data Query Cancer Information Summary and the National



Comprehensive Cancer Network (NCCN). The consensus definition of head and neck cancer
includes tumors of:

o Larynx

« Pharynx (hypopharynx, oropharynx, and nasopharynx)

o Lip and oral cavity

« Paranasal sinus and nasal cavity

« Salivary gland

« Occult primary of the head and neck

The following tumors were excluded:

« Brain tumors

o Skull base tumors

« Uveal/choroidal melanoma, other ocular and eyelid tumors

« Otologic tumors

« Cutaneous tumors of the head and neck (including melanoma)
« Thyroid cancer

« Parathyroid cancer

« [Esophageal cancer

o Trachea tumors

All therapeutic strategies were included. RT can be delivered as a primary (curative) intent
therapy or as an adjunct to surgery. Chemotherapy can also be given as an adjunct to RT,
particularly in patients with more advanced cancer (i.e., stages Il or 1V). We sought direct
evidence for one RT modality compared with another, with or without chemotherapy or surgery.

Interventions

Key Questions 1-4
3DCRT: defined as any treatment plan where CT-based forward treatment planning is
used to delineate radiation beams and target volumes in three dimensions.

« IMRT: defined as any treatment plan using intensity-modulated radiation beams and
computerized inverse treatment planning.

« SBRT: defined as conformal RT (forward- or reverse-planned) delivered in 3-5 relatively
larger doses of ionizing radiation than typically delivered in a standard conformal
schedule of 25-35 doses.

« PBT: defined as any treatment plan using proton-beam radiation.

RT may be delivered as part of a multimodal treatment strategy if the comparisons only
differ with respect to the RT given.

Comparators

Key Questions 1-4

All therapies were compared with each other as part of a continuum of treatment for patients
with head and neck cancer. Thus, we included studies in which an RT method was compared
with a different method (e.g., with or without chemotherapy or surgery). We included all studies



in which we could be reasonably certain additional treatments were contemporary and similar,
leaving the major comparison that between RT modalities; those that we could not ascertain from
the publication would be excluded.

To ensure chemotherapy or other treatments were similar and contemporary, we consulted
accepted guidelines such as those from NCCN or NCI. We did not extract details on
chemotherapy dosages or schedules, but rather ascertained their degree of general similarity and
the proportions of patients who receive and complete such regimens. We categorized and
synthesized evidence according to overall treatment (e.g., concurrent chemoradiotherapy or
adjuvant RT), not mixing these regimens in the strength of evidence (SOE) synthesis.

Outcomes

Key Questions 1, 3, and 4
Final outcomes: QOL and adverse events including: radiation-induced toxicities, xerostomia,
mucositis, taste changes, dental problems, and dysphagia.

Intermediate outcomes: Salivary flow and probability of completing treatment according to
protocol.

We sought evidence related to user experience, treatment planning, and target volume
delineation within the context of Key Question 4.

Key Questions 2-4
Final outcomes: Overall survival and cancer-specific survival.

Intermediate outcomes: Local control and time to recurrence.

Timing
All durations of followup were considered.

Settings

Typically community-based versus tertiary or academic medical centers.

Analytic Framework

Figure 1 provides an analytic framework illustrating the population, RT modalities to be
compared, outcomes, and adverse effects that guided our literature search and synthesis. It links
the RT modalities of interest directly with final health outcomes (e.g., overall survival) and
adverse events (e.g., xerostomia) as well as indirectly with final outcomes via intermediate
outcomes (e.g., local control, disease-free survival).



Figure 1. Analytic framework for comparative effectiveness of RT for head and neck cancer
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Figure 1 depicts the Key Questions (KQs) within the context of the PICOTS described in the previous section. In general, the
figure illustrates how 3DCRT, IMRT, SBRT, or PBT may result in intermediate outcomes (e.g., local tumor control, disease-free
survival) and final health outcomes (e.g., overall survival, cancer-specific survival, QOL). Also, adverse events (e.g., radiation-
associated xerostomia and salivary dysfunction, dysphagia, mucositis, otologic dysfunction, visual dysfunction) may occur at any
point after the treatment is received.

Abbreviations: 3DCRT = 3-dimensional conformal radiation therapy; IMRT = intensity-modulated radiation therapy; KQ = Key
Question; PBT = proton-beam radiation therapy; QOL = quality of life; RT = radiation therapy; SBRT = stereotactic body
radiation therapy.

Organization of This Report

In the following sections of this CER update, we outline the methods used in its preparation,
including literature search strategies, methods used to select studies for inclusion, data elements
and their abstraction, tabulation of results, assessment of study quality and risk of bias, and how
we evaluated the SOE. In the Results section, we provide an overview of the literature search
results and study inclusion and exclusion. We then present evidence for each Key Question,
using bulleted key points and a summary of the results and tabulature of such. The Discussion
section contains our assessment of the SOE as related to the conclusions of CER No. 20. Finally,
we discuss the applicability of the evidence to clinical decisionmaking and gaps in the evidence
base in the Discussion section. The report concludes with an overall summary that ties it together
to the CER No. 20 findings.



Methods

Overview

This section describes the methods used to produce this CER update. Methodological
practices followed were derived from the Methods Guide and its subsequent updates.”® We also
consulted the article by Tsertsvadze et al. on methods to update CERs.”* The main parts in this
section reflect the elements of the protocol established for the CER; certain methods map to the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) checklist.

Study Inclusion Criteria

We included only full-length reports that describe the final results of randomized controlled
trials (RCTs) and nonrandomized comparative studies (observational, case-control, and cohort
studies) of populations, interventions, comparisons, outcomes, treatment intervals, and settings
that are part of the PICOTS (see above).

We excluded conference abstracts and other non-peer-reviewed sources as well as
noncomparative (single-arm) studies from this CER update. In preparation of CER No. 20, we
collected a substantial body of evidence from single-arm studies. In our analysis, we found that
single-arm studies were very heterogeneous, with differences in patient populations, RT
methods, treatment era, and adjunct treatments used, particularly cytotoxic chemotherapy
regimens. As a consequence, we determined that the evidence was uninformative and not
adequate for making valid comparisons or hypothesis generation.

We considered including dosimetry studies in CER No. 20, and this update. For both reports,
our ultimate conclusion not to include dosimetry studies was agreed upon among our EPC team,
among AHRQ personnel, and in discussion with our TEP. The primary rationale for this
conclusion is that dosimetry studies do not provide a link to actual clinical outcomes that are
realized by patients. Dosimetry modeling is clearly needed to advance research in RT methods,
but it does not provide evidence for clinical efficacy.

Literature Search

Search Strategies

An experienced medical librarian designed and performed all searches for this CER update.
The literature search for the update was backdated to 12 months before the final literature search
for CER No. 20 (dated September 28, 2009). For SBRT, the literature was searched
electronically for citations from January 1, 1990, through April 2013. The entire search was
updated May 1, 2014, after the draft was posted for peer review by AHRQ.

We searched the following databases:

« MEDLINE®

« EMBASE®

« Cochrane Controlled Trials Register



Data Abstraction and Data Management

Literature search results were transferred to EndNote® and subsequently into Distiller for
study screening.

Review of Titles and Abstracts

We developed data collection forms for abstract review, full-text review, and data extraction.
Using the study selection criteria for screening titles and abstracts, each citation was marked as
eligible for review as full-text article or ineligible for full-text review. Two CER team members
performed the initial title and abstract screen. A training set of 25-50 article selections were
examined initially to assure uniform application of screening criteria. Full-text review was
performed if it was unclear whether the study selection criteria were satisfied. Reasons for study
exclusions at the title and abstract screening phase were not noted. To be excluded, a study must
have been independently excluded by both team members. Discrepancies were decided by
consensus opinion; a third reviewer was consulted if necessary.

Full-Text Review

Full-text articles were reviewed in the same fashion against the PICOTS to determine their
inclusion in the systematic review. The reason for excluding an article retrieved in full-text was
recorded in the Distiller database. Although an article could be excluded for multiple reasons,
only the principal reason identified was noted.

Data Abstraction

For studies that met the inclusion criteria, we abstracted data into tables created in the
Systematic Review Data Repository, with elements defined in an accompanying data dictionary.
A training set of five articles was abstracted by one team member and reviewed by the Team
Lead to ensure consistency. Each article included was abstracted by a single reviewer. A second
reviewer assessed the data extraction against the original articles for quality control. Identified
differences in data coding between the abstractor and reviewer were resolved by consensus.

The data elements abstracted included the following:

« Patient characteristics, including:

0 Age (excluding pediatric patients, 18 years or younger)
0 Sex
0 Race/ethnicity
0 Tumor location
o Tumor stage
« Treatment characteristics, including:
0 Type of RT (e.g., photons, electrons, protons)
Total RT dose
Fractionation schedule
Imaging methods used to guide RT (e.g., CT, implanted fiducials, bony
landmarks) and the frequency of imaging to assess therapy (e.g., daily, weekly,
monthly)
o Other prior or concurrent treatment modalities (e.g., systemic chemotherapy)
0 Number of prior lines of treatment
o Outcome assessment

(elNelNe]
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Identified final outcome (see PICOTS and Analytical Framework)
Identified intermediate outcomes (see PICOTS and Analytical Framework)
Adverse event response criteria
Followup frequency and duration
Data analysis details, including:
Statistical analyses (statistical test/estimation results)
Summary measures
Sample variability measures
Precision of estimate
— p-values
0 Regression modeling techniques
— Model type
— Candidate predictors and methods for identifying candidates
— Univariate analysis results
— Selected predictors and methods for selecting predictors
— Testing of assumptions
— Inclusion of interaction terms
— Multivariable model results
— Discrimination or validation methods and results
— Calibration or “goodness-of-fit” results

O O0O0O0O0

Evidence Tables

The same abstraction tables were used for all studies. The dimensions of each evidence table
may vary by Key Question, but the tables contain common elements such as author, year of
publication, sample size, study type, intervention(s), and comparator(s). We report outcome data
in strata according to prognostic or other patient-related factors (e.g., tumor stage) provided they
were reported separately or could be inferred from the study in question.

Assessment of Methodological Risk of Bias (Quality or
Limitations) of Individual Studies

In adherence to the Methods Guide,? the general approach to grading the quality or
limitations of individual comparative studies was performed by using a United States Preventive
Services Task Force (USPSTF) method (Appendix B).? Individual study quality assessment
accounted for the following study elements:

« Number of participants and flow of participants through steps of study

Treatment-allocation methods (including concealment)

« Use of blinding

« Study design (prospective vs. retrospective)

« Use of an independent outcome assessor

The quality of the abstracted studies was assessed independently by two investigators.
Discordant quality assessments were resolved with input from a third reviewer, if necessary.
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Data Synthesis

Our experience with CER No. 20, for which we did not perform a quantitative data synthesis,
led us to rule out a quantitative synthesis for this update. Our analysis of the literature indicated a
substantial degree of interstudy heterogeneity; given the small numbers of studies, we concluded
a qualitative synthesis would be appropriate. The qualitative synthesis emphasized comparative
studies sorted by specific head-to-head comparisons of RT modalities, specific treatment
regimens, patient characteristics, specific outcomes, and status relative the evidence hierarchy
and study quality assessment.

Grading the SOE for Individual Comparisons and Outcomes

Studies were assessed for relevance against target populations, interventions of interest, and
outcomes of interest. The system used for rating the strength of the overall body of evidence is
outlined in the recently updated (2013) chapter from the “Methods Guide”® and is based on a
system developed by the GRADE Working Group.?

This system explicitly addresses the following domains: study limitations, directness,
consistency, precision, and reporting bias. Additional (optional) domains, including strength of
association (magnitude of effect), dose-response association, and plausible confounding, could
be addressed if appropriate. Table 1 describes the four required and three optional domains and
their scores and applications.

Table 1. SOE rating domains: required and optional

Domain Domain Domain Definition and Elements Domain Score and Application
Name Type
Study Required | This domain reflects the degree to which Score as one of three levels,
limitations included studies for a given outcome have separately by type of study design:
high likelihood of protection against bias (i.e., e Low level of study limitations
good internal validity), assessed through two o Moderate level of study limitations
main elements: « High level of study limitations

o Study design: Whether included studies
are RCTs or other designs such as
nonexperimental or observational studies.

e Study conduct: Considers aggregation of
ratings of risk of bias of the individual
studies under consideration.
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Table 1. SOE rating domains: required and optional (continued)

Domain Domain Domain Definition and Domain Score and Application
Name Type Elements
Directness Required | Directness relates to: Score as one of two levels:
o Whether evidence links e Direct
interventions directly to e Indirect

a health outcome of
specific importance for If the domain score is indirect, the EPC should specify what
the review, and type of indirectness accounts for the rating.
e Whether the
comparisons are based
on head-to-head
studies.

The EPC should specify the
comparison and outcome
for which the SOE grade
applies.

Evidence may be indirect in
several situations such as:
e The outcome being
graded is considered
intermediate (i.e.,
laboratory test results)
in a review that is
focused on clinical
health outcomes (i.e.,
morbidity, mortality).
Data do not come from
head-to-head
comparisons but rather
from two or more bodies
of evidence to compare
interventions A and B
(e.g., studies of A vs.
placebo and B vs.
placebo, or studies of A
vs. C and B vs. C but
not direct studies of A
vs. B).
Data are available only
for proxy respondents
(e.g., from family
members or nurses)
instead of directly from
patients.

Indirectness always implies
that more than one body of
evidence is required to link
interventions to the most
important health outcome.
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Table 1. SOE rating domains: required and optional (continued)

Domain Domain Domain Definition and Domain Score and Application
Name Type Elements
Consistency | Required | Consistency is the degree Score as one of three levels:

to which included studies
find either the same
direction or similar
magnitude of effect. The
EPC can assess this
through two main elements:

o Direction of effect:
Effect sizes have the
same sign (i.e., are on
the same side of no
effect or a minimally
important difference).
Magnitude of effect: The
range of effect sizes is
similar. The EPC may
consider the overlap of
confidence intervals
when making this
evaluation.

The importance of direction
vs. magnitude of effect will
depend on the Key
Question and EPC
judgments.

e Consistent
e Inconsistent
e Unknown (e.g., single study)

Single-study evidence bases (including mega-trials) cannot
be judged with respect to consistency. In that instance, use
“Consistency unknown (single study).”
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Table 1. SOE rating domains: required and optional (continued)

Domain

Name
Precision

Domain
Type
Required

Domain Definition and
Elements

Precision is the degree of
certainty surrounding an
effect estimate with respect
to a given outcome, based
on the sufficiency of sample
size and number of events.
Several caveats must be
considered in determining
the precision of a body of
evidence.

e A body of evidence will
generally be imprecise if
the optimal information
size is not met. Optimal
information size refers
to the minimum number
of patients (and events
when assessing
dichotomous outcomes)
needed for an evidence
base to be considered
adequately powered.

If an EPC performed a
meta-analysis, then it
may also consider
whether the confidence
interval crossed a
threshold for a minimally
important difference.

If meta-analysis is
infeasible or
inappropriate, the EPC
may consider the
narrowness of the range
of confidence intervals
or the significance level
of p-values in the
individual studies in the
evidence base.

Domain Score and Application

Score as one of two levels:
e Precise
e Imprecise

A precise estimate is one that would allow users to reach a

clinically useful conclusion (e.g., treatment A is more
effective than treatment B).
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Table 1. SOE rating domains: required and optional (continued)

Domain
Name

Domain
Type

Domain Definition and
Elements

Domain Score and Application

Reporting
bias

Required

Reporting bias results from
selectively publishing or
reporting research findings
bases on the favorability of
direction or magnitude of
effect. It includes:

e Study publication bias
(i.e., nonreporting of the
full study)

o Selective outcome
reporting bias (i.e.,
nonreporting or
incomplete reporting of
unplanned outcomes)

o Selective analysis
reporting bias (i.e.,
reporting one or more
favorable analyses for a
given outcome while not
reporting other, less
favorable analyses).

Assessment of reporting
bias for individual studies
depends on many factors,
including availability of
study protocols,
unpublished study
documents, and patient-
level data. Detecting such
bias is likely with access to
all relevant documentation
and data pertaining to a
journal publication, but such
access is rare.

Because methods to detect
reporting bias in
observational studies are
less certain, this guidance
does not require EPCs to
assess it for such studies.

Score as one of two levels:
e Suspected
e Undetected

Reporting bias is suspected when:
e Testing for funnel plot asymmetry demonstrates a
substantial likelihood of bias, and/or
¢ A qualitative assessment suggests the likelihood of
missing studies, analyses, or outcomes data that may
alter the conclusions from the reported evidence.

Undetected reporting bias includes all alternative
scenarios.

Dose-
response
association

Optional

This association, either
across or within studies,
refers to a pattern of a
larger effect with greater
exposure (dose, duration,
adherence)

This domain should be considered when studies in the
evidence base have noted levels of exposure.

Score as one of two levels:
e Present: Dose-response pattern observed.
e Undetected: No dose-response pattern observed (dose-
response relationship not present or could not be
determined).
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Table 1. SOE rating domains: required and optional (continued)

Domain Domain Domain Definition and
Name Type Elements

Plausible Optional | Occasionally, in an

confounding observational study,

that would plausible confounding

decrease would work in the direction

observed opposite that of the

effect observed effect. Had these
confounders not been
present, the observed effect
would have been even
larger than the one
observed.

Strength of | Optional | Strength of association

Domain Score and Application

This domain should be considered when plausible
confounding exists that would decrease the observed
effect.

Score as one of two levels:
¢ Present: Confounding factors that would decrease the
observed effect may be present and have not been
controlled for.
¢ Absent: Confounding factors that would decrease the
observed effect are not likely to be present or have
been controlled for.
This additional domain should be considered when the

association refers to the likelihood that effect size is particularly large.
(magnitude the observed effect is large
of effect) enough that it could not Score as one of two levels:

have occurred solely as a
result of bias from potential
confounding factors.

e Strong: Large effect size that is unlikely to have
occurred in the absence of a true effect of the
intervention.

e Weak: Small enough effect size that it could have
occurred solely as a result of bias from confounding
factors.

Abbreviations: RCT = randomized controlled trial; EPC = Evidence-based Practice Center; SOE = strength of evidence.

Grading a body of evidence involves consideration of the type of studies included in the
review. For assessing a clinical outcome, RCT evidence is considered the best evidence, based
purely on study design. In the EPC grading system, a body of evidence including RCTs is
assigned a provisional SOE grade of “high.” This may change, however, after assessment of
study limitations based on how the RCTs were conducted, and other domains such as directness,
consistency, and precision.

By contrast, evidence from nonrandomized comparative studies is assumed to pose a greater
risk of having study limitations because of the typically higher risk of bias attributable to a lack
of randomization and inability to control for critical confounding factors. This type of evidence
is generally assigned a provisional initial SOE grade of “low.” The latter may be moved up to
“moderate” when study limitations are graded as low or moderate, based on controls for risk of
bias through study conduct or analysis. The initial SOE for nonrandomized comparative study
evidence may also be initially graded as “moderate” for certain outcomes such as important
harms or for certain Key Questions when it is deemed at less risk for study limitations secondary
to a lower risk of bias related to potential confounding.

A few real-world examples of grading evidence are illustrative of the literature encountered
on this topic. In synthesizing a body of evidence represented by a single RCT rated as good
quality and multiple nonrandomized comparative studies of lower quality (e.g., primarily poor),
we would start with the findings from the “best available evidence” (the good quality RCT) and a
high initial SOE. The study limitation domain in this instance would initially be rated as low. If
the RCT and nonrandomized studies report results in opposite directions of effect, the body of
evidence could be rated as having unknown consistency, thus reducing the overall strength by
one level. Concluding unknown consistency is based on lack of confirmation for the direction
and would be justified particularly if biases and confounding in nonrandomized studies do not
have a predictable direction. However, if the differences are less dramatic and could be explained
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by bias in a predictable direction, then it may be considered consistent. Direct head-to-head
comparisons of an intervention and comparator that report on an important health outcome lead
to a rating of direct on the directness domain. In a qualitative synthesis of this hypothetical body
of evidence, insufficient size (compared with the optimal information size) of the RCT would
render the aggregate results imprecise on the precision domain, reducing strength by at least one
level. According to EPC convention, the path through all required domains would take the
strength from high through two reductions to a final strength of low.

A second example would comprise a body of comparative evidence that included multiple,
nonrandomized design studies. Even if direct results are consistent and precise, this example
would have a starting study limitations grade of high and SOE of low. If all studies were deemed
to be poor quality and poorly conducted, the body of evidence could be downgraded further to
insufficient. However, application of the optional domains, particularly magnitude of effect in
favor of an intervention, could raise the strength one level to low or, perhaps, moderate if
sufficiently robust.

The overall SOE grade is classified into four categories, as shown in Table 2. Specific
outcomes and comparisons to be rated depend on the evidence found in the literature review. The
grade rating was made by independent reviewers, and disagreements were resolved by consensus
adjudication.

We report a summary of key outcomes for each Key Question in a table that lists the major
outcomes, the study design and number of studies of each type plus number of subjects, the
findings, and the direction and magnitude of effect where applicable. The overall SOE grade for
each outcome is specifically reported in this table.

Table 2. Overall strength-of-evidence categories and criteria for assignment

Grade Definition Criteria for Assignment

High We are very confident that the The body of evidence has few or no deficiencies. We
estimate of effect lies close to the believe that the findings are stable.
true effect for this outcome.

