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Instructions for Use

The following coverage policy applies to health benefit plans administered by Cigna. Coverage policies are intended to
provide guidance in interpreting certain standard Cigna benefit plans and are used by medical directors and other health
care professionals in making medical necessity and other coverage determinations. Please note the terms of a customer’s
particular benefit plan document may differ significantly from the standard benefit plans upon which these coverage policies
are based. For example, a customer’s benefit plan document may contain a specific exclusion related to a topic addressed
in a coverage policy.

In the event of a conflict, a customer’s benefit plan document always supersedes the information in the coverage policy. In
the absence of federal or state coverage mandates, benefits are ultimately determined by the terms of the applicable benefit
plan document. Coverage determinations in each specific instance require consideration of;

1. The terms of the applicable benefit plan document in effect on the date of service
2. Any applicable laws and regulations

3. Any relevant collateral source materials including coverage policies

4. The specific facts of the particular situation

Coverage policies relate exclusively to the administration of health benefit plans. Coverage policies are not
recommendations for treatment and should never be used as treatment guidelines.

This evidence-based medical coverage policy has been developed by eviCore, Inc. Some information in this coverage
policy may not apply to all benefit plans administered by Cigna.

CPT® (Current Procedural Terminology) is a registered trademark of the American Medical Association (AMA). CPT® five
digit codes, nomenclature and other data are copyright 2023 American Medical Association. All Rights Reserved. No fee

schedules, basic units, relative values or related listings are included in the CPT® book. AMA does not directly or indirectly
practice medicine or dispense medical services. AMA assumes no liability for the data contained herein or not contained

herein.
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NCCN notice

All information provided by the NCCN is “Referenced with permission from the NCCN
Clinical Practice Guidelines in Oncology (NCCN Guidelines™) © 2017, 2018, 2019,
2020, 2021, 2022, and 2023 National Comprehensive Cancer Network. The NCCN
Guidelines™ and illustrations herein may not be reproduced in any form for any
purpose without the express written permission of the NCCN. To view the most recent
and complete version of the NCCN Guidelines, go online to NCCN.org.”
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Preface to the Radiation Oncology
Guidelines

v1.0.2023

Prior Authorization Requirements
The cobranded Cigna-eviCore healthcare (eviCore) guidelines apply an evidence-
based approach to evaluate the most appropriate medically necessary regimen for
each individual. For requests that fall outside of guidelines, submission of medical
records are needed to document an individual's current clinical status and why an
exception to policy is being requested. Without this information, medical necessity
for the request cannot be established.

Specific elements of an individual's medical records commonly required to

establish medical necessity include, but are not limited to:

o Recent (within 60 days) virtual or in-person Radiation Oncology consultation
which includes a detailed history, physical examination and diagnosis including
stage of disease and type of tumor

o Radiation prescription and treatment plan(s) including the documentation of the
technique and number of treatments (fractions) prescribed

o Imaging studies (ie, those ordered to stage an individual)

o Reports from other providers participating in treatment of the relevant condition

Out of Scope Treatments
o Requests for Optune®, MRgFUS (MR-guided focused ultrasound), GliaSite®
and HIPEC (Hyperthermic Intraperitoneal Chemotherapy) are not reviewed by
eviCore and, as such, these requests should be directed to Cigna.
o In addition, requests for radiation treatment given to an individual during an
inpatient stay (ie, non-breast IORT) should be directed to Cigna.

Similar or Duplicate Requests
o Requests that are similar or duplicative to a treatment recently approved will
require additional individual clinical information to determine medical necessity.

Sequential Versus Concurrent Requests
o When multiple lesions are present in a single episode of care, treatment should
be delivered concurrently, rather than sequentially.

Medicare Coverage Policies
o For Medicare and Medicare Advantage enrollees, the coverage policies of

CMS (Centers for Medicare and Medicaid Services) supersede eviCore’s
guidelines.

©2023 eviCore healthcare. All Rights Reserved. 6 of 313
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Experimental, Investigational or Unproven (EIU) Studies
o Certain treatments may be considered experimental, investigational or
unproven (if there is a paucity of supporting evidence, if the evidence has not
matured to exhibit improved health parameters, or the treatment lacks a
collective opinion of support).

Clinical and Research Trials

o Similar to experimental, investigational or unproven studies, clinical trial

requests will be considered to determine whether they meet Cigna coverage
and eviCore’s evidence-based guidelines.

Radiopharmaceuticals

o All radiopharmaceuticals approved by the United States Food & Drug

Administration (FDA) and used for the direct treatment of cancer are subject to
governance within this document.

o AllU.S. Food and Drug Administration (FDA) approved radiopharmaceuticals
used for direct cancer treatment not currently addressed in the eviCore
Radiation Oncology Guidelines will be recognized as medically necessary
when used in accordance with the FDA indication.

Legislative Mandate

o State and federal legislations may need to be considered in the review of
radiation oncology requests.

Reference

https://www.cms.gov/Medicare/Medicare-Fee-for-Service-Payment/AcutelnpatientPPS/Downloads/
FY_ 14 Definition_of-Medicare_Code_Edits V_31_Manual.pdf.
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Abbreviations and Definitions for
Radiation Oncology Guidelines

v1.0.2023

Abbreviation Definition

3D Three-dimensional

3DCRT Three-dimensional conformal radiation
therapy

ACR American College of Radiology

ADT Androgen deprivation therapy

AJCC American Joint Committee on Cancer

AML Acute myeloid leukemia

APBI Accelerated partial breast irradiation

AP-PA Anteroposterior-posteroanterior

ASTRO American Society for Radiation Oncology

Brachy Brachytherapy

BUN Blood urea nitrogen

CALGB Cancer and Leukemia Group B

CBC Complete blood count

CNS Central nervous system

CRA Cardiac radioablation

CT Computed tomography

DES Drug-eluting stent

DIBH Deep inspiration breath hold

DLBCL Diffuse large B cell ymphoma

EBRT External beam radiation therapy

ECOG Eastern Cooperative Oncology Group

EORTC European Organisation for Research and
Treatment of Cancer

EIU Experimental, investigational or unproven

FDA Food and Drug Administration

FIGO International Federation of Gynecology
and Obstetrics
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Abbreviation Definition

GOG Gynecologic Oncology Group

GS Gleason score

Gy Gray

HA-WBRT Hippocampal-avoidance whole brain
radiation therapy

HDR High-dose rate

IGRT Image-guided radiation therapy

ILROG International Lymphoma Radiation
Oncology Group

IMRT Intensity-modulated radiation therapy

IORT Intraoperative radiation therapy

IRF Intermediate risk factor

KPS Karnofsky performance status

LDH Lactate dehydrogenase

LDR Low-dose rate

MDS Myelodysplastic syndrome

MRI Magnetic resonance imaging

NCCN® National Comprehensive Cancer Network

NK Natural killer

NSABP National Surgical Adjuvant Breast and
Bowel Project

NSCLC Non-small cell lung cancer

OS Overall survival

PBT Proton beam therapy

PCI Prophylactic cranial irradiation

PET Positron emission tomography

PFS Progression free survival

PSA Prostate specific antigen

PTV Planning target volume

QUANTEC Quantitative Analysis of Normal Tissue
Effects in the Clinic

RECIST Response Evaluation Criteria in Solid
Tumors
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400 Buckwalter Place Boulevard, Bluffton, SC 29910 (800) 918-8924

9 of 313
www.eviCore.com



http://www.eviCore.com/

Radiation Oncology Guidelines V1.0.2023

Abbreviation Definition

RFS Relapse-free survival

RTOG Radiation Therapy Oncology Group

SBRT Stereotactic body radiation therapy

SCLC Small cell lung cancer

SEER Surveillance, Epidemiology, and End
Results Program

SRS Stereotactic radiosurgery

SWOG Southwest Oncology Group

TBI Total body irradiation

VMAT Volumetric modulated arc therapy

WBRT Whole brain radiation therapy

WHO World Health Organization

Definitions

The Karnofsky Performance Status and the ECOG Performance Status are commonly
used to assess the functional status of an individual. These two commonly accepted
scales help: a.) classify an individual according to their functional impairment, b.)
compare the effectiveness of therapies, and c.) assess the prognosis of an individual.

Karnofsky scale

The Karnofsky Performance Scale Index is a scale used to classify an individual
according to functional impairment to assess their prognosis. The scale is scored using
percentages for functional capacity ranging from normal health to death. The scale
includes the following:

Index Specific criteria General category

100 Normal, no complaints, no |Able to carry on normal
evidence of disease. activity; no special care

90 Able to carry on normal needed.

activity, minor signs or
symptoms of disease.

80 Normal activity with effort,
some signs or symptoms of
disease.

70 Cares for self, unable to Unable to work, able to live
carry on normal activity or |at home and care for most
to do active work. personal needs, varying
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Index Specific criteria General category

60 Requires occasional amount of assistance
assistance from others but |needed.
able to care for most needs.

50 Requires considerable
assistance from others and
frequent medical care.

40 Disabled, requires special |Unable to care for self,
care and assistance. requires institutional or
30 Severely disabled, hospital care or equivalent,

disease may be rapidly

hospitalization indicated, :
progressing.

death not imminent.

20 Very sick, hospitalization
necessary, active
supportive treatment

necessary.
10 Moribund
0 Dead

Mor V, Laliberte L, Morris JN, Wiemann M. The Karnofsky Performance Status Scale.
An examination of its reliability and validity in a research setting. Cancer.
1984;53(9):2002-2007. doi:10.1002/1097-0142(19840501)53:9<2002::aid-
cncr2820530933>3.0.co;2-w

Eastern Cooperative Oncology Group (ECOG) performance scale

The ECOG performance scale is used to measure an individual’s level of functioning,
specifically their: a.) ability to care for themselves, b.) daily activity, and c.) physical
ability. The ECOG scale includes the following grades:

GRADE ECOG PERFORMANCE STATUS

0 Fully active, able to carry on all pre-
disease performance without restriction

1 Restricted in physically strenuous activity
but ambulatory and able to carry out work
of a light or sedentary nature, e.g., light
house work, office work

2 Ambulatory and capable of all selfcare but
unable to carry out any work activities; up
and about more than 50% of waking hours

3 Capable of only limited selfcare; confined
to bed or chair more than 50% of waking
hours

©2023 eviCore healthcare. All Rights Reserved. 11 of 313
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GRADE ECOG PERFORMANCE STATUS

4 Completely disabled; cannot carry on any
selfcare; totally confined to bed or chair

5 Dead

ECOG performance status. ECOG-ACRIN.org. https://ecog-acrin.org/resources/ecog-
performance-status. Accessed May 3, 2021.

References

1. ECOG performance status. ECOG-ACRIN.org. https://ecog-acrin.org/resources/ecog-performance-status.

2. Karnofsky Scale. Cancer.gov. https://training.seer.cancer.gov/followup/procedures/dataset/karnofsky.htmi

3. MorV, Laliberte L, Morris JN, Wiemann M. The Karnofsky Performance Status Scale. An examination of its
reliability and validity in a research setting. Cancer. 1984;53(9):2002-2007. doi:10.1002/1097-
0142(19840501)53:9<2002::aid-cncr2820530933>3.0.co;2-w
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Brachytherapy of the Coronary
Arteries

v1.0.2023

POLICY

I. A single treatment of coronary artery brachytherapy is considered medically
necessary for EITHER of the following:

A. When used as an adjunct to percutaneous coronary intervention (PCI) for

treatment of in-stent restenosis (ISR) in a native coronary artery or
saphenous vein graft (SVG) stent

B. For recurrent ISR who are not candidates for repeat drug-eluting stents
(DES) or bypass surgery

II. All other indications are considered experimental, investigational or unproven
(EIV).

DISCUSSION

Revascularization of obstructed arteries due to coronary artery disease (CAD) may be
accomplished by PCI with balloon angioplasty, a minimally-invasive procedure in which
a catheter with an inflatable balloon at the tip is inserted into the lumen of the artery
and inflated, dilating the area of blockage. Coronary stents are implanted in most
patients during PCI, resulting in lower rates of restenosis compared to balloon
angioplasty alone. Several DES have been developed to minimize the incidence of
restenosis, and represent approximately 70% to 90% of stent implantations. The
choice of stent (bare metal vs. drug-eluting) depends on various factors, including
lesion location and morphology, patient characteristics, and the patient’s ability to
adhere to the extended period of dual antiplatelet therapy required for drug-eluting
stents. In-stent restenosis continues to be a significant problem with bare metal stents,
and is thought to be caused by neointimal hyperplasia within the stent. Several
mechanical treatments of in-stent restenosis were attempted, including balloon re-
dilatation, removal of in-stent hyperplasia by atherectomy, and repeated bare metal
stenting. Brachytherapy was introduced as a method to treat in-stent restenosis by the
delivery of gamma or beta radiotherapy via a catheter-based system. Brachytherapy
affects the proliferation of smooth muscle cells that are responsible for restenosis, and
may be used to treat in-stent restenosis of native coronary arteries and SVGs. The role
of brachytherapy has diminished, however, and drug-eluting stents have emerged as
the preferred method of treatment for in-stent restenosis. Brachytherapy may play a
role in treatment of selected patients, however.

