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Thisreport is based on research conducted by the Blue Cross and Blue Shield Association
Technology Evaluation Center Evidence-based Practice Center (EPC) under contract to the
Agency for Healthcare Research and Quality (AHRQ), Rockville, MD (Contract No. 290-02-
0026). The findings and conclusionsin this document are those of the author(s), 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. Thisreport 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.

This report may be used, in whole or in part, as the basis for development of clinical practice
guidelines and other quality enhancement tools, or as a basis for reimbursement and coverage
policies. AHRQ or U.S. Department of Health and Human Services endorsement of such
derivative products may not be stated or implied.
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Preface

The Agency for Healthcare Research and Quality (AHRQ) conducts the Effective Health Care
Program as part of its mission to organize knowledge and make it available to inform decisions
about health care. As part of the Medicare Prescription Drug, Improvement, and Modernization
Act of 2003, Congress directed AHRQ to conduct and support research on the comparative
outcomes, clinical effectiveness, and appropriateness of pharmaceuticals, devices, and health
care services to meet the needs of Medicare, Medicaid, and the State Children’s Health Insurance
Program (SCHIP).

AHRQ has an established network of Evidence-based Practice Centers (EPCs) that produce
Evidence Reports/Technology Assessments to assist public- and private-sector organizationsin
their efforts to improve the quality of health care. The EPCs now lend their expertise to the
Effective Health Care Program by conducting Comparative Effectiveness Reviews (CERS) of
medications, devices, and other relevant interventions, including strategies for how these items
and services can best be organized, managed, and delivered.

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 aclinical intervention. In the context of devel oping recommendations for practice,
systematic reviews are useful because they define the strengths and limits of the evidence,
clarifying whether assertions about the value of the intervention are based on strong evidence
from clinical studies. For more information about systematic reviews, see
http://effectivehealthcare.ahrg.gov/reference/purpose.cfm

AHRQ expects that CERs will be helpful to health plans, providers, purchasers, government
programs, and the health care system as awhole. In addition, AHRQ is committed to presenting
information in different formats so that consumers who make decisions about their own and their
family’ s health can benefit from the evidence.

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 e-mail list to learn about new program products and opportunities for input.
Comparative Effectiveness Reviews will be updated regularly.
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Comparative Effectiveness and Safety of
Radiotherapy Treatments for Head and Neck Cancer
Executive Summary

The Effective Health Care Program was initiated in 2005 to provide valid evidence about the
comparative effectiveness of different medical interventions. The object isto help consumers,
health care providers, and othersin making informed choices among treatment alternatives.
Through its Comparative Effectiveness Reviews, the program supports systematic appraisals of
existing scientific evidence regarding treatments for high-priority health conditions. It also
promotes and generates new scientific evidence by identifying gaps in existing scientific
evidence and supporting new research. The program puts special emphasis on trandating
findingsinto a variety of useful formats for different stakeholders, including consumers.

The full report and this summary are available at
www .effectivehealthcare.ahrqg.gov/reports/final.cfm

Background

Head and neck cancers, specifically those arising in the oral cavity, larynx, hypopharynx,
oropharynx, nasopharynx, paranasal sinuses/nasal cavity, salivary glands, and occult primaries,
account for approximately 3-5 percent of cancersin the U.S. According to the National
Comprehensive Cancer Network, it was estimated that 47,560 new cases would occur in 2008, with
an estimated 11,260 deaths.

The main challenge in radiation therapy for cancer isto attain the highest probability of tumor
control or cure with the least amount of morbidity and toxicity to normal surrounding tissues
(sometimes referred to as organs at risk). Radiation therapy designs have evolved over the past 20
years from being based on two-dimensional (2D) to three-dimensional (3D) images, incorporating
increasingly complex computer algorithms. 2D radiotherapy consists of a single beam from oneto
four directions with the radiation fields designed on 2D fluoroscopic simulation images, whereas 3D
conformal radiotherapy (CRT) employs computed tomography (CT) simulation. Intensity-
modulated radiotherapy (IMRT) alows for the modulation of both the number of fields and the
intensity of radiation within each field, allowing for greater control of the dose distribution to the
target. Although proton beam therapy has been used to treat tumors for more than 50 years, it has
been used mostly in the treatment of prostate cancer.

Radiation is associated with early and late toxicities, which can have a profound effect on a patient’s
quality of life, and chemoradiation may be associated with enhancement of these toxicities
(particularly mucositis and xerostomia). Therapy-related toxicities are particularly relevant in the
treatment of head and neck cancer because of the close proximity of many important dose-limiting
normal tissues. Treatment effects can impact basic functions like chewing, swallowing, and
breathing; the senses (e.g., taste, smell and hearing), and significantly alter appearance and voice.