Moderate | We are moderately confident that The body of evidence has some deficiencies. We believe
the estimate of effect lies close to that the findings are likely to be stable, but some doubt
the true effect for this outcome. remains.

Low We have limited confidence that the | The body of evidence has major or numerous deficiencies
estimate of effect lies close to the (or both). We believe that additional evidence is needed
true effect for this outcome. before concluding either that the findings are stable or

that the estimate of effect is close to the true effect.

Insufficient | We have no evidence, we are No evidence is available or the body of evidence has

unable to estimate an effect, or we unacceptable deficiencies, precluding judgment.
have no confidence in the estimate
of effect for this outcome.

Assessing Applicability

We assessed applicability of findings with the AHRQ Comparative Effectiveness “Methods
Guide” using the PICOTS (Population, Intervention, Comparator, Outcome, Timing, Setting)
framework.?*** Included studies were assessed for relevance against target populations,
interventions and comparators of interest, and outcomes of interest. We anticipated that results
would be applicable only to the specialized populations of interest by Key Question.
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Results

Overview

In this section, we report our literature search results and PRISMA diagram, which depicts
the flow of articles through the review according to our screening and inclusion criteria. We
subsequently provide an overview of the design, patients, and study limitations (risk of bias) of
all included studies, including relevant studies from CER No. 20. We lay out the results for each
Key Question in order, starting with an overview of the relevant current studies, key bulleted
points of information, and a synthesis of the evidence when possible. In the results, we did not
incorporate formal data synthesis (e.g., meta-analysis) because there was only one randomized
trial involving the interventions of interest for treatment of head and neck cancer and the
nonrandomized studies were highly heterogeneous and of “poor” quality according to the
USPSTF criteria. Finally, we lay out in tabular format the conclusions and evidence base from
CER No. 20 and those from this update to qualitatively integrate the findings of both.

Results of Literature Searches

Electronic Search

A medical librarian searched MEDLINE®, EMBASE®, and the Cochrane Controlled Trials
Registry for English-language articles. The overall search was performed for a period dating 12
months before the final literature search for CER No. 20 (September 28, 2009) through April
2013. For SBRT, the literature was searched for the period January 1, 1990, through April 2013.
The entire search was updated May 1, 2014.

In both searches together, we identified 7,130 unique titles and screened 284 in full text. Of
the latter, 15 (N=1,781) met the inclusion criteria, including one RCT (Gupta 2012, N=60).%> In
the updated search, we identified a second citation to an RCT (Rathod 2013).%° Because the latter
was the same study and included the same patients as the Gupta RCT, it was not double-counted
in the total number of patients; however, it reported additional, different outcomes that were
reviewed herein and so is counted in that context. Thus, in 14 studies that reported unique data,
including the RCT of Rathod,”® 3DCRT and IMRT were compared.??#"® One study compared
3DCRT and SBRT**; none compared IMRT and SBRT. As in CER No. 20, no evidence was
identified on PBT. The flow of articles through the screening and study selection process is
shown in the PRISMA diagram (Figure 2).

We note that although CER No. 20 was published in final form in 2010, we had obtained the
final data for PARSPORT,*’ a key RCT, from the investigators at the time we updated the CER
No. 20 literature search. Because the PARSPORT findings appeared in CER No. 20, they were
not included in this report.
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Figure 2. PRISMA diagram for disposition of literature search results

Title and Abstract Screen (N=7,130)

Excluded Records (N=6,846)

Full-Text Review (N=284)

Excluded Records (N=269)

* Included in Original CER (N=19)
Unique Articles Included (N=15)2 ¢ Abstract Only (N=120)
* Nonprimary Data (N=25)
Key Question 1 (N=13) * Nonrelevant Disease (N=2)
Key Question 2 (N=14) * Nonrelevant Outcome (N=2)
Key Question 3 (N=0) * Overlapping Patient Population (N=1)°
Key Question 4 (N=0) * Nonrelevant Study Design (N=100)

*Twelve studies addressed both Key Questions 1 and 2.

®Overlapping patient population refers to the studies in which the same patients were included in more than one study. In this
case, only one study was included to avoid oversampling. Decision to include a study was based on the clarity in reporting
relevant patients and/or outcomes.

Abbreviations: CER = Comparative Effectiveness Review; PRISMA = Preferred Reporting Items for Systematic Reviews and
Meta-Analyses.

Gray Literature (Publication Bias)

The study selection criteria for this update stipulate exclusion of abstracts or other non-peer-
reviewed or non-full-length studies. Therefore we did not include any information based on
comprehensive searches of meeting abstracts. We examined the bibliographies of all papers
screened in full text to identify peer-reviewed articles the electronic search may have missed.

We accessed the Web site ClinicalTrials.gov to identify ongoing phase 3 RCTs that would
meet the criteria for inclusion based on our protocol. We identified two phase 3 RCTs of
conformal RT in head and neck cancer that are recruiting patients. The first trial (National
Clinical Trial [NCT] 01893307) is designed to compare IMRT and PBT in the treatment of
oropharyngeal cancer. The primary outcome is the incidence of any late-onset (> 90 days) grade
3 toxicity during the 2 years after completion of RT. The second RCT (NCT01216800) is
designed to compare the effects of IMRT and 3DCRT on auditory function (hearing) when used
as adjuvant therapy in patients who have undergone surgical resection of parotid tumors. A
MEDLINE search of the NCT number(s) and title(s) did not yield any published results; it is
unknown whether any data have been reported. Examination of a Scientific Information Packet
from one manufacturer of RT equipment did not yield published evidence to add to this update.
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Description of All Included Studies

We identified 15 reports that met the inclusion criteria for this CER update. All are generally
described in this section; other details and results specific to a particular Key Question are
considered in the relevant subsections to follow.

Study Limitations

According to the USPSTF criteria for assessing the risk of bias of individual studies, the
Gupta RCT was rated “fair,” whereas the 13 nonrandomized studies were rated “poor.” The
rationale for the ratings is provided in Table B-1.

We assigned a “fair” USPSTF rating to the Gupta RCT, primarily because the study was not
double-blinded, particularly its outcomes assessments. Furthermore, the investigators did not
clarify the meaning of their reported “modified intention-to-treat” method. Although this point is
for practical purposes moot, because they reported a 97 percent followup rate in each of two
study arms, the USPSTF method stipulates assignment of this rating. Gupta reported aggregated
survival results in patients with tumors in different sites. However, the distribution of tumor sites
and characteristics between arms was similar. Overall, the two study arms were statistically
similar and comparable. We note also the report of Rathod and colleagues, a RCT that included
the same patients of Gupta but reported additional outcomes. % We include evidence from this
report but do not double count it in the PRISMA diagram or summations of included evidence.
Its risk of bias is identical to that of the Gupta study using the USPSTF system..

The 13 nonrandomized studies were retrospective database analyses, one of which used a
historical comparator group. All of the included nonrandomized studies reported results in
aggregate, mixing outcomes achieved in heterogeneous groups who may not have received the
same treatment(s). Overall, we rated these studies as poor according to the USPSTF criteria.

Study Design and Patient Characteristics

Table 3 provides a high-level view of the studies included in this update. For comparative
purposes, Table 3 also depicts the studies from CER No. 20 that compared 3DCRT and IMRT
and reported on clinical outcomes covered herein. We address applicable evidence in more detail
in the Discussion section, relating the results and conclusions to those of this update.

In total, for the update, 3DCRT and IMRT were compared in 13 studies, including one small
(N=60) RCT.?*? One study compared 3DCRT and SBRT>*: none compared IMRT and SBRT.
As in CER No. 20, no evidence was identified on PBT. Study details are summarized in Table B-
2.

Overall, similar to what we identified for CER No. 20, the body of studies in the update is
heterogeneous in terms of tumor site and stage, treatment regimen, and treatment intent (e.g.,
curative vs. palliative or recurrent). Patients were generally in their mid-fifties, with males
predominating across studies. Tumor sites included the hypopharynx, larynx, nasal sinus,
nasopharynx, oral cavity, and oropharynx. Four studies involved patients with single tumor sites.
The majority of patients across studies had locally advanced (stage 111 and 1V) cancer, although
small proportions of patients had stage | or 11 disease.

Treatment regimens included concurrent chemoradiotherapy (CCRT); RT with or without
concurrent chemotherapy (CCT); CCRT with or without surgery; and adjuvant postoperative RT.
Where it appears in all tables throughout this update, the term RT £ CCT refers to treatment
regimens in which all patients received RT, but not all received CCT. This is distinct from
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CCRT, in which all patients were reported to have received RT and chemotherapy concurrently.
We did not abstract information on specific chemotherapy regimens or surgical procedures; they
are beyond the scope of this update. As summarized in Table B-3, ionizing radiation was
delivered by 3DCRT or IMRT to a total dose of 60—74 Gy using conventional fractionation
schedules, which are typical of 3DCRT and IMRT (30-35 fractions, 2 Gy per fraction for 5-7
weeks); SBRT was delivered in a similar total dose but in five single fractions. We did not
abstract or report on RT protocols in detail because they also are beyond the proposed scope of
the review.
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Table 3. Design and characteristics of studies included in the CER No. 20 Update and CER No. 20

Investigator | Comparison Total RCT Non- Mixed Single CCRT RT + CCRT £ | Postop RT £ rRT+ | USPSTF

(Year) No. RCT Tumor | Tumor CCT Surgery RT CCT+ CCT Study
Patients Sites Site Surg_;ery Quality

CER No. 20

Update

(C;léﬁt;) e ?SS-FT Vs, 60 ° ° ° Fair

Rathod 60 . . . Fair

(2013)*

Al-Mamgani 204 . o o Poor

(2013)%

Lambres(;ht 245 A A A Poor

(2013)

Al-Mamgani 176 ° ° ° Poor

(2012)*

Chen " 155 ° ° . Poor

(2012)

Al-Mamgani 82 ° ° ° Poor

(2012)*®

Dirix 81 A A A Poor

(2010) **

Guan 59 ° ° ° Poor

(2013)*

Mok " 181 A . ° Poor

(2014)

Lohia 159 ° ° ° Poor

(2014)%®

Huang 83 A A A Poor

(2013)*

Kruser 178 ° ° . Poor

(2013)%

Kong 67 A A A Poor

(2013)*

Ozyigit 3DCRT vs. 51 ° ° ° Poor

(2011) 34 SBRT
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Table 3. Design and characteristics of studies included in the CER No. 20 Update and CER No. 20 (continued)

Investigator | Comparison Total RCT Non- Mixed Single CCRT RT + CCRT £ | Postop RT £ rRT+ | USPSTF
(Year) Pa't\ilgﬁts RCT Tsui:r:a (; r Tg r? é)r CCT Surgery RT S(j?g‘l(;iry CCT qut; |d|tyy
CER No. 20
?Izlgﬂ)q‘ . |3I\I/?F§'IBT Vs. 84 ° ° ° Good
E:zr;%c; )41 41 A A A Poor
(l\ggg:‘gﬂ 87 ° ° ° Poor
g;%r; )43 68 A A A Poor
zzzaanognM 85 ° ° ° Poor
Golen . 40 A A A Poor
2007
542%%%%46 195 ° ° ° Poor
(Rza(‘)%ijﬂ 44 A A A Poor
|(:23é)nog8)48 203 ° ° ° Poor
Z%rgse)ig 42 A A A Poor
er:)lggé(’ 137 o o o Poor
(Rzl:)sotg)os\l/en 87 A A A Poor
zlzeorgge)ef’g 141 o o o Poor
I(_;;g:)gsdijk 529 A A A Poor

Abbreviations: CCRT = concurrent chemoradiotherapy; CCT = concurrent chemotherapy; IMRT = intensity-modulated radiotherapy; PBT = proton-beam radiotherapy; RCT =
randomized controlled trial; RT = radiotherapy; rRT = reirradiated radiotherapy; 3DCRT = three-dimensional conformal radiotherapy; USPSTF = United States Preventive
Services Task Force.
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Key Question 1: Comparative Effectiveness of 3DCRT, IMRT,
SBRT, and PBT Regarding Adverse Events and QOL

Overview

Tables 4 and 5 depict key comparative acute (< 90 days post-treatment) and late (> 90 days
post-treatment) toxicity outcomes reported by each relevant study; a blank cell in any table
means that the toxicity was not reported in that study. Acute and late toxicity outcomes were not
collected consistently across studies. Only eight (53%) studies reported acute
toxicities.?>?"2931:333638 Njine (60%) studies reported late toxicities.2>2"2931:33343639 o)y two
studies reported QOL evidence according to RT modality, including the RCT by Rathod.?

Because toxicities were inconsistently reported, we focused this update, as we did CER No.
20, on those toxicities prominently associated with RT in the head and neck: dysphagia, salivary
gland function, and xerostomia. We also only consider toxicities of grade 2 or greater according
to accepted criteria, such as those of the Radiation Therapy Oncology Group or the NCI
Common Terminology Criteria for Adverse Events. Grades greater than 2 are those that have
direct impact on patient outcomes and can adversely affect treatment delivery.

Patients in all studies, except that of Dirix (2010),* received chemotherapy as part of
treatment; those treated by Dirix received postoperative RT. In general, investigators did not
adjust results to account for chemotherapy-associated toxicities independent of RT-associated
toxicities, which complicates interpretation of toxicity evidence for many adverse events (e.g.,
mucositis). This is somewhat ameliorated by our focus on studies in which chemotherapy
regimens are similar between study arms, thus potentially isolating the effect of the RT modality
on such outcomes.
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Table 4. Summary of key reported acute (<90 days post-treatment) comparative toxicity outcomes

Study Study RT Treatment Tumor Dermatitis | Dysphagia | Mucositis | Nausea | Pain | Salivary | Weight Other
(Year) Design Modalities Regimen Site(s) Glands | Loss
(USPSTF (N)
Rating_;)
Gupta RCT 3DCRT (28) |CCRT Hypopharynx
(2012)25 (fair) IMRT (32) Larynx ° o o ° °
Oropharynx
Al- Comparative [3DCRT (65) [CCRT Oropharynx
Mamgani |Retrospective IMRT (139) ° ° ° °
(2013)29 (poor)
Lambrecht |Comparative |3DCRT (135) |CCRT Hypopharynx Erythema
(2013)*  |Retrospective IMRT (110) Larynx
(poor) Nasopharynx ° °
Oral cavity
Oropharynx
Al- Comparative [3DCRT (62) |RT +=CCT Hypopharynx Neutropenic
Mamgani |Retrospective IMRT (114) fever
(2012)27 (poor) ° ° ° ° Intercurrent
infection
Severe
malaise
Dirix Comparative |3DCRT (41) |Postoperative |Nasal cavity Smell
(2010)**  |Prospective |IMRT (40)  |RT Paranasal sinus Taste
(IMRT) Fatigue
Retrospective Conjunctivitis
(3DCRT) A A A A A Dry eye
(poor) Tearing
Alopecia
Tinnitus
Serous otitis
Blurred vision
Kong Comparative |3DCRT (37) |[RT +CCT=+ Hypopharynx ° ° °
(2013)36 Retrospective |IMRT (30) surgery Larynx
(poor) Nasopharynx
Oral cavity
Oropharynx
Paranasal sinus
Lohia Comparative |3DCRT (56) |RT = CCT Oropharynx ° ° ° ° Larynx
(2014)*  Retrospective IMRT (103) Pharynx
(poor) Death
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Table 4. Summary of key reported acute (<90 days post-treatment) comparative toxicity outcomes (continued)

Study Study RT Treatment Tumor Dermatitis | Dysphagia | Mucositis | Nausea | Pain | Salivary | Weight Other
(Year) Design Modalities Regimen Site(s) Glands | Loss
(USPSTF (N)
Rating)
Kruser Comparative |3DCRT (41) |CCRT % Hypopharynx A Hematologic
(2013)37 Prospective |IMRT (137) |surgery Larynx toxicities:
(poor) Nasopharynx hemoglobin,
Oral cavity leukocyte &
Oropharynx platelet
Unknown counts
primary

Abbreviations: CCRT = concurrent chemoradiotherapy; CCT = concurrent chemotherapy; IMRT = intensity-modulated radiotherapy; PBT = proton-beam radiotherapy; RCT =
randomized controlled trial; RT = radiotherapy; rRT = reirradiated radiotherapy; SBRT = stereotactic body radiotherapy; 3DCRT = three-dimensional conformal radiotherapy;
USPSTF = United States Preventive Services Task Force.
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Table 5. Summary of key reported late (>90 days post-treatment) comparative toxicity outcomes

Study |Study Design RT Treatment Tumor Dysphagia|/Mucositis|Pain|Skin|Salivary |Subcutaneous|Xerostomia Other
(Year) (USPSTF [Modalities| Regimen Site(s) Glands
Rating) (N)
Gupta RCT 3DCRT CCRT Hypopharynx ~ - ~
(2012)25 (fair) (28) Larynx
IMRT (32) Oropharynx
Al- Comparative |3DCRT CCRT Oropharynx ° ° ° ° °
Mamgani (Retro)spective (65)
29 poor IMRT
(2013) (139)
Lambrecht/Comparative |3DCRT CCRT Hypopharynx A A
(2013)* Retrospective [(135) Larynx
(poor) IMRT Nasopharynx
(110) Oral cavity
Oropharynx
Al- Comparative |3DCRT RT £ CCT Hypopharynx ° o | o ° ° Cartilage necrosis
Mamgani Retrospective |(62) Esophagus
27 |(poor) IMRT
(2012) (114)
Al- Comparative |3DCRT CCRT = Paranasal ° ° Osteoradionecrosis
Mamgani |Retrospective |(25) surgery sinus Nasolacrimal duct
(2012)28 (poor) IMRT (57) SteI‘IOS_IS
Ectropion
Entropion
Blindness
Trismus
Deafness
Dirix Comparative |3DCRT Postoperative |Nasal cavity ° ° ° ° Dry eye syndrome
(2010)31 Prospective  |(41) RT Paranasal Neuropathy
(IMRT) IMRT (40) sinus
Retrospective
(3DCRT)
(poor)
Kong Comparative |3DCRT RT + CCT+ |Hypopharynx ° °
(2013)36 Retrospective |(37) surgery Larynx
(poor) IMRT (30) Nasopharynx
Oral cavity
Oropharynx
Paranasal
sinus
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Table 5. Summary of key reported late (>90 days post-treatment) comparative toxicity outcomes (continued)

Study |[Study Design RT Treatment Tumor Dysphagia| Mucositis |Pain|Skin|Salivary |Subcutaneous|Xerostomia Other
(Year) (USPSTF |Modalities| Regimen Site(s) Glands
Rating) (N)
Lohia Comparative |3DCRT RT + CCT |Oropharynx PEG tube
(2014)38 Retrospective |(56) dependence
(poor) IMRT(103)
Mok Comparative |3DCRT RT + CCT  |Hypopharynx ° Esophageal
(2014)*  |Retrospective |(90) stenosis
(poor) IMRT (91) Larynx preservation
PEG tube
dependence

Abbreviations: CCRT = concurrent chemoradiotherapy; CCT = concurrent chemotherapy; IMRT = intensity-modulated radiotherapy; PBT = proton-beam radiotherapy; PEG =
percutaneous endoscopic gastrostomy; RCT = randomized controlled trial; RT = radiotherapy; rRT = reirradiated radiotherapy; SBRT = stereotactic body radiotherapy; 3DCRT =
three-dimensional conformal radiotherapy; USPSTF = United States Preventive Services Task Force.

®The study involved reirradiation of recurrent head-and-neck cancer tumors.
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Key Points

« The results of primary interest for this Key Question comprise comparative acute (< 90
days) and late (> 90 days) radiation-associated dysphagia, salivary gland dysfunction,
xerostomia, and QOL.

« New comparative evidence assessed in this update strengthens the conclusion from CER
No. 20 that the risk of grade 2 or higher late xerostomia is significantly lower in patients
treated with IMRT than with 3DCRT.

« Although we identified evidence on other key toxicities (e.g., mucositis, dysphagia, skin
toxicities, osteoradionecrosis of the jaw) and QOL, the reported rates compared between
modalities were inconsistent. Thus, evidence on adverse events other than late xerostomia
remains insufficient to alter conclusions of CER No. 20.

« Post-treatment toxicities were reported inconsistently across studies, precluding
comparisons within the body of evidence. We are uncertain whether the limited evidence
on RT-associated toxicities overall reflects their absence or that the investigators did not
systematically collect or chose not to report them.

« The best quality evidence comprises one small (N=60), fair quality RCT (Gupta, 2012) in
which 3DCRT and IMRT were compared in a regimen of CCRT to treat patients with
cancer of the hypopharynx, larynx, and oropharynx. Key findings of this study relevant to
Key Question 1 pertained to late xerostomia and salivary gland dysfunction.

« One nonrandomized, poor quality study of 3DCRT versus SBRT did not report on
primary outcomes for Key Question 1.

« One fair quality study and one poor quality nonrandomized study reported QOL
outcomes related to treatment with 3DCRT or IMRT

Qualitative Synthesis

In Table 6, we aggregate new comparative evidence related to Key Question 1 on toxicities
actually reported in studies according to the intervention comparison, treatment regimen, and
timeframe (acute vs. long-term). We identified no evidence from patients stratified according to
tumor site(s), so we did not include tumor information in this table. Although we collected
evidence on lesser NCI Common Terminology Criteria for Adverse Events or Radiation Therapy
Oncology Group grades, as shown in Tables B-4 and B-5, here we present grade 2 or higher
toxicities, which are likely to adversely impact patient management, hospitalization, and survival
outcomes. The last two columns of Table 6 show reported proportions for each toxicity and any
statistically significant results by study if so achieved.