I.  In-stent restenosis of native coronary arteries and SVGs
A. Several early multicenter trials of brachytherapy demonstrated the treatment
benefits of intracoronary radiation for the treatment of in-stent restenosis:
1. INitial Hyperplasia Inhibition with Beta In-stent Trial [INHIBIT], Waksman
et al (2002)

©2023 eviCore healthcare. All Rights Reserved. 14 of 313
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2. STents And Radiation Therapy [START], Popma et al (2002)

3. GAMMA-1 trial, Leon et al (2001)

4. Coronary Radiation to Inhibit Proliferation Post Stenting [SCRIPPS],
Teirstein et al (1997)

5. Washington Radiation for In-Stent Restenosis Trial [WRIST], Ajani et al
(2002)

Elis et al, for the TAXUS V ISR Investigators (2008), conducted a
randomized study to evaluate 2-year outcomes of treatment with a paclitaxel-
eluting stent (PES) (n = 195) or brachytherapy (n = 201) in patients referred
for PCI for bare metal stent in-stent restenosis. Between 9 and 24 months,
ischemia-driven target lesion revascularization (TLR) tended to be required
less in the PES group compared to the brachytherapy group (5.3% vs.
10.3%, p = 0.07). At 24 months, ischemia-driven TLR and ischemia-driven
target vessel revascularization (TVR) were significantly reduced in the PES
group compared to the brachytherapy group (10.1% vs. 21.6%, p = 0.003,
and 18.1% vs. 27.5%, p = 0.03, respectively). There were no significant
differences between the 2 groups in death, myocardial infarction, or target
vessel thrombosis between 12 and 24 months, or cumulative to 24 months.
Holmes et al, for the SISR Investigators (2008) conducted a randomized trial
to evaluate the safety and efficacy of sirolimus-eluting stents (SES) (n = 259)
compared to vascular brachytherapy (VBT) (n = 125) for treatment of in-stent
restenosis in a bare metal stent. At 3 years, survival free from TLR or TVR
was significantly improved with SES; freedom from TLR was 81.0% for SES
vs. 71.6% for brachytherapy, p = 0.018; TVR was 78.2% for SES vs. 68.8%
for brachytherapy, p = 0.022. Target vessel failure and major adverse cardiac
events (MACE) were improved with SES but did not reach statistical
significance. There was no statistically significant difference in definite or
probable stent thrombosis between the 2 groups. Five-year follow-up of the
SISR trial was published by Alli et al in 2012. There were no differences in
safety or efficacy outcomes for treatment of BMS restenosis with SES vs.
VBT. There were no significant differences in survival free from TLR, TVR, or
major adverse cardiac events between the 2 groups.

Drug-eluting stents were compared to beta-radiation for the treatment of in-
stent restenosis in a case series conducted by Zavalloni et al (2006). The first
68 patients (group |) were treated with brachytherapy using the Novoste™
Beta-Cath™ system. The latter 73 patients (group Il) were treated with a
Cypher™ sirolimus-eluting stent or a Taxus™ paclitaxel-eluting stent. Nine
months following treatment, restenosis rates were 37.8% (28/74) for patients
in group | and 14.9% (11/74) for patients in group Il (p = 0.0028). A diffuse
pattern of recurrence was more frequently seen after brachytherapy (20/74
vs. 6/74, p = 0.005). The “edge effect” following brachytherapy was
associated with worse outcomes and accounted for most failures. Recurrence
within the original restenotic stent was similar in both groups (12.9% vs.
14.9%, p = 0.8). Patients treated with drug-eluting stents for diffuse in-stent
restenosis experienced more favorable clinical and angiographic outcomes
compared to a similar cohort of patients treated with beta-brachytherapy.
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E. Brachytherapy has also been used to successfully treat in-stent restenosis in

F.

SVGs. The SVG-WRIST trial (Waksman et al, 2002), a randomized, double-
blind, placebo-controlled trial, evaluated the effect of intravascular gamma
radiation in 120 patients with in-stent restenosis in saphenous vein grafts.
Patients underwent balloon angioplasty, atherectomy, additional stenting or a
combination of these procedures. If the intervention was successful, patients
were randomly assigned in a double-blind fashion to intravascular treatment
with a ribbon containing iridium-192 (n = 60) or nonradioactive seeds (n =
60). Revascularization and radiation therapy were successful in all patients.
At 6 months, the restenosis rate was lower in the iridium-192 group (21%)
than in the placebo group (44%). At 12 months, revascularization of the target
lesion was lower in the iridium-192 group (17%) than in the placebo group
(57%). The rate of major cardiac events at 12 months was also lower in the
iridium-192 group (32%) than the placebo group (63%).

Rha et al (2005) published a follow-up to the SVG-WRIST trial to determine
whether the safety and efficacy of brachytherapy is durable. At 36 months,
target lesion revascularization (TLR), repeat percutaneous transluminal
coronary angioplasty (PTCA) and TLR-major adverse cardiac events (MACE)
remained significantly lower in the irradiated group, although TVR and TVR-
MACE did not. The beneficial effect and efficacy of irradiation declined with
time and manifested with late recurrences. The authors stated that
saphenous vein grafts are known to degenerate over time, and when PCl is
required, the clinical outcome of these patients is markedly impaired. The
outcomes of patients in the SVG-WRIST trial are driven, therefore, by the
restenotic process, with a high likelihood that graft failure was a result of
progression of degenerative disease within the graft or within the native
coronary arteries distal to the graft. The authors concluded that patients in the
SVG-WRIST trial treated with brachytherapy had a marked reduction in the
need for repeat TLR at 36 months, with sustained clinical benefit at 3 years
despite late recurrences, which were more pronounced in the irradiated

group.

II.  Meta-analyses
A. A meta-analysis by Lu et al (2012) was conducted to determine whether DES

implantation remains favorable in large sample size and long-term follow-up
when compared to intracoronary brachytherapy (ICBT) in patients with in-
stent restenosis. The analysis included 1942 patients in 12 controlled trials (4
randomized controlled and 8 nonrandomized controlled trials). DES were
significantly more effective in reducing TVR (p = 0.009) and binary restenosis
(p < 0.00001) compared to ICBT at a midterm follow-up of 6 to 12 months.
There were no significant differences in cardiac death, MI, and late stent
thrombosis at midterm follow-up. At a follow-up of 24 to 36 months, there
continued to be no significant difference in cardiac death (p = 0.59) or Ml (p =
0.65), although a statistically significant difference was found in TVR (p =
0.005) in favor of DES.

B. Oliver et al (2008) conducted a meta-analysis of randomized trials assessing

the outcome of brachytherapy or drug-eluting stents for the treatment of in-
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stent restenosis. The analysis included 14 studies/3103 patients. Neither
treatment had any effect on mortality or rate of myocardial infarction. At
intermediate follow-up, brachytherapy reduced the rate of revascularization,
binary restenosis, and late loss compared to balloon angioplasty and
selective bare metal stents alone. MACE rates were lower in patients treated
with brachytherapy at both intermediate and long-term follow-up. Drug-eluting
stents reduced the rate of revascularization, MACE, and binary restenosis
compared to brachytherapy, but follow-up was limited to 9 months. The
authors concluded that vascular brachytherapy improves the long-term
outcome of angioplasty compared with bare metal stents alone in the
treatment of in-stent restenosis, and drug-eluting stents appear to provide
similar results during short-term follow-up.

C. Uchida et al (2006) conducted a meta-analysis of randomized controlled trials
comparing intracoronary gamma- and beta-radiation therapy to placebo for
in-stent restenosis. The authors assessed the comparative effectiveness of
brachytherapy and of the 2 radiation sources. They also evaluated the
performance of the procedure in native coronary arteries and SVG. Five
randomized controlled trials that compared brachytherapy to placebo in 1310
patients were reviewed. There was considerable between-study variance,
and diabetes was found to be a significant factor in this variance. In
multivariate meta-regression analyses adjusted for diabetes and lesion
length, neither gamma radiation source nor SVG was a significant factor for
the between-study variance (p = 0.675 and 0.433, respectively). Neither
gamma radiation in SVG nor difference in radiation source (beta or gamma)
in native coronary arteries was a significant factor in brachytherapy
effectiveness compared to placebo. Intracoronary brachytherapy was
effective compared to placebo at mid-term follow-up.

D. Additional proposed indications include:

1. Intracoronary brachytherapy has been proposed as a treatment for new
stenosis of native coronary arteries and SVG, as well as restenosis of
native coronary arteries and SVG at the unstented site of a previous PCI.

2. Brachytherapy has also been evaluated as a method of primary
prevention of restenosis after stent implantation for de novo lesions.

3. VBT may be used for recurrent drug-eluting stent in-stent restenosis.
Recent studies have shown that VBT is safe with low recurrence rates at
1 year post procedure. It is considered to be a safe short-term method of
restoring patency although repeat intervention will be eventually
considered medically necessary. In a study of 186 patients with 283
lesions, Negi et al (2016), unstable angina was treated with balloon
angioplasty followed by VBT. In 99% of cases, treatment was delivered
without adverse effects. Similarly, Ohri et al (2016), reported on 134
patients with 141 treated lesions as well as a control group of 37 patients.
This study confirmed the safety and usefulness of the procedure in a high
risk population. Additional investigation was recommended

E. Inthe BetAce randomized trial, Ribichini et al (2006) evaluated brachytherapy
for prevention of in-stent restenosis after angioplasty of de novo lesions in
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patients with high plasma angiotensin converting enzyme (ACE). Elevated
plasma ACE levels have been proposed to increase the risk of in-stent
restenosis. Thirty-one patients (33 stenoses) were randomized to stent
implantation (control group), and 30 patients (31 stenoses) were randomized
to brachytherapy and stented angioplasty. Following angioplasty, in-stent
minimal lumen diameter (MLD) was similar in both groups. At 6 months, MLD
had decreased in the control group to 1.74 £ 0.8 mm, compared to 2.25 *
1.05 mm in the brachytherapy group. The mean in-stent diameter was 2.3 +
0.8 mm in the control group vs. 2.9 £ 1.05 mm in the brachytherapy group,
and the restenosis rate was 37.5% in the control group vs. 17.9% in the
brachytherapy group. At 6 months, a higher need for TVR was seen in the
control group (35.5%) than in the brachytherapy group (13.3%). The authors
concluded that this study confirms that patients with high plasma ACE levels
are exposed to an increased risk for in-stent restenosis and that the
preventive use of brachytherapy in these patients reduced neointimal
formation and increased MLD.

Ferrero et al (2007) reported 5-year follow-up of the BetAce trial, analyzing
the incidence of death, myocardial infarction (MI), and ischemia-driven target
vessel revascularization (TVR). The incidence of stent thrombosis was
slightly higher in the brachytherapy group (10%) than in the control group
(6.5%). This difference was not statistically significant. Although there was a
significantly higher need for TVR in the control group at 6 months, the
difference lost its significance at 12 months and 5 years because of a late
catch-up phenomenon in the brachytherapy group, with a higher incidence of
edge stenosis and stent occlusion. Five-year event-free survival rank for
death, Ml and TVR was 43% in the brachytherapy group compared to 45% in
the control group (p = 0.95). The occurrence of additional ischemic events in
both groups equalized the long-term clinical outcomes. The authors stated
that intracoronary beta radiation at the time of stent implantation only
transiently prevents excessive neointimal proliferation that leads to stenosis
recurrence in the first year after treatment. The late catch-up phenomenon,
along with the natural progression of the atherosclerotic disease in other
segments, is responsible for the loss of the clinical benefit of brachytherapy in
the long term.

Syeda et al (2006) conducted a double-blind, randomized trial of beta
brachytherapy for prevention of restenosis after stent implantation in native
coronary de novo lesions. Eighty-nine diabetic individuals (106 lesions) were
randomly assigned to treatment with beta radiation or placebo treatment.
Angiographic analysis at 9 months demonstrated a late lumen loss of 0.7 +
0.9 mm in the brachytherapy group vs. 1.2 + 0.8 mm in the control group at
the injured segment, 0.9 £ 1.0 vs. 1.3 £ 0.7 mm at the radiated segment, and
0.9 £ 1.0 vs. 1.3 £ 0.7 mm at the target segment. Binary restenosis rates
were significantly lower in the brachytherapy group in all subsegments. TVR
for restenosis was necessary in 9 lesions (17.6%) in the brachytherapy group
vs. 18 (34%) in the placebo group. Late thrombosis occurred in 4
brachytherapy patients after premature discontinuation of antiplatelet therapy,
resulting in a MACE rate of 37.2%, compared to 38.6% in the placebo group.
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The authors concluded that, in diabetic patients with de novo coronary
lesions, intracoronary radiation after stent implantation significantly reduced
restenosis. This clinical benefit was reduced, however, by the frequent
occurrence of new thrombosis

lll. Professional societies/organizations

A. A guideline update for coronary artery revascularization published by the
American College of Cardiology (ACC), American Heart Association (AHA)
and the Society for Cardiovascular Angiography and Interventions (SCAI)
(Lawton et al, 2022) states that "compared with other therapies, DES appears
to provide the most benefit" to the treatment of restenosis. As such, DES is
considered a level | recommendation. On the other hand, brachytherapy is
now considered a level 2b recommendation and may be considered in
patients who have recurrent ISR "with an artery that is unfavorable to receive
another DES" or "who are not good candidates for bypass surgery."

B. Guidelines for PCl issued by the European Society of Cardiology (ESC) state
that brachytherapy proved to be the only evidence-based nonsurgical
treatment for in-stent restenosis. The guideline also states that a prolonged
intake of clopidogrel for 1 year after radiation is necessary. The ESC
guideline recommends brachytherapy for the treatment of in-stent restenosis
in native coronary arteries as a Class 1A recommendation. Brachytherapy for
treatment of in-stent restenosis of a saphenous vein bypass graft is
considered as a Class 1B recommendation. Class | indicates evidence and/or
general agreement that a given diagnostic procedure/treatment is beneficial,
useful and effective. Level of evidence A indicates that data is derived from
multiple randomized clinical trials or meta-analyses, while level of evidence B
indicates data is derived from a single randomized clinical trial or large non-
randomized studies (Silber et al, 2005).

C. 2018 Guidelines on Myocardial Revascularization developed by The Task
Force on Myocardial Revascularization of the European Society of Cardiology
(ESC) and the European Association for Cardio-Thoracic Surgery (EACTS)
state that for "restenosis associated with angina or ischaemia... repeat
revascularization and repeat PCI remains the strategy of choice for most
patients." The authors further indicate that "the results from DES are superior
to those obtained with balloon angioplastyy, BMS implantation, or
brachytherapy.”