ES1
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This comparative effectiveness review addresses four key questions to compare alternative
radiotherapy modalitiesin the treatment of head and neck cancer. Four aternative radiotherapy
modalitieswill be reviewed: IMRT, 3DCRT, 2DRT, and proton beam.

1. What isthe comparative effectiveness of IMRT, 3DCRT, 2DRT, and proton beam therapy
regarding adverse events and quality of life?

2. What is the comparative effectiveness of IMRT, 3DCRT, 2DRT, and proton beam therapy
regarding tumor control and patient survival?

3. Aretheredifferencesin comparative effectiveness of IMRT, 3DCRT, 2DRT and proton beam
therapy for specific patient and tumor characteristics?

4. |sthere variation in comparative effectiveness of IMRT, 3DCRT, 2DRT and proton beam
therapy because of differencesin user experience, target volume delineation, or dosimetric
parameters?

Conclusions

When assessing a body of evidence, the GRADE Working Group recommends that conclusions
about comparative effects take into account study design, study quality, consistency of findings,
and directness of evidence. For the body of evidence reviewed here, the quality of evidence was
low in afew instances, and was insufficient for the majority of key questions and outcomes
addressed. When the quality of abody of evidence islow, consistent between-group differences
in an outcome may mitigate the uncertainty created by the poor quality of studies. Nevertheless,
the body of evidence may not have sufficient precision to estimate the magnitude of the effect
even where there is confidence about the direction.

Comparison: IMRT vs. 3DCRT

e The strength of the body of evidence for IMRT reducing late xerostomia and improving
quality of life compared with 3DCRT was graded as low, because of the overall poor
quality of the available studies. However, the consistent results reported in favor of
IMRT suggest atrue effect. The observed reduction is unlikely the result of bias as
susceptibility to xerostomiais common in the head and neck cancer population and it is
unlikely between-group imbalances account for results. Thus, the evidence is consistent
enough to suggest atrue effect in favor of IMRT, but not precise enough to quantify the
magnitude of effect.

e The strength of evidenceisinsufficient to draw conclusions about the comparative effects
of IMRT and 3DCRT for other adverse events. The quality of available studiesis poor
and no strongly consistent results are reported.

e No conclusions on tumor control or survival can be drawn from the body of evidence

comparing IMRT versus 3BDCRT. The strength of the body of evidence for tumor control
and patient survival isinsufficient. Estimating between-group differencesin disease-
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specific and overall survival is complex and requires greater controls for confounding and
bias.

e No conclusions can be reached on how patient and tumor characteristics affect outcomes,
or on how radiotherapy or physician characteristics affect outcomes. The strength of
evidenceisinsufficient as no comparative studies addressed these key questions.

Among 12 comparative studies addressing IMRT and 3DCRT, none were randomized controlled
trials, all were observational and five were prospective designs. It was not clear for any of these
studies that groups were comparable or outcome assessors were blinded. Six of 12 studies
involved comparing treatments given contemporaneously; in others the era of 3SDCRT was either
unclear or earlier than IMRT. Well-done multivariable analyses to adjust for confounding were
either absent or uncertain. All studieswere rated as poor by the U.S. Preventive Services Task
Force (USPSTF) system.

Only quality of life (three studies) and late xerostomia (six studies) saw consistent results that
were statistically significant or otherwise moderate to large differencesin favor of IMRT.
Between-group differences on other adverse events were not consistently statistically significant.

Of the seven comparative observational studies reporting tumor control, none reported
statistically significant differences between IMRT and 3DCRT. Of seven comparative studies
reporting patient survival, one reported a statistically significant result; the difference wasin the
dight-to-moderate range and favored IMRT.

Comparison: 3DCRT vs. 2DRT

e The strength of evidenceis insufficient to draw conclusions about the comparative
adverse events or quality of life associated with 3DCRT and 2DRT. The studies are of
poor quality and the results are inconsistent.

¢ No conclusions on tumor control or survival can be drawn from the body of evidence
comparing 3DCRT versus 2DRT. The strength of the body of evidence for tumor control
and patient survival isinsufficient. Estimating between-group differencesin disease-
specific and overall survival is complex and requires greater controls for confounding and
bias.

e No conclusions can be reached on how patient and tumor characteristics affect outcomes,
or on how radiotherapy or physician characteristics affect outcomes. The strength of
evidence isinsufficient as no comparative studies addressed these key questions.