RT-Associated Toxicities

Results from one nonrandomized study show a statistically significant lower rate of acute
dysphagia (49 percent vs. 84 percent, respectively, p=0.04) with IMRT compared with 3DCRT
in a regimen of CCRT.?’ The Gupta®™ RCT showed a lower rate of acute dysphagia with 3SDCRT
(0 percent) than with IMRT (9.5 percent), although the difference was nonsignificant (p=0.21).
Significantly reduced rates of late dysphagia were reported in single studies of IMRT compared
with 3DCRT in a regimen of CCRT®® or RT with or without CCT.?” Two individual studies
showed a reduced rate of acute salivary gland dysfunction with IMRT compared with 3DCRT in
a regimen of CCRT?® or postoperative RT,* respectively.
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As shown in Table 6, all three studies of IMRT compared with 3DCRT in a regimen of
CCRT showed statistically significant reduction in late xerostomia.?>?** The rate of late
xerostomia also was significantly lower with IMRT than with 3DCRT in single studies in a
regimen of RT with or without CCT,?” or postoperative RT,? respectively.

RT-Associated QOL

One RCT reported QOL evidence on IMRT versus 3DCRT in a regimen of RT with CCT.*®
Rathod et al. reported on mean QOL scores using the European Organization for Research and
Treatment of Cancer QOL questionnaire (QLQ-C30) and Head-Neck module (HN-35) validated,
self-administered tools at baseline (pretreatment) and periodically on follow-up (3, 6, 12, 18, and
24 months). The study reported global QOL was not significantly affected by RT technique.
Treatment with IMRT showed a benefit to some general QOL domains, as well as several head
and neck cancer-specific domains, as compared with 3DCRT. General domains toward which
IMRT demonstrated a significant benefit included: emotional functioning at 12 months
(p=0.008), role functioning at 12 months (p=0.008), and social contact at 24 months (p=0.03).
Head and neck cancer-specific symptoms for which IMRT demonstrated a significant benefit
(p<0.05) compared with 3DCRT included scales and dry month (6, 12, and 18 months), as well
as opening mouth (6 and 24 months). Sticky saliva, pain, swallowing, senses, sexuality, feeling
ill, and insomnia tended to be ameliorated by use of IMRT compared with 3DCRT, and were all
statistically significant for at least one time point. No QOL domains were worse with IMRT than
with 3DCRT at any time point. Among both RT techniques, QOL domains generally
experienced maximal deterioration after RT, followed by a trend toward gradual recovery over
time.

One nonrandomized study reported QOL evidence on IMRT versus 3DCRT in a regimen of
RT with or without CCT. Chen et al. reported on mean QOL scores using the University of
Washington Quality of Life validated, self-administered tool.* In this study, the salivary gland
domain was the only specific component of this score wherein significant differences were
observed between the IMRT and the 3DCRT groups at both 1 and 2 years (p<0.001 at both
points). Other domains (pain, appearance, activity, recreation, swallowing, chewing, speech,
shoulder, taste, saliva, mood, anxiety) showed no differences according to RT modality. At 1
year after completion of RT, the global QOL was rated as “very good” or “outstanding” among
51 percent of patients treated with IMRT compared with 41 percent of those treated with 3DCRT
(p=0.11). However, at 2 years, the corresponding percentages were 73 percent and 49 percent,
respectively (p<0.001), showing a benefit of IMRT. Multivariate analysis showed no effect on
QOL scores of age, sex, radiation intent, radiation dose, T stage, primary site, or use of CCT and
neck dissection. Use of IMRT was the only variable associated with improved QOL (p<0.01).
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Table 6. Ke

Question 1: Qualitative evidence synthesis for key reported comparative grade 2 or higher toxicity outcomes and QOL

Intervention|Comparator| Treatment |Outcome |Timeframe| Number of Reported Individual Study Statistically
Regimen Studies Rates Significant Results
(Number of Across (p-Value)
Patients) Studies (%)
3DCRT IMRT CCRT Dysphagia|Acute Three 3DCRT: 0%-— |Only one study showed a statistically significant benefit of IMRT
studies®?***  |84% vs. 3DCRT (grade 2 2)
(N=509) IMRT: 9.5%— |3DCRT: 84%
76% IMRT: 49% (p=0.04)*°
Late Two 3DCRT: 30%, |Only one study showed a statistically significant benefit of IMRT
studies®® 34% vs. 3DCRT (grade 2 2)
(N=707) IMRT: 20%, |3DCRT: 30%
38% IMRT: 20% (p=0.04)*°
RT + CCT Dysphagia|Acute One study”’  |3DCRT: 47% |Not significant
(N=176) IMRT: 36%
Late Two 3DCRT: 10% |Only one study showed a statistically significant benefit of IMRT
studies®”* IMRT: 1%  |vs. 3DCRT (grade 2 2)
(N=357) 3DCRT: 10%
IMRT: 1% (p=0.02)*
The Mok 2014 study® does not present quantitative data
pertaining to late dysphagia of 3DCRT vs. IMRT therapies other
than to report there was no statistically significant difference
between arms.
CCRT + Dysphagia|Late One study”  |3DCRT: 12% |Not significant
surgery (N=82) IMRT: 5%
RT + CCT+ Dysphagia|Acute One study®™  |3DCRT: 84% |Not significant
surgery (N=67) IMRT: 80%
Late One study®  [3DCRT: 23% |p=0.02
(N=67) IMRT: 54%
Postoperative |Dysphagia|Acute One study®  |3DCRT (any |p=0.003
RT (N=81) grade): 34%
IMRT (grade
2): 7.5%
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Table 6. Key Question 1: Qualitative evidence synthesis for key reported comparative grade 2 or higher toxicity outcomes and QOL

(continued)

Intervention|Comparator| Treatment | Outcome |Timeframe| Number of Reported Individual Study Statistically
Regimen Studies Rates Significant Results
(Number of Across (p-Value)
Patientf) Studies (%)
3DCRT IMRT CCRT Salivary  |Acute One study”™  |3DCRT p=0.03
glands (N=60) (grade 2):
89%
IMRT (grade
2): 59%
RT+CCT |Salivary |Acute One study®  |3DCRT: Not |Not significant
glands (N=159) quantitated
IMRT: Not | The Lohia 2014 study®® does not present quantitative data
quantitated  |pertaining to acute salivary glands toxicity of 3DCRT vs. IMRT
therapies other than to report there was no statistically
significant difference between arms
Postoperative|Salivary  |Acute One study®®  |3DCRT (any |p<0.001
RT glands (N=81) grade): 90%
IMRT (grade
2): 0.0%
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Table 6. Key Question 1: Qualitative evidence synthesis for key reported comparative grade 2 or higher toxicity outcomes and QOL

(continued)

Intervention|Comparator| Treatment | Outcome |Timeframe| Number of Reported Individual Study Statistically
Regimen Studies Rates Significant Results
(Number of Across (p-Value)
Patients) Studies (%)
3DCRT IMRT CCRT Xerostomia |Late Three 3DCRT All three studies showed statistically significant benefit of IMRT
studies®®?*** |(grade > 2): |vs. 3DCRT:
(N=509) 49-77% p=0.001, p=0.002, p<0.001
IMRT (grade
> 2): 23-33%
RT+CCT |Xerostomia |Late One study””  |3DCRT p=0.009
(N=176) (grade 2):
24%
IMRT (grade
2): 11%
CCRT + Xerostomia |Late One study”®  |3DCRT Not significant
surgery (N=82) (grade > 2):
16%
IMRT (grade
> 2): 7%
RT + CCT+ |Xerostomia |Acute One study®™  |3DCRT Not significant
surgery (N=67) (grade = 2):
46%
IMRT (grade
> 2): 67%
Late One study®™  |3DCRT p=0.004
(N=67) (grade = 2):
94%
IMRT (grade
> 2): 40%
Postoperative|Xerostomia |Late One study”®  |3DCRT (any |p=0.03
RT (N=81) grade): 34%
IMRT (grade
2): 0.0%
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Table 6. Key Question 1: Qualitative evidence synthesis for key reported comparative grade 2 or higher toxicity outcomes and QOL

(continued)

Intervention|Comparator| Treatment | Outcome |Timeframe| Number of Reported Rates Individual Study Statistically
Regimen Studies Across Significant Results
(Number of Studies (%) (p-Value)
Patients)_ _
3DCRT IMRT CCRT QOL Acute and |Two studies®®*|The RCT of Rathod*® |p<0.05
Late (N=215) showed statistically |p<0.01

significant benefit for
IMRT in head and
neck cancer specific
domains of scales
and dry mouth, sticky
saliva, swallowing,
for at least one time
point. No QOL
endpoints were
worse with IMRT
than with 3DCRT at
any time point in the
Rathod study. In the
other study *°, use of
IMRT was the only
variable associated

with improved QOL.

Abbreviations: CCRT = concurrent chemoradiotherapy; CCT = concurrent chemotherapy; IMRT = intensity-modulated radiotherapy; RT = radiotherapy; 3DCRT = three-
dimensional conformal radiotherapy.
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Strength of Evidence for Key Question 1

To evaluate the SOE, we used an approach specifically developed by the AHRQ EPC
program and referenced in the “Methods Guide.”?° This approach is based on a system initially
described by the GRADE Working Group. It explicitly addresses four required domains: risk of
bias, directness, consistency, and precision, as outlined in the Methods section.

Table 7 shows the SOE for new evidence on the comparative effects on QOL and toxicities
of 3DCRT, IMRT, SBRT, and PBT in the treatment of head and neck cancer patients.

The evidence we identified for this update supports an SOE rating of “moderate” for the
comparison of 3DCRT and IMRT in a regimen of CCRT, showing a benefit of IMRT in
significantly reducing the incidence of late grade 2 or higher xerostomia. Two other studies
showed a statistically significant reduction in the incidence of late grade 2 or higher xerostomia
in two other treatment regimens (RT with or without CCT, postoperative RT). New evidence on
any other RT-associated toxicity is insufficient to form conclusions on a benefit or harm of
3DCRT compared with IMRT.
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Table 7. SOE for Key Question 1: Adverse effects and QOL

Intervention|Comparator| Treatment| Outcome | Evidence Study Directness Consistency Precision Overall SOE
Regimen Base Limitations
(Number | (Risk of Bias)
of
Patients)
3DCRT IMRT CCRT Late Three Moderate Direct Consistent Precise |Moderate
xerostomia |studies
including |One “fair” quality |All three All three studies The body of evidence comprises
one small RCT (N=60, |studies showed a one RCT, for a provisional SOE
RCT®#3 |Gupta®) plus two |directly statistically of “high”. We downgraded the
(N=509) “poor” quality compared significant reduction SOE one level based on the
non-randomized |IMRT and of late grade > 2 “moderate” risk of bias of the
studies result in a |3DCRT. xerostomia with body of evidence. Although the
“moderate” study IMRT compared Gupta trial® was relatively small,
limitations rating with 3BDCRT its statistically significant result
(p=0.001, p<0.002, coupled with similar findings of
p<0.001) the much larger nonrandomized
evidence merits an overall SOE
rating of moderate. The overall
SOE was rated as moderate due
to limitations in the
methodological quality of the
studies. However, the findings of
the three studies were consistent
and indicated statistical
significance.
RT + CCT |Late One High Direct Unknown Imprecise |Insufficient
xerostomia |study?’
(N=176)
CCRT £ Late One High Direct Unknown Imprecise |Insufficient
surgery  |xerostomia study?®
(N=82)
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Table 7. SOE for Key Question 1: Adverse effects and QOL (continued)

Intervention|Comparator| Treatment | Outcome | Evidence Study Directness Consistency |Precision Overall SOE
Regimen Base Limitations
(Number | (Risk of Bias)
of
Patients)
RT + CCT+ |Acute One High Direct Unknown Imprecise |Insufficient
surgery xerostomia study36
(N=67)
Late One High Direct Unknown Imprecise |Insufficient
xerostomia [study®®
(N=67)
Postoperative |Late One High Direct Unknown Imprecise |Insufficient
RT xerostomia study31
(N=81)
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Table 7. SOE for Key Question 1: Adverse effects and QOL (continued)

Intervention|Comparator| Treatment | Outcome | Evidence Study Directness Consistency |Precision Overall SOE
Regimen Base Limitations
(Number | (Risk of Bias)
of
Patients)
CCRT Acute Three Moderate Direct Inconsistent Imprecise |Insufficient
dysphagia |studies,
including |One “fair” quality One non- The Gupta |A “high” provisional SOE
one small RCT (N=60, randomized study [RCT? based on the Gupta RCT®
RCT®#3 |Gupta®) plus two showed a only was reduced three levels for
(N=509) “poor” quality statistically included |three reasons: (1) inconsistent
nonrandomized significant 60 cases, |rating; (2) imprecise rating
studies resultin a reduction with compared |based on the small size of the
“moderate” study IMRT (49%) with 449 |Gupta RCT and its
limitations rating. compared with for the nonsignificant result; and (3)
3DCRT (84%).”° |other2 |the two nonrandomized studies
The other non- studies. It |were of “poor” quality,
RCT showed a was likely |heterogeneous, and subject to
directionally same |not a high risk of bias, thus
but nonsignificant |sufficiently |increasing the risk of bias to
effect that favored |powered |“moderate” for the body of
IMRT over to detect |evidence.
3DCRT. The slight
Gupta®® RCT changes in
showed a lower |rates of
but also adverse
nonsignificant rate |effects,
difference of acute|particularly
dysphagia with in the face
3DCRT (0%) of much
compared with larger,
IMRT (9.5%) albeit
(p=0.21). “poor”
quality
non-RCT
evidence.
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Table 7. SOE for Key Question 1: Adverse effects and QOL (continued)

Intervention|Comparator| Treatment | Outcome | Evidence Study Directness Consistency |Precision Overall SOE
Regimen Base Limitations
(Number | (Risk of Bias)
of
Patients)
Late Two High Direct Inconsistent Precise Insufficient
dysphagia |studies®®**
(N=707) Two “poor” One study The two nonrandomized
quality, showed a studies were “poor” quality and
nonrandomized statistically heterogeneous, with high risk

studies comprise
the body of
evidence.

significant effect
(p=0.03) of IMRT
compared with
3DCRT, with the
second study
showing a
reduction, albeit
nonsignificant
reduction.

of bias that compromises the
value of their results.
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Table 7. SOE for Key Question 1: Adverse effects and QOL (continued)

Intervention|Comparator| Treatment | Outcome | Evidence Study Directness Consistency |Precision Overall SOE
Regimen Base Limitations
(Number | (Risk of Bias)
of
Patients)
QOL Two Moderate Direct Inconsistent Imprecise |Insufficient
studies®**®
(N=215) One “fair” quality One study The A “high” provisional SOE
small RCT (N=60, showed a Rathod  |based on the Rathod RCT®
Rathod 2013%) statistically RCT® was reduced three levels for
plus one “poor” significant benefit |only three reasons: (1) inconsistent
quality (p<0.001) of IMRT |included |rating; (2) imprecise rating
nonrandomized compared with 60 cases, |based on the small size of the
study resultin a 3DCRT as it compared |Rathod RCT and its
“moderate” study pertains to global |with 155 |nonsignificant result; and (3)
limitations rating. QOLatland2 |forthe the nonrandomized study was
years,® while the |second |of “poor” quality,
second study study. It  |heterogeneous, and subject to
reports no was likely |a high risk of bias, thus
statistical not increasing the risk of bias to
difference based |sufficiently |“moderate” for the body of
on radiotherapy |powered |evidence.
technique. to detect
slight
changes in
QOL,
particularly
in the face
of much
larger,
albeit
“poor”
quality
non-RCT
evidence.
RT + CCT Acute One High Direct Unknown Imprecise |Insufficient
dysphagia |study?’
(N=176)
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Table 7. SOE for Key Question 1: Adverse effects and QOL (continued)

Intervention|Comparator| Treatment | Outcome | Evidence Study Directness Consistency |Precision Overall SOE
Regimen Base Limitations
(Number | (Risk of Bias)
of
Patients)
Late Two High Direct Inconsistent Imprecise |Insufficient
dysphagia |studies®”*
(N=357) Two “poor” One study The two nonrandomized
quality, showed a studies were “poor” quality,
nonrandomized statistically heterogeneous, and with a
studies comprise significant effect high risk of bias that
the body of (p=0.02) of IMRT compromises the value of their
evidence. compared with results.
3DCRT, with the
second study
showing no
statistically
significant
difference.
CCRT = Late One High Direct Unknown Imprecise |Insufficient
surgery dysphagia study28
(N=82)
RT + CCT+ |Acute One High Direct Unknown Imprecise |Insufficient
surgery dysphagia [study®®
(N=67)
Late One High Direct Unknown Imprecise |Insufficient
dysphagia |study®®
(N=67)
Postoperative |Acute One High Direct Unknown Imprecise |Insufficient
RT dysphagia [study®!
(N=81)
CCRT Acute One High Direct Unknown Imprecise |Insufficient
salivary  [study®
gland (N=60)
dysfunction
RT + CCT Acute One High Direct Unknown Imprecise |Insufficient
salivary study38
gland (N=159)
dysfunction
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Table 7. SOE for Key Question 1: Adverse effects and QOL (continued)

Intervention|Comparator| Treatment | Outcome | Evidence Study Directness Consistency |Precision Overall SOE
Regimen Base Limitations
(Number | (Risk of Bias)
of
Patients)
Postoperative |Acute One High Direct Unknown Imprecise |Insufficient
RT salivary  [study®
gland (N=81)
dysfunction
SBRT Any regimen |Any No No No evidence [No No No
PBT outcome |evidence |evidence evidence evidence |evidence
IMRT SBRT Any regimen |Any No No No evidence |No No No
PBT outcome |evidence |evidence evidence evidence |evidence

Abbreviations: CCT = concurrent chemotherapy; CCRT = concurrent chemoradiotherapy; IMRT = intensity-modulated radiotherapy; PBT = proton-beam radiotherapy; RCT =
randomized controlled trial; RT = radiotherapy; SBRT = stereotactic body radiotherapy; SOE = strength of evidence; 3DCRT = three-dimensional conformal radiotherapy.
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Key Question 2: Comparative Effectiveness of 3DCRT, IMRT,
SBRT, and PBT Regarding Tumor Control and Patient
Survival

Overview

In this section we summarize evidence on comparative oncologic outcomes for different RT
types. As noted in the Methods section, we did not seek evidence from other study designs (e.g.,
single-arm observational) that may report additional outcomes not captured in the comparative
studies.

Table 8 depicts key oncologic outcomes reported by each relevant study; a blank cell in each
table means the outcome was not reported in that study. Not all outcomes were collected in each
study. Outcomes of primary interest are overall survival, local control (no evidence of primary
tumor), or locoregional control (no evidence of primary tumor or regional metastatic spread)
among patients treated with IMRT compared with 3DCRT. Other oncologic outcomes were
inconsistently reported across the body of studies, as shown in Table 8.
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Table 8. Summary of key reported comparative oncologic outcomes

Study Study RT Treatment Tumor Overall Cancer- | Disease- Local Loco- Distant Other
(Year) Design Modalities Regimen Site(s) Survival | Specific Free Control regional Control
(USPSTF (N) Survival Survival Control
Rating_;)
Gupta RCT 3DCRT (28) | CCRT Hypopharynx
(2012)* (fair) IMRT (32) Larynx ° °
Oropharynx
Rathod RCT 3DCRT (28) | CCRT Hypopharynx
(2013)% (fair) IMRT (32) Larynx ° °
Oropharynx
Al- Comparative | 3DCRT (65) | CCRT Oropharynx
Mamgani Retrospective | IMRT (139) ° [ ° o o
(2013)29 (poor)
Lambrecht | Comparative | 3DCRT CCRT Hypopharynx
(2013)*® Retrospective | (135) Larynx
(poor) IMRT (110) Nasopharynx ° )
Oral cavity
Oropharynx
Al- Comparative | 3DCRT (62) | RT + CCT Hypopharynx
Mamgani Retrospective | IMRT (114) °
(2012)% (poor)
Chen Comparative | 3DCRT (71) | RT£CCT Hypopharynx
(2012)30 Retrospective | IMRT (84) Larynx
(poor) Nasopharynx
°
Oropharynx
Unknown
primary
Al- Comparative | 3DCRT (25) | CCRT = Paranasal
Mamgani Retrospective | IMRT (57) surgery sinus )
(2012)*® (poor)
Dirix Comparative | 3DCRT (41) | Postoperative | Nasal cavity
(2010)* Prospective | IMRT (40) RT Paranasal
(IMRT) sinus ° ° ° °
Retrospective
(3DCRT)
(poor)
Mok Comparative | 3DCRT (90) | RT £ CCT Hypopharynx
(2014)* Retrospective | IMRT (91) ° ° °
(poor)
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Table 8. Summary of key reported comparative oncologic outcomes (continued)

Study Study RT Treatment Tumor Overall Cancer- | Disease- Local Loco- Distant Other
(Year) Design Modalities Regimen Site(s) Survival Specific Free Control regional Control
(USPSTF (N) Survival Survival Control
Rating)
Lohia Comparative | 3DCRT (56) | RT + CCT Oropharynx
(2014)® Retrospective | IMRT (103) ° ° °
(poor)
Huang Comparative | 3DCRT (53) | RT+CCT Nasopharynx
(2013)%® Retrospective | IMRT (30) ° ° °
(poor)
Guan Comparative | 3DCRT (16) | RT + CCT % Nasal cavity
(2013)* Retrospective | IMRT (43) surgery Paranasal ° °
(poor) sinus
Kong Comparative | 3DCRT (37) | RT+CCT+ Hypopharynx
(2013)% Retrospective | IMRT (30) surgery Larynx
(poor) Nasopharynx
Oral cavity ° ° °
Oropharynx
Paranasal
sinus
Ozyigit Comparative | 3DCRT (27) | rRT £ CCT Nasopharynx
(2011)* Retrospective | SBRT (24) ° ° °
(poor)

Abbreviations: 3DCRT = three-dimensional conformal radiotherapy; CCT = concurrent chemotherapy; CCRT = concurrent chemoradiotherapy; IMRT = intensity-modulated
radiotherapy; RCT = randomized controlled trial; RT = radiotherapy; rRT = reirradiated radiotherapy; SBRT = stereotactic body radiotherapy; USPSTF = United States Preventive
Services Task Force.
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Key Points

o The results of primary interest for this Key Question comprise overall survival, local
control, and locoregional control.