IV. Summary

Prior to the widespread use of drug-eluting stents, in-stent restenosis following
percutaneous coronary intervention (PCl) was a significant clinical problem,
frequently resulting in the need for repeat revascularization procedures.
Intracoronary brachytherapy was shown to be an effective treatment for in-stent
restenosis of native coronary arteries or saphenous vein grafts. Brachytherapy
procedures have decreased in frequency, however, and drug-eluting stents have
emerged as the treatment of choice in the majority of cases. Brachytherapy may
still play a role in the treatment of in-stent restenosis in selected patients, however.
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There is insufficient evidence in the published medical literature to demonstrate
the safety and efficacy of brachytherapy for expanded indications, including
treatment for new stenosis of native coronary arteries and SVGs; restenosis of
native coronary arteries and SVGs at the unstented site of a previous PCI; or as
primary prevention of restenosis after stent implantation for de novo lesions.
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Hyperthermia

v1.0.2023

POLICY
I.  The use of hyperthermia and concurrent external beam radiation therapy
treatment is considered medically necessary for ANY of the following:

A. Superficially recurrent melanoma
B. Chest wall recurrence of breast cancer

C. Recurrent cervical lymph nodes from head and neck cancer

Treatment of the above conditions will be approved in the absence of BOTH
of the following:

A. Metastatic disease for which chemotherapy or hormonal therapy is being
given concurrently
B. Evidence of tumor recurrence exceeding 4 cm in depth

When hyperthermia is indicated, no more than 10 hyperthermia treatments
delivered twice weekly at 72- hour intervals should be utilized

II. The use of hyperthermia is considered experimental, investigational or unproven
(EIU) for EACH of the following:

A. Intraluminal hyperthermia
B. Endocavitary hyperthermia
C. Interstitial hyperthermia
D. Regional deep tissue hyperthermia exceeding 4 cm in depth
E. Whole body hyperthermia
DISCUSSION

After initial enthusiasm for the use of hyperthermia in the late 1970s, interest waned
with the publication of studies showing little or no benefit in the mid-1980s. Later review
of the negative findings disclosed that the critical temperature necessary for
hyperthermic cell death, 42 to 43 degrees centigrade (C), was either poorly measured
or poorly maintained in these studies. Point measurements rather than volume
mapping of thermal gradients were relied upon in planning these hyperthermia studies.

Renewed interest in the use of hyperthermia began to emerge in both Europe and the
United States (US) in the 1990s. Research from Duke University, Northwestern
University, University of Southern California, Stanford University, Washington
University, as well as centers in Holland, Germany, Norway, Austria, Italy and
Switzerland have contributed substantially to the emergence of hyperthermia as a
useful treatment modality when combined with radiation therapy.

Currently, in the US, the Food and Drug Administration (FDA) has approved
hyperthermia for use in the treatment of cancer when combined with radiation therapy
for the “...palliative management of certain solid surface and subsurface malignant
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tumors (i.e. melanoma, squamous or basal cell tumors, adenocarcinoma, or sarcoma)
that are progressive or recurrent despite conventional therapy...”.

Following FDA approval, Medicare approved coverage for local hyperthermia when
used together with radiation therapy. A National Coverage Determination (NCD 110.1)
was issued by Medicare (CMS) in December 1984 and remains unchanged. It states,
“Local hyperthermia is covered under Medicare when used in conjunction with radiation
therapy for the treatment of primary or metastatic cutaneous or subcutaneous
superficial malignancies. It is not covered when used alone or in connection with
chemotherapy.”

Although research into hyperthermic treatments at depths greater than 4 cm is ongoing
in the US, it is currently recognized only as investigational, as are intraluminal,
endocavitary, and interstitial applications.

On May 15, 2009, the FDA granted humanitarian use device (HUD) status to the BSD-
2000 and on November 18, 2011, the FDA granted humanitarian device exemption
(HDE) to the BSD-2000 for the treatment of cervical cancer patients ineligible for
chemotherapy (treatment population less than 4,000). This is the only approval for
deep heating and only actual costs incurred in the research may be billed. Other
applications for deep heating are pending for both BSD and Medifocus devices.

In the US, only the BSD-500 has FDA commercial clearance for superficial heating
(less than a 4 cm depth). This is currently the only device approved for reimbursement.
It operates at the microwave range of 915 MHz with different applicators and power
setting ranging from 20 to 250 watts. The standard recommended treatment regimen
for use with radiation therapy is a “...total of 10 hyperthermia treatments delivered two
times per week at 72-hour intervals, with each heat treatment preceded or followed by
a standard prescribed dose of ionizing radiation within 30 minutes of the heat
treatment.” A sustained intratumoral temperature of 42.5 degrees C for 60 minutes is
recommended.

The FDA granted pre-market approval for the Sonotherm® 1000 Ultrasound Therapy
System on September 29, 1989. This approval was for hyperthermia to treat tumors at
a depth of 8 cm. Although FDA approval was granted, the device remains in clinical
study and is designated EIU.

There are 3 clinical sites in which randomized studies have documented the benefit of
hyperthermia given in conjunction with radiotherapy.

1. Melanoma - 134 metastatic or recurrent lesions of malignant melanoma in 70
patients were randomly assigned to receive radiation therapy (3 fractions of 8 or 9
Gy over 8 days) alone or followed by hyperthermia (43 degrees C for 60 minutes).
Beneficial local effect was 28% for radiation alone and 46% for combined treatment.
Toxicity was not higher with hyperthermia (Overgaard, 1995)

2. Breast - 5 randomized trials were combined to report the benefit of combined
treatment for superficial localized breast cancer. The control rate for radiation
therapy alone was 41%, while that for combined treatment was 59%. The greatest
effect was observed in patients with recurrent lesions in previously irradiated
lesions where further irradiation was limited to low doses (Vernon, 1996)
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3. Head and neck metastatic lymph nodes — a randomized study of 44 nodes in 41
patients confirmed the improved 5-year actuarial nodal control of the combined
treatment arm. In addition, the study reports a statistically significant improvement
in survival at 5 years, and no increased toxicity from combined modality therapy
(Valdagni, 1994)
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Image-Guided Radiation Therapy
(IGRT)

v1.0.2023

POLICY

I.  IGRT during intensity-modulated radiation therapy (IMRT)

A. IGRT is considered medically necessary when IMRT has been approved and

is being utilized.
II.  IGRT during three-dimensional conformal radiation therapy (3DCRT)

A. IGRT in conjunction with definitive treatment with 3DCRT is considered
medically necessary in the following circumstances:
1. Treatment of the hepatobiliary tract
2. Treatment of head and neck cancer
3. Treatment of Hodgkin and non-Hodgkin lymphoma
4. Treatment of lung cancer
5. Treatment of prostate cancer
6. Treatment of esophageal cancer
7. Treatment of gastric cancer
8. Treatment of pancreatic cancer
9. Treatment of adrenal gland cancer
10. Treatment of pelvic cancers (ie, rectal cancer) when the individual is in the

prone position on a belly board
11. During breast boost when using photons
12.During external beam-based accelerated partial breast irradiation (APBI)
13.During treatment of left breast cancer when a deep inspiration breath hold
(DIBH) technique is being used

14.Treatment of breast cancer when the individual is in the prone position
15.During the boost to the bladder

16. Preoperative or postoperative treatment of sarcomas

B. When the planning target volume (PTV) is in close proximity to a previously
irradiated area

Ill. IGRT during stereotactic radiosurgery (SRS)/stereotactic body radiation therapy

(SBRT)

A. For SBRT, the IGRT codes may not be billed separately because by
American Medical Association (AMA) definition they are bundled and included
in the daily treatment codes. In addition, the IGRT codes may not be billed
separately with SRS as stated in the American Society for Radiation
Oncology (ASTRO) Coding Guide.

IV. IGRT and brachytherapy

A. In brachytherapy cases, imaging is considered medically necessary to verify
source position in all but the simplest of cases. The images may also be used
to perform dosimetry calculations. Use of applicable simulation and/or field
verification codes is appropriate, such as CPT® Code 77280.
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V. IGRT and superficial radiation therapy or electron beam therapy
A. The use of IGRT with either superficial radiation therapy or electron beam
therapy is considered not medically necessary.

VI. Medical necessity for the use of IGRT is determined by the diagnosis. The use of
certain types of radiation equipment does not by itself make IGRT medically
necessary.

DISCUSSION

IGRT is a method by which image guidance is applied to place the isocenter for the
upcoming treatment appropriately. This technology typically is applied for an individual
undergoing intensity-modulated radiation therapy (IMRT). However, in some cases in
which the isocenter is the main concern, IGRT occasionally can be used with three-
dimensional conformal radiation therapy (3DCRT). The American Society for Radiation
Oncology (ASTRO) together with the American College of Radiology (ACR) have
published practice parameters (Luh et al, 2020) and technical standards (Cheng et al,
2014) regarding IGRT. In addition, in their Radiation Oncology Coding Resource,
ASTRO has addressed IGRT in detail.

Historical methodology of using port films to confirm patient set-up and block
placement has not been replaced by IGRT. For example, the Coding Resource states
“...guidance and tracking are not indicated..." when "...replacing ’port check’ imaging
when target localization is not medically necessary." Outside of treatment procedures
requiring only isocenter placement, port films and/or verification simulations are still the
appropriate modalities. If the isocenter placement is the primary concern (ie, for IMRT),
then IGRT is typically the method utilized. This does, however, imply the target can be
localized with the specific IGRT modality requested (ie, stereoscopic imaging for target
localization, computed tomography (CT) guidance for field placement or ultrasound
(US) guidance for field placement) (Weiss et al, 2011). In the event no target is
localized, blocking and patient set-up is accomplished through typical alignment of
bony structures using portal imaging; appropriate coding for port films would apply.

Effective 1/1/2015, IGRT techniques are covered under 2 different coding systems.
CPT® code 77387 is for billing in the Hospital Outpatient Prospective Payment System
(HOPPS) and for those non-Medicare health plans that accept this definition. Also, the
new IMRT treatment delivery CPT® codes (77385 and 77386) include IGRT guidance
and tracking, when performed. The technical component of IGRT (77387-TC) is
packaged into the IMRT service with which it is performed, and is not reported
separately. In the Medicare Physician Fee Schedule (MPFS) setting, as well as the
Healthcare Common Procedure Coding System (HCPCS) setting, the G-Code system
has replaced CPT® codes. G6001 replaces CPT® code 76950, G6002 replaces CPT®
code 77421, and G6017 replaces CPT® code 0197T. In contrast to the HOPPS
reporting, IGRT is not bundled into IMRT for MPFS and HCPCS and is reported
separately.

Respiratory motion management may be clinically appropriate for treating some
cancers, including lung cancer and some cases of breast cancer (deep inspiration
breath hold [DIBH]). Respiratory tracking by continuous localization systems or four-
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dimensional CT (4D-CT) are now included in CPT® code 77387. This code is for billing
in the HOPPS and for those non-Medicare health plans that accept this definition. In
the MPFS setting as well as the HCPCS setting, the G-Code G6017 has replaced
CPT® code 0197T. In the hospital-outpatient setting G6017 is considered image
guidance and is packaged into the primary service payment.

In IGRT-approved cases, only 1 method or technique of IGRT is allowed daily.
CPT® codes 77370 and 77470 should not be billed based on the use of IGRT.
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Neutron Beam Therapy

v1.0.2023

POLICY

I.  Neutron beam radiotherapy is considered experimental, investigational or
unproven (EIU) for all indications and diagnoses.

DISCUSSION

There is limited research, resulting in a lack of substantial information on the clinical
effectiveness of neutron beam therapy, although it has been tried in soft tissue
sarcoma, prostate cancer, pancreas, colon, and lung cancers amongst others. The lack
of data and comparative trials limits its designation to EIU. Currently, the University of
Washington Medical Cyclotron Facility in Seattle is the only clinical neutron facility in
the United States.

The effectiveness of neutrons as treatment of choice in the treatment of salivary gland
tumors was previously confirmed by Stannard et al. (2013) with the treatment of 335
patients at IThemba Labs. The patients had either unresectable tumors or had gross
macroscopic residual disease. Local regional control was 60.6% at 5 years and 39.1%
at 10 years. Disease specific survival was 66.8% at 5 years and 53.7% at 10 years.

In a retrospective case series, Davis et al (2016) reported on 140 patients with salivary
gland malignancy of the oral cavity and the sublingual and submandibular glands. The
6-year locoregional control rate was 72.2% and the 6-year overall survival was 58%. Of
27 patients that completed a quality of life (QOL) survey, 20 (74%) reported
xerostomia, 15 (56%) reported trismus, 14 (52%) reported dysphagia, 11 (41%)
reported difficulty chewing, 9 (34%) reported dysgeusia, 8 (30%) reported speech
changes, 8 (30%) had osteoradionecrosis (ORN), 7 (26%) reported an increase in
dental decay and 7 (26%) reported pain.

In a follow-up publication, Timoshchuk et al (Oral Oncol 2019) reported on 545 patients
with parotid (56%), submandibular (16%) and base of tongue (12%) malignancies. The
6- and 10-year locoregional control rates were 84% and 79% respectively. The 6- and
10-year freedom from distant metastases rates were 80% and 77% respectively. The
6- and 10-year overall survival rates were 72% and 62% respectively. On multivariate
analysis, female sex, age, neck involvement, microscopic lymphovascular invasion and
surgery/margin status were all found to be statistically significantly associated with
overall survival. With respect to toxicity, 89% experienced xerostomia and 79%
mucositis during treatment. At 10 years, 78 of 545 patients were able to provide data
on long-term complications, with 72% reporting xerostomia, 61.5% trismus, 46%
dysgeusia, 43.6% dysphagia, 38.5% difficulty chewing, 36% increased tooth decay,
34.6% pain and 32% speech changes. Sixteen patients also developed ORN.

Given the high rates of long-term toxicity which "tends to increase over time...
diminishing demand, concerns regarding the methodologic robustness of available
randomized trial data, and closure of all but one center in the United States...” the
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National Comprehensive Cancer Network (NCCN) panel “no longer recommends
neutron therapy as a general solution for salivary gland cancers.”
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Proton Beam Therapy

v1.0.2023
POLICY

If the request for proton beam therapy has been determined to be not medically
necessary or is considered experimental, investigational or unproven (EIU), please
refer to the disease specific guideline for the medically necessary dosing and
technique.

If the request for proton beam therapy has been determined to be medically necessary,
please refer to the disease specific guideline for specific dosing information.