Among 12 comparative studies addressing 3DCRT and 2DRT, one was an RCT and 11 were
observational, including three prospective designs. It was clear in one study that groups were
comparable. None made clear that outcome assessors were blinded. Four of 12 studiesinvolved
comparing treatments given contemporaneoudly; in others, the era of 2DRT was either unclear or
earlier than 3DCRT. Well-done multivariable analyses to adjust for confounding were either
absent or uncertain. All studies were rated as poor by the USPSTF system.
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Among four studies reporting on late xerostomia, one reported a large statistically significant
difference; all others were either nonsignificant or of unclear significance. One study favored
2DRT by 10 percentage points, the others favored 3DCRT by 15 to 48 percentage points. One
study compared quality of life outcomes between 3DCRT and 2DRT but did not report a
statistical comparison. Acute xerostomia, acute mucositis, late mucositis, acute dysphagia, acute
skin toxicity, late skin toxicity, and late osteoradionecrosis and bone toxicity were reported in a
few studies and differences between 3DCRT and 2DRT were small and not statistically
significant, not exceeding a difference of 9 percentage points.

Of the eight comparative studies reporting tumor control, one reported a statistically significant
difference in favor of 3BDCRT. Thisrandomized, controlled trial reported alarge differencein
tumor control at one year but did not report intent-to-treat analysis. Other differences were
nonsignificant and/or negligible to moderate in size. Of seven comparative studies reporting
patient survival, none reported a statistically significant result.

Comparison: IMRT vs. 2DRT

e The strength of the body of evidence for IMRT reducing late xerostomia and improving
quality of life compared with 2DRT was graded as low, because of the overall poor
quality of the available studies. However, the consistent results reported in favor of
IMRT suggest atrue effect. The observed reduction is unlikely the result of bias as
susceptibility to xerostomia is common in the head and neck cancer population and it is
unlikely between-group imbalances account for results. Thus, the evidence is consistent
enough to suggest atrue effect in favor of IMRT, but not precise enough to quantify the
magnitude of effect.

e The strength of evidence isinsufficient to draw conclusions about the comparative effects
of IMRT and 2DRT for other adverse events. The quality of available studiesis poor and
no strongly consistent results are reported.

e No conclusions on tumor control or survival can be drawn from the body of evidence
comparing IMRT versus 2DRT. The strength of the body of evidence for tumor control
and patient survival isinsufficient. Estimating between-group differencesin disease-
specific and overall survival is complex and requires greater controls for confounding and
bias.

¢ No conclusions can be reached on how patient and tumor characteristics affect outcomes,
or on how radiotherapy or physician characteristics affect outcomes. The strength of
evidence isinsufficient as no comparative studies addressed these key questions.

Among 21 comparative studies addressing IMRT and 2DRT, two were randomized, controlled
trials, and 19 were observational, of which 5 were prospective designs. It was clear for one study
that groups were comparable. Outcome assessors were blinded in one randomized, controlled
trial and no other studies. Four of 21 studiesinvolved comparing treatments given
contemporaneously; in others the era of 2DRT was either unclear or earlier than IMRT. One
study analyzed results by intention-to-treat. Well-done multivariable analyses to adjust for
confounding were either absent or uncertain. One randomized, controlled trial was rated asfair,
while al other studies were rated as poor by the USPSTF system.

ES4



** Draft Comparative Effectiveness Review* *

Nine studies reported on |ate xerostomia, and eight were statistically significant in favor of
IMRT. Among the studies that reported frequency, the range of differences between IMRT and
2DRT was 43 to 62 percentage points. Of five studies of acute xerostomia, two significantly
favored IMRT. Quality of life was reported in one randomized, controlled trial and two
observational studies and generally favored IMRT although not al domains measured were
statistically significant. Between-group differences on other adverse events were not
consistently statistically significant.

Of the six comparative observational studies reporting tumor control, none reported a statistically
significant difference. Of seven comparative observational studies reporting patient survival,
one reported a large, statistically significant result in favor of IMRT.

Proton Beam Therapy vs. Other Techniques

The strength of evidence is insufficient as there were no studies comparing proton beam therapy
to any other radiotherapy modality. Therefore, no conclusions can be reached regarding the
comparative effectiveness of proton beam therapy for any of the four key questions.

Remaining Issues

In principle, IMRT may offer advantages over 3DCRT and 2DRT because it is more conformal
and has a steeper dose gradient. Dose planning studies have shown that IMRT can lower doses
to normal tissues while maintaining or increasing the dose to the central tumor. However, the
challenge in treating head and neck cancer patients with radiotherapy stems from the multiple
stepsin trandlating dose delivery capability to therapeutic outcomes. Small errors can be
introduced at each step. It is precisely because there may be discrepancies between the planned
dose and the amount delivered to a specific patient that treatment planning studies are not
sufficient to demonstrate the comparative effectiveness of an approach. Differencesin patient
susceptibilities to specific adverse events, e.g., Xxerostomia, are also an intervening variable.
Therefore, comparative evidence on clinical outcomes is necessary to establish that the technical
capabilities of IMRT do indeed benefit patients.