« Aswe found in CER No. 20, comparative evidence assessed in this update was
insufficient to draw relative conclusions on any oncologic outcomes.

« The key oncologic outcomes were not reported universally across studies, so we could
not make comparisons across a larger body of evidence.

o The best quality evidence comprises one small (N=60), fair quality RCT (Gupta, 2012) in
which 3DCRT and IMRT were compared in a regimen of CCRT to treat patients with
cancer of the hypopharynx, larynx and oropharynx.

« Two additional nonrandomized, poor quality studies reported on the key oncologic
outcomes with 3DCRT and IMRT in a regimen of CCRT among patients with cancer of
the hypopharynx, larynx, oral cavity, nasopharynx, and oropharynx.

« One study of 3DCRT versus SBRT reported overall survival and local control in a
regimen of RT with or without CCRT among patients with nasopharyngeal cancer.
However, 22 percent of unidentified patients in the 3DCRT arm received concurrent
high-dose rate brachytherapy so the oncologic outcomes are not included in this
synthesis.

Qualitative Synthesis

In Table 9, we have aggregated new evidence related to Key Question 2 on comparative
oncologic outcomes actually reported in studies according to the intervention comparison,
treatment regimen, and timeframe. We identified no evidence from patients stratified according
to tumor site(s), so we have not included tumor information in this table. Further, we did not
identify any evidence on differences in oncologic outcomes related to the HPV status of patient
tumors. The last two columns of Table 9 show reported proportions for each outcome and
statistically significant results if attained.

In general, evidence on tumor control and survival outcomes is sparse. Table 9 shows that
statistically significant differences were inconsistently reported for overall survival, local control,
or locoregional control among studies of 3DCRT versus IMRT in any regimen compiled there.
All abstracted data are shown in detail in Table B-6.
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Table 9. Key Question 2: Qualitative evidence synthesis for key reported comparative oncologic outcomes

Intervention | Comparator Treatment Outcome Number of Studies Reported Rates Individual Study Statistically
Regimen (Number of Patients) Across Studies (%) Significant Results (p-Value)
3DCRT IMRT CCRT Overall survival | Three studies (four 3 years (2 studies) No statistically significant difference in
reports)25'27’33 3DCRT: 71%, 61% overall survival was reported in any study.
(N=509) IMRT: 68%, 64%
5 years (1 study)
3DCRT: 43%
IMRT: 47%
Local control One study™ 5 years No statistically significant difference in
(N=204) 3DCRT: 74% local control was reported.
IMRT: 82%
Locoregional Two studies gthree 3 years No statistically significant difference in
control reports)zs’zs’3 3DCRT: 88%, 71% locoregional control was reported in either
(N=305) IMRT: 81%, 70% study.
Disease-free One study™ 5 years No statistically significant difference in
survival (N=204) 3DCRT: 58% disease-free survival was reported.
IMRT: 60%
CCRT + Local control One study”® 5 years No statistically significant difference in
surgery (N=82) 3DCRT: 64% local control was reported.
IMRT: 80%
Postoperative Overall survival | One study®* 2 years No statistically significant difference in
RT (N=81) 3DCRT: 73% overall survival was reported.
IMRT: 89%
Local control One study™* 2 years No statistically significant difference in
(N=81) 3DCRT: 67% local control was reported.
IMRT: 76%
Disease-free One study™ 2 years p=0.02
survival (N=81) 3DCRT: 60%
IMRT: 72%
RT + CCT = Overall survival | One study®® 1 year No statistically significant difference in
surgery (N=67) 3DCRT: 94% overall survival was reported.
IMRT: 97%
2 years
3DCRT: 87%
IMRT: 97%
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Table 9. Key Question 2: Qualitative evidence synthesis for key reported comparative oncologic outcomes (continued)

Intervention

Comparator

Treatment
Regimen

RT £ CCT

Outcome

Locoregional
control

Distant
metastasis-free
survival

Overall survival

Locoregional
control

Distant relapse

Disease-free
survival

Number of Studies

(Number of Patients)

One study™
(N=67)

One study®*
(N=67)

Three studies®>**°

(N=423)

Two studies™**

(N=264)

39,39

One study
(N=181)
Two studies™*®
(N=242)

Reported Rates
Across Studies (%)

1 year
3DCRT: 61%

IMRT: 89%

2 years

3DCRT: 58%
IMRT: 80%

1 year

3DCRT: 86%
IMRT: 92%

2 years

3DCRT: 82%
IMRT: 75%

2 years (1 study)
3DCRT: 58%
IMRT: 35%

3 years (1 study)
3DCRT: 52%
IMRT: 50%

5 years (1 study)
3DCRT: 50%
IMRT: 89%

3 years (1 study)
3DCRT: 58%
IMRT: 75%

5 years (1 study)
3DCRT: 54%
IMRT: 75%

3 years
3DCRT: 20%

IMRT: 23%

2 years (1 study)
3DCRT: 66%
IMRT: 59%

5 years (1 study)
3DCRT: 47%
IMRT: 69%

Individual Study Statistically
Significant Results (p-Value)

p=0.029

No statistically significant difference in
distant metastasis-free survival was
reported.

The Huang study®” reports a statistically
significant benefit of IMRT vs. 3DCRT as
it pertains to 5-year overall survival
(p=0.004).

No statistically significant difference in
overall survival was reported at 2- or 3-
years in the other two studies.

The Mok study™ reports a statistically
significant benefit of IMRT vs. 3DCRT as
it pertains to 3-year locoregional control
(p=0.003).

The Huang study™ reports a statistically
significant benefit of IMRT vs. 3DCRT as
it pertains to 5-year locoregional control
(p=0.018).

No statistically significant difference in
distant relapse was reported.

No statistically significant difference in
disease-free survival was reported by the
Lohia study at 2 years.*®

The Huang study® reports a statistically
significant benefit of IMRT vs. 3DCRT as
it pertains to 5-year disease-free survival
(p=0.046).

Abbreviations: CCRT = concurrent chemoradiotherapy; IMRT = intensity-modulated radiotherapy; RT = radiotherapy; 3DCRT = three-dimensional conformal radiotherapy.
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Strength of Evidence for Key Question 2

To evaluate the SOE, we used an approach specifically developed by the AHRQ EPC
program and referenced in the Methods Guide.?° This approach is based on a system initially
described by the GRADE Working Group. It explicitly addresses four required domains: risk of
bias, directness, consistency, and precision, as outlined in the Methods section.

Table 10 shows the SOE for the comparative effects of SDCRT, IMRT, SBRT, and PBT on
oncologic outcomes in the treatment of head and neck cancer patients. The criteria we used to
arrive at the SOE ratings are outlined in the Methods section of the update. Details on how the
SOE ratings were determined are summarized in Table 10.

We determined that new evidence, including one “fair” quality RCT (Gupta, 2012),% is
insufficient to support a conclusion on the relative effect of IMRT and 3DCRT on overall
survival or locoregional control rates in a regimen of CCRT. New evidence is insufficient to
form conclusions on the effect of any other RT modality comparison for any oncologic outcome
in any other regimen we identified in this update.
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Table 10. SOE for Key Question 2: Oncologic outcomes

Intervention|Comparator| Treatment | Outcome|Evidence Base| Risk of Bias | Directness | Consistency Precision Overall SOE
Regimen (Number of
Patients)
3DCRT IMRT CCRT Overall |Three studies |Moderate Direct Consistent Imprecise Insufficient
survival |(four reports)
including the One “fair” quality |All three All three studies |The Gupta A “high” provisional SOE
Gupta (2012) |small RCT studies (four |(four reports) RCT®® was likely |based on the Gupta RCT®
and Rathod (N=60, Gupta, |reports) showed no not sufficiently |was reduced three levels
(20132 2012; N=60, directly statistically powered to for three reasons: (1)
RCTs*>?®?%%  |Rathod, 2013) |compared |significant detect slight imprecise rating based on
(N=509) plus two “poor” |IMRT and difference changes in rates |the small size of the Gupta
quality non- 3DCRT. between 3DCRT |of overall RCT and its nonsignificant
randomized and IMRT in rate |survival with result; (2) the two
studies result in of overall survival IMRT compared |nonrandomized studies
a provisional at 2 or 5 years. |with 3DCRT, were of “poor” quality,
“moderate” particularly in the |heterogeneous, and

study limitations
rating.

face of much
larger, albeit
“poor” quality
non-RCT
evidence.

subject to a high risk of
bias, thus increasing the
risk of bias to “moderate”
for the body of evidence;
and, (3) the relative larger
size of these 2 studies
compared to Gupta
accounting for 88% of all
patients in the body of
evidence, obscure the
findings of the latter,
resulting in an overall SOE
rating of “insufficient”.
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Table 10. SOE for Key Question 2: Oncologic outcomes (continued)

Intervention | Comparator | Treatment Outcome Evidence Risk of Bias |Directness| Consistency Precision Overall SOE
Regimen Base
(Number of
Patients)
Locoregional |Two studies |Moderate Direct Consistent Imprecise Insufficient
control (three
reports) One “fair” Both Both studies | The Gupta RCT?®> |A “high” provisional
including the |quality RCT studies (three reports) |was likely not SOE based on the
Gupta (2012) |(N=60, Gupta, |(three showed no sufficiently Gupta RCT? was
and Rathod |2012; N=60, reports) statistically powered to detect |reduced three SOE
(20132 Rathod, 2013) |directly significant slight changes in  |levels as outlined
RCTs®%*%* |and a much compared |difference rates of above for overall
(N=305) larger “poor” IMRT and |between locoregional survival. Note the
quality 3DCRT. 3DCRT and control with IMRT |patients in the
nonrandomized IMRT in rate of |compared with nonrandomized study
study resultin a overall survival |3DCRT, comprised more than
“moderate” at 2 or 5 years. |particularly in the |80% of the evidence
study limitations face of much base, obscuring
rating. larger, albeit “poor” |Gupta’s results.
quality non-RCT
evidence.
Local control |One study” |High Direct Unknown Imprecise Insufficient
(N=204)
Disease-free |One study” |High Direct Unknown Imprecise Insufficient
survival (N=204)
CCRT = Local control |One study28 High Direct Unknown Imprecise Insufficient
surgery (N=82)
Postoperative |Overall One study® |High Direct Unknown Imprecise Insufficient
RT survival (N=81)
Local control |One study31 High Direct Unknown Imprecise Insufficient
(N=81)
Disease-free |One study® |High Direct Unknown Imprecise Insufficient
survival (N=81)
RT £ CCT = |Overall One study®™ |High Direct Unknown Imprecise Insufficient
surgery survival (N=67)
Locoregional |One study36 High Direct Unknown Imprecise Insufficient
control (N=67)
Distant One study® |High Direct Unknown Imprecise Insufficient
metastasis- |(N=67)
free survival
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Table 10. SOE for Key Question 2: Oncologic outcomes (continued)

Intervention | Comparator | Treatment Outcome Evidence Risk of Bias |Directness| Consistency Precision Overall SOE
Regimen Base
(Number of
Patients)
RT + CCT Overall Three High Direct Inconsistent Imprecise Insufficient
survival studies®**%*°
(N=423) Three “poor” All three | The Huang The “poor” quality, |The three
quality studies 2013 study®  |nonrandomized  |nonrandomized
nonrandomized |directly showed a Huang 2013 studies were “poor”
studies result in \compared |statistically study™ was likely |quality and
a “high” study |IMRT and |significant not sufficiently heterogeneous, with
limitations 3DCRT. benefit powered to detect |high risk of bias that
rating. (p=0.004) of slight changes in  |compromises the
IMRT compared|rates of overall value of their results.
with 3DCRT as |survival of IMRT
it pertains to compared with
overall survival |3DCRT,
at 5 years, particularly in the
while the face of the much
remaining two |larger, “poor”
studies report  |quality
no statistical nonrandomized
difference studies which
based on RT  |report no benefit of
technique at 2 |IMRT.
or 3 years.
Locoregional |Two High Direct Consistent Imprecise Insufficient
control studies®*
(N=264) Two “poor” Both Both studies Due to the “poor” |The two
quality studies report a quality, nonrandomized
nonrandomized |directly statistically nonrandomized studies were “poor”
studies result in |compared |significant design of these quality and
a “high” study |IMRT and |difference studies, itis likely |heterogeneous, with
limitations 3DCRT. between that they were not |high risk of bias that
rating. 3DCRT and sufficiently compromises the
IMRT in rate of |powered to detect |value of their results.
locoregional slight changes in

control at 3 or 5
years.

the rates
locoregional
control with IMRT
as compared with
3DCRT.
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Table 10. SOE for Key Question 2: Oncologic outcomes (continued)

Intervention | Comparator | Treatment Outcome Evidence Risk of Bias |Directness| Consistency Precision Overall SOE
Regimen Base
(Number of
Patients)
Distant One High Direct Unknown Imprecise Insufficient
relapse study®>*°
(N=181)
Disease-free |Two High Direct Inconsistent Imprecise Insufficient
survival studies®™*
(N=242) Two “poor” Both The Huang Due to the “poor” |The two
quality studies 2013 study35 quality, nonrandomized
nonrandomized |directly reports a nonrandomized studies were “poor”
studies result in [compared |statistically design of these quality and
a “high” study |IMRT and |significant studies, itis likely |heterogeneous, with
limitations 3DCRT benefit that they were not |high risk of bias that
rating (p=0.046) of sufficiently compromises the
IMRT compared|powered to detect |value of their results.
with 3DCRT as |slight changes in
it pertains to the rates of
disease-free disease-free
survival at 5 survival with IMRT
years, while the |as compared with
Lohia 2014 3DCRT.
study®® reports
a directionally
opposite and
statistically
nonsignificant
benefit of
3DCRT over
IMRT at 2
years.
SBRT Any regimen |Any outcome |No evidence |No No No No No
PBT evidence evidence |evidence evidence evidence
IMRT SBRT Any regimen |Any outcome |No evidence |No No No No No
PBT evidence evidence |evidence evidence evidence

Abbreviations: CCT = concurrent chemotherapy; CCRT = concurrent chemoradiotherapy; IMRT = intensity-modulated radiotherapy; PBT = proton-beam radiotherapy; RCT =
randomized controlled trial; RT = radiotherapy; SBRT = stereotactic body radiotherapy; SOE = strength of evidence; 3DCRT = three-dimensional conformal radiotherapy.
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Key Question 3: Comparative Effectiveness of 3DCRT, IMRT,
SBRT, or PBT for Specific Patient and Tumor Characteristics

Key Points

« In CER No. 20, no comparative studies addressed these issues. In this update, we did not
identify any new evidence that specifically addressed Key Question 3.

« Therefore insufficient evidence exists to form conclusions about the comparative effects
or SOE on 3DCRT, IMRT, SBRT, or PBT based on specific patient and tumor
characteristics.

Key Question 4: Comparative Effectiveness of 3DCRT, IMRT,
SBRT, or PBT Because of Differences in User Experience,
Treatment Planning, Treatment Delivery, and Target Volume
Delineation

Key Points

« In CER No. 20, no comparative studies addressed these issues. In this update, we did not
identify any new evidence that specifically addressed Key Question 4.

« Therefore insufficient evidence exists to form conclusions about the comparative effects
or SOE on 3DCRT, IMRT, SBRT, or PBT based on specific patient and tumor
characteristics.

55



Discussion

CER Update Strength of Evidence Relative to CER No. 20
Findings

Table 11 provides a summary of the conclusions we drew for the relevant interventional
comparisons for each Key Question in CER No. 20 and in this update. Because 2DRT and SBRT
are not commonly addressed in CER No. 20 and the update, they are not included in Table 11.
Moderate strength evidence from the update shows a reduction of the incidence of late grade 2 or
higher xerostomia with IMRT compared with 3DCRT. This increases the SOE on this toxicity
from CER No. 20, raising it to “high” based on a body of evidence including 2 RCTs and
observational studies that are in agreement on this outcome. Evidence in the update is
insufficient to show a difference between IMRT and 3DCRT in overall survival or locoregional
tumor control rates. We found no new evidence to alter any conclusions of CER No. 20 for any
other toxicity, oncologic outcomes, or comparisons.
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Table 11. Comparison of relevant CER No. 20 and update conclusions

Key Question

Comparison

Clinical
Outcome

CER No. 20
Total Evidence
Base

CER No. 20
Conclusions

CER No. 20
Update Total
Evidence Base

CER No. 20
Update
Conclusions

Cumulative
Update
Conclusions
(Action Needed)

Key Question 1:

3DCRT vs. IMRT

Grade = 2 late

One good quality

Moderate SOE

One fair quality

Moderate SOE

Raises final SOE

What is the xerostomia RCT and six poor | shows significant | RCT, six poor shows significant | to “high” based
comparative quality non-RCTs | reduction in quality non-RCTs | reduction in on a body of
effectiveness of incidence incidence evidence
3DCRT, IMRT, including 2 RCTs
SBRT, and PBT (no further study
regarding required)
adverse events 3DCRT vs. IMRT | Other RT- Variously, one Insufficient Variously, one Insufficient Insufficient
and QOL? associated grade | good quality evidence to draw | good quality evidence to draw | evidence to draw
> 2 toxicities RCT, 13 poor conclusions RCT, nine poor conclusions conclusions
(e.g., acute or quality non-RCTs quality non-RCTs (further study
late dysphagia, required)
salivary gland
dysfunction,
swallowing
function)
3DCRT vs. IMRT | QOL Three poor Insufficient One fair quality Insufficient Insufficient
quality non-RCTs | evidence to draw | RCT, one poor evidence to draw | evidence to draw
conclusions quality non-RCT conclusions conclusions
(further study
required)
3DCRT or IMRT Any No evidence No evidence No evidence No evidence Insufficient
vs. PBT identified identified, identified identified, evidence to draw
insufficient insufficient conclusions
(further study
required)
3DCRT or IMRT Any Not applicable Not applicable One poor quality Insufficient Insufficient
vs. SBRT (SBRT not (SBRT not non-RCT evidence to draw | evidence to draw
included) included) conclusions conclusions
(further study
required)
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Table 11. Comparison of relevant CER No. 20 and update conclusions (continued)

Key Question

Comparison

Clinical
Outcome

CER No. 20
Total Evidence
Base

CER No. 20
Conclusions

CER No. 20
Update Total
Evidence Base

CER No. 20
Update
Conclusions

Cumulative
Update
Conclusions
(Action Needed)

Key Question 2: 3DCRT vs. IMRT | Overall survival, Variously, one Insufficient One fair quality Insufficient Insufficient
What is the local control, good quality evidence to draw | RCT, nine poor evidence to draw | evidence to draw
comparative locoregional RCT, six poor conclusions quality non-RCTs | conclusions conclusions
effectiveness of control, disease- quality non-RCTs (further study
3DCRT, IMRT, free survival required)
SBRT, and PBT 3DCRT or IMRT | Any No evidence No evidence No evidence No evidence Insufficient
regarding tumor vs. PBT identified identified, identified identified, evidence to draw
control and insufficient insufficient conclusions
patient survival? (further study
required)
3DCRT or IMRT Any Not applicable Not applicable One poor quality Insufficient Insufficient
vs. SBRT (SBRT not (SBRT not non-RCT evidence to draw | evidence to draw
included) included) conclusions conclusions
(further study
required)
Key Question 3: 3DCRT or IMRT Any No evidence No evidence No evidence No evidence Insufficient
Are there vs. PBT or SBRT identified identified, identified identified, evidence to draw
differences in insufficient insufficient conclusions
comparative (further study
effectiveness of required)
3DCRT, IMRT,
SBRT, and PBT
for specific
patient and tumor
characteristics?
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Table 11. Comparison of relevant CER No. 20 and update conclusions (continued)

Key Question Comparison Clinical CER No. 20 CER No. 20 CER No. 20 CER No. 20 Cumulative
Outcome Total Evidence Conclusions Update Total Update Update
Base Evidence Base Conclusions Conclusions
(Action Needed)
Key Question 4: 3DCRT or IMRT Any No evidence No evidence No evidence No evidence Insufficient
Is there variation | vs. PBT or SBRT identified identified, identified identified, evidence to draw
in comparative insufficient insufficient conclusions
effectiveness of (further study
3DCRT, IMRT, required)
SBRT, and PBT
because of

differences in
user experience,
treatment
planning,
treatment
delivery, and
target volume
delineation?