Group 1:

Proton Beam Therapy (PBT) is considered medically necessary for the curative
treatment of ANY of the following:

I.  Chordomas and chondrosarcomas of the base of the skull, localized and in the
postoperative setting
. Uveal melanoma, when PBT is considered preferential compared to
brachytherapy
[ll. Maxillary sinus or paranasal/ethmoid sinus tumors
IV. Select cases of localized unresectable hepatocellular carcinoma (HCC) and
intrahepatic cholangiocarcinoma when ANY of the following criteria are met:
A. When a single lesion is present, the lesion must be 15 cm or greater in
greatest dimension.
B. When 2 lesions are present, 1 lesion is greater than 10 cm in greatest
dimension.
C. When 3 lesions are present, 1 lesion is greater than 6 cm in greatest
dimension.

V. Stage IIA seminoma
VI. Malignancies requiring craniospinal irradiation (CSlI)

Proton Beam Therapy (PBT) is considered medically necessary for the treatment
of pediatric malignancies (age less than 18 years).

Group 2:

Currently, the evidence does not support any definitive benefit to PBT over
intensity-modulated radiation therapy (IMRT) when IMRT is considered medically
necessary in the treatment of any of the following malignancies. Instead, the
available evidence suggests that PBT may be essentially equivalent to photons.
Where PBT is signifcantly more costly than IMRT, coverage for proton beam
therapy for the treatment of these other malignancies will depend upon the
applicable health benefit plan definition of medical necessity. Where the medical
necessity definition limits coverage to the most cost-effective equivalent
treatment, the use of PBT for the treatment of the following cancers is
considered not medically necessary:
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I.  Locally advanced breast cancer when treating the internal mammary nodes

II.  Primary central nervous system (CNS) cancer

Ill. Esophageal cancer

IV. Head and neck cancer (excluding T1-T2NOMO laryngeal cancer)

V. Remaining cases of unresectable hepatocellular carcinoma and intrahepatic
cholangiocarcinoma

VI. Hodgkin lymphoma

VIl. Non-Hodgkin lymphoma

VIII. Stage II-lll non-small cell lung cancer

IX. Pancreatic cancer

X. Prostate cancer (intact and postoperative)

Xl. Retroperitoneal sarcoma

XIl. Thymomas and thymic carcinoma
Group 3:

Proton beam is a Food and Drug Administration (FDA) approved modality and by
itself, this modality is not experimental, investigational or unproven (EIU).
However, due to insufficient evidence, the use of proton beam therapy for the
curative treatment of all other diagnoses, including the following, is considered
ElU:

I.  T1-T2NOMO laryngeal cancer

DISCUSSION

In 2017, the American Society for Radiation Oncology (ASTRO) updated the “Proton
Beam Therapy Model Policy.” The model policy update was developed by ASTRO’s
Payer Relations Subcommittee and states that the model policies were developed to
“...communicate what ASTRO believes to be correct coverage policies for radiation
oncology services.” It also states that the ASTRO model policies “...do not serve as
clinical guidelines...” and are “...recommendations for medical insurance coverage.”
These recommendations together with a review of the published evidence and
guidelines were used to develop coverage criteria.

Group 1
l. Chordomas and chondrosarcomas of the skull base

These rare primary malignant tumors of the skull base are treated primarily by
surgery and postoperative radiotherapy. There is extensive data on the use of PBT
for the treatment of these tumors postoperatively, although there are no
randomized trials and no evidence of the superiority of PBT over conventional
therapy in these tumors. A systematic review of all published cases of chordoma
(416 patients) treated with proton radiotherapy revealed local control of 69% and
5-year overall survival (OS) of 80% (Amichetti et al, 2009). While comparison to
older historical data of conformal photon radiotherapy may imply some benefit to
PBT, more current Stereotactic Radiosurgery (SRS) outcomes compare more
favorably with PBT results. However, based on the rare nature of these tumors,
their location adjacent to critical CNS structures, and the documented efficacy of
PBT, treatment of these tumors with PBT is considered medically necessary.
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Uveal melanoma

PBT is effective in the treatment of these tumors with local control rates of over
95%, 85% cause-specific survival, and eye preservation rate of 90% with
reasonable vision retained in approximately 50% of individuals. Intermediate
tumors are treated just as effectively with brachytherapy, and the superiority of
PBT in these tumors has not been demonstrated. For large uveal melanomas,
PBT has been associated with a lower rate of secondary enucleation. Based on
the extensive and excellent data on the use of protons in uveal melanomas, PBT
is considered medically necessary, particularly in an individual who is not an
optimal candidate for brachytherapy (Char et al, 2002; Conway et al, 2006;
Desjardins et al, 2006; Egger et al, 2003; Lumbroso-Le Rouic et al, 2006).

Nag et al (2003) published The American Brachytherapy Society
recommendations for the use of brachytherapy in individuals with uveal
melanomas. The American Brachytherapy Society recommends that individuals
with very small uveal melanomas (< 2.5 mm height and < 10 mm in largest basal
dimension) undergo observation and treatment be reserved for tumor growth.
Brachytherapy is suitable for individuals with medium size choroidal melanoma
(between 2.5 and 10 mm in height and < 16 mm basal diameter). Individuals with
gross extrascleral extension, ring melanoma, and tumor involvement of more than
half of the ciliary body are considered not suitable for plaque brachytherapy.

Sinus Tumors

National Comprehensive Cancer Network (NCCN®) Guidelines® recommends
either IMRT or proton therapy for maxillary sinus or paranasal/ethmoid sinus
tumors.

Hepatocellular carcinoma (HCC)

In HCC, proton beam treatment plays a role in unresectable cancers. PBT for
HCC is a technology which, according to the National Comprehensive Cancer
Network (NCCN®) Guidelines®, may have a role in certain clinical circumstances.
The unique dosimetric advantages of heavy charged particle radiation (Bragg
Peak) offer significant potential advantages in sparing hepatic parenchyma
compared to traditional photon techniques. This theoretical advantage is still the
object of on-going studies in this country. A multi-institutional phase Il study (Hong
et al, 2016) demonstrated a 2-year HCC local control rate of 94.8%. Treatment
was given with a hypofractionated regimen of 67.5 Gy equivalent in 15 fractions to
a patient population that included previously treated patients and those with tumor
vascular thrombosis. On-going phase lll studies are in progress. However, a meta-
analysis of 70 studies demonstrated a decided advantage of charged particle
treatment as compared to traditional radiation but found no difference when
comparing charged particle treatment to stereotactic body radiation therapy
(SBRT).

The larger PBT series are from Japan suggesting excellent local control rates and
modest 2- to 5-year survival rates. Four retrospective (360 patients) and 2
prospective studies (64 patients) of hypofractionated PBT in patients with
hepatocellular cancer show results similar to those achieved with SBRT.
(Fukumitsu et al, 2009; Hashimoto et al, 2006; Hata et al, 2005; Hata et al, 2006;
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Hsiung-Stripp et al, 2001; Koyama et al, 2003; Kozak et al, 2007; Macdonald et al,
2001; Sugahara et al, 2005; Sugahara et al, 2010; Zhang et al, 2008; Zurlo et al,
2000).

In HCC, proton beam treatment may play a role in unresectable cancers that are
not amenable to other forms of treatment including:

A.

Ablative techniques (radiofrequency, cryosurgery, alcohol injection,
microwave)

Several ablative techniques have been used both in the operable and
definitive setting. For select lesions, generally under 3 cm in size that are well
localized, definitive treatment may be considered. Contraindications to
ablation include lack of anatomic accessibility, size, number, and location
near abdominal organs, major ducts, and blood vessels. A complication
reported with ablation is the development of tumor rupture with lesions
located on the hepatic capsule or tumor seeding along the track with
subcapsular and poorly differentiated lesions. Local control rates in the range
of 90% at 2 years have been reported for ablative techniques.

Arterial treatments (selective internal radiation therapy [SIRT], also known as
transarterial radioembolization [TARE]; transarterial chemoembolization
[TACE]; or transarterial embolization [TAE])

These techniques require selective catheterization of the hepatic arterial
supply to the tumor-involved liver segments. As HCC is a hypervascular
tumor, there is preferential blood flow as compared to the normal hepatic
parenchyma. Indications for these procedures include multiple tumors,
generally 4 or more in number, lesions greater than 3 to 5 cm, lesions without
vascular invasion or extra-hepatic spread. Absolute contraindications include
decompensated cirrhosis, jaundice, clinical encephalopathy, refractory
ascites, hepatorenal syndrome, extensive tumor replacement of both lobes,
portal vein occlusion or severely reduced flow, hepatofugal flow and renal
insufficiency. Relative contraindications include tumor size greater than 10
cm, severe cardiovascular or pulmonary disease, varices at high risk of
bleeding or bile duct occlusion. In clinical trials TACE appears superior to
TAE. SIRT/TARE provide high doses of radiation to tumor capillary beds.
Yttrium-90 beta radiation, delivered by SIR-Spheres®or TheraSphere®-
labeled microspheres, delivers preferential high doses of radiation and tends
to spare normal hepatic tissues. Full discussion of the indications and
contraindications to SIRT/TARE may be found in the Selective Internal
Radiation Therapy (SIRT) clinical guideline.

In addition to the contraindications listed above, all arterial therapies must
take into account their effect on liver function as embolic-, chemo-, or
radiation-liver disease or dysfunction can result in severe morbidity or death.
Bilirubin greater than 3 mg/dl for TACE/TAE and 2 mg/dl for SIRT/TARE are
considered strong relative contraindications unless segmental treatment is
being performed.
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C. External beam radiation therapy (EBRT) (intensity-modulated radiation
therapy [IMRT], three-dimensional conformal radiation therapy [3DCRT], and
SBRT)

Conformal radiation techniques such as 3DCRT generally have played a
palliative role in the treatment of HCC. Yet, HCC is a radiosensitive tumor and
highly conformal external beam techniques such as IMRT or 3DCRT should
be considered in a definitive manner in inoperable tumors not amenable to
other treatments. Great care must be given in considering the individual’s
liver function, Hepatitis B carrier status, prior transarterial or other treatments,
portal vein thrombosis, and Childs-Pugh score. A dose volume constraint to
be considered is for the mean liver dose (liver minus gross tumor volume) to
be less or equal to 28 Gy in 2 Gy fractions. The University of Michigan has
demonstrated that tumoricidal doses from 40 Gy to 90 Gy delivered in 1.5 Gy
twice daily treatments along with hepatic-infused chemotherapy could result
in a 1-year local control rate of 81% and survival rate of 57% in an individual
who was unresectable and without portal vein thrombosis. Studies for
conformal RT and TACE have also been done in Asia showing improved
survival for the combination.

SBRT is considered the mainstay of the radiation effort to control inoperable
HCC. Current indications for the use of SBRT include 3 or fewer tumors
without evidence of vascular or organ invasion and away from hollow organs,
such as the bowel or stomach, as perforation and hemorrhage are significant
complications. Sufficient hepatic reserve as evidenced by a Childs-Pugh A
score is extremely important as safety data are considered limited in Childs-
Pugh B or those with poor liver reserve. Some controversy has existed over
the size of eligible lesions with initial restriction to lesions of up to 5 cm now
being expanded to larger lesions. RTOG 1112 eligibility criteria include up to 5
lesions with no 1 lesion exceeding 15 cm, with a total maximum sum of all
lesions not exceeding 20 cm. Current optimal dose recommendations are 50
Gy in 5 treatment fractions with a mean liver dose of 13.0 Gy and an
additional organ constraint of liver Veff < 25%. If these constraints are not
met, dose reductions from this optimal dose down to 30 Gy for a mean lung
dose (MLD) of 16 Gy are recommended. Optimal and acceptable dose
volume constraints to critical organs may be found in the NRG Oncology
Gl003: A Phase Ill Randomized Trial of Protons Versus Photons for
Hepatocellular Carcinoma.

SBRT has proven itself both as effective bridge therapy 1) for an individual
with HCC and cirrhosis prior to transplant and 2) in individual who is
inoperable, both as an initial treatment and for an individual who is ineligible
or incompletely treated by other methods. Excellent local control rates at 1 to
2 years ranging from 70 to 90% have been reported on initially treated
patients and a 61% 2-year survival rate has been reported in patients
previously treated with TACE.

©2023 eviCore healthcare. All Rights Reserved. 36 of 313
400 Buckwalter Place Boulevard, Bluffton, SC 29910 (800) 918-8924 www.eviCore.com



http://www.eviCore.com/

Radiation Oncology Guidelines V1.0.2023

D. PBT

PBT for HCC is an emerging technology which, according to the NCCN
Guidelines®, may have a role in certain clinical circumstances. The unique
dosimetric advantages of heavy charged particle radiation (Bragg Peak) offer
significant potential advantages in sparing hepatic parenchyma compared to
traditional photon techniques. This theoretical advantage is still the object of
on-going studies in this country. A multi-institutional phase Il study (Hong et
al, 2016) demonstrated a 2-year HCC local control rate of 94.8%. Treatment
was given with a hypofractionated regimen of 67.5 Gy equivalent in 15
fractions to a patient population that included previously treated patients and
those with tumor vascular thrombosis. On-going phase Il studies are in
progress. However, a meta-analysis of 70 studies demonstrated a decided
advantage of charged particle treatment as compared to traditional radiation
but found no difference when comparing charged particle treatment to SBRT.

The larger PBT series are from Japan suggesting excellent local control rates
and modest 2- to 5-year survival rates. Four retrospective (360 patients) and
2 prospective studies (64 patients) of hypofractionated PBT in patients with
hepatocellular cancer show results similar to those achieved with SBRT.
(Fukumitsu et al, 2009; Hashimoto et al, 2006; Hata et al, 2005; Hata et al,
2006; Hsiung-Stripp et al, 2001; Koyama et al, 2003; Kozak et al, 2007;
Macdonald et al, 2001; Sugahara et al, 2005; Sugahara et al, 2010; Zhang et
al, 2008; Zurlo et al, 2000).