Indeed, the capability of IMRT to deliver higher doses to atumor site may in fact present arisk
aswell as potential benefit. If the planned dose does not align with the tumor contour and other
anatomic attributes of the patient, the planned and actual dose may diverge substantially. Asa
result, the patient may be at risk of greater adverse effects from an inadvertently high dose to
adjacent healthy tissues, or conversely be at risk of suboptimal tumor control because of an
inadvertently low dose to the tumor. Thus, operator performance may prove to be critical in
determining the outcomes of IMRT in clinical practice.

Xerostomia appears to be common in patients with advanced cancer, not only head and neck
cancer. Itisassociated with advanced cancer, older age, radiotherapy treatment,
chemotherapeutic regimens, and therapies for diseases that are common in the older population.
Research to improve the management of xerostomia and to disseminate that knowledge to
clinical practice could potentially improve morbidity and quality of life for cancer patients.
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The challenges of conducting research in head and neck cancer need to be acknowledged. Head
and neck cancers are not common, so the pace of patient accrual may be slow; this may be
accompanied by changes in practices, both for the technology of radiotherapy itself and other
aspects of management and treatment. On the other hand, the length of followup needed to study
head and neck cancer treatmentsis relatively short compared to some common cancers, such as
breast or colon cancer.

Future research should put high priority on multicenter trials to hasten patient accrual and trial
completion. Randomized, controlled trials are needed to assess survival outcomes due to the
potential for confounding factors to influence results. Recognizing that observational studies
will continue to be attractive to investigators, the usefulness and generalizability of such can be
improved by conduct prospective studies that compare contemporaneous treatments. The patient
groups being compared should be similar in terms of key variables, such as anatomic site,
disease stage, and prior treatment. Multivariable regression analyses can be helpful in
controlling for potential confounders and should adhere to good modeling practices.

Standardization in terminology and measurement would improve the quality of randomized
controlled trials and observational studies. Standardization of tumor control and toxicity
outcome terminology with common practices for data analysis and presentation would facilitate
comparison among studies. Quality-of-life and patient-reported outcomes should be assessed
with validated instruments for which clinically significant improvements have been quantified
empirically.
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Introduction

Thisis acomparative effectiveness review of alternative radiation therapy (RT) modalitiesin the
treatment of head and neck cancer including: conventional or two-dimensional (2DRT), three-
dimensional conformal (3DCRT), intensity-modulated radiotherapy (IMRT) and proton beam
therapy. Key questions that will be addressed are whether any of these modalitiesis more effective
than the others: 1) in reducing normal tissue toxicity and adverse events, and improving quality of
life; 2) in improving local tumor control, time to disease progression, and survival; 3) when used in
certain anatomic locations or patient subpopulations; and, finally, 4) whether there is more variation
in patient outcomes with any modality secondary to user experience, treatment planning, or target
volumes.

Background

Burden of IlIness

Head and neck cancers, specifically those arising in the oral cavity, larynx, hypopharynx,
oropharynx, nasopharynx, paranasal sinuses/nasal cavity, salivary glands and occult primaries,
account for approximately 3-5 percent of cancersin the U.S. According to the National
Comprehensive Cancer Network, it was estimated that 47,560 new cases would occur in 2008, with
an estimated 11,260 deaths."

Major risk factors for the development of head and neck cancer include tobacco and al cohol
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 arisk factor, particularly within the oropharynx, in
younger people without a history of tobacco or alcohol abuse. I1n addition, an association has been
made between Epstein-Barr virus and nasopharyngeal cancer.

Classification and Staging

The magjority of head and neck cancers arise from a noninvasive precursor in surface squamous
epithelium, progressing to a squamous carcinoma. Other less-common tumors arise from other
structures, including the major and minor salivary glands, and give riseto a variety of other tumor
types, like adenocarcinomas.

The staging of head and neck cancer varies slightly by anatomic site, but in general, early stage
(stage | and I1), which comprises approximately 40 percent of cases, defines a small primary tumor
without lymph node involvement.* Locally advanced tumors (stage 111 and 1) include large primary
tumors, which may invade adjacent structures and/or spread to regional lymph nodes, and represent
approximately 60 percent of cases.' Metastatic disease is uncommon at the time of diagnosis of a
head and neck cancer.
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Clinical Management

The management of head and neck cancer is complex, and usually involves a multidisciplinary
team. In general, the approach to managing this type of cancer is dictated by the disease site and
extent, as well as by the histologic type and grade of tumor. Early stage disease may be treated by a
single-modality (surgery or radiation), whereas patients with locally advanced disease are generally
treated with combined modalities,* and depending upon the extent of disease spread, a cervical
lymph node dissection may be performed.

Nearly all patients with locally advanced head and neck cancer receive chemotherapy in
addition to radiation as a part of initial curative treatment.? The integration of chemotherapy into the
treatment of head and neck cancer has resulted in improvementsin overall survival and local-
regional control, reduced the incidence of distant metastases, and has provided more opportunity for
organ preservation.?