Abbreviations: CER = Comparative Effectiveness Review; IMRT = intensity-modulated radiotherapy; PBT = proton-beam radiotherapy; QOL = quality of life; RCT =
randomized controlled trial; RT = radiotherapy; SBRT = stereotactic body radiotherapy; SOE = strength of evidence; 3DCRT = three-dimensional conformal radiotherapy.
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Applicability of the Findings

In general, applicability assessment would depend on a body of evidence sufficient to form
new conclusions about the comparative outcomes of 3DCRT, IMRT, SBRT, and PBT in
treatment of head and neck cancer. However, comparative evidence that meets study selection
criteria for this CER update is sparse for 3DCRT, IMRT, and SBRT, and nonexistent for PBT. In
the absence of sufficient evidence, additional factors may be considered in making a treatment
decision. Those could include relative convenience and cost, issues outside the scope of this
CER.

In preparing this update, we reconsidered the RT modalities included in CER No. 20 and
whether all remained applicable to current radiation oncology practice. In particular, we
examined the role of opposed beam 2DRT in modern radiation oncology practice. Based on the
current literature and input from our TEP members, we concluded 2DRT is no longer used in the
U.S. for definitive treatment of head and neck cancer, thus we excluded it from the update. We
realize in doing so we excluded evidence from a RCT performed in China that showed a
statistically significant improvement in overall survival with IMRT compared to 2DRT, which to
our knowledge is the only study that has shown a statistically significant survival benefit of one
RT modality compared to another.>* However, this did not alter our overall conclusion to exclude
2DRT from the current report.

We also re-examined whether to include brachytherapy in this update; it was not part of CER
No. 20. Although brachytherapy can be used in select cases as a means of dose escalation in
conjunction with external beam irradiation for head and neck cancer,®* this practice has become
uncommon because sufficient dose escalation can often be achieved in these cases with a
noninvasive approach (e.g., conformal RT). Brachytherapy alone is very rarely employed, except
in small (T1) tumors of the nasal vestibule, lip, or oral cavity, which are relatively uncommon (1
percent to perhaps 5 percent of all cases).” Therefore, because use of brachytherapy alone for
primary management of head and neck malignancies has limited applicability in modern head
and neck radiation oncology practice, we did not seek evidence of it for this CER; we focused
instead on RT modalities that are used as the sole RT modality for a given presentation of head
and neck cancer.

We considered including dosimetry studies in CER No. 20, and this update. For both reports,
our ultimate conclusion not to include dosimetry studies was agreed upon among our EPC team,
among AHRQ personnel, and in discussion with our TEP. The primary rationale for this
conclusion is that dosimetry studies do not provide a link to actual clinical outcomes that are
realized by patients. Dosimetry modeling is clearly needed to advance research in RT methods,
but it does not provide evidence for clinical efficacy.

Key Questions 1 and 2

The degree to which the evidence presented in this update is applicable to clinical practice is
a function of the similarity between populations in the included studies and the patient
population that receives clinical care in diverse settings. It also is related to the relative
availability of the modalities. Because of the overall weakness of evidence for Key Questions 1
and 2, we have primarily limited comments to the relevance of the PICOTS elements, a practical
and useful structure to review the applicability in a systematic manner (Table 12).
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Table 12. Summary of applicability of evidence for Key Questions 1 and 2

PICOTS Applicability of Evidence
Domain
Populations o Overall patients included in the evidence base of this CER update are typical of the head and neck

cancer population treated with RT based on age, sex, and tumor characteristics.

Interventions | e« 3DCRT, IMRT, and SBRT represent different technological approaches to the delivery of
conformal photon RT. The major advantage of these interventions compared with traditional wide-
field 2DRT is the ability to deliver tightly focused ionizing radiation by delineating the shape and
size of the tumor using a CT-based or other imaging planning system.

o 3DCRT represents a minimum technical standard for delivery of forward-planned conformal RT. It
involves static fields with a fixed shape, modified by compensators (wedges and segments).
3DCRT is widely available.

¢ IMRT offers beam strength attenuation through a multileaf collimator (tungsten), with dynamic field
shapes for each beam angle. IMRT is as widely available as 3DCRT, but requires labor-intensive
inverse planning and a higher level of quality assurance.

e SBRT is a hypofractionated technique to administer RT in far fewer fractions than 3DCRT and
IMRT.

e SBRT is not as widely available as 3DCRT or IMRT, but its use is growing in other diseases such
as non-small-cell lung cancer.

e The institutional programmatic requirements for SBRT differ from those of IMRT.

o Comparative evidence for PBT is unavailable.

Comparators | e See above for Interventions.

Outcomes e The major beneficial health outcomes in this CER are overall survival and late xerostomia.

e Overall survival is the primary outcome of interest for any cancer intervention study.

o Local control is of interest to patients because it measures the effectiveness of an intervention in
disease control. On local failure, patients enter into a new category centered on systemic

chemotherapy.

Timing e The relevant periods occur from the time of treatment through followup over months (palliation) or
years (overall survival).

Setting * The evidence for Key Questions 1 and 2 is mostly international, primarily obtained in tertiary

institutions. More sophisticated interventions such as IMRT and SBRT require an institutional
commitment to quality assurance and ongoing training that may be difficult to achieve in smaller
community-based centers.
o We did not collect or analyze information to examine these issues.
Abbreviations: CER = Comparative Effectiveness Review; CT = computed tomography; IMRT = intensity-modulated
radiotherapy; PBT = proton-beam radiotherapy; RCT = randomized controlled trial; RT = radiotherapy; SBRT = stereotactic
body radiotherapy; 3DCRT = three-dimensional conformal radiotherapy.

Key Questions 3 and 4

The current evidence base for Key Questions 3 and 4 is nonexistent based on our literature
review. Therefore we cannot assess the applicability to clinical practice.

Findings in Relationship to What Is Already Known

Our updated systematic literature search and review revealed no relevant evidence-based
guidelines we could compare with our findings for any of the Key Questions.

Limitations of Current Review and Evidence Base

The primary limitation for all Key Questions here is lack of well-designed and conducted
comparative trials. Although the body of evidence we identified was more substantial for
3DCRT and IMRT than SBRT, and nonexistent for PBT, we have significant concerns about
interstudy heterogeneity, with variability in RT dose, schedule of treatment, concurrent
treatments, patient selection criteria, tumor size and location, and so forth.

61



We acknowledge that our inclusion of comparative studies alone may have limited collection
of RT-associated adverse events that may be revealed in larger observational studies. However,
we believe our decision to focus on key comparative outcomes xerostomia, dysphagia, and
salivary gland toxicity was merited based on our understanding of the literature and the
importance of those toxicities to cancer patients.

As stated previously in this report, we are not sure whether the inconsistency we observed in
comparative RT-associated adverse events reflects a lack of systematic collection of this type of
information by investigators, or failure to consistently report it in publications. In a systematic
review in general, a heterogeneous evidence base makes it very difficult to assess the relative
benefits and harms of any modality, particularly evidence drawn from nonrandomized trials, and
to assess the SOE of a body of evidence. In this CER update, the sparse new evidence we
identified limited additional comparative assessment among the modalities. We therefore believe
further careful study of the RT methods compared in this CER is needed, particularly in the
regimens of Key Question 1 or 2 to establish optimal technical protocols and patient selection
criteria, perhaps standardizing and comparing them across institutions. These data and methods
could, in theory, be applied to the design and conduct of comparative studies, as outlined in the
Research Gaps section below.

We are aware that a body of dosimetry evidence is available to suggest potential differences
in the benefits and harms of different conformal RT types. Our exclusion of such evidence may
be viewed by some readers as a limitation of this CER update. However, we maintain that
because dosimetry modeling studies do not provide a clear link to clinical outcomes, they do not
add critical information to assess the comparative effectiveness of RT in the treatment of head
and neck cancer.

Research Gaps

The primary research gap we identified is a continuing lack of evidence from well-executed
comparative studies (randomized or otherwise) to draw conclusions on the relative clinical
benefits and harms of the RT methods used in patients with head and neck cancer. We also
identified some feasibility issues associated with the RT methods that are potential impediments
to the type of rigorous comparative studies we suggest are necessary to determine their
comparative effectiveness. In this section, we first describe characteristics of ideal comparative
studies we believe are needed to compare these technologies. Some potential impediments to
such studies are discussed subsequently in this section.

Lack of Clinical Trial Evidence on RT Interventions for Head and
Neck Cancer

We suggest that further prospective studies are needed to properly evaluate the relative
clinical benefits and harms of the technologies assessed in this CER, taking into account the
potential impediments we discuss below. Ideally, comparative studies would incorporate the
following:

« To assure comparability of patients and to minimize bias, standardized patient selection
criteria would be used that involve consultation, including a head and neck surgeon,
medical oncologist, and radiation oncology specialist. Key factors to consider include
comorbidity status, age, performance status, tumor size, and tumor location.
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« Standardized intervention protocols with training and quality assurance programs within
and across participating institutions are necessary for the best study. For RT, key factors
would include the imaging and planning method, immobilization method, dose, and
fractionation schedule for comparisons of different modalities (e.g., 3DCRT, IMRT,
SBRT, PBT).

« Prespecified followup criteria and methods—in particular, notation of systemic therapy—
are key considerations in study design. Systemic therapy is a key concern because it is
difficult to discern the effects of an intervention with systemic therapy from that achieved
with the intervention alone. Is the effectiveness a function of the systemic therapy, the
intervention, or the combination?

« Rigorous and standardized reporting is needed to account for all patients and treatments
received. We urge that rigorous methods be used to conduct RCTs, particularly intention-
to-treat analysis and adjustment of survival data to account for all patients based on their
treatment plans.

« Primary outcomes would include overall survival, cancer-specific survival, and local
control. Prespecified systematic collection of adverse events using validated criteria (e.g.,
Common Terminology Criteria for Adverse Events) is necessary to permit accurate
assessment of relative benefits and risks of the interventions.

« As alluded to in the Introduction of this update, the potential impact of tumor tissue HPV
positivity on oncologic outcomes and management of such patients has been increasing in
importance. Studies are needed to identify reduced intensity therapies that still yield
satisfactory oncologic outcomes in HPV-positive cases. This will require investigators to
stratify patients by HPV status and analyze data accordingly.

Potential Impediments to Comparative Studies of RT Interventions
for Head and Neck Cancer

The general dissemination of conformal RT technologies into community clinical practice is
a potential impediment to comparative study of those technologies. We acknowledge that
randomized studies of 3DCRT versus IMRT or PBT may be very difficult to recruit and conduct,
based on technical and potential ethical issues related to perceptions of unequal clinical benefit
among the interventions. We also recognize that the cost of conducting rigorous RCTs may pose
a significant impediment given the resource limitations that exist in the United States. This CER
supports a conclusion that RT-associated adverse events—in particular late xerostomia—are
lessened with IMRT compared with 3DCRT. However, we maintain that current evidence is
insufficient to support a view that clinical oncologic outcomes achieved with any of the
technologies are relatively superior or inferior. Clinical evidence from comparative studies is
needed to establish the standard of care for head and neck cancer patients.

Summary and Conclusions

Key Questions in CER No. 20 asked whether any of the RT modalities under consideration
(2DRT, 3DCRT, IMRT, PBT) is more effective than the others:

« inreducing normal tissue toxicity and adverse events, and improving QOL

« inimproving local tumor control, time to disease progression, and survival

« when used in certain anatomic locations or patient subpopulations
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« whether there is more variation in patient outcomes with any modality secondary to user
experience, treatment planning, or target volumes

The main finding of CER No. 20 was that late grade 2 or higher xerostomia was reduced and
QOL domains related to xerostomia were improved in patients treated with IMRT compared
with those who received either 3DCRT or 2DRT. Evidence was insufficient to draw relative
conclusions on survival or tumor control; adverse events other than late xerostomia (e.g.,
mucositis, dysphagia, skin toxicities, osteoradionecrosis of the jaw); whether patient and tumor
characteristics affected relative outcomes; or whether physician experience and treatment
characteristics affected relative clinical outcomes such as survival or treatment-associated
adverse events.

Moderate strength evidence from the update shows a reduction of the incidence of late grade
2 or higher xerostomia with IMRT compared with 3DCRT, which strengthens the conclusion on
this toxicity from CER No. 20. Evidence in the update is insufficient to show a difference
between IMRT and 3DCRT in overall survival or locoregional tumor control rates. We found no
new evidence to alter any conclusions of CER No. 20 for any other toxicity, oncologic outcomes,
or comparisons.
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Summary of Protocol Amendments
Protocol amendments are summarized in Table 13.

Table 13. Protocol amendments

Date Section
January IV. Methods:
10, 2014 Grading the

Strength of

Evidence (SOE)

for Individual

Comparisons

and Outcomes
January IV. Methods:
10, 2014 | p. 10

Original Protocol

Please refer to
section IV(F), p. 14:
Grading the Strength
of Evidence (SOE) for
Individual
Comparisons and
Outcomes

“We will include only
randomized
controlled trials
(RCTs) and
nonrandomized
comparative studies
(observational, case-
control, and cohort
studies) of
populations,
comparisons,
interventions, and
outcomes that are
part of the PICOTS
(see above). We will
exclude
noncomparative
studies from this
CER,"...

Review of Key Questions

For all EPC reviews, Key Questions were reviewed and refined as needed by the EPC with
input from Key Informants and the Technical Expert Panel to assure that the questions were
specific and explicit about what information is being reviewed. In addition, the Key Questions
were posted for public comment and finalized by the EPC after review of the comments.

EPC Team Disclosures

EPC core team members must disclose any financial conflicts of interest greater than $1,000
and any other relevant business or professional conflicts of interest. Related financial conflicts of
interest which cumulatively total greater than $1,000 will usually disqualify EPC core team

investigators.

Revised Protocol

Please refer to section
IV(F), p. 14:

Grading the Strength
of Evidence (SOE) for
Individual
Comparisons and
Outcomes

“We will include only
full-length reports—
excluding conference
abstracts and other
non-peer reviewed
articles— describing
final results of
randomized controlled
trials (RCTs) and non-
randomized
comparative studies
(observational, case-
control, and cohort
studies) of populations,
comparisons,
interventions, and
outcomes that are part
of the PICOTS (see
above). We will
exclude non-
comparative studies
from this CER,”"...
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Rationale

We performed a total
rewrite based on input
from the Task Order
Officer and AHRQ
personnel to make
explicit the process to be
used for grading the
SOE, based on the
updated chapter in the
Methods Guide (2013).
To make explicit study
selection criteria that
include only full-length,
peer-reviewed evidence



Role of the Funder

This project was funded under Contract No. 290-2007-10058 from the Agency for
Healthcare Research and Quality, U.S. Department of Health and Human Services. The Task
Order Officer reviewed contract deliverables for adherence to contract requirements and quality.
The authors of this report are responsible for its content. Statements in the report should not be
construed as endorsement by the Agency for Healthcare Research and Quality or the U.S.
Department of Health and Human Services.
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Appendix A. Search Strategy

PubMed Search Strategy

(“Head and Neck Neoplasms”[Mesh]

OR

((*“Neoplasms”[Mesh] OR neoplasms [TIAB] OR tumor [TIAB] OR tumors [TIAB] OR tumour
[TIAB] OR tumours [TIAB] OR cancer [TIAB] OR cancers [TIAB] OR adenocarcinoma [TIAB]
OR carcinoma [TIAB])

AND

(larynx [TIAB] OR laryngeal [TIAB] OR supraglottic [TIAB] OR glottic [TIAB] OR subglottic
[TIAB] OR pharynx [TIAB] OR pharyngeal [TIAB] OR hypopharynx [TIAB] OR
hypopharyngeal [TIAB] OR hypo-pharynx [TIAB] OR hypo-pharyngeal [TIAB] OR oropharynx
[TIAB] OR oropharyngeal [TIAB] OR oro-pharynx [TIAB] OR oro-pharyngeal [TIAB] OR
nasopharynx [TIAB] OR nasopharyngeal [TIAB] OR naso-pharynx [TIAB] OR naso-pharyngeal
[TIAB] OR lip [TIAB] OR lips [TIAB] OR oral [TIAB] OR paranasal [TIAB] OR para-nasal
[TIAB] OR nasal [TIAB] OR sinus [TIAB] OR salivary [TIAB] OR parotid [TIAB]))

OR

“Neoplasms, Unknown Primary”[Mesh] OR “occult primary” [TIAB] OR “unknown primary”
[TIAB])

AND

((“Radiotherapy, Conformal”[Mesh] OR “Radiotherapy, Intensity-Modulated”[Mesh] OR
“Protons”[Mesh] OR IMRT [TIAB] OR 3dcrt [TIAB] OR “3D-CRT” [TIAB] OR “3-D CRT”
[TIAB] OR “3D CRT” [TIAB] OR (intensity [TIAB] AND modulated [TIAB]) OR conformal
[TIAB] OR proton [TIAB] OR protons [TIAB]) OR ((“Radiotherapy”[Mesh] OR “radiotherapy”
[Subheading]) AND (3dcrt [TIAB] OR “3D-CRT” [TIAB] OR “3-D CRT” [TIAB] OR “3D
CRT” [TIAB] OR (intensity [TIAB] AND modulated [TIAB]) OR conformal [TIAB] OR proton
[TIAB] OR protons [TIAB])))

AND

Publication date from 2008/09/28 to 2013/04/04; Humans; English

(“Head and Neck Neoplasms”[Mesh]

OR

((*“Neoplasms”[Mesh] OR neoplasms [TIAB] OR tumor [TIAB] OR tumors [TIAB] OR tumour
[TIAB] OR tumours [TIAB] OR cancer [TIAB] OR cancers [TIAB] OR adenocarcinoma [TIAB]
OR carcinoma [TIAB])

AND

(larynx [TIAB] OR laryngeal [TIAB] OR supraglottic [TIAB] OR glottic [TIAB] OR subglottic
[TIAB] OR pharynx [TIAB] OR pharyngeal [TIAB] OR hypopharynx [TIAB] OR
hypopharyngeal [TIAB] OR hypo-pharynx [TIAB] OR hypo-pharyngeal [TIAB] OR oropharynx
[TIAB] OR oropharyngeal [TIAB] OR oro-pharynx [TIAB] OR oro-pharyngeal [TIAB] OR
nasopharynx [TIAB] OR nasopharyngeal [TIAB] OR naso-pharynx [TIAB] OR naso-pharyngeal
[TIAB] OR lip [TIAB] OR lips [TIAB] OR oral [TIAB] OR paranasal [TIAB] OR para-nasal
[TIAB] OR nasal [TIAB] OR sinus [TIAB] OR salivary [TIAB] OR parotid [TIAB]))

OR

“Neoplasms, Unknown Primary”[Mesh] OR “occult primary” [TIAB] OR “unknown primary”
[TIAB])
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AND

“Brachytherapy”’[Mesh] OR brachytherapy OR ((interstitial OR intracavitary OR implant OR
surface) AND radiotherapy)

AND

Publication date from 1990/01/01 to 2013/04/04; Humans; English

(“Head and Neck Neoplasms”[Mesh]

OR

((*“Neoplasms”[Mesh] OR neoplasms [TIAB] OR tumor [TIAB] OR tumors [TIAB] OR tumour
[TIAB] OR tumours [TIAB] OR cancer [TIAB] OR cancers [TIAB] OR adenocarcinoma [TIAB]
OR carcinoma [TIAB])

AND

(larynx [TIAB] OR laryngeal [TIAB] OR supraglottic [TIAB] OR glottic [TIAB] OR subglottic
[TIAB] OR pharynx [TIAB] OR pharyngeal [TIAB] OR hypopharynx [TIAB] OR
hypopharyngeal [TIAB] OR hypo-pharynx [TIAB] OR hypo-pharyngeal [TIAB] OR oropharynx
[TIAB] OR oropharyngeal [TIAB] OR oro-pharynx [TIAB] OR oro-pharyngeal [TIAB] OR
nasopharynx [TIAB] OR nasopharyngeal [TIAB] OR naso-pharynx [TIAB] OR naso-pharyngeal
[TIAB] OR lip [TIAB] OR lips [TIAB] OR oral [TIAB] OR paranasal [TIAB] OR para-nasal
[TIAB] OR nasal [TIAB] OR sinus [TIAB] OR salivary [TIAB] OR parotid [TIAB]))

OR

“Neoplasms, Unknown Primary”[Mesh] OR “occult primary” [TIAB] OR “unknown primary”
[TIAB])

AND

(((“Radiosurgery”[Mesh]) OR “Stereotaxic Techniques”’[Mesh] OR (stereotactic AND
(radiosurgery OR radiotherapy)) OR SBRT OR tomotherapy OR tomotherapies))

AND

Publication date from 1990/01/01 to 2013/04/04; Humans; English

EMBASE Search Strategy

(neoplasms:ti,ab OR tumor:ti,ab OR tumors:ti,ab OR tumour:ti,ab OR tumours:ti,ab OR
cancer:ti,ab OR cancers:ti,ab OR adenocarcinoma:ti,ab OR carcinoma*:ti,ab)