NRG Oncology GI003: A Phase lll Randomized Trial of Protons Versus
Photons for Hepatocellular Carcinoma provided radiographic size criteria that
allow for use of photon based therapy (3DCRT, IMRT, or SBRT) and proton
beam therapy for treatment of hepatocellular carcinoma. Per the protocol, for
individuals with a single lesion, the lesion can be 15 cm or less in greatest
dimension. For individuals with two lesions, no lesion can be greater than 10
cm in greatest dimension. For individuals with three lesions, no lesion can be
greater than 6 cm in greatest dimension. Portal vein involvement or
thrombosis combined with a single lesion that is 2 1 cm and < 15 cm in
greatest dimension is allowed. In an individual with larger tumor size(s) (i.e.,
greater than those described in the protocol) who is not acceptably treated
with 3DCRT, IMRT, ablative, transarterial or SBRT techniques in the curative
setting, PBT is considered medically necessary.

V. Seminoma

The risks of radiation-induced second malignancy in seminoma are well
documented. The current NCCN Guidelines® continue to mention the increased
risk of second cancers arising in the stomach, kidney, liver, and bowels in patients
treated with radiation therapy. They caution against the use of IMRT in the
treatment of seminoma as the radiation doses to these organ (integral dose) is
increased compared to 3DCRT fields used in anterior and posterior fashion.
However, it must be recognized that use of anterior/posterior fields whether 2D or
3D are the very technique which has been the subject of these reports. IMRT
might theoretically make it worse.
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A brief review of the literature outlines the risk. Lewinshtein et al (2012) used
Surveillance, Epidemiology, and End Results Program (SEER) data between 1973
and 2000. They found a 19% increase in secondary primary malignancies in
seminoma patients exposed to radiation therapy as compared to the general
population including pancreas, non-bladder urothelial, bladder, thyroid, and others.
The risk lasted 15 years from the time of initial diagnosis. An accompanying
editorial in the journal noted an increased incidence of seminoma during the last 4
decades with improved survival, which makes the issue of radiation-induced
malignancies of increasing concern. Indeed, the NCCN® noted that the routine use
of adjuvant therapy for stage | seminoma is not warranted as the risk of
recurrence is low compared to the potential harms of adjuvant therapy.

Travis et al, reported twice on this issue in 1997 and 2005. They identified risks of
lung, bladder, pancreas, stomach, and other organs, noting that secondary
primary cancers are a leading cause of death in men with a history of testicular
cancer. The risk may extend as long as 35 years. Patients treated with radiation
therapy had the highest risk of developing cancer especially when treated at a
young age. Among organs treated in a radiation field, stomach, large bowel,
pancreas, and bladder stood out for the development of a later cancer.

Given these findings, radiation is no longer used in early seminoma, but there
remains a population of patients with more advanced disease that may benefit.
Although this population of patients is relatively small as 80% of seminoma,
totaling approximately 8600 cases a year, is diagnosed in stage |, the relative
doses of radiation and increased field sizes pose a problem. Dose modeling by
Mazonakis et al, published in 2015, showed that medically necessary
abdominopelvic irradiation increased the risk for induction of secondary
malignancies by as much as 3.9%.

The use of protons brings a distinct advantage in lowering radiation dosed to the
population at risk. Simone I, et al, writing in the International Journal of Radiation
Oncology Biology Physics in 2012, showed that proton plans could reduce mean
doses to the stomach to 119 cGy vs. 768 cGy for photons as well as having
meaningful reductions in doses to bladder and pancreas with a subsequent
theoretical expected decrease in cancers.

Based on the above information documenting a higher risk of secondary
malignancy unique to seminoma, the use of PBT is considered medically
necessary.

Group 2

High-grade gliomas

Mizumoto et al (2015) published their results of using PBT in the treatment of a
glioblastoma multiforme (GBM). In this study, 23 patients were treated
postoperatively with standard photons to a dose of 50.4 Gy with a concurrent
boost of 46.2 GyE using PBT. The 1- and 2-year survival was 78% and 43%
respectively. Median survival was 21 months. It is noted that 6 patients developed
radiation necrosis (who all survived at least 4 years without evidence of
recurrence, but in whom the performance status had declined by 10% to 30%).
The authors conclude that the studied regimen “...has a high potential to improve
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survival in GBM patients...” and that “...although radiation necrosis is inevitable in
the treated area, it may be controllable with necrotomy and bevacizumab
administration.” At the present time, the results of this study cannot be used to
support PBT as the dose used is significantly higher than what is considered a
standard of care (ie 66 Gy), and the rate of symptomatic brain necrosis is higher
than with customary doses and techniques. Further, this study utilized both
photons and protons.

In a retrospective dosimetric study of 12 patients with high-grade gliomas (HGGs)
treated with intensity-modulated proton therapy (IMPT) and compared to
volumetric-modulated arc therapy (VMAT) and 3D conformal radiotherapy
(3DCRT), Adeberg et al (2016) found that “...target coverage was comparable for
all three modalities...” with the use of PBT resulting in “...significant reductions...in
mean dose to the whole brain;...supratentorial...and infratentorial regions;
brainstem;... pituitary gland;...contralateral hippocampus; and contralateral
subventricular zone.” The authors further state that “...this can potentially reduce
the dose- and volume-related side effects of treatment...” However, no evidence
of reduction in side effects has been demonstrated.

In an abstract, Ramakrishna et al (2016) developed passive scatter proton beam
therapy plans for 19 patients recently treated with IMRT. The authors
demonstrated similar target coverage using protons compared to IMRT and not
unexpectedly a lower mean V5, V10, V12 and V20 for uninvolved brain. Further,
PBT resulted in lower mean hippocampal V5 and V10 relative to IMRT. The
authors, however, conclude that “The overall potential clinical benefit of these
dosimetric advantages in glioblastoma patients remains to be determined.”

While studies have demonstrated that PBT is an acceptable form of treatment for
GBM, analysis of the effectiveness of PBT compared to IMRT is needed.
Additional information is awaited from ongoing studies such as the randomized
phase Il trial, NCT01854554, Glioblastoma Multiforme (GBM) Proton vs. Intensity
Modulated Radiotherapy (IMRT) as well as NRG BNO0O1.

Low-grade gliomas

There are a limited number of dosimetric studies that demonstrate the different
dose distributions and doses to normal tissue structures with protons compared to
3DCRT or IMRT. Dosimetric results have predictably shown a dose reduction to
nearby organs at risk (OARSs), particularly those farther away from the target,
primarily in the lower dose ranges. Dennis et al (2013) estimated doses in 11
patients and found that the equivalent uniform dose was 10 to 20 Gy lower with
protons, but the estimated risk of toxicity using normal tissue complication
probability modeling showed only negligible differences, with low risk of toxicity
with both modalities. Harrabi et al (2016) evaluated doses with protons compared
to 3DCRT (and not the more conformal technique, IMRT) in 74 patients and found
expected reduction in mean dose to other structures and integral dose. They
concluded that the dose distribution of PBT is significantly superior when
compared to conventional radiotherapy, but also stated that to what extent this will
have a clinical impact remains to be proven by long-term observations. The
reduction in the volume of tissue receiving low doses of radiation has not clearly
been associated with improved clinical outcomes.
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Studies showing the clinical outcomes with PBT for low-grade glioma are mostly
single institution series with relatively small numbers of patients. For example Shih
et al (2015) reported outcomes in 20 patients treated with 54 Gy of PBT for low-
grade glioma. There was no evidence of decline in neurocognitive function or
quality of life (QOL), but 30% of patients had endocrine dysfunction. With median
follow up of 5.1 years, the 3 year progression free survival (PFS) was 85% and 5
year PFS was only 40%. This study had notable limitations, including a relatively
heterogeneous cohort comprised of both primary (n=8) and recurrent (n=12)
LGGs, as well as patients with prior symptomatology leading to PBT initiation
(thus, a potentially altered baseline). Patients that progressed were also removed
from the study, and QOL for those patients was not included.

Other studies reporting clinical outcomes are difficult to interpret due to
heterogeneous patient groups, often including a mixture of pediatric and adult
patients, low- and high-grade glioma, and both initial treatment and re-treatment
patients. Greenberger et al (2014) published clinical outcomes for 32 pediatric
patients and reported no significant declines in Full-Scale Intelligence Quotient
and an 82.8% 8 year PFS rate. The applicability of this experience to adult
patients is uncertain.

Hauswald et al (2012) published results from 19 patients, with progression after
prior biopsy, resection or chemotherapy, delivering a median dose of 54 GyE. With
5-month median follow up, 12 patients had stable disease, 2 had partial or
complete remission, 1 had progression and 2 had “pseudo-progression”. This
study had limitations of a heterogeneous patient group and short follow up.

Wilkinson et al (2016) reported, in abstract form only, the largest study to date, a
retrospective analysis of 58 patients from the Proton Collaborative Group registry,
and illustrated no grade = 3 toxicities when treated with up to 54 Gy relative
biological effectiveness (RBE) (this abstract did not report other clinical
outcomes).

Current NCCN Guidelines® for Central Nervous System Cancers do not mention
or recommend use of PBT for treatment of low-grade glioma.

While dosimetric studies suggest the potential for a benefit of proton beam therapy
in the treatment of low-grade glioma, the published studies of PBT in low-grade
glioma do not offer comparisons of clinical outcomes compared to customary
photon based treatment. Studies to evaluate any benefit of proton beam therapy
are ongoing, including a phase Il trial, NCT01358058, Proton Radiation Therapy
for Gliomas, and another phase Il trial NCT01024907, Proton Beam Radiation
Therapy in Treating Patients with Low Grade Gliomas.

Esophageal cancer

There have been several dosimetric studies comparing dose distributions in a
limited number of patients, using PBT or customary photon based techniques
(Isacsson et al, 1998; Makishima et al, 2015; Zhang et al, 2008). These have
shown reduction in low dose radiation distribution to some structures, such as
heart and lung, and increased radiation dose to other structures, such as spinal
cord and skin (Funk et al, 2015). Such studies suffer from the biases and talents
of the investigators who plan and create computer models of dose deposition for
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one therapy or the other, and also do not present any clinical outcome data to
show outcomes with PBT or to compare outcomes to customary photon-based
techniques.

Reported clinical experiences for PBT have generally been limited to single-
institution studies. Ishikawa et al (2015) treated 40 patients with 60 to 64 Gy
equivalent and concurrent chemotherapy. There were no grade 3 or greater
toxicities and 2 year disease-free survival (DFS) was 77% and 3 year overall
survival (OS) was 70%. Lin et al (2012) reported outcomes for 62 patients with
esophageal adenocarcinoma, treated with 50.4 Gy equivalent and surgery in
almost half of the patients. Grade 3 toxicity was noted in < 10% of patients and
there was pathologic complete response (CR) in 28% of patients having surgery.
The 3-year overall, relapse-free, distant metastasis-free, and locoregional-free
survival rates were 51.7%, 40.5%, 66.7%, and 56.5%, respectively. Prayongrat et
al (2017) describe 19 patients with esophageal cancer treated with intensity-
modulated proton therapy (IMPT) to 50.4 GyE between 2011 and 2016. The initial
cohort was 32 patients with mostly unresectable cancer treated with definitive
chemoradiation, but 13 were excluded for multiple reasons. The median follow-up
was 17 months. Seven of the 19 had disease failure (3 locoregional). Acute
toxicities included grade 3 esophagitis, nausea and vomiting, fatigue and
anorexia, and hematologic. Late toxicity included 1 each of grade 3 pleural
effusion and an esophageal stricture. Late toxicities could not be fully evaluated
because of short follow-up.

A. Neoadjuvant treatment

Wang et al (2013) reported a retrospective review of patients treated with
different radiation techniques prior to surgery for esophageal cancer, either
3D, IMRT or PBT in 444 patients over 13 years. Protons were used in 72
patients. It should be noted that this was not a randomized study and
treatment eras as well as clinical factors were not the same for the different
groups. They found that 3D technique was associated with a statistically
significant increase in risk of pulmonary toxicity compared to IMRT or protons.
There was a non-significant trend towards higher pulmonary toxicity risk with
IMRT compared to protons.

Lin et al (2017) retrospectively reviewed 580 esophageal cancer patients
treated between 2007 and 2013 using 3DCRT, IMRT, or PBT modalities at 3
academic institutions (all proton beam was apparently done at MD Anderson
Cancer Center). All patients had initially non-metastatic cancer treated with
neoadjuvant concurrent chemoradiotherapy and surgical resection. Total
radiation dose was 50.4 Gy. Lower post-operative complications were noted
with protons compared to IMRT in terms of pulmonary and wound
complications. Average length of stay was lower for protons as was 90 day
mortality (0.9% with PBT vs. 4.2% with 3D and 4.3% with IMRT). The
conclusion of the study was that the “...data provide meaningful new
evidence that supports the potential clinical benefit of PBT in the treatment of
esophageal cancer.” This study was not a randomized comparison, and there
is potential for important differences between the treatment groups.
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This data suggests that for resectable esophageal cancers, patients treated
with neoadjuvant chemoradiation are likely to do as well treated with proton
beam as they would with IMRT. The authors suggest that proton beam may
decrease acute toxicities and improve survival, but admit that additional
studies including the ongoing randomized trial (NCT01512589) are needed to
confirm this.

B. Definitive treatment

Xi et al (2017) stated in their recent publication that “...the long-term clinical
outcome of PBT over IMRT has never been well addressed, especially for the
subset of patients receiving definitive CRT.” In this retrospective review, Xi et
al (2017) report on 343 patients who received either IMRT or PBT as part of
definitive chemoradiation. In a dosimetric analysis of 308 of these patients,
the use of PBT resulted in lower average doses to the heart and lung as well
as significantly lower pulmonary V5, V10 and V20. PBT also led to a
significant reduction in cardiac V30 but no improvement in the V40. These
dosimetric differences did not translate into reduction in toxicity. In terms of
grade 3, 4 and 5 toxicity, there were no significant differences between the 2
modalities.