Radiation Therapy

The main challenge in radiation therapy for cancer isto attain the highest probability of tumor
control or cure with the least amount of morbidity and toxicity to normal surrounding tissues
(sometimes referred to as organs at risk).

Two-Dimensional and Three-Dimensional Conformal Radiation Therapy. Modern
advances in computers have led to parallel advances in imaging technologies, allowing for higher
levels of complexity in radiotherapy treatment planning systems.® Radiation therapy designs have
evolved over the past 20 years from being based on two-dimensional (2D) to three-dimensional (3D)
Images, incorporating increasingly complex computer agorithms.

2DRT consists of asingle beam from one to four directions with the radiation fields designed on
2D fluoroscopic simulation images, whereas 3D conformal radiotherapy (CRT) employs computed
tomography (CT) simulation.* Three-dimensional radiotherapy represented a major advance over
2D, alowing for more accurate dose cal culations by taking into account axial anatomy and complex
tissue contours.

IMRT. IMRT, which has been implemented over the last decade, has further refined radiation
dose delivery. IMRT allows for the modulation of both the number of fields and the intensity of
radiation within each field, allowing for greater control of the dose distribution to the target.
Potential benefits include the ability to deliver higher doses to the tumor, while sparing normal,
surrounding tissues, thereby decreasing toxicity. Reducing the radiation dose to normal structures
offers potential benefits which include sparing of salivary gland tissue to reduce the severity of
xerostomia (dryness of the mouth due to decreased salivary function), and reducing the dose to
structures related to swallowing (e.g., pharyngeal constrictor muscles and the larynx).”

There are several disadvantagesto IMRT. Patients receive ahigher total body dose of radiation,
there is decreased dose homogeneity, and increased risk of amarginal miss (in which case, the
eradication of the tumor may be unsuccessful).> Compared to more conventional radiotherapy
techniques, IMRT is more expensive and time consuming. Difficulties have arisen in set-up
reproducibility and patient immobilization, and it has been shown that variations in daily patient
positioning and changes in patient anatomy (e.g., weight loss, tumor shrinkage) may result in
significant dose perturbations compared with the original treatment plan.® Finally, there has been
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concern about variations in prescribed doses versus what is actually delivered to the patient, and
variations between medical institutions has raised concerns about the validity of comparing clinical
outcomes for IMRT.

Radiation Treatment Planning. Both 2D and 3DCRT use forward planning to create radiation
dose distributions, in which the radiation treatment fields are designated by a physician and a
physicist then defines the number, direction, and shapes of the radiation beams. The treatment plan
dose distribution shows how much dose is delivered to the tumor and normal structures.”

IMRT uses CT simulation images like 3DCRT; however, inverse planning is used to outline
target volumes. Inverse planning requires the treatment planner to input the desired radiation dose to
the tumor and the constraints for normal surrounding structures. Then, computer software is used to
arrive at the radiation beam characteristics most likely to meet the requirements designated at the
start of treatment planning.* Although repesat treatment planning may be chosen during the course of
treatment, it is not typically performed.

In order to standardize image-based tumor volume definitions for three dimensional radiation
planning, the Internal Commission of Radiation Units and M easurements created terminology for
use acrossinstitutions.” Definitions include gross tumor volume (GTV), clinical target volume
(CTV) and planning target volume (PTV). The GTV pertainsto gross disease identified by clinical
workup (e.g., physical exam and imaging), CTV includesthe GTV and any areas at risk for
microscopic disease, and PTV is an expansion of the CTV by amargin (usually 3-5 mm in the head
and neck patient) to account for patient/organ motion and day-to-day setup variation.*

Photons, Electrons, and Protons. The main form of treatment of deep tumorsis with photons
(asisusedin 2D, 3D, and IMRT). Photons spare the skin and deposit dose along their entire path
until the beam leaves the body.® As each beam continues on its path beyond the tumor, the use of
multiple beams means that a significant volume of normal tissue receives alow dose.?

Electrons are the most widely used forms of radiation for superficial tumors, and because the
depth of penetration can be well controlled by the energy of the beam, it is possible to spare
underlying normal structures.®

Although proton beam therapy has been used to treat tumors for more than 50 years, it has been
used mostly in the treatment of prostate cancer.? Charged particle beams like proton, differ from
photons in that they interact only modestly with tissue until they reach the end of their path, where
they deposit the majority of their energy and stop. ® The ability to stop at a chosen depth offers the
potential advantage of treating tumors closeto critical structures, and with the potential to decrease
regions of low dose, decreasing the chance of second malignancies. Inthe 2D and 3D era, proton
therapy could deliver higher doses to the target than photon therapy because protons produce a more
rapid falloff of dose between the target and normal tissues.® In the modern IMRT era, it is difficult
to determine whether protons will allow a higher dose to be delivered to the target.® Another major
issueisthat proton beam facilities are substantially more expensive than a similar-sized photon
facility.2 The exact role of intensity-modulated proton therapy in the treatment of head and neck
cancer is not well defined.