AND

(larynx:ab,ti OR laryngeal:ab,ti OR supraglottic:ab,ti OR glottic:ab,ti OR subglottic:ab,ti OR
pharynx:ab,ti OR pharyngeal:ab,ti OR hypopharynx:ab,ti OR hypopharyngeal:ab,ti OR *hypo
pharynx’:ab,ti OR ‘hypo pharyngeal’:ab,ti OR oropharynx:ab,ti OR oropharyngeal:ab,ti OR ‘oro
pharynx’:ab,ti OR ‘oro pharyngeal’:ab,ti OR nasopharynx:ab,ti OR nasopharyngeal:ab,ti OR
‘naso pharynx’:ab,ti OR ‘naso pharyngeal’:ab,ti OR lip:ab,ti OR lips:ab,ti OR oral:ab,ti OR
paranasal:ab,ti OR ‘para nasal’:ab,ti OR nasal:ab,ti OR sinus:ab,ti OR *naso sinus’:ab,ti OR
salivary:ab,ti OR parotid:ab,ti OR ‘occult primary’:ab,ti OR ‘unknown primary’:ab,ti) OR (‘head
and neck” AND (neoplasms:ab,ti OR tumor:ab,ti OR tumors:ab,ti OR tumour:ab,ti OR
tumours:ab,ti OR cancer:ab,ti OR cancers:ab,ti OR adenocarcinoma:ab,ti OR carcinoma:ab,ti)
AND

(‘radiotherapy’/exp AND (3dcrt:ab,ti OR “3d-crt’:ab,ti OR “3-d crt’:ab,ti OR “3d crt’:ab,ti OR
(intensity:ab,ti AND modulated:ab,ti) OR conformal:ab,ti OR proton:ab,ti OR protons:ab,ti) OR
imrt:ab,ti OR 3dcrt:ab,ti OR *3d-crt’:ab,ti OR *3-d crt’:ab,ti OR “3d crt’:ab,ti OR (intensity:ab,ti
AND modulated:ab,ti) OR conformal:ab,ti OR proton:ab,ti OR protons:ab,ti)

AND
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[humans]/lim AND [english]/lim AND [embase]/lim AND [2008-2013]/py

(neoplasms:ti,ab OR tumor:ti,ab OR tumors:ti,ab OR tumour:ti,ab OR tumours:ti,ab OR
cancer:ti,ab OR cancers:ti,ab OR adenocarcinoma:ti,ab OR carcinoma*:ti,ab)

AND

(larynx:ab,ti OR laryngeal:ab,ti OR supraglottic:ab,ti OR glottic:ab,ti OR subglottic:ab,ti OR
pharynx:ab,ti OR pharyngeal:ab,ti OR hypopharynx:ab,ti OR hypopharyngeal:ab,ti OR *hypo
pharynx’:ab,ti OR ‘hypo pharyngeal’:ab,ti OR oropharynx:ab,ti OR oropharyngeal:ab,ti OR ‘“oro
pharynx’:ab,ti OR ‘oro pharyngeal’:ab,ti OR nasopharynx:ab,ti OR nasopharyngeal:ab,ti OR
‘naso pharynx’:ab,ti OR *naso pharyngeal’:ab,ti OR lip:ab,ti OR lips:ab,ti OR oral:ab,ti OR
paranasal:ab,ti OR “para nasal’:ab,ti OR nasal:ab,ti OR sinus:ab,ti OR “naso sinus’:ab,ti OR
salivary:ab,ti OR parotid:ab,ti OR ‘occult primary’:ab,ti OR ‘unknown primary’:ab,ti) OR (‘head
and neck’” AND (neoplasms:ab,ti OR tumor:ab,ti OR tumors:ab,ti OR tumour:ab,ti OR
tumours:ab,ti OR cancer:ab,ti OR cancers:ab,ti OR adenocarcinoma:ab,ti OR carcinoma:ab,ti)
AND

‘brachytherapy’/exp OR ((interstitial OR intracavitary OR ‘implant’/exp OR ‘surface’/exp) AND
‘radiotherapy’/exp)

AND

[humans]/lim AND [english]/lim AND [embase]/lim AND [1990-2013]/py

(neoplasms:ti,ab OR tumor:ti,ab OR tumors:ti,ab OR tumour:ti,ab OR tumours:ti,ab OR
cancer:ti,ab OR cancers:ti,ab OR adenocarcinoma:ti,ab OR carcinoma*:ti,ab)

AND

(larynx:ab,ti OR laryngeal:ab,ti OR supraglottic:ab,ti OR glottic:ab,ti OR subglottic:ab,ti OR
pharynx:ab,ti OR pharyngeal:ab,ti OR hypopharynx:ab,ti OR hypopharyngeal:ab,ti OR *hypo
pharynx’:ab,ti OR ‘hypo pharyngeal’:ab,ti OR oropharynx:ab,ti OR oropharyngeal:ab,ti OR ‘oro
pharynx’:ab,ti OR ‘oro pharyngeal’:ab,ti OR nasopharynx:ab,ti OR nasopharyngeal:ab,ti OR
‘naso pharynx’:ab,ti OR *naso pharyngeal’:ab,ti OR lip:ab,ti OR lips:ab,ti OR oral:ab,ti OR
paranasal:ab,ti OR “para nasal’:ab,ti OR nasal:ab,ti OR sinus:ab,ti OR “naso sinus’:ab,ti OR
salivary:ab,ti OR parotid:ab,ti OR ‘occult primary’:ab,ti OR ‘unknown primary’:ab,ti) OR (‘head
and neck’” AND (neoplasms:ab,ti OR tumor:ab,ti OR tumors:ab,ti OR tumour:ab,ti OR
tumours:ab,ti OR cancer:ab,ti OR cancers:ab,ti OR adenocarcinoma:ab,ti OR carcinoma:ab,ti)
AND

‘stereotaxic techniques’/exp OR (stereotactic AND (‘radiosurgery’/exp OR ‘radiotherapy’/exp))
OR ‘sbrt’/exp OR ‘tomotherapy’/exp

AND

[humans]/lim AND [english]/lim AND [embase]/lim AND [1990-2013]/py
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Appendix B. UPSTF Study Quality Ratings

« The quality of studies was assessed on the basis of the following criteria:

o Initial assembly of comparable groups: adequate randomization, including
concealment and whether potential confounders (e.g., other concomitant care)
were distributed equally among groups.

0 Maintenance of comparable groups (includes attrition, crossovers, adherence, and
contamination).

o0 Important differential loss to followup or overall high loss to followup.

0 Measurements: equal, reliable, and valid (includes masking of outcome
assessment).

0 Clear definition of interventions.

o All important outcomes considered.

o0 Analysis: adjustment for potential confounders and intention-to-treat analysis.

« The rating of intervention studies were rated according to one of three quality categories:

Good. Meets all criteria; comparable groups were assembled initially and maintained throughout
the study (followup at least 80 percent); reliable and valid measurement instruments were used
and applied equally to the groups; interventions were spelled out clearly; all important outcomes
were considered; and appropriate attention is given to confounders in analysis. In addition,
intention-to-treat analysis is used for RCTs.

Fair. Studies were graded “fair” if any or all of the following problems occur, without the fatal
flaws noted in the “poor” category below: In general, comparable groups were assembled
initially, but some questions remain about whether some (although not major) differences
occurred with followup; measurement instruments were acceptable (although not the best) and
were generally applied equally; some but not all important outcomes were considered; and some
but not all potential confounders were accounted for. Intention-to-treat analysis has been done
for RCTs.

Poor. Studies were graded “poor” if any of the following fatal flaws exists: Groups assembled
initially were not close to being comparable or maintained throughout the study; unreliable or
invalid measurement instruments were used or not applied at all equally among groups; and key
confounders were given little or no attention; lack of masked outcome assessment; and for RCTs,
intention-to-treat analysis is lacking.
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Table B-1. USPSTF study limitations ratings

Study Initial Maintenance Important differential Measurements | Interventions All important Appropriate Overall
(year) assembly of |of comparable loss to followup? equal, reliable, |clear and well- outcomes analysis and rating
comparable groups? and valid? defined? considered? adjustment for
groups? confounders?
Gupta Yes Yes No No Yes Yes Yes Fair
(2012)*
RCT 28 of 29 (97%) in 3BDCRT |Study was not Did not use ITT but
and 32 of 33 (97%) IMRT |double-blinded nor this was
Groups well group evaluated was outcome unnecessary given
matched for assessment good followup
tumor site and numbers
TNM status
Allocation
concealment not
reported
Rathod |Yes Yes No No Yes Yes Yes Fair
(2013)?
RCT 58 of 60 (97%) of all study |Study was not RT methods Although this report Did not use ITT but
patients completed at least |double-blinded nor |are detailed does not provide this was
Groups well on QoL questionnaire, was outcome and extensive |toxicity outcomes, unnecessary given
matched for while 18 (64%) in the assessment toxicity events from good followup
tumor site and 3DCRT group and 18 this same cohort was |numbers
TNM status (56%) in the IMRT previously presented in
completed the QoL the Gupta [20] report
Allocation questionnaire at 24 months
concealment not
reported
Al- No Unclear Unclear Unclear Yes Yes Yes Poor
Mamgani
(2013)3 Retrospective  |Groups were |Groups were not described |No masking of
study not described outcome
assessment
Different groups reported

not described




Table B-1. USPSTF study limitations ratings (continued)

Study (year) Initial Maintenance of Important differential | Measurements |Interventions| All important Appropriate Overall
assembly of | comparable groups? loss to followup? equal, reliable, clear and outcomes analysis and rating
comparable and valid? well-defined?| considered? adjustment for

g_;roups? confounders?

Lambrecht [No No Yes Unclear Yes Yes No Poor

(2013)*

Not an RCT  |For xerostomia, 18% loss |For xerostomia, 18% No masking of

of patients 3DCRT group, |loss of patients 3DCRT |outcome

Significant 21% loss to followup in  |group, 21% loss to assessment

differences IMRT group followup in IMRT group |reported

reported in

tumor For overall survival, For overall survival,

locations and |numbers of patients per |numbers of patients per

N stage group not reported group not reported

Al-Mamgani |No Unclear No Unclear Yes Yes No Poor
(2012)°
Retrospective No masking of Although they
study outcome performed logistic
assessment regression to

Individual reported evaluate effect of

groups not clinical

reported by RT parameters on

type local failure and
late toxicity, they
did not use this to
assess effects
according to RT
modality

Chen Yes Unclear Unclear Unclear Yes Yes Yes Poor

(2012)°

Groups appear

Numbers of patients at

No masking of

similar with no |follow-up were not outcome
statistical reported by intervention assessment
differences but|or outcome reported
thisis a

retrospective

study
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Table B-1. USPSTF study limitations ratings (continued)

Study (year) Initial Maintenance of Important differential | Measurements |Interventions| All important Appropriate Overall
assembly of | comparable groups? loss to followup? equal, reliable, clear and outcomes analysis and rating
comparable and valid? well-defined?| considered? adjustment for

g_;roups? confounders?

Al-Mamgani |No Unclear No Unclear Yes Yes No Poor

(2012)’

Retrospective No masking of Although they

study outcome performed logistic

assessment regression to

Individual reported evaluate effect of

groups not clinical

reported by RT parameters on

type local failure and
late toxicity, they
did not use this to
assess effects
according to RT
modality

Kruser No Unclear Unclear Unclear No No No Poor

(2013)®

Retrospective |Numbers of patients at Groups were not No masking of IMRT well No oncological |Imbalanced
study follow-up were not described outcome described, outcomes were |baseline clinical
reported by intervention assessment 3DCRT details|considered characteristics
Patients were |or outcome reported not provided and lack of
unbalanced beyond assessment of
with regards to aggregate complete blood
primary clinical dose rate and count
endpoints fractionation characteristics on
enrollment

Dirix No Unclear Unclear Unclear No Yes No Poor

(2010)°

Retrospective |Historical comparators No masking of IMRT well
study with preclude analysis outcome described,
historical assessment 3DCRT details
control cohort reported not provided

beyond noting
use of the
same
fractionation
schedule
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Table B-1. USPSTF study limitations ratings (continued)

Study (year) Initial Maintenance of Important differential | Measurements |Interventions| All important Appropriate Overall
assembly of | comparable groups? loss to followup? equal, reliable, clear and outcomes analysis and rating
comparable and valid? well-defined?| considered? adjustment for

g_;roups? confounders?

Guan 0 No Unclear Unclear Unclear Yes Yes Yes Poor

(2013)

Retrospective |Numbers of patients at No masking of

study follow-up were not outcome
reported by intervention assessment

Individual or outcome reported

groups not

reported by RT

type

Kong " No Unclear Unclear Unclear Yes Yes No Poor

(2013)

Retrospective Groups were not No masking of No effort to adjust

study described in terms of outcome for the studies
baseline characteristics |assessment many limitations

Significant reported (small sample

differences size;

reported in RT heterogeneous

dose and rate population;

of use of RT discretionary

as definitive rather than

treatment protocol

between prescription of RT

groups dose)

Huang12 No Unclear Unclear Unclear No Yes No Poor

(2013)

Retrospective Patients lost to follow-up |No masking of No information
study were not described in outcome is reported
terms of baseline assessment which pertains
Significant characteristics reported to radiation
differences dose,
reported in use fractionation
of concurrent schedule, or
chemotherapy treatment
and cranial delivery times
nerve
involvement
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Table B-1. USPSTF study limitations ratings (continued)

Study (year) Initial Maintenance of Important differential | Measurements |Interventions| All important Appropriate Overall
assembly of | comparable groups? loss to followup? equal, reliable, clear and outcomes analysis and rating
comparable and valid? well-defined?| considered? adjustment for

g_;roups? confounders?

Lohia s Yes Yes Unclear Unclear Yes Yes No Poor

(2014)

There was not |However, follow-up was |Groups were not No masking of Great variation in
a significant  [poor (75% for the 3DCRT |described outcome the use and
variation group at 24-months assessment nature of
between the |versus 78% for IMRT) reported concurrent
two groups in chemotherapy
regards to

baseline

characteristics;

however, this

was a

retrospective

study

Mok " No Unclear Unclear Unclear Yes Yes Yes Poor

(2014)

Not an RCT  |Numbers of patients at No masking of Log-rank test was

followup were not outcome used to compare

Significant reported by intervention assessment oncological

differences or outcome reported outcomes

reported in between 3DCRT

tumor N stage and IMRT arms

and group

ages
Ozyigi}5 Yes Yes No Yes Yes Yes No Poor
(2011)

Groups appear
similar with no
statistical
differences,
but this is a
retrospective
study

No masking of
outcome
assessment
reported

Survival outcomes

include six
patients in the
3DCRT arm who
also received
brachytherapy

Abbreviations: IMRT = intensity-modulated radiotherapy; ITT= intention-to-treat; PBT = proton-beam radiotherapy; RCT = randomized clinical trial; RT = radiotherapy;
3DCRT = three-dimensional conformal radiotherapy.

B-6




Table B-2. Comparative study design and patient characteristics

Study (year) | Study design |RT modalities| Treatment |Tumor setting Age Sex AJCC stage T N
(USPSTF (n) setting classification | classification
rating_;)
Gupta RCT 3DCRT (28) |CCRT Hypopharynx |3DCRT 3DCRT 3DCRT 3DCRT 3DCRT
(2012)* (fair) IMRT (32) 3DCRT: 29% |Median 55 89% Male 18% I-II 43% T1-T2 68% NO-N1
IMRT: 28% years 11% Female |50% IlI 57% T3 32% N2a-b
Larynx (range 33-65 |IMRT 32% IV IMRT IMRT
3DCRT: 18% |years) 91% Male IMRT 44% T1-T2 66% NO-N1
IMRT: 19% IMRT 9% Female 22% I-1 56% T3 34% N2a-b
Oropharynx Median 51 50% Il
3DCRT: 53% |years 28% IV
IMRT: 53% (range 31-65
years)
Rathod RCT 3DCRT (28) [CCRT Hypopharynx |3DCRT 3DCRT 3DCRT 3DRT 3DCRT
(2013)° (fair) IMRT (32) 3DCRT: 29% |Median 55 89% Male 18% I-II 43% T1-T2 68% NO-N1
IMRT: 28% years 11% Female [50% III 57% T3 32% N2a-b
Larynx (range 33-65 |IMRT 32% IV IMRT IMRT
3DCRT: 18% |years) 91% Male IMRT 44% T1-T2 66% NO-N1
IMRT: 19% IMRT 9% Female 22% I-1I 56% T3 34% N2a-b
Oropharynx Median 51 50% Il
3DCRT: 53% |years 28% IV
IMRT: 53% (range 31-65
years)
Al-Mamgani |Comparative |3DCRT (65) |CCRT Oropharynx  |Median 54 69% Male® 34% NI 62% T3° 34% NO?
(2013)* Retrospective |IMRT (139) 100% years® 31% Female |59% IVA 33% T4a 14% N1
(poor) (range 40-84 7% IVB 5% T4b 4% N2a
years) 31% N2b
12% N2c
5% N3




Table B-2. Comparative study design and patient characteristics (continued)

Study (year) | Study design |RT modalities| Treatment |Tumor setting Age Sex AJCC stage T N
(USPSTF (n) setting classification | classification
rating_;)
Lambrecht Comparative |3DCRT (135) |CCRT Hypopharynx |3DCRT 3DCRT 3DCRT 3DCRT 3DCRT
(2013)4 Retrospective |IMRT (110) 3DCRT: 16% |Mean 57 years |86% Male 24% 11l 7% T1 14% NO
(poor) IMRT: 3% Median 56 14% Female |76% IV 21% T2 249% N1
Larynx years IMRT IMRT 33% T3 4% N2a
3DCRT: 21% |(SD 9 years) |85% Male 18% llI 39% T4 30% N2b
IMRT: 25% IMRT 15% Female |82% IV IMRT 26% N2c
Nasopharynx |Mean 61 years 5% T1 2% N3
3DCRT: 2% Median 60 17% T2 IMRT
IMRT: 4% years 36% T3 14% NO
Oral cavity (SD 9 years) 42% T4 10% N1
3DCRT: 4% 3% N2a
IMRT: 4% 30% N2b
Oropharynx 38% N2c
3DCRT: 56% 5% N3
IMRT: 40%
Al-Mamgani |Comparative [3DCRT (62) |RT +CCT Hypopharynx |Median 60 79% Male? Not reported  |10% T1% 24 % NO*
(2012)5 Retrospective |IMRT (114) 100% years? 21% Female 31% T2 17% N1
(poor) (range 36-87 32% T3 4% N2a
years) 20% T4a 30% N2b
7% T4b 15% N2c
10% N3
Chen (2012)° |Comparative |3DCRT (71) RT + CCT Hypopharynx |Median 56 59% Male® Not reported |3DCRT Not reported
Retrospective |IMRT (84) 3DCRT: 12% |years 41% Female 10% TO
(poor) IMRT: 13% (range 21-93 17% T1
Larynx years) 20% T2
3DCRT: 12% 25% T3
IMRT: 13% 3DCRT 28% T4
Nasopharynx |51% < 56 IMRT
3DCRT: 7% years 12% TO
IMRT: 10% 49% > 56 18% T1
Oropharynx years 19% T2
3DCRT: 41% |IMRT 23% T3
IMRT: 38% 45% < 56 29% T4
Unknown years
primary 55% > 56
3DCRT: 10% |years
IMRT: 12%




Table B-2. Comparative study design and patient characteristics (continued)

Study (year) | Study design |RT modalities| Treatment |Tumor setting Age Sex AJCC stage T N
(USPSTF (n) setting classification | classification
rating_;)
Al-Mamgani |Comparative [3DCRT (25) |CCRT % Paranasal Median 62 67% Male? Not reported  |9% T2° 87 % NO*
(2012)’ Retrospective |IMRT (57) surgery sinus years® 33% Female 27% T3 13% N+
(poor) 100% (range 28-86 37% T4a
years) 27% T4b
Kruser (2013)°|Comparative  |3DCRT (41) |CCRT % Hypopharynx |3DCRT 3DCRT 11.8% I 6.7% TO° Not reported
Prospective IMRT (137) surgery Larynx Median 54 75.6% Male 88.2% IVa-b |16.3% T1
(poor) Nasopharynx |years (range |24.4% Female 32.6% T2
Oral cavity 39-78 years) 25.3% T3
Oropharynx IMRT IMRT 19.1% T4
Unknown LINAC-IMRT: |78.8% Male
primary Median 53 22.2% Female
years (range
36-77 years)
Tomotherapy:
Median 57
years (39-77
years)
Dirix (2010)° [Comparative |3DCRT (41) Postoperative |Nasal cavity 3DCRT 3DCRT Not reported |3DCRT 3DCRT
Prospective IMRT (40) RT 3DCRT: 5% Median 61 82.9% Male 24.4% T2 100.0% NO
IMRT IMRT: 15% years 17.1% Female 56.1% T3 IMRT
Retrospective Paranasal (range 37-85 |IMRT 12.2% T4a Not reported
3DCRT sinus years) 85.0% Male 7.3% T4b
(poor) 3DCRT: 95% |IMRT 15.0% Female IMRT
IMRT: 85% Median 63 22.5% T2
years 47.5% T3
(range 37-84 17.5% T4a
years) 12.5% T4b
Guan (2013)" |Comparative [3DCRT (16) |RT+CCT+ |Nasalcavity |Median 56 69.5% Male® |5.1% I° 6.8% T1° 69.4% NO*
Retrospective |IMRT (43) surgery 68% years? 30.5% Female |6.8% I 10.2% T2 15.3% N1
(poor) Paranasal (range 19-83 16.9% Il 18.6% T3 11.9% N2
sinus years) 45.8% IVa 40.7% T4a 3.4% N3
32% 28.8% IVb 23.7% T4b
63.7% < 60
years
37.3% > 60
years