At a median follow up of 65.1 months for the IMRT group and 44.8 months for
the PBT group, PBT was associated with a significantly lower distant
recurrence rate whereas the locoregional recurrence rate was not statistically
improved. At 5 years, PBT was associated with a significantly higher overall
survival rate (41.6% vs. 31.6%). The authors note that “...more patients in the
IMRT group developed early distant recurrence before surgery than in the
PBT group (25.2% vs. 18.2%), which may have resulted in biased survival
results.” Thus additional analyses were conducted including 1 by stage of
disease. This revealed that for stage I-Il disease, there was no benefit to PBT.
However, for stage Il disease, PBT was associated with a significantly higher
5-year OS and progression free survival (PFS).

Why proton beam therapy improved survival in the locally advanced stages is
not clear. The primary advantage of PBT over IMRT is the ability to reduce
the integral dose to nearby structures. The dose delivered to the target is
equivalent and therefore should result in equivalent control rates. The authors
acknowledge that “...it is difficult to fully account for all possible reasons why
the PBT had more favorable survival...”. Though “PBT might have contributed
to the reduction in cardiopulmonary mortality in the PBT group, we do not
have direct proof that this is in fact true because many of the deaths are due
to unknown causes.” Other considerations were made but ultimately the
authors conclude that the “...results from the present study suggest that the
theoretical advantage of PBT over IMRT might convert into survival benefit.
Prospective controlled studies will better establish the role of PBT in EC.”

C. Other considerations

The dose distribution using PBT is affected to a much greater extent by
changes in tissue density than photon radiation therapy. As a result, there is
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concern about using PBT in the presence of significant target motion. This
especially pertains to targets in the thorax and upper abdomen, including the
distal esophagus that move as a result of diaphragmatic excursion (Mori and
Chen, 2008; Mori et al, 2008). Because the diaphragm moves during
respiration, this results in changes to the tissues in the beam path, which can
cause significant interplay effects and dose uncertainty. This could result in
unanticipated overdose of normal tissues or under dose of target volumes.
Therefore, direct comparative studies will be helpful to determine the relative
safety and efficacy of protons relative to customary photon radiation.

The results from the previously mentioned single-institution experiences of
esophageal PBT suggest the potential for improved clinical outcomes
compared to customary photon treatments. Prospective trials comparing PBT
with standard photon technologies like 3DCRT or IMRT will be necessary to
provide high-quality evidence demonstrating the value of PBT. There are
currently active clinical trials in the United States evaluating the role of PBT
for esophageal cancer including an accruing randomized trial from MD
Anderson Cancer Center that began in the spring of 2012 (NCT01512589)
(“Phase 1IB Randomized Trial of PBT versus IMRT for the Treatment of
Esophageal Cancer”).

IV. Breast cancer

To determine “...the feasibility of using proton radiation for the treatment of
invasive breast cancer after mastectomy,” MacDonald et al (2013) reported the
toxicity outcomes of 12 patients, 5 of which had permanent implants in place.
Eleven of the patients were also treated to the internal mammary lymph nodes
(IMNs). Skin toxicity, fatigue and radiation pneumonitis were evaluated during
radiation and at 4 and 8 weeks after completing radiation. The authors found that
“...proton treatment was well tolerated...” with “...skin reactions (that) were mostly
superficial and often with moderate to severe erythema and moderate to large
areas of dry superficial desquamation.” This is not uncommon as “...the entrance
dose is higher for proton radiation, leading to some concern regarding skin
tolerance.” However, “...cosmesis at 4 and 8 weeks was favorable, inasmuch as
most patients had only mild erythema or hyperpigmentation...” The authors
conclude that “...proton radiation for PMRT is feasible, with acceptable early
toxicity. Additional follow up is needed to assess late complications and outcomes
of proton RT.”

Cuaron et al (2015) retrospectively reported toxicity outcomes of 30 patients
treated with proton beam therapy in the postmastectomy and postlumpectomy
setting from 2013 to 2014. It is noted that the internal mammary nodes were
treated in 28 patients. The authors found that 20 patients experienced grade 2
dermatitis with 8 experiencing moist desquamation which “...compares favorably
to rates seen with both IMRT photons and conventional electrons...” Seven
patients experienced skin pain and 8 developed grade 2 esophagitis. There were
no cases of lung toxicity or cardiac toxicity. Lastly, 1 patient developed a grade 3
complication of the implant requiring removal. The authors note that “...with
uniform scanning proton therapy there is 100% dose at the skin...” which “...
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warrants further study, because there are also long-term concerns associated with
high surface doses to patients with implants.” In addition, the esophagitis rate of
“...33% in the current series is presumed to be higher than what would be
expected with conventional techniques.” The authors conclude that “...further
study is needed to accurately select which patients stand to benefit from proton
therapy for breast cancer.”

In a prospective clinical study, Bradley et al (2016) reported on 18 women
receiving proton beam therapy between 2012 and 2014. It is noted that radiation
included treatment to the IMNs. The authors found that proton beam *
consistently resulted in decreased heart and lung dose for all patients...” With a
median follow up of 20 months, 22% of patients developed grade 3 dermatitis with
the remaining patients experiencing grade 2 dermatitis which the authors state “...
is not unexpected given the higher skin dose with a proton beam compared with a
photon beam.” In addition, 5 patients developed grade 2 esophagitis. The authors
conclude that proton beam therapy is “...tolerated without excessive acute
toxicity.”

Verma et al (2017) recently published their results of acute toxicity in 91 patients
treated with adjuvant proton beam therapy between 2011 and 2016. Treatment
was directed to the breast or chest wall as well as the regional lymph nodes
including the IMNs. The authors reported grade 2 and 3 acute dermatitis in 72%
and 5% respectively with 21% requiring opioids for pain control and 8% requiring a
treatment break. Seven patients developed a skin infection requiring antibiotics, 1
of which resulted in nonlethal sepsis. Another patient developed a non-healing
wound requiring closure with a latissimus flap. The authors state that the skin
toxicity is comparable to prior data though they add that “US (Uniform Scanning)
technique does not allow for any skin-sparing with radiation dose and also results
in relatively more heterogeneity (i.e., larger-sized hotspots of higher magnitude)
than what is typically accepted with photon plans.” Additional results also revealed
that 33% of patients developed grade 2 esophagitis with 31% experiencing grade
1 esophagitis. Finally, at a median follow-up of 15.5 months, 4 patients developed
locoregional relapse. The authors conclude that protons “...appears to have
appropriate toxicity...” though “...further data with longer follow-up are greatly
needed.”

To this end, the ASTRO Model Policy on Proton Beam Therapy states that “...
there is a need for continued clinical evidence development and comparative
effectiveness analyses for the appropriate use of PBT for various disease sites”
including breast cancer.

Studies to evaluate any benefit of proton beam therapy are ongoing. For example,
a phase lll trial (NCT0260334 Pragmatic Randomized Trial of Proton vs. Photon
Therapy for Patients with Non-Metastatic Breast Cancer Receiving
Comprehensive Nodal Radiation: A Radiotherapy Comparative Effectiveness
[RADCOMP] Trial) is currently recruiting patients. This study will help determine
the benefit of proton beam therapy in the treatment of breast cancer in patients
receiving comprehensive nodal radiation.
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V. Prostate cancer

Comparative effectiveness studies have been published comparing toxicity and
oncologic outcomes between proton and photon therapies and have reported
similar early toxicity rates.

For example, Yu et al (2013) reviewed Medicare data for patients treated with
protons or IMRT (> 27,000 patients in each group) and found that although proton
radiation therapy (PRT) “...was associated with a statistically significant reduction
in genitourinary toxicity at 6 months compared with IMRT (5.9% vs. 9.5%; odds
ratio [OR] = 0.60, 95% confidence interval [CI] = 0.38 to 0.96, p = .03), at 12
months post-treatment there was no difference in genitourinary toxicity (18.8% vs.
17.5%; OR = 1.08, 95% CI = 0.76 to 1.54, p = .66). There was no statistically
significant difference in gastrointestinal or other toxicity at 6 months or 12 months
post-treatment.” They concluded that when comparing protons to IMRT “...there
was no difference in toxicity in a comprehensive cohort of Medicare beneficiaries
with prostate cancer at 12 months post-treatment.”

Hoppe et al (2014) reported a prospective quality-of-life (QOL) comparison of
patient-reported outcomes between IMRT (204 patients) and proton therapy (1234
patients). This was not a randomized study, but a single institution series
compared to a population of patients from a different multi-institutional study using
IMRT, with potentially significant differences in the compared groups (different
treatment eras, uncontrolled use of androgen deprivation therapy, larger prostate
volumes for IMRT patients, older age for IMRT patients, and superior baseline
function in proton group). Even though some of these differences, such as older
patients, more androgen deprivation and larger prostate volumes for IMRT
patients, would be expected to result in higher rates of adverse symptoms for the
IMRT group, “...no differences were observed in summary score changes for
bowel, urinary incontinence, urinary irritative/obstructive, and sexual domains
between the 2 cohorts...” after up to 2 years of follow-up. The conclusion of this
study states “The findings from this study provide evidence of excellent and
comparable QOL outcomes for prostate cancer patients treated with either
contemporary IMRT or PT.”

A similar comparison of patient-reported outcomes between a single institution
series of 95 patients treated with PBT with 153 IMRT patients in a multi-
institutional study and 123 patients treated with 3D techniques was reported by
Gray et al (2013). In the immediate post-treatment period, patients in the IMRT
cohort reported clinically meaningful decrements in QOL in the urinary
irritation/obstruction and urinary incontinence domains that were not observed in
the other 2 cohorts. At 12 months, only patients in the PBT cohort reported
clinically meaningful score decrements in the urinary irritation/obstruction domain.
At 24 months, clinically meaningful changes in urinary QOL were not observed in
any of the cohorts. The authors concluded that PBT resulted in patient-reported
outcome declines similar to those with photon-based modalities.

Fang et al (2015) published a study of case-matched patients treated with protons
(n =181) or IMRT (n = 213), and reported “...the risks of acute and late GI/GU
toxicities did not differ significantly after adjustment for confounders and predictive
factors.”
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A review of Medicare data by Kim et al (2011) for 337 patients treated with protons
and 4645 patients treated with IMRT evaluated the rate of Gl toxicities requiring
interventional procedures occurring at least 6 months after cancer diagnosis. This
was 20.1 events per 1000-person years for the proton group, compared to 8.9
events for IMRT and 2.1 events for patients who did not receive radiation.

The largest retrospective comparative effectiveness analysis to date comparing
IMRT to proton therapy was performed using SEER-Medicare claims data for the
following long-term endpoints: gastrointestinal morbidity, urinary incontinence,
non-incontinence urinary morbidity, sexual dysfunction, and hip fractures (Sheets
et al, 2012). With follow-up as mature as 80 months, the authors concluded that
men receiving IMRT therapy had statistically significantly lower gastrointestinal
morbidity than patients receiving proton therapy, whereas rates of urinary
incontinence, non-incontinence urinary morbidity, sexual dysfunction, hip
fractures, and additional cancer therapies were statistically indistinguishable
between the cohorts.

Considered as a whole, these studies do not show any significant benefit of proton
beam therapy over IMRT for either treatment efficacy or long-term toxicity. A
comprehensive review of 8 studies of PBT for prostate cancer with patient-
reported outcomes (PRO) by Verma et al. (2018) concluded “Prostate cancer is
currently the focus of the greatest amount of QOL/PRO data; results for PBT
analyzed here in are consistent with findings of retrospectively and prospectively
collected data displaying no differences in toxicities between PBT and IMRT.”
There is no compelling evidence that clinical outcomes are superior for proton
beam therapy and, therefore, no evidence that PBT is considered medically
necessary for treatment of prostate cancer.

The primary dosimetric advantage of protons compared to IMRT is delivery of low
or moderate doses of radiation to smaller volumes of tissue around the prostate,
such as muscle, bone, vessels and fat that is not immediately adjacent to the
prostate. These tissues do not routinely contribute to the morbidity of prostate
radiation, are relatively resilient to radiation injury, and so the benefit of decreased
dose to these types of normal non-critical tissues has not been apparent. By
contrast, the high dose region encompassing the prostate target and immediately
adjacent tissues does not receive any less radiation using PBT and, in fact, may
receive higher doses to a larger volume with protons due to the range and RBE
uncertainty of protons and the need for a larger treatment volume to compensate
for this uncertainty. Toxicity associated with prostate radiation is more closely
associated with high dose exposure of normal tissues, > 50 Gy. Trofimov et al
(2007) compared proton treatment plans using 2 opposed lateral beams to IMRT
plans using 7 coplanar beams in 10 patients with early-stage prostate cancer. For
a prescription dose of 79.2 Gy to the prostate, IMRT irradiated substantially
greater volumes of normal tissue in the < 30 Gy RBE range, including both the
bladder and the rectum. However, patients treated with PBT had significantly
larger normal tissue exposure in the 50 to 75 Gy RBE range. The volume of
bladder receiving 50 and 60 GyE was significantly higher with the proton plans,
but no difference in rectal volume was noted at these doses. This may be one
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reason that the perceived dosimetric advantages of proton beam radiation have
not translated into differences in toxicity or patient outcomes.

The NCCN® panel believes no clear evidence supports a benefit or decrement to
proton therapy over IMRT for either treatment efficacy or long-term toxicity.

The American Society of Radiation Oncology (ASTRO) has taken a clear position
towards use of proton beam in the treatment of prostate cancer:

A.

ASTRO Model Medical Policy on Proton Beam Therapy (2017) evaluated
proton therapy and created a model policy to support the society’s position on
payment coverage for proton therapy. ASTRO has stated in their Proton
Beam Therapy Model Policy that “...in the treatment of prostate cancer, the
use of PBT is evolving as the comparative efficacy evidence is still being
developed. In order for an informed consensus on the role of PBT for prostate
cancer to be reached, it is essential to collect further data, especially to
understand how the effectiveness of proton therapy compares to other
radiation therapy modalities such as IMRT and brachytherapy. There is a
need for more well-designed registries and studies with sizable comparator
cohorts to help accelerate data collection. Proton beam therapy for primary
treatment of prostate cancer should only be performed within the context of a
prospective clinical trial or registry.”