Adverse Effects of Radiation Therapy in Head and Neck Cancer

Radiation is associated with early and late toxicities, which can have a profound effect on a
patient’s quality of life, and chemoradiation may be associated with enhancement of these toxicities
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(particularly mucositis and xerostomia). Additionally, confounding factors may make it difficult to
attribute all of the symptoms of an adverse event to treatment effect. For example, there are several
other causes of xerostomiawhich include diseases that affect the salivary glands, numerous

medi cations and various others, that may be present in the population with head and neck cancer.

Therapy-related toxicities are particularly relevant in the treatment of head and neck cancer
because of the close proximity of many important dose-limiting normal tissues. Treatment effects
can impact basic functions like chewing, swallowing, and breathing; the senses (e.g., taste, smell and
hearing), and significantly alter appearance and voice.

Traditionally, acute and late toxic effects are defined as occurring before and after 90 days,
respectively. In an attempt to standardize the reporting of therapy-related acute and late toxicities,
severa grading instruments have been created, including the National Cancer Institute’s Common
Toxicity Criteria (NCI CTC) and the Radiation Therapy Oncology Group/European Organization for
Research and Treatment of Cancer (RTOG/EORTC) grading system. Other tools include the
Subjective, Objective, Management, Analytic (SOMA) system, subjective and objective
guestionnaires, including some that are tailored specifically for the head and neck (e.g., EORTC
QLQ-H & N35) and visual analog scales (VAS).

Key Questions for this Comparative Effectiveness Review

This comparative effectiveness review addresses four key questions regarding the use of
alternative radiotherapy modalities in the treatment of head and neck cancer. The radiotherapy
modalities to be compared are intensity-modul ated radiation therapy (IMRT), three-dimensional
conformal radiation therapy (3DCRT), two-dimensional radiation therapy (2DRT), and proton beam

therapy.

1. What is the comparative effectiveness of each modality at reducing normal tissue toxicity and
reducing radiation-induced adverse events? Do any of these modalities improve quality of life
compared to the others?

2. What is the comparative effectiveness of each modality for improving local control,
prolonging time to recurrence, or improving survival?

3. Arethere specific tumor characteristics or anatomic locations, or specific patient
subpopulations (e.g., older vs. younger) for which any of these radiotherapy modalities would
provide greater benefit than the others?

4. Isthere any evidence of wider variation when using any of these modalities compared to the
others because of differencesin user experience (years of experience, number of patients treated,
formal training), differencesin target volume delineation (gross tumor volumes, clinical target
volumes, planning target volumes, lymph node regions, organs at risk), or dosimetric parameters
(dose to targets, dose constraints for organs at risk)?
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Methods

Topic Development

The topic of thisreport and preliminary key questions were developed through a public process
involving the public, the Scientific Resource Center
(www.effectiveheal thcare.ahrg.gov/aboutUS/contract.cfm) for the Effective Health Care program of
the Agency for Healthcare Research and Quality (AHRQ), and various stakeholder groups.
Additional study, patient, intervention, and eligibility criteria, as well as outcomes, were refined and
agreed upon through discussions between the Blue Cross and Blue Shield Association Technology
Evaluation Center Evidence-based Practice Center (BCBSA TEC EPC), the Technica Expert Panel
(TEP) members, our AHRQ Task Order Officer, and comments received by the public.

Search Strategy
Electronic Databases

The following databases were searched for citations (search strategy can be found in
Appendix A). The search was not limited to English-language references; however, foreign-
language references to single-arm studies were not translated and abstracted.

e MEDLINE® (January 1, 1990, through January 13, 2009)
e EMBASE® (January 1, 1990, through January 13, 2009)
e Cochrane Controlled Trials Register (no date restriction)

The TEP and individuals and organizations providing peer review were asked to inform the
project team of any studies relevant to the key questions that were not included in the draft list of
selected studies.

We examined the bibliographies of al retrieved articles for citations to any randomized,
controlled trial or nonrandomized comparative study that was missed in the database searches. In
addition, we searched abstracts for the past 5 years of meetings of the American Society of
Therapeutic Radiation Oncology (ASTRO).