Table B-2. Comparative study design and patient characteristics (continued)

Study (year) | Study design |RT modalities| Treatment |Tumor setting Age Sex AJCC stage T N
(USPSTF (n) setting classification | classification
rating_;)
Kong (2013)" |Comparative |3DCRT (30) RT £ CCT = Hypopharynx |3DCRT 3DCRT 3DCRT 3DCRT 3DCRT
Retrospective |IMRT (37) surgery 3DCRT: 16.2% |Median 63 70.3% Male 35.1% <1l 8.2% T1 40.5% NO
(poor) IMRT: 3.3% years 29.7% Female |64.9% = IVA |35.1% T2 8.1% N1
Larynx (range 20-84 |IMRT IMRT 29.7% T3 48.6% N2
3DCRT: 13.5% |years) 73.3% Male 60.0% < 1ll 27.0% T4 2.8% N3
IMRT: 13.3% |IMRT 26.7% Female |40.0% = IVA |[IMRT IMRT
Nasopharynx |Median 56 20.0% T1 30.0% NO
3DCRT: 8.1% |years 56.7% T2 23.3% N1
IMRT: 33.3% |(range 29-84 10.0% T3 46.7% N2
Oral Cavity years) 13.3% T4 0.0% N3
3DCRT: 40.5%
IMRT: 33.3%
Oropharynx
3DCRT: 13.5%
IMRT: 13.3%
Paranasal
sinus
3DCRT: 8.1%
IMRT: 3.3%
Huang Comparative |3DCRT (53) RT + CCT Nasopharynx |3DCRT 3DCRT Not reported  |All included 3DCRT
(2013)* Retrospective |IMRT (30) 100% Mean 52.3+ |83% Male patients were |22.6% NO
(poor) 13.9 years 17% Female enrolled with  |32.1% N1
(range 18-78 |IMRT Nonmetastatic |43.4% N2
years) 83.3% Male T4 lesions 1.9% N3
IMRT 16.7% Female IMRT
Mean 48.2 + 10.0% NO
14.0 years 23.3% N1
(range 19-78 63.3% N2
years) 3.3% N3
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Table B-2. Comparative study design and patient characteristics (continued)

Study (year) | Study design |RT modalities| Treatment |Tumor setting Age Sex AJCC stage T N
(USPSTF (n) setting classification | classification
rating_;)
Lohia (2014)" |Comparative |3DCRT (56) RT £ CCT Oropharynx 3DCRT 3DCRT 3DCRT 3DCRT 3DCRT
Retrospective |IMRT (103) 100% Median 58.5 80.4% Male 0% | 8.9% T1 7.1% NO
(poor) years 19.6% Female (5% II 35.7% T2 19.6% N1
(range 33-78 |IMRT 30% 1l 19.6% T3 17.9% N2a
years) 85.4% Male 21% IV 28.6% T4a 21.4% N2b
IMRT 14.6% Female |IMRT 7.1% T4b 32.1% N2c
Median 58.5 0% | IMRT 1.8% N3
years 11% I 10.7% T1 IMRT
(range 37-82 65% Il 47.6% T2 9.7% NO
years) 27% IV 21.4% T3 9.7% N1
12.6% T4a 9.7% N2a
7.8% T4b 37.9% N2b
27.2% N2c
5.8% N3
Mok Comparative  |3DCRT (90) RT + CCT Hypopharynx |3DCRT 3DCRT Not reported |3DCRT 3DCRT
(2014)" Retrospective |IMRT (91) 100% Median 62 84.0% Male 46% T1-T2 58% NO-N2a
(poor) years 16.0% Female 54% T3-T4 42% N2b-N3
(range 43-84 |IMRT IMRT IMRT
years) 81.0% Male 38% T1-T2 37% NO-N2a
IMRT 19.0% Female 62% T3-T4 63% N2b-N3
Median 67
years

(range 35-85
years)
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Table B-2. Comparative study design and patient characteristics (continued)

Study (year) | Study design |RT modalities| Treatment |Tumor setting Age Sex AJCC stage T N
(USPSTF (n) setting classification | classification
rating_;)
Ozyigit Comparative  [3DCRT (27) |[rRT+CCT Nasopharynx |Median 46 3DCRT’ 3DCRT® 3DCRT’ Not reported
(2011)" Retrospective |SBRT (24) 100% years 78% Male 7% 1(11%rl) |30% TI (15%
(poor) (range 13-70 |22% Female |30% Il (11% [rT2)
years) SBRT rll) 18% T2 (7%
63% Male 30% Il (37% |rT2)
3DCRT" 37% Female |rlll) 26% T3 (37%
52% < 46 33% IV (41% |rT3)
years rlv) 26% T4 (41%
48% = 46 years SBRT rT4)
SBRT 8% 1(21%rl) |[SBRT
42% < 46 17% 11 (8% rll) |29% TI (21%
years 46% Il (25% |rT1)
58% = 46 years rlil) 17% T2 (8%
29% IV (46% [IT2)
rlv) 29% T3 (25%
rT3)

25% T4 (46%
rT4)

Abbreviations: AJCC = American Joint Commission on Cancer; CCT = concurrent chemotherapy; CCRT = concurrent chemoradiotherapy; IMRT = intensity-modulated

radiotherapy; RCT = randomized clinical trial; RT = radiotherapy; SBRT = stereotactic body radiotherapy; 3DCRT = three-dimensional conformal radiotherapy; USPSTF = United
States Preventive Services Task Force.
®No breakdown of the characteristic between treatment arms was provided.
®Six (22.2%) of patients in the 3DCRT treatment arm also received high-dose rate brachytherapy. As reported, these data do not reflect a discrimination between positive
brachytherapy and negative brachytherapy subjects.

“No breakdown of the characteristic between RT regimen was provided, however, it was reported that there was no significant difference between treatment arms.
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Table B-3. Summary of radiotherapy techniques

Study (year)

Study design

(USPSTF rating)

RT modalities

(n)

Treatment setting

Tumor setting

Total RT dose

Fractionation schedule

Gupta RCT 3DCRT (28) CCRT Hypopharynx 3DCRT 3DCRT
(2012)* (fair) IMRT (32) Larynx 70 Gy 35 fx
Oropharynx IMRT 2 Gylfx
66 Gy GTV + margins 5 daily fx/week
60 Gy HREV IMRT
54 Gy LREV 30 fx
2.2 Gylfx GTV
2.0 Gy/fx HREV
1.8 Gy/fx LREV
5 daily fx/week
Rathod RCT 3DCRT (28) CCRT Hypopharynx 3DCRT 3DCRT
(2013)° (fair) IMRT (32) Larynx 70 Gy 35 fx
Oropharynx IMRT 2 Gylfx
66 Gy GTV + margins 5 daily fx/week
60 Gy HREV IMRT
54 Gy LREV 30 fx
2.2 Gylfix GTV
2.0 Gy/fx HREV
1.8 Gy/fx LREV
5 daily fx/week
Al-Mamgani |Comparative 3DCRT (65) CCRT Oropharynx 70 Gy primary 3DCRT
(2013)* Retrospective IMRT (139) 70 Gy involved neck levels Not reported
(poor) 46 Gy bilateral neck IMRT
46 Gy primary + bilateral neck
23 fx
2 Gylfx
6 fx/week

24 Gy boost primary + involved
neck

12 fx
2 Gylfx
6 fx/week
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Table B-3. Summary of radiotherapy techniques (continued)

Study (year)

Study design
(USPSTF rating_;)

RT modalities

(n)

Treatment setting

Tumor setting

Total RT dose

Fractionation schedule

Lambrecht |Comparative 3DCRT (135) CCRT Hypopharynx 70 or 72 Gy 70 Gy conventional
(2013)* Retrospective IMRT (110) Larynx
(poor) Nasopharynx >26 Gy parotid-sparing 72 Gy hybrid
Oral cavity 40 Gy
Oropharynx >50 Gy spinal cord - 20 fx
- 2 Gyl/fx/day
Median doses +
65 Gy (IQR 50-69 Gy) 32 Gy
ipsilateral parotid - 20 fx bid
- 1.6 Gy/fx
40 Gy (IQR 21-51 Gy)
contralateral parotid
Al-Mamgani |Comparative 3DCRT (62) RT £ CCT Hypopharynx 70 Gy 35 fx
(2012)° Retrospective IMRT (114) 2 Gyl/fx
(poor) 46 Gy bilateral ENI to levels II, |6 fx/week

I, and IV if NO

IMRT planning aim

>26 Gy parotid-sparing
>39 Gy submandibular glands
> 50 Gy constrictor muscles

> 50 Gy spinal cord
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Table B-3. Summary of radiotherapy techniques (continued)

Study (year)

Study design
(USPSTF rating_;)

RT modalities

(n)

Treatment setting

Tumor setting

Total RT dose

Fractionation schedule

Chen Comparative 3DCRT (71) RT £ CCT Hypopharynx 66 Gy primary median Not reported
(2012)6 Retrospective IMRT (84) Larynx (range 60-74 Gy)
(poor) Nasopharynx
Oropharynx 60 Gy postoperative median
Unknown primary |(range 54-66 Gy)
70 Gy definitive median
(range 66-74 Gy)
IMRT planning aim
>54 Gy
brainstem/optic nerves
>45 Gy
spinal cord/optic chiasm
>60 Gy temporal lobes
>30 Gy
50% of contralateral parotid
Al-Mamgani |Comparative 3DCRT (25) CCRT # surgery Paranasal sinus |66 Gy median 2 Gy/fx/day
(2012)’ Retrospective IMRT (57) (range 56-74 Gy)
(poor)
3DCRT
60-70 Gy
IMRT
60-74 Gy
Kruser Comparative 3DCRT (41) CCRT = surgery Hypopharynx 3DCRT 3DCRT
(2013)® Prospective IMRT (137) Larynx Mean 39.2 fx
(poor) Nasopharynx Mean 69.8 Gy
Oral cavity LINAC-IMRT
Oropharynx IMRT Mean 33.0 fx
Unknown primary
LINAC-IMRT: mean 69.2 Gy Tomotherapy
Tomotherapy: mean 68.4 Gy Mean 32.4 fx

70 Gy primary

60 Gy high-risk nodal PTV
54 Gy lower-risk PTV

50 Gy lowest-risk PTV
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Table B-3. Summary of radiotherapy techniques (continued)

Study (year) Study design RT modalities | Treatment setting Tumor setting Total RT dose Fractionation schedule
(USPSTF rating_;) (n)
Dirix Comparative 3DCRT (41) Postoperative RT Nasal cavity 3DCRT 60 Gy
(2010)° Prospective IMRT  |IMRT (40) Paranasal sinus |60 Gy (65.9%) or 30 daily fx
Retrospective 66 Gy (34.1%) 2 Gylfx
3DCRT IMRT 5 fx/week
(poor) 60 Gy (52.5%) or 66 Gy if + margins
66 Gy (47.5%) 30 daily fx
2 Gylfx
5 fx/week
+ 2 Gy/fx/tid X 1
IMRT
Underdosage tolerated for optic
structures
Guan Comparative 3DCRT (16) RT + CCT + surgery |Nasal cavity 66-70 Gy GTV 46 patients®
(2013)*° Retrospective IMRT (43) Paranasal sinus  |60-63 Gy CTV 2 Gy/fx
(poor) 5 fx/week
66 Gy median for N+ patients 12 patients
(range 65-70 Gy) 2.2 Gylfx
5 fx/week
60 Gy ENI median dose 1 patient
(range 60-66 Gy) 1.8 Gy/fx
5 daily fx/week
Kong Comparative 3DCRT (30) RT £ CCT = surgery |Hypopharynx 3DCRT 3DCRT
(2013)" Retrospective IMRT (37) Larynx 72.0 Gy median Definitive RT
(poor) Nasopharynx (range 72.0-84.0 Gy) e PTV1: 2 Gy/fx; 33-35 fx;
Oral cavity 5 fx/week
Oropharynx IMRT e PTV2: 2 Gylfx; 25 fx

Paranasal sinus

80.5 Gy median
(range 67.1-88.9 Gy)

Postoperative RT
e PTV1:2 Gy/fx; 30 i°
o PTV2: 2 Gy/fx; 25 fx
IMRT
Definitive RT
o 1.8-2.25 Gy/fx/od
e Total dose: 66-73.5 Gy
Postoperative RT
e PTV1:1.8-2.2Gy/fx; 5
fx/week; total dose:
55.72.6 Gy
e PTV2:1.65-2.1 Gy/fx;
total dose: 45-63 Gy
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Table B-3. Summary of radiotherapy techniques (continued)

Study (year) Study design RT modalities | Treatment setting Tumor setting Total RT dose Fractionation schedule
(USPSTF rating_;) (n)
Huang Comparative 3DCRT (53) RT + CCT Nasopharynx Not reported Not reported
(2013)*2 Retrospective IMRT (30)
(poor)
Lohia Comparative 3DCRT (56) RT £ CCT Oropharynx 3DCRT 3DCRT
(2014)" Retrospective (poor) |IMRT (103) 50 Gy + 20 Gy boost 2 Gy/fx
1 fx/day
IMRT 5 days/week
70 Gy (primary tumor and
involved nodes) IMRT
56.0 to 58.1 Gy (at-risk nodes) |2 Gy/fx
1 fx/day X 35

5 days/week
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Table B-3. Summary of radiotherapy techniques (continued)

Study (year)

Study design
(USPSTF rating_;)

RT modalities

(n)

Treatment setting

Tumor setting

Total RT dose

Fractionation schedule

Mok
(2014)"

Comparative
Retrospective

(poor)

3DCRT (90)
IMRT (91)

RT £ CCT

Hypopharynx

3DCRT

Conventional fractionation
e 70GyCTV-HD
e 60GyCTV-ID
e 50GyCTV-ED

Accelerated hyperfractionation
e 64 GyCTV-HD
e 57.6 Gy CTV-ID
e 448Gy CTV-ED

Hypofractionation
e 60GyCTV-HD
e 552 GyCTV-ID
e 432Gy CTV-ED

IMRT

Conventional fractionation
e 70GyCTV-HD
e 63GyCTV-ID
e 56 Gy CTV-ED

Accelerated hyperfractionation
e 64 GyCTV-HD
e 56 GyCTV-ID
e 46 Gy CTV-ED

Hypofractionation
e 60GyCTV-HD
e 56 GyCTV-ID
e 50GyCTV-ED

Conventional fractionation

2 Gylfx
5-6fx/week

Accelerated hyperfractionation

1.6 Gy/fx/bid
10 fx/week

Hypofractionation

2.4 Gylfx X 25
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Table B-3. Summary of radiotherapy techniques (continued)

Study (year)

Study design

RT modalities

Treatment setting

Tumor setting

Total RT dose

Fractionation schedule

(USPSTF rating_;) (n)
Ozyigit Comparative 3DCRT (27) rRT £ CCT Nasopharynx 3DCRT 3DCRT
(2011)15 Retrospective SBRT (24) 67.4 Gy primary median 2 Gy/fx/day
(poor) (range 59.4-70 Gy)

57 Gy rRT median
(range 30-61 Gy)

3DCRT + brachytherapy

67.4 Gy primary median
(range 59.4-70 Gy)

57 Gy rRT median
(range 30-61 Gy)

16 Gy brachytherapy
SBRT

70 Gy primary median
(range 48-70 Gy)

39 Gy rRT median
(range 36-50 Gy)

3DCRT + brachytherapy

2 Gyl/fx/day

4 Gy daily Brachytherapy fx x 4
days

SBRT
30 Gy over 5 consecutive days

Remaining dose fractionation
not reported

Abbreviations: CCT = concurrent chemotherapy; CCRT = concurrent chemoradiotherapy; CTV = clinical target volume; ED = elective dose; ENI = elective neck irradiation;
GTV = gross tumor volume; HD = high-dose; HREV = high-risk elective volume; ID = intermediate-dose; IMRT = intensity-modulated radiotherapy; IQR = interquartile range;
LREV = low-risk elective volume; PTV = planning treatment volume; RCT = randomized clinical trial; rRT = reirradiation; RT = radiotherapy; SBRT = stereotactic body
radiotherapy; 3DCRT = three-dimensional conformal radiotherapy; USPSTF = United States Preventive Services Task Force.
ADifferentiation between patients according to treatment arm is not reported.
PIn the case of residual disease, 66-70 Gy was given 2 Gy/fx, 33-35 fx.
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Table B-4. Key acute (< 90 days posttreatment) toxicities

Study |Study design RT Treatment Tumor Dermatitis Dysphagia Mucositis | Nausea Pain Salivary |Weight loss
(year) (USPSTF modalities setting setting glands
rating_;) (n)
Gupta RCT 3DCRT (28) |CCRT Hypopharynx |Grade 2 Grade 2 Grade 2 Not Not Grade 2 |No loss
(2012)1 (fair) IMRT (32) Larynx 3DCRT:78.5%|3DCRT:71.5% 3DCRT: reported |reported |3DCRT: |3DCRT: 7%
Oropharynx |IMRT: 88%  |IMRT: 50% |78.5% 89% IMRT: 9.5%
Grade 3 Grade 3 IMRT: 71% IMRT: <10% Loss
3DCRT: 18% |3DCRT: 0% |Grade 3 59% 3DCRT:
IMRT: 6% IMRT: 9.5% |3DCRT:14.5% p=0.03 |57%
p=0.35 p=0.21 IMRT: 6% IMRT: 75%
p=0.20 = 10% Loss
3DCRT:
36%
IMRT:15.5%
p=0.2
Rathod RCT 3DCRT (28) |CCRT Hypopharynx |Not reported |Not reported |Not reported |Not Not Not Not reported
(2013)? (fair) IMRT (32) Larynx reported |reported |reported
Oropharynx
Al- Comparative [3DCRT (65) |CCRT Oropharynx |Grade = 2 Grade 22 Grade 22 Not Grade = 2 |Not Not reported
Mamgani |Retrospective |IMRT (139) 3DCRT: 52% |3DCRT: 100%|3DCRT: 88% |reported |3DCRT: |reported
(2013)° (poor) IMRT: 50% |IMRT: 90% |IMRT: 80% 60%
p=0.8 p=0.008 p=0.4 IMRT:
Grade 3 Grade 3 Grade 3 45%
3DCRT: 51% |3DCRT: 72% |3DCRT: 82% p=0.04
IMRT: 45%  |IMRT: 49% |IMRT: 68% Grade 3
p=0.5 p=0.04 p=0.07 3DCRT:
52%
IMRT:
32%
p=0.007
Lambrecht |Comparative |3DCRT (135) [CCRT Hypopharynx |Not reported |Grade = 3 Grade 23 Not Not Not Not reported
(2013)4 Retrospective |IMRT (110) Larynx 3DCRT: 78% |3DCRT: 44% |reported |reported |reported
(poor) Nasopharynx IMRT: 73% IMRT: 32%
Oral cavity p=ns p=0.03
Oropharynx
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Table B-4. Key acute (< 90 days posttreatment) toxicities (continued)

Study |Study design RT Treatment Tumor Dermatitis Dysphagia Mucositis Nausea Pain | Salivary |Weight loss
(year) (USPSTF modalities setting setting glands
rating_;) (n)
Al- Comparative |3DCRT (62) |RT +CCT Hypopharynx |Grade 2 Grade 2 Grade 2 Not Grade 2 [Not Not reported
Mamgani |Retrospective |IMRT (114) 3DCRT: 37% |3DCRT: 42% |3DCRT: 40% |reported |3DCRT: |reported
(2012)° (poor) IMRT: 43% |IMRT:52% |IMRT: 46% 32%
p=0.4 p=0.1 p=0.4 IMRT:
Grade 3 Grade 3 Grade 3 35%
3DCRT: 63% |3DCRT: 47% |3DCRT: 56% p=0.7
IMRT: 42% IMRT: 36% IMRT: 39% Grade 3
p=0.008 p=0.06 p=002 3DCRT:
50%
IMRT:
32%
p=0.01
Chen Comparative |3DCRT (71) |RT+£CCT Hypopharynx |Not reported |Not reported |Not reported |Not Not Not Not reported
(2012)6 Retrospective |IMRT (84) Larynx reported |reported |reported
(poor) Nasopharynx
Oropharynx
Unknown
primary
Al- Comparative |3DCRT (25) |CCRT % Paranasal Not reported |Not reported |Not reported |Not Not Not Not reported
Mamgani |Retrospective |IMRT (57) surgery sinus reported |reported |reported
(2012)’ (poor)
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Table B-4. Key acute (< 90 days posttreatment) toxicities (continued)

Study |Study design RT Treatment Tumor Dermatitis | Dysphagia Mucositis | Nausea Pain | Salivary |Weight loss
(year) (USPSTF modalities setting setting glands
rating) (n)
Kruser Comparative |3DCRT (41) |CCRT = Hypopharynx |Not reported |Not reported |3DCRT Not Not Not Not reported
(2013)® Prospective [IMRT (137) |surgery Larynx Mean grade: |reported |reported |reported
(poor) Nasopharynx 2.7
Oral cavity IMRT
Oropharynx Mean grade:
Unknown 2.55
primary p=0.20
Oropharynx.
patients
3DCRT
Grade 2:
12.5%
3DCRT
Grade 3:
83.3%
IMRT Grade
2:34%
IMRT Grade
3:65%
p=0.149
Dirix Comparative |3DCRT (41) |Postoperative|Nasal cavity |3DCRT 3DCRT 3DCRT Not 3DCRT |3DCRT |Not reported
(2010)9 Prospective  |[IMRT (40) RT Paranasal Any grade: Any grade: Any grade: reported |Any Any
IMRT sinus 97.6% 34.1% 97.6% grade: |grade:
Retrospective IMRT IMRT IMRT 82.9% 190.2%
3DCRT Grade 2:7.5% |Grade 2: Grade 2: IMRT IMRT
(poor) p=0.003 2.5% 12.5% Grade 2: |Grade 2:
p=0.25 p<0.001 10.0% |0.0%
p=0.02 [p<0.001
Guan Comparative |3DCRT (16) |RT +CCT + |Nasal cavity |Notreported |Notreported |Notreported |Not Not Not Not reported
(2013)10 Retrospective | IMRT (43) surgery Paranasal reported |reported |reported
(poor) sinus
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Table B-4.