ASTRO Choosing Wisely (2013): “Don’t routinely recommend proton beam
therapy for prostate cancer outside of a prospective clinical trial or registry.
There is no clear evidence that proton beam therapy for prostate cancer
offers any clinical advantage over other forms of definitive radiation therapy.
Clinical trials are necessary to establish a possible advantage of this
expensive therapy.”

ASTRO Proton Beam Therapy for Prostate Cancer Position Statement
(2013): At the present time, ASTRO believes the comparative efficacy
evidence of proton beam therapy with other prostate cancer treatments is still
being developed, and thus the role of proton beam therapy for localized
prostate cancer within the current availability of treatment options remains
unclear. While proton beam therapy is not a new technology, its use in the
treatment of prostate cancer is evolving. ASTRO strongly supports allowing
for coverage with evidence development for patients treated on clinical trials
or within prospective registries. ASTRO believes that collecting data in these
settings is essential to informing consensus on the role of proton therapy for
prostate cancer, especially insofar as it is important to understand how the
effectiveness of proton therapy compares to other radiation therapy
modalities such as IMRT and brachytherapy.An ongoing prospective
randomized trial is accruing patients to compare prostate proton therapy and
prostate IMRT (PARTIQoL Trial/NCT01617161). Patients with low- and
intermediate-risk prostate cancer are eligible. The primary measure of the
study is to compare reduction in mean Expanded Prostate Cancer Index
Composite (EPIC) bowel scores for PBT vs. IMRT treated patients at 24
months post radiation.
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In addition to the above trial, there are at least 8 ongoing phase II-lll trials
investigating proton beam therapy in the treatment of prostate cancer:

A.

NCT01352429 A Phase |l Trial of Proton Radiation Therapy or Intensity-
Modulated Radiation Therapy Using Mild Hypofractionation for Low- and
Intermediate-Risk Adenocarcinoma of the Prostate

NCT02040610 A Phase Il Study of Hypofractionated Image Guided Proton
Therapy for Low and Intermediate Risk Prostate Cancer

NCT01230866 A Phase Ill Prospective Randomized Trial of Standard-
fractionation vs. Hypo-fractionation With Proton Radiation Therapy for Low
Risk Adenocarcinoma of the Prostate

NCT00831623 Phase I-ll Trial of Hypofractionated Conformal Proton Beam
Radiation Therapy for Favorable-risk Prostate Cancer

NCT01950351 Phase Il Trial of Hypofractionated Proton Beam Therapy in
Men with Localized Prostate Adenocarcinoma

NCT01045226 A Phase Il Trial of Proton Radiation Therapy of Using
Standard Fractionation for Low- and Low-Intermediate Risk Adenocarcinoma
of the Prostate

NCT01492972 Hypo-fractionated Radiation Therapy With or Without
Androgen Suppression for Intermediate Risk Adenocarcinoma of the Prostate

NCT02874014 Prospective Evaluation of Hypofractionation Proton Beam
Therapy With Concurrent Treatment of the Prostate and Pelvic Nodes for
Clinically Localized, High Risk or Unfavorable Intermediate Risk Prostate
Cancer

VI. Head and neck cancers

A.

Sinonasal and nasopharynx

Russo et al (2016) reported on 54 patients with newly diagnosed stage IlI-IV
squamous cell carcinoma of the paranasal sinus or nasal cavity who were
treated with proton beam therapy (passive scatter technique) between 1991
and 2008. Of the 54 patients, 37 (68.5%) had undergone surgical resection
prior to receiving PBT, 18 of whom achieved a gross total resection (GTR).
For patients achieving a GTR or partial resection, a median dose of 70.0 Gy
relative biological effectiveness (RBE) was given (range of 59.4 to 79.4). For
those undergoing a biopsy only, a median dose of 76 Gy RBE was delivered
(range of 70 to 78.1). Forty patients also received elective nodal irradiation
(utilizing photons for the low neck) to a median dose of 45 Gy RBE.
Chemotherapy was given in 24 (44.4%) patients. The authors reported an
80% 2- and 5-year local control; an 89% and 83% regional control at 2- and
5-years respectively; and a 76% and 73% 2- and 5-year locoregional control
(LRC). Freedom from distant metastases at 2- and 5-years was 78%.
Disease-free survival (DFS) was 57% and 48% at 2- and 5-years respectively
while OS was 67% and 47% at 2- and 5-years respectively. The authors
indicate that the rates of LRC and OS were comparable to those previously
published for sinonasal SCC and that the toxicity profile “...was acceptable,
with 8 grade 3, 6 grade 4, and no grade 5 toxicities.”
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McDonald et al (2016) conducted a retrospective review patients with a
primary cancer of the nasopharynx, nasal cavity or paranasal sinus; 12
patients treated with IMRT, 14 patients treated with protons to primary site
and concurrent matched photons to lymph nodes; and 14 patients treated
with protons alone to the head and neck. It is noted that all 12 patients
treated with IMRT empirically had placement of a gastrostomy tube (G-tube)
prior to treatment whereas those receiving PBT had these placed electively
(ultimately no patients required it). In a dosimetric comparison, PBT delivered
significantly lower mean dose to the oral cavity, larynx and esophagus and
resulted in improved parotid sparing. On multivariate analysis, PBT was
significantly associated with lower G-tube dependence at 3 months after
completion of radiotherapy and lower opioid pain requirement (equivalent
morphine dose; EMD) at completion of radiotherapy. At 1 and 3 months after
completion, however, the significant association with EMD was lost as the
majority of patients returned to baseline EMD by 3 months. The authors
conclude that the initial results “...may serve in hypothesis formation for
further investigation.” and “...merit further evaluation in a larger study with
more uniform patient and treatment characteristics...”

Holliday et al (2015) conducted a retrospective case-control study on 30
patients with nasopharyngeal cancer treated with IMRT and IMPT. In this
study, 10 patients treated with IMRT on a prospective observational study
were matched, in a 2:1 ratio, by 20 patients treated with IMPT. There were no
significant differences between the groups with each group receiving 70 Gy.
Dosimetric analysis revealed that patients receiving PBT had significantly
lower mean doses to the oral cavity, brainstem, whole brain, and mandible. In
addition, patients receiving PBT had a significantly lower rate of G-tube
placement by the end of treatment (20% vs. 65%, p = 0.02). On bivariable
analysis, increased mean oral cavity dose was associated with a higher rate
of G-tube placement; no patient required a G-tube if the mean oral cavity
dose was < 26 Gy whereas all patients with a mean dose of > 41.8 Gy did.
On multivariate analysis, mean dose to the oral cavity remained significantly
associated with G-tube placement (OR 1.31, p = 0.003); interestingly
however treatment type (IMPT vs. IMRT) was not. Though there were no
grade 4 or 5 acute toxicities, patients receiving IMPT experienced
significantly fewer grade 3 acute toxicities (p = 0.015). There was no
difference in rates of chronic toxicity between the groups.

Patel et al (2014) conducted a meta-analysis of charged particle therapy
(protons, carbon ions, helium ions) vs. photon therapy (2D, 3D, and IMRT
published after 1990) for cancers of the paranasal sinus and nasal cavity. In
this analysis, 43 cohorts were identified; 30 treated with photons (1186
patients) and 13 with charged particles (286 patients). There were no
statistically significant differences between the 2 groups. When comparing
charged particle therapy to photons, the authors found charged particle
therapy was associated with a significantly higher rate of OS at the longest
duration of follow-up and at 5 years; significantly higher LRC at the longest
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duration of follow-up; and significantly higher 5-year DFS. When restricting
the analysis to treatment-naive patients, charged particle therapy was
associated with a significantly higher OS, LRC and 5-year DFS. When
comparing PBT to IMRT, PBT was associated with a significantly higher 5-
year DFS and LRC at longest follow-up. In an analysis of toxicity, charged
particle therapy was found to be significantly associated with more
neurological toxic effects (p = 0.0002). The authors indicate that this could be
related to reporting bias (significantly higher proportion of charged particle
therapy studies reported toxic effects (p = 0.03); referral bias (greater
proportion of anatomically challenging cases were referred for charged
particle therapy); and/or the greater RBE and higher physical dose
associated with charged particle therapy.

B. Oropharynx

Sio et al (2016) reported on patient-reported outcomes (PROs) in patients
with oropharyngeal cancer treated with chemotherapy and IMPT (35) vs.
chemotherapy and IMRT (46). PROs were obtained using the MD Anderson
Symptom Inventory (MDASI) for Head and Neck Cancers during the acute
(during treatment), subacute (within 3 months after treatment) and chronic
phases. At baseline, it was noted that the MDASI scores were equivalent
between the 2 groups except that the IMRT group had higher scores for
difficulty with swallowing/chewing. At a median follow up of 7.7 months
(IMPT) and 2.7 months (IMRT), there was no difference in the MDASI scores
during the acute phase. In the subacute phase, IMPT was associated with
significantly lower symptom burden related to taste and appetite. In the
chronic phase, IMPT was associated with significantly lower symptom burden
related to appetite. When limiting the analysis to moderate to severe
symptoms, IMPT was only significantly associated with a lower symptom
burden related to taste and mucus in the subacute phase. The authors state
“Significant proportions of patients in both groups still experienced moderate
to severe symptoms during the chronic phase (i.e., > 3 months after
completion of treatment).” The authors conclude that “In this small cohort, we
were unable to substantiate an improvement in quality of life from using
IMPT...(which was) unexpected” and may be related to “...the small sample
size in this retrospective cohort, the sensitivity of the PRO instrument, or the
lack of a true difference in patient-reported quality of life between IMPT and
IMRT.”

In a dosimetric analysis of IMPT vs. IMRT in the treatment of oropharyngeal
cancer (OPC), Holliday et al (Autumn 2016) compared doses to various
OARs in 2 different cohorts; the first included 25 patients who received IMPT
for which IMRT plans were generated and the second included 25 patients
treated with IMRT matched to those 25 patients treated with IMPT. In the first
cohort, the authors found significant reductions in the mean doses to the
anterior oral cavity, posterior oral cavity, esophagus, structures involved in
dysphasia and CNS structures involved in the nausea-vomiting response
using IMPT. In the second cohort, similar results were seen with IMPT except
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that the mean doses to the esophagus and structures involved in dysphagia
were not significantly different. The authors state that “This discrepancy
underscores the reality that, no matter how diligently one generates an
excellent comparison IMRT plan, more care may be taken when generating a
plan intended to actually treat a patient.” No difference was seen in the mean
doses to the parotid or submandibular glands in either group. In discussing
the improvements in the mean doses delivered to the CNS structures, the
authors state “...it is difficult to gauge whether this statistical significance is
clinically significant, as many of the CNS structures evaluated do not have
well-established dose constraints.” The authors conclude that “Prospective
trials enrolling patients with OPC will provide further information on oncologic
control and toxicity end points for IMPT versus IMRT.”

Gunn et al (2016) reported on their experience with 50 patients treated with
IMPT for a diagnosis or OPC between March 2011 and July 2014. A
simultaneous integrated boost technique was used to deliver 66 Gy RBE for
small-volume disease and 70 Gy RBE for more advanced disease. At a
median follow up of 29 months, the 2-year OS was 94.5% and 2-year PFS
was 88.6%. Acute side effects included grade 3 dermatitis, mucositis, and
dysphagia which occurred in 23, 29 and 12 patients respectively. Sixteen
patients (32%) required evaluation in an emergency room during treatment
with 10 subsequently requiring hospitalization primarily due to dehydration
and pain from mucositis. Eleven patients had a G-tube placed during
treatment which the authors state compare favorably with data in IMRT
series. The median tube duration was 82 days after completing radiation
therapy. There were 8 patients with grade 3 late toxicity, primarily dysphagia.
The authors conclude that “...our findings demonstrate the feasibility and
proof of principle of advanced proton therapy techniques delivering
simultaneous integrated boost plans...thus laying the ground work for a direct
head-to-head comparison study.”

Blanchard et al (2016) conducted a 2:1 case-matched analysis of 50 patients
treated with IMPT for a diagnosis of OPC to 100 patients treated with IMRT.
At a median follow up of 32 months (entire cohort), there was no difference in
OS or PFS between IMPT and IMRT. In a multivariate analysis, insertion of a
G-tube at the acute phase was the only significant variable associated with
OS with a hazard ratio (HR) of 4.96 (p = 0.04) whereas this and advanced
age were associated with PFS. It was noted that patients receiving a G-tube
during radiotherapy had significantly longer history of smoking, greater
comorbidity, more advanced disease, greater need for bilateral treatment,
higher use of induction chemotherapy and concurrent chemotherapy, and a
longer duration of treatment. With regards to toxicity, there were no
differences in acute toxicity by technique. At 3 months post treatment, IMPT
was significantly associated with less xerostomia and G-tube presence or
weight loss greater than 20%. Only the latter remained significant at 1-year
post radiation. The authors conclude “...that IMPT provides similar tumor
control and lower rates of subacute and late swallowing-related morbidity
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than IMRT...” and that “...it is essential that our findings be replicated through
prospective multicenter trials... and incorporate cost-effectiveness analysis
as well as patient-reported outcomes.”

C. Salivary gland

Romesser et al (2016) conducted a retrospective review of 41 patients
diagnosed with major salivary gland cancer or cutaneous squamous cell
carcinoma metastasis to a major salivary gland. These patients underwent
unilateral irradiation with IMRT or uniform scanning proton beam therapy. In a
dosimetric analysis, patients receiving PBT had a significantly lower
brainstem maximum dose, spinal maximum dose, oral cavity mean dose,
contralateral parotid gland mean dose and contralateral submandibular
maximum dose. PBT was also associated with a significantly lower rate of
grade 2 or greater acute mucositis and dysgeusia but resulted in a higher rate
of grade 2 or greater dermatitis.

D. Adenoid cystic carcinoma

Bhattasali et al (2016) reported on 9 patients with unresectable adenoid
cystic carcinoma (ACC) treated with definitive PBT and concurrent cisplatin.
Sites of treatment included the larynx (1), nasopharynx (5), paranasal sinus
(2) and oropharynx (1). Treatment was to 70 Gy using either passive scatter
protons (laryngeal ACC) or IMPT with cisplatin given concurrently. At a
median follow-up of 27 months, 4 patients (44%) achieved a complete
response, 4 achieved a partial response without disease progression and 1
developed local progression. With respect to toxicity, 4 patients experienced
grade 3 acute toxicities and 1 developed a grade 4 toxicity (blindness in the
treated eye).