Search Screen

Search results were stored in a ProCite® database. The study selection processisoutlined in
Figure 1. Using the study selection criteriafor screening titles and abstracts, a single reviewer
marked each citation as either: 1) eligible for review as full-text articles; 2) ineligible for full-text
review; or 3) uncertain. Citations marked as uncertain were reviewed by a second reviewer and
resolved by consensus opinion, with athird reviewer to be consulted if necessary. Using the
final study selection criteria, review of full-text articles was conducted in the same fashion to
determine inclusion in the systematic review. Of 2,539 citations, 351 articles were retrieved and
105 selected for inclusion (Figure 2). Records of the reason for exclusion for each paper
retrieved in full-text, but excluded from the review, were kept in the ProCite® database (see
Appendix B, Excluded Studies).
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Figure 1. Study Selection Process
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Figure 2. QUOROM flow diagram
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Study Selection

This Evidence Report takes a two-tiered approach to evidence of the comparative
effectiveness and safety of the three types of radiotherapy. The primary focusis on comparative
studies of these techniques to each other or to 2DRT, which was commonly used before the
diffusion of IMRT and 3DCRT. The secondary focusis on reviewing single-arm studies on any
of the three technologies of interest for potential hypothesis generation.

The diagram in Figure 1 describes how we proceeded through this comparative effectiveness
review, from conducting the literature search to applying the selection criteria. The complexity
of the diagram stems from two factors. first, the need to insure that all relevant studies are
included (hence the second review of excluded full-text articles, the review of bibliographies of
abstracted articles, and the several updates performed while the review was being prepared) and
second, the need for complete and accurate abstraction of the data from the included articles.

Further stepsincluded data extraction and summary (see Data Extraction and Analysis,
following), quality assessment (see Assessment of Study Quality, following), and finally
evidence synthesis and interpretation. Assessment of the quality of the selected studiesis an
important part of how we conducted this review; however, interpretation of the body of evidence
for aparticular class of interventions entailed more than that. Quality assessment informed the
critical appraisal of the results and conclusions of each type of study, but rating classes did not
give a complete picture of the strength of the body of evidence.

Beyond quality ratings for each study, we explored the methodologic strengths and
weaknesses of different study designs (randomized, controlled trials, nonrandomized
comparative studies, and prospective or retrospective single-arm studies), to identify which can
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generate provide evidence on the efficacy and safety of the radiotherapy modalities and which
can only help generate hypotheses that require later confirmation. All of these activities
contributed to interpreting the overall strength of the evidence and determining whether
conclusions could be drawn with respect to key questions.

Typesof Studies

Studies were included for Key Question 1 and Key Question 2 if they were:

e randomized trials, nonrandomized comparative studies, or single-arm intervention

studies, that

0 reported on an outcome of interest specifically among patients with head and neck
cancer;

o0 involved an intervention of interest, excluding noncomparative studies describing use
of 2DRT (defined below) only;

0 reported results separately in individual patient groups according to radiation therapy
modality received, except for proton beam therapy, where the results of photon and
proton therapy may be combined.

0 reported tumor control data compiled separately according to tumor site, or included a

multivariable analysis that controlled for anatomic location and evaluated the impact
of type of radiotherapy on tumor control outcomes

e single-arm studies with 25 or more evaluabl e patients that adhere to all aforementioned
criteria and provide descriptive information on tumor characteristics particularly location

and histology. Single-arm (noncomparative) studies of 2DRT were excluded because this

radiotherapy techniqueis currently little-practiced. Studies had to use the same type of
radiotherapy for boost as for the planning treatment volume; 2DRT or electrons could be
used in the lower neck.

The criteriaallowing the use of a different type of therapy in the lower neck and the use
of photons and protons combined were developed after the beginning of the project. These
issues arose during the data abstraction process and were resol ved with the assistance of the
two members of the TEP who provided extended consultation.

Dose planning studies that did not report any outcome of interest were not included.
While such studies may show apparently better dose distributions for IMRT or proton beam
therapy over 3DCRT or 2DRT, this review emphasizes outcomes such as adverse events,
quality of life, tumor control, and patient survival.

Studies were included for Key Question 3 if they met the selection criteriafor Key
Questions 1 and 2 and also:

e presented treatment outcome data associated with different categories or levels of
0 tumor characteristics,
0 tumor anatomic locations or
0 patient characteristics (e.g., older vs. younger).
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Studies were included for Key Question 4 if they met the selection criteriafor Key
Questions 1 and 2 and also:

e presented treatment outcome data associated with different categories or levels of
0 user experience (years of experience with IMRT, number of patients treated with
IMRT, formal training in IMRT),
o target volume delineation (gross tumor volumes, clinical target volumes, planning
target volumes, lymph node regions, organs at risk) or
0 dosimetric parameters (dose to targets, dose constraints for organs at risk).