Key acute (< 90 days posttreatment) toxicities (continued)

Study |Study design RT Treatment Tumor Dermatitis | Dysphagia Mucositis | Nausea Pain | Salivary |Weight loss
(year) (USPSTF modalities setting setting glands
rating) (n)
Kong Comparative |3DCRT (30) |RT = CCT = |Hypopharynx |Not reported |3DCRT 3DCRT Not Not 3DCRT |Not reported
(2013)"  |Retrospective IMRT (37)  [surgery Larynx Grade 1: 16% Grade 1: 16% reported |reported |Grade 1:
(poor) Nasopharynx Grade 2: 41% |Grade 2: 32% 54%
Oral cavity Grade 3: 43% |Grade 3: 51% Grade 2:
Oropharynx IMRT IMRT 32%
Paranasal Grade 0: 3% |Grade 1: 13% Grade 3:
sinus Grade 1: 17% |Grade 2: 37% 14%
Grade 2: 40% |Grade 3: 50% IMRT
Grade 3: 40% Grade O:
3%
Grade 1:
30%
Grade 2:
50%
Grade 3:
17%
Huang Comparative |3DCRT (53) |RT+£CCT Nasopharynx |Not reported |Not reported |Not reported |Not Not Not Not reported
(2013)12 Retrospective |IMRT (30) reported |reported |reported
(poor)
Lohia Comparative |3DCRT (56) |RT £ CCT Oropharynx |Grade =3 Not reported |Grade =3 Not Not ns Mean (kq)
(2014)* Retrospective [IMRT (103) 3DCRT: 23% 3DCRT: 76% |reported [reported 3DCRT: 8.4
(poor) IMRT: 7% IMRT: 37% IMRT: 8.1
p=0.02 p<0.001 p=0.86
Mok Comparative |3DCRT (90) |RT £ CCT Hypopharynx |Not reported |Not reported |Not reported |Not Not Not Not reported
(2014)14 Retrospective [IMRT (91) reported |reported |reported
(poor)
Ozyigit Comparative |3DCRT (27) |rRT £ CCT |Nasopharynx |Not reported |Not reported |Notreported |Not Not Not Not reported
(2011)"°  |Retrospective |SBRT (24) reported |reported |reported
(poor)

Abbreviations: CCT = concurrent chemotherapy; CCRT = concurrent chemoradiotherapy; kg = kilogram; IMRT = intensity-modulated radiotherapy; ns = not significant; RCT =
randomized clinical trial; rRT = reirradiation; RT = radiotherapy; SBRT = stereotactic body radiotherapy; 3DCRT = three-dimensional conformal radiotherapy; USPSTF = United
States Preventive Services Task Force.
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Table B-5. Ke

late toxicities

Study (year) Study RT Treatment Tumor Dysphagia Mucosal Pain Skin Subcutaneous| Xerostomia
design modalities setting setting
(USPSTF (n)
rating_;)
Gupta (2012)" |RCT 3DCRT (28) |CCRT Hypopharynx |Not reported |Not reported |Not reported |Not reported Grade 22 at 6 |Grade =2 at
(fair) IMRT (32) Larynx months 6 months
Oropharynx 3DCRT: 64% |3DCRT: 77%
IMRT: 17% IMRT: 33%
p<0.001 p=0.001
Grade=2at |Grade =2 at
12 months 12 months
3DCRT: 67% |3DCRT: 75%
IMRT: 11% IMRT: 31%
P<0.001 p=0.001
Grade=22at |Grade =2 at
18 months 18 months
3DCRT: 53% |3DCRT: 69%
IMRT: 13% IMRT: 19%
p=0.004 p=0.001
Grade =22 at |Grade =2 at
24 months 24 months
3DCRT: 59% |[3DCRT: 59%
IMRT: 14% IMRT: 22%
p=0.005 p=0.014
Grade=2at |Grade =2 at
30 months 30 months
3DCRT: 50% |3DCRT: 65%
IMRT: 0% IMRT: 6%
p=0.001 p=0.003
Grade =22 at |Grade =2 at
36 months 36 months
3DCRT: 45% |3DCRT: 60%
IMRT: 15% IMRT: 0%
p=0.079 p=0.003
Rathod RCT 3DCRT (28) |CCRT Hypopharynx |Not reported |Not reported |Not reported |Not reported |Not reported |Not reported
(2013)° (fair) IMRT (32) Larynx
Oropharynx
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Table B-5. Ke

late toxicities (continued)

Study (year) |Study design RT Treatment Tumor Dysphagia | Mucosal Pain Skin Subcutaneous| Xerostomia
(USPSTF modalities setting setting
rating_;) (n)
Al-Mamgani  |Comparative |3DCRT (65) |CCRT Oropharynx |Grade = 2 Grade 22 Grade 2 2 Grade 22 Grade 22 Grade 22
(2013)3 Retrospective [IMRT (139) 3DCRT: 30% |3DCRT: 20% |3DCRT: 11% |SDCRT:8% |3DCRT: 2% 3DCRT: 49%
(poor) IMRT: 20% |IMRT: 10% |IMRT: 11% |IMRT: 6% IMRT: 7% IMRT: 26%
p=0.04 p=0.04 p=0.6 p=0.6 p=0.1 p=0.001
Grade 3 Grade 3 Grade 3 Grade 3 Grade 3 Grade 3
3DCRT: 20% |3DCRT: 11% [3DCRT: 3% |3DCRT:5% |3DCRT: 2% |3DCRT: 23%
IMRT: 10% |IMRT: 2% IMRT: 5% IMRT: 2% IMRT: 1% IMRT: 7%
p=0.03 p=0.04 p=0.9 p=0.3 p=0.7 p=0.002
Lambrecht Comparative |3DCRT (135)|CCRT Hypopharynx |Grade = 2 at |Not reported |Not reported |Not reported |Not reported |Grade =2
(2013)* Retrospective |IMRT (110) Larynx 6 months 3DCRT: 68%
(poor) Nasopharynx |3DCRT: 34% IMRT: 23%
Oral cavity |IMRT: 38% p<0.001
Oropharynx |p=0.3
Grade = 2 at
12 months
3DCRT: 28%
IMRT: 21%
p=ns
Grade > 2 at
18 months
3DCRT: 22%
IMRT: 13%
p=ns
Grade = 2 at
24 months
3DCRT: 21%
IMRT: 11%
p=0.08
Al-Mamgani  |Comparative |3DCRT (62) |[RT £ CCT Hypopharynx |Grade 2 Grade 2 Grade 2 Grade 2 Grade 2 Grade 2
(2012)5 Retrospective [IMRT (114) 3DCRT: 23% |3DCRT: 13% [SDCRT: 10% |3DCRT: 10% |3DCRT: 21% |3DCRT: 24%
(poor) IMRT: 14% |IMRT: 10% |IMRT: 4% IMRT: 10% |IMRT: 10% IMRT: 11%
p=0.1 p=0.5 p=0.09 p=0.9 p=0.03 p=0.009
Grade 3 Grade 3 Grade 3 Grade 3 Grade 3 Grade 3
3DCRT: 10% |3DCRT: 8% [3DCRT: 3% |3DCRT: 6% |3DCRT:8% |3DCRT: 8%
IMRT: 1% IMRT: 1% IMRT: 0% IMRT: 1% IMRT: 2% IMRT: 2%
p=0.02 p=0.02 p=0.1 p=0.06 p=0.09 p=0.02
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Table B-5. Ke

late toxicities (continued)

Study (year) |Study design RT Treatment Tumor Dysphagia | Mucosal Pain Skin Subcutaneous| Xerostomia
(USPSTF modalities setting setting
rating) (n)
Chen (2012)° |Comparative |3DCRT (71) |RT + CCT Hypopharynx |Not reported |Not reported |Not reported |Not reported |Not reported |Not reported
Retrospective |IMRT (84) Larynx
(poor) Nasopharynx
Oropharynx
Unknown
primary
Al-Mamgani  |Comparative |3DCRT (25) |CCRT % Paranasal Grade =2 Not reported |Not reported |Not reported |Not reported |Grade =2
(2012)’ Retrospective |IMRT (57)  [surgery sinus 3DCRT: 12% 3DCRT: 16%
(poor) IMRT: 5.3% IMRT: 7%
Kruser (2013)° |Comparative |3DCRT (41) |CCRT + Hypopharynx |Not reported |Not reported |Not reported |Not reported |Not reported |Not reported
Prospective  |[IMRT (137) |surgery Larynx
(poor) Nasopharynx
Oral cavity
Oropharynx
Unknown
primary
Dirix (2010)° |Comparative |3DCRT (41) |Postoperative|Nasal cavity 3DCRT HEADACHE [3DCRT 3DCRT
Prospective  |[IMRT (40) RT Paranasal Any grade: |3DCRT Any grade: Any grade:
IMRT sinus 73.7% Not scored |73.7% 34.2%
Retrospective IMRT IMRT IMRT IMRT
3DCRT Grade 0: Grade O: Grade 0O: Grade 0:
(poor) 69.2% 64.1% 92.3% 87.2%
Grade 1: Grade 1: Grade 1: Grade 1:
25.6% 28.2% 5.1% 12.8%
Grade 2: Grade 2: Grade 2: Grade : 0%
5.1% 7.7% 2.6% p=0.03
p<0.001 p=0.05
Guan (2013)" |Comparative [3DCRT (16) |[RT + CCT + |Nasal cavity |Not reported |Not reported |Not reported |Not reported |Not reported  |Not reported
Retrospective [IMRT (43) surgery Paranasal
(poor) sinus
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Table B-5. Ke

late toxicities (continued)

Study (year) |Study design RT Treatment Tumor Dysphagia | Mucosal Pain Skin Subcutaneous| Xerostomia
(USPSTF modalities setting setting
rating) (n)
Kong (2013)" |Comparative |3DCRT (30) |RT + CCT+ |Hypopharynx 3DCRT Not reported |Not reported |Not reported |Not reported |3DCRT
Retrospective |[IMRT (37) surgery Larynx Grade 0: Grade 1: 5%
(poor) Nasopharynx |35% Grade 2:
Oral cavity |Grade 1: 70%
Oropharynx |11% Grade 3:
Paranasal Grade 2: 24%
sinus 43% IMRT
Grade 3: Grade 1:
11% 60%
IMRT Grade 2:
Grade 0: 30%
43% Grade 3:
Grade 1: 10%
33%
Grade 2:
13%
Grade 3:
10%
Huang Comparative |3DCRT (53) |[RT £ CCT Nasopharynx |Not reported |Not reported |Not reported |Not reported |Not reported |Not reported
(2013)* Retrospective |IMRT (30)
(poor)
Lohia (2014)" |Comparative |3DCRT (56) |RT + CCT Oropharynx |Not reported |Not reported |Not reported |Not reported |Not reported |Not reported
Retrospective [IMRT (103)
(poor)
Mok Comparative |3DCRT (90) |[RT £ CCT Hypopharynx |Not reported®|Not reported |Not reported |Not reported |Not reported  |Not reported
(2014)" Retrospective |IMRT (91)
(poor)
Ozyigit Comparative |3DCRT (27) |[rRT £ CCT |Nasopharynx |Not reported |Not reported |[Not reported |Not reported |Not reported |Not reported
(2011)"° Retrospective |SBRT (24)
(poor)

Abbreviations: CCT = concurrent chemotherapy; CCRT = concurrent chemoradiotherapy; IMRT = intensity-modulated radiotherapy; RCT = randomized clinical trial; rRT =
reirradiation; RT = radiotherapy; SBRT = stereotactic body radiotherapy; 3DCRT = three-dimensional conformal radiotherapy; USPSTF = United States Preventive Services Task

Force.

% ate toxicities were reported in aggregate, with no distinction between specific toxicities. There was no statistical difference between arms as it pertains to > grade 3 toxicity

(p=.174)
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Table B-6. Key oncologic outcomes

Study (year) | Study design |RT modalities| Treatment Tumor Overall Disease-free Local Loco-regional Distant
(USPSTF (n) setting setting survival survival control control control
rating_;)
Gupta (2012)* |RCT 3DCRT (28) |CCRT Hypopharynx |3-year Kaplan- |Not reported Not reported  |3-year Kaplan- |Not reported
(fair) IMRT (32) Larynx Meier estimate Meier estimate
Oropharynx
3DCRT: 88.2% 3DCRT: 70.6%
(95% CI 75.4 to (95% CI 53 to
100%) 88.2%)
IMRT: 80.5% IMRT: 68%
(95% CI 66.1 to (95% CI 51.2 to
94.9%) 84.8%)
p=0.45 p=0.81
Rathod RCT 3DCRT (28) |[CCRT Hypopharynx |3-year Kaplan- |Not reported Not reported 3-year Kaplan- |Not reported
(2013)? (fair) IMRT (32) Larynx Meier estimate Meier estimate
Oropharynx
3DCRT: 88.2% 3DCRT: 70.6%
(95% CI 75.4 to (95% CI 53 to
100%) 88.2%)
IMRT: 80.5% IMRT: 68%
(95% CI 66.1 to (95% Cl 51.2 to
94.9%) 84.8%)
p=0.45 p=0.81
Al-Mamgani |Comparative |3DCRT (65) |CCRT Oropharynx  |5-year Kaplan- |5-year Kaplan- |5-year Kaplan- |Not reported Not reported
(2013)3 Retrospective |IMRT (139) Meier estimate |Meier estimate |Meier estimate
(poor)
3DCRT: 43% [3DCRT: 58% |3DCRT: 74%
IMRT: 47% IMRT: 60% IMRT: 82%
p=0.40 p=0.73 p=0.19
Lambrecht Comparative [3DCRT (135) |CCRT Hypopharynx |3-year Kaplan- |Not reported Not reported 3-year Kaplan- |Not reported
(2013)4 Retrospective |[IMRT (110) Larynx Meier estimate Meier estimate
(poor) Nasopharynx
Oral cavity 3DCRT: 61% 3DCRT: 71%
Oropharynx IMRT: 64% IMRT: 70%
p=0.5 p=0.7
Al-Mamgani |Comparative |3DCRT (62) |RT +CCT Hypopharynx |Not reported Not reported Not reported Not reported Not reported
(2012)° Retrospective |IMRT (114)
(poor)
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Table B-6. Key oncologic outcomes (continued)

Study (year) | Study design |RT modalities| Treatment Tumor Overall Disease-free Local Loco-regional Distant
(USPSTF (n) setting setting survival survival control control control
rating_;)
Chen (2012)° |Comparative |3DCRT (71) |RT+CCT Hypopharynx |Not reported Not reported Not reported  |Not reported Not reported
Retrospective |IMRT (84) Larynx
(poor) Nasopharynx
Oropharynx
Unknown
primary
Al-Mamgani |Comparative |3DCRT (25) |CCRT % Paranasal Not reported Not reported IMRT vs. Not reported Not reported
(2012)’ Retrospective |IMRT (57) surgery sinus 3DCRT
(poor) local failure
p=0.2
Median time to
recurrence = 12
months (range
5-112)
Kruser Comparative |3DCRT (41) |CCRT % Hypopharynx |Not reported Not reported Not reported  |Not reported Not reported
(2013)® Prospective  |IMRT (137) surgery Larynx
(poor) Nasopharynx
Oral cavity
Oropharynx
Unknown
primary
Dirix (2010)° |Comparative |[3DCRT (41) |Postoperative |Nasal cavity |2-year Kaplan- |2-year Kaplan- |2-year Kaplan- |Not reported 2-year Kaplan-
Prospective IMRT (40) RT Paranasal Meier estimate |Meier estimate |Meier estimate Meier estimate
IMRT sinus
Retrospective 3DCRT: 73% 3DCRT: 60% |3DCRT: 67% 3DCRT: 89%
3DCRT IMRT: 89% IMRT: 72% IMRT: 76% IMRT: 89%
(poor) p=0.07 p=0.02 p=0.06 p=0.68
Guan (2013)" |Comparative |3DCRT (16) |RT+CCT+ |Nasal cavity |Not reported Not reported Not reported Regional Not reported
Retrospective |IMRT (43) surgery Paranasal relapse
(poor) sinus

3DCRT: 15.4%
IMRT: 16.1%

Neck
recurrence in
NO necks

3DCRT: 7.7%
IMRT: 16.1%
p=0.109
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Table B-6. Key oncologic outcomes (continued)

Study (year) | Study design |RT modalities| Treatment Tumor Overall Disease-free Local Loco-regional Distant
(USPSTF (n) setting setting survival survival control control control
rating_;)
Kong (2013)™ |Comparative |3DCRT (30) |RT+CCT#+ |Hypopharynx |Kaplan-Meier |Not reported Not reported  |Kaplan-Meier |Kaplan-Meier
Retrospective |[IMRT (37) surgery Larynx estimate estimate estimate
(poor) Nasopharynx
Oral cavity 3DCRT 3DCRT 3DCRT
Oropharynx 1-year: 94% 1-year: 61% 1-year: 86%
Paranasal 2-year: 87% 2-year: 58% 2-year: 82%
sinus IMRT IMRT IMRT
1-year: 97% 1-year: 89% 1-year: 92%
2-year: 97% 2-year: 80% 2-year: 75%
p=0.095 p=0.029 p=0.994
Huang Comparative |[3DCRT (53) |RT +CCT Nasopharynx |5-year Kaplan- |5-year Kaplan- |Not reported 5-year Kaplan- |Not reported
(2013)12 Retrospective |[IMRT (30) Meier estimate |Meier estimate Meier estimate
(poor)
3DCRT: 58.2% |3DCRT: 47.2% 3DCRT: 54.4%
IMRT: 88.9% IMRT: 69.2% IMRT: 75.2%
p=0.004 p=0.046 p=0.018
Lohia (2014)" |Comparative |3DCRT (56) |RT +CCT Oropharynx  |2-year Kaplan- |2-year Kaplan- |Not reported  |Not reported Not reported
Retrospective |[IMRT (103) Meier estimate |Meier estimate
(poor)

3DCRT: 58%
IMRT: 35%
p=0.45

3DCRT: 66%
IMRT: 59%
ns

Comparative
disease
recurrence

Hazard ratio:
0.82 (95% ClI
0.47-1.41)
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Table B-6. Key oncologic outcomes (continued)

Study (year) | Study design |RT modalities| Treatment Tumor Overall Disease-free Local Loco-regional Distant
(USPSTF (n) setting setting survival survival control control control
rating_;)
Mok Comparative |[3DCRT (90) |RT £ CCT Hypopharynx |3-year Kaplan- |Not reported Not reported 3-year 3-year
(2014)" Retrospective |IMRT (91) Meier estimate cumulative cumulative

(poor) incidence incidence
3DCRT: 52% proportion proportion
(95% Cl 41 to
62%) 3DCRT: 58% |3DCRT: 80%

(95% Cl148to |IMRT: 77%
IMRT: 50% 68%)
(95% CI 40 to p=0.79
60%) IMRT: 75%
p=0.99 (95% CI 65 to
84%)
p=0.003
Ozyigit Comparative |3DCRT (27) |rRT =CCT Nasopharynx |Not reported Not reported Not reported  |Not reported Not reported
(2011)" Retrospective |SBRT (24)

(poor) 22% of patients |22% of patients [22% of patients |22% of patients |22% of patients
in the SDCRT  |in the 3DCRT |in the 3DCRT |in the 3DCRT [in the 3DCRT
arm received arm received |arm received |arm received |arm received
concurrent concurrent concurrent concurrent concurrent
brachytherapy |brachytherapy |brachytherapy |brachytherapy |brachytherapy

Abbreviations: CCT = concurrent chemotherapy; CCRT = concurrent chemoradiotherapy; IMRT = intensity-modulated radiotherapy; RCT = randomized clinical trial; rRT =
reirradiation; RT = radiotherapy; SBRT = stereotactic body radiotherapy; 3DCRT = three-dimensional conformal radiotherapy; USPSTF = United States Preventive Services Task

Force.
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