Types of Participants

The populations of interest for all four Key Questions included patients with head and neck
cancer. To define what constitutes head and neck cancer, we consulted with clinical resources
such as the National Cancer Institute’ s Physician Data Query (PDQ) Cancer Information
Summary (www.cancer.gov), the oncology textbook edited by DeVita, Hellman, and
Rosenberg,?® and the National Comprehensive Cancer Network Clinical Practice Guidelinesin
Oncology.' The consensus definition of head and neck cancer includes tumors of:

larynx;

pharynx (hypopharynx, oropharyx, and nasopharynx);
lip and oral cavity;

paranasal sinus and nasal cavity;

sdlivary gland; and

occult primary of the head and neck

The following tumors are excluded:

brain tumors;

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; and

tracheal tumors.

Tumor site was not necessarily defined as occurring in one anatomic location. For example,
for purposes of data abstraction, “oral cavity” was considered as one site, athough it technically
involves multiple anatomic sites (e.g., buccal mucosa, the anterior two-thirds of the tongue, lips,
etc.).
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Treatment Setting

The original categories for therapeutic settings were refined after abstraction” to fit the mix of
approaches used in the studies and to create meaningful categoriesfor data synthesis. Thefinal
list follows:

Primary (definitive): radiotherapy only (no surgery, with or without chemotherapy)
Preoperative radiotherapy: radiotherapy before surgery.(with or without chemotherapy)
Postoperative (adjuvant): radiotherapy after surgery (with or without chemotherapy)
Reirradiation: radiotherapy after earlier radiotherapy (other treatmentsirrelevant)

Chemotherapy regimens given in conjunction with radiotherapy could be described in the
following ways:

o Concurrent chemoradiotherapy: radiotherapy and chemotherapy at the same time
(with or without surgery)

o Post-radiotherapy (adjuvant) chemoradiotherapy: chemotherapy given after
radiotherapy (with or without surgery)

o0 Pre-radiotherapy (neoadjuvant) chemoradiotherapy: chemotherapy given before
radiotherapy (with or without surgery)

o Split chemoradiotherapy: chemotherapy given both before and after radiotherapy
(with or without surgery)

Initial review of studies revealed awide variety of treatment settings defined by radiotherapy
techniques in relation to both surgery and chemotherapy. Studies addressing only primary
radiotherapy without surgery or chemotherapy were quite rare, so we included studies that
addressed a single setting other than primary radiotherapy as well as studies that addressed a
group of patients receiving amix of settings. Evidenceisreviewed first among studies that
addressed a single setting then among studies that included mixed settings.

The relevant practice settings were
e hospitalsand
e outpatient radiotherapy facilities.

Subpopulations of interest included: age, race or ethnicity, sex, disease severity and duration,
weight (body mass index), and prior treatments.

Typesof Interventions

The interventions of interest were;

" The original categories for therapeutic setting were definitive radiotherapy (primary, curative intent);
postoperative (adjuvant); preoperative (neoadjuvant); chemoradiotherapy; postoperative chemoradiotherapy;
metastatic; recurrent (reirradiation); and palliative.

10
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¢ intensity modulated radiotherapy (IMRT), defined as any treatment plan where
intensity-modulated radiation beams and computerized inverse treatment planning is
used;

e three-dimensional conformal radiotherapy (3DCRT); defined as any treatment plan
where CT-based treatment planning is used to delineate radiation beams and target
volumesin three dimensions;

e proton beam therapy (PBT), defined as any treatment plan where proton beam
radiation is used; and

e conventional two-dimensional radiotherapy (2DRT), defined as treatment planning
where only 2D projection radiographs are used to delineate radiation beams and target
volumes.

Studies were excluded when amix of radiotherapy modalities was used, such as 2DRT plus
IMRT boost or 3DCRT plus brachytherapy. Boost techniques were allowed if they were of the
same modality as the main technique (e.g., IMRT with IMRT boost). Conventional 2DRT were
addressed to the extent that comparative studies included groups of patients that received 2DRT.
However, noncomparative studies of 2DRT were not sought. Data on other comparators such as
stereotactic radiosurgery or similar modalities also were not sought.

Types of Outcomes
In general, outcomes should be standard, valid, reliable, and clinically meaningful.
Primary (health) outcomes included:

e radiation-induced toxicities;
e adverse events, both acute and chronic normal tissue toxicity, such as
xerostomia,
dyspha_\gia;
mucositis,
skin toxicity,
0 osteoradionecrosis or bone toxicity, and
e effect on quality of life;
e clinical effectiveness, including
0 loca and locoregional control,
o timeto any recurrence (disease-free survival), and
0 patient (disease-specific and overall) survival.

O o0 O0Oo

Secondary (intermediate) outcomes included:

e sdivary flow and
e probability of completing treatment according to protocol.

Health outcomes were given greatest emphasis. Health outcomes may be defined as those

directly related to length of life, quality of life, function, symptoms, or harms. Intermediate
outcomes may reflect physiologic processes are important to the extent that they are related to

11
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health outcomes. The specific primary and secondary outcomes sel ected here wer