In a retrospective analysis, Linton et al (2015) reported on 26 patients with
head and neck ACC treated with PBT. This heterogeneous group of patients
included 19 receiving treatment at initial diagnosis and 7 receiving treatment
at recurrence (6 of whom had prior radiation and 3 of whom had pulmonary
metastases). Twenty were treated after surgery with 18 of these exhibiting
positive margins or gross residual disease. Six were treated after biopsy
alone. It is noted that 2 patients also received IMRT as part of their PBT. The
dose planned was 75.6 Gy for gross residual disease, 70.2 to 72 Gy for
positive margins and 66 to 70.2 Gy for negative margins. At a median follow
up of 25 months, the 2-year estimate of OS was 82%, of LC was 92% and of
development of distant metastases (DM) was 25%. One patient developed an
acute grade 3 toxicity. Grade 3, 4 and 5 late toxicity was seen in 2, 1 and 1
patients respectively. The authors conclude “...high-dose proton therapy
provides encouraging preliminary LC. Longer follow-up is needed to gauge
the durability of disease control and to monitor for late toxicities of therapy.”

Holliday et al (Spring 2016) reported on 16 patients who received
postoperative PBT for a diagnosis of head and neck ACC. Sites of treatment
included lacrimal gland or sac (5), paranasal sinus (4), parotid gland (4),
submandibular gland (2) and buccal mucosa (1). Median dose delivered was
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60 Gy with 12 patients receiving concurrent chemotherapy. At a median
follow-up of 24.9 months, 15 patients (94%) were without evidence of
disease. Four patients developed acute grade 3 toxicity and 1 patient
experienced a grade 4 toxicity (blindness). An additional patient developed
asymptomatic frontal lobe necrosis 18 months after treatment completion with
near resolution at 24 months. The authors conclude that “Intensity-modulated
proton therapy demonstrated comparable efficacy and safety when compared
to other radiation modalities including other proton therapy delivery
techniques.”

E. Lacrimal gland

Esmaeli et al (2016) reported on 11 patients with lacrimal gland carcinoma
who underwent globe sparing surgical reduction followed by radiation therapy
from 2007 to 2014. This included 3 patients treated with IMRT and 7 with
IMPT at initial diagnosis with a dose delivered ranging from 52 Gy to 64 CGE.
One additional patient refused radiation and chemotherapy after surgery but
received stereotactic radiosurgery at the time of recurrence. Patients had
stage TINO (1), T2NO (6), T3NO (1) or T4NO (3), all without metastases.
Seven patients had ACC, 6 of whom received concurrent chemotherapy. At a
median follow-up of 33 months, all 11 patients remained disease free. All 11
patients experienced grade | ocular toxicity with 1 patient, treated with IMRT,
experiencing grade IV toxicity. The authors conclude that “...globe-sparing
surgery followed by adjuvant radiotherapy or concurrent chemoradiotherapy
is associated with acceptable short-term locoregional control...”

Holliday et al (2016 May 1) also reported on a similar cohort consisting of 20
patients receiving PBT following orbit-sparing surgery for cancers of the orbit
and ocular adnexa. Primary sites included the lacrimal gland (7), lacrimal sac/
nasolacrimal duct (10) or eyelid (3). Seven patients had SCC and 7 had ACC.
Median dose delivered was 60 Gy RBE with 11 patients receiving concurrent
chemotherapy. At a median follow-up of 27.1 months, 1 patient with SCC of
the eyelid developed parotid recurrence and 1 patient with sebaceous
carcinoma of the nasolacrimal duct developed metastases while the
remaining patients remained without recurrence. Seven patients experienced
acute grade 3 while 9 patients developed chronic grade 3 ocular or eyelid
function toxicity. Bivariate analysis revealed that a dose of 36 Gy or less to
the ipsilateral cornea was associated with grade 3 chronic ocular toxicity (p =
0.032). The authors conclude that these findings “...suggest that adjuvant
proton therapy can be delivered successfully after orbit-sparing surgery for
epithelial tumors of the orbit and ocular adnexa.”

F. Reirradiation

McDonald et al (2016 Nov 15) reported on 61 patients with head and neck
cancer receiving curative proton beam reirradiation. It is noted that PBT was
utilized “...when the dosimetric gains of proton therapy were believed
advantageous because photon-based reirradiation could not adequately
cover the reirradiation target without exceeding the critical normal tissue
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VII.

constraints, or would result in excessive risk of toxicity.” Hence, 55 of the 61
patients had “...primary or recurrent disease involving skull base sites.” The
median dose of reirradiation was 66 Gy RBE for microscopic disease and
70.2 Gy RBE for gross disease. At a median follow-up of 15.2 months,
median survival was 16.5 months and the 2-year OS was 32.7%. The 2-year
risk of locoregional failure was 23% while 38.3% developed distant
metastases. Grade 3 acute toxicity was seen in 13.1% while 1 patient (1.6%)
experienced a grade 5 acute toxicity. Grade 3 late toxicity was seen in 15.1%,
grade 4 late toxicity in 5.7% and grade 5 late toxicity in 3.8%. The authors
conclude “Reirradiation with proton therapy, with or without chemotherapy,
provided reasonable locoregional disease control, toxicity profiles, and
survival outcomes for an advanced-stage and heavily pretreated population.
Additional data are needed to identify which patients are most likely to benefit
from aggressive efforts to achieve local disease control and to evaluate the
potential benefit of proton therapy relative to other modalities of reirradiation.”

In a study of 60 patients receiving proton beam therapy for reirradiation, Phan
et al (2016) reported on 60 patients receiving proton beam reirradiation. At a
median follow-up of 13.6 months, there was a 1-year locoregional failure-free
survival of 68.4% and OS of 83.8%. Thirty percent experienced grade 3 acute
toxicity while 16.7% experienced late grade 3 toxicity at 1 year. The authors
concluded that proton “...reirradiation for patients with recurrent or secondary
primary H&N cancer offers 2-year rates of LRC and survival compatible with
those in modern IMRT series... Larger prospective studies with longer follow-
up times are needed to evaluate the efficacy, tolerability, and cost-
effectiveness of proton therapy compared with other conformal RT
approaches such as IMRT, VMAT, and SBRT for H&N reirradiation.”

Non-small cell lung cancer

The data on proton beam therapy in the treatment of lung cancers is limited.
Numerous dosimetric studies showing the potential for radiation dose reduction
have been reported. Chang et al (2006) from MD Anderson compared the dose to
the normal tissue comparing proton radiotherapy with 3DCRT or IMRT in stage |
or stage Il non-small cell lung cancer. Twenty-five patients with medically
inoperable stage | or inoperable stage IIIA/B (NCT01883810) non-small cell lung
cancer (NSCLC) were studied. For stage lll, the lung V5, V10, and V20 were
54.1%, 46.9%, and 34.8%, respectively, for photon 3DCRT with 63 Gy, whereas
they were 39.7%, 36.6%, and 31.6%, respectively, for proton with dose escalation
to 74 CGE (p = 0.002). In all cases, the doses to lung, spinal cord, heart,
esophagus, and integral dose were lower with proton therapy compared with
IMRT. No clinical outcomes were reported, and no evidence that these dose
differences resulted in clinically meaningful improvement in results is presented.
The authors acknowledged that proton radiotherapy in lung cancer raises many
important issues among the most challenging of which is tumor motion during
treatment resulting from the patient’s breathing.

The result of a phase Il study of high-dose proton therapy with concurrent
chemotherapy for unresectable stage |ll NCSLC was reported by Chang et al
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(2017). Sixty-five patients were treated with 74 Gy RBE proton therapy with
weekly carboplatin and paclitaxel. Disease was staged with positron emission
tomography (PET)/computed tomography (CT), protons were delivered as
passively scattered beams, and adaptive re-planning was performed in 25% of
patients. Patients all had Karnofsky Performance Status (KPS) = 70 (median 90)
and < 10% weight loss, which are more favorable prognostic features. At a median
follow-up time of 27.3 months, the median overall survival time was 26.5 months.
The total local failure rate was 20.5%. No patient experienced grade 5 toxicity. The
most common grade 3 adverse effects related to proton therapy were dermatitis
and esophagitis, each experienced by 5 patients (11.4%); 1 patient (2.3%)
developed grade 3 pneumonitis, and 1 patient had a pulmonary/pleural fistula.

Early findings on toxicity of proton beam therapy with concurrent chemotherapy for
NSCLC were reported by Sejpal et al (2011), at MD Anderson Cancer Center.
They compared the toxicity of proton therapy + concurrent chemotherapy in 62
patients with NSCLC (treatment period 2006 to 2008) with toxicity for patient with
similar disease given 3DCRT + chemotherapy (n = 74; treatment period 2001 to
2003) or IMRT+ chemotherapy (n = 66; treatment period 2003 to 2005). Proton
therapy to the gross tumor volume was given with weekly intravenous paclitaxel
and carboplatin. This report focuses only on acute and subacute toxicity, because
the follow-up duration is too short to evaluate tumor control and survival. Median
follow-up times were 15.2 months (proton), 17.9 months (3DCRT), and 17.4
months (IMRT). Rates of severe (grade > 3) pneumonitis and esophagitis in the
proton group (2% and 5%) were lower despite the higher radiation dose (3DCRT,
30% and 18%; IMRT, 9% and 44%; p < .001 for all). Median overall survival times
were 17.7 months for the 3DCRT group, 17.6 months for the IMRT group, and
24.4 months for the proton therapy group (log-rank p = 0.1061). The authors
acknowledged several shortcomings of their study including the use of
retrospective data for comparison, including substantial differences in
pretreatment assessments (especially imaging) and treatment-planning
capabilities over the periods of study and the heterogeneity of the patient
populations. The proton therapy group was itself somewhat heterogeneous
because of the inclusion of 25 patients with any stage (including recurrent)
disease. Therefore differences in outcomes in this study are not clearly related to
treatment modality.

Hoppe et al (2012) published the result of a retrospective study on proton therapy
with concurrent chemotherapy for 19 patients with NSCLC (18 stage lll, 1 stage
IIB) either with or without induction chemotherapy. Non-hematologic and
hematologic acute grade 3 toxicity (90 days) developed in 1 and 4 patients,
respectively. Two of 16 patients assessable for late toxicity (90 days) developed a
significant grade 3 non-hematologic late toxicity, whereas 1 patient developed a
grade 3 hematologic late toxicity. Local progression was the site of first relapse in
1 patient. The median progression-free survival (PFS) and median overall survival
(OS) were 14 and 18 months, respectively. Seven patients are currently alive
without evidence of disease, and 7 other patients died from disease progression,
including 6 with distant metastases as their first site of relapse and 1 with local
progression as their first site of relapse. The authors concluded proton therapy for

©2023 eviCore healthcare. All Rights Reserved. 55 of 313
400 Buckwalter Place Boulevard, Bluffton, SC 29910 (800) 918-8924 www.eviCore.com



http://www.eviCore.com/

Radiation Oncology Guidelines V1.0.2023

stage Ill lung cancer is a promising treatment approach. Larger prospective
studies are needed to confirm these findings, define the critical dosimetric points
that may be unique to proton therapy, and investigate the potential of proton
therapy to facilitate radiation dose escalation and/or combined modality therapy.

Liao et al (2018) reported rates of local failure (LF) or radiation pneumonitis (RP)
in a Bayesian randomized trial of intensity-modulated radiotherapy (IMRT) vs. 3D
proton therapy (3DPT), both with concurrent chemotherapy, for locally advanced
non-small cell lung cancer. Pairs of IMRT and 3DPT plans were created for each
patient. Patients were eligible for randomization only if both plans satisfied normal
tissue constraints at the same radiation dose. Of 255 enrolled patients, 149 were
randomly allocated to IMRT (n = 92) or 3DPT (n = 57). The rate of grade 3 RP was
6.5% with IMRT and 10.5% with protons. LF rates were 10.9% with IMRT and
10.5% with protons. The conclusion was that proton treatment did not improve
dose-volume indices for lung but did for heart. No benefit was noted in RP or LF
after proton beam treatment. Similarly, Niedzielski et al (2017) reported
esophageal toxicity results from this same patient cohort and concluded that there
was no significant difference in esophageal toxicity from either proton- or photon-
based radiation therapy as quantified by esophagitis grade or the esophageal
expansion imaging biomarker.

Wang et al (2016) reported comparisons of patient-reported symptoms after
treatment in a total of only 82 patients, treated with either 3D technique, IMRT or
proton beam therapy. They found that pain, as a major esophagitis-related
symptom, increased more during therapy (p = 0.019) and decreased more after (p
= 0.013) therapy in the 3DCRT and IMRT groups than in the PBT group.
Compared with the PBT group, the 3DCRT and IMRT groups reported greater
decrease in systemic symptoms (fatigue, drowsiness, lack of appetite, disturbed
sleep) after therapy (p = 0.016). They concluded that patients receiving PBT
reported significantly less severe symptoms than did patients receiving IMRT or
3DCRT. These results should be confirmed in a randomized study with
comparable tumor burden among therapies.

Considered together, these early reports of proton beam radiation for lung cancer
are mostly single institution retrospective studies which do not demonstrate clearly
superior outcomes compared to customary photon radiation techniques. The
limited randomized study information from Liao et al (2017) and Niedzielski et al
(2017) do not show evidence of improved outcomes with protons.

The American Society of Radiation Oncology (ASTRO) has taken a clear position
towards the use of proton beam in the treatment of lung cancer. ASTRO Model
Medical Policy on Proton Beam Therapy listed lung cancer in Group 2; Coverage
with Evidence Development (CED). For the cancers in group 2 it is essential to
collect further data, especially to understand how the effectiveness of proton
therapy compares to other radiation therapy modalities. There is a need for more
well-designed registries and studies with sizable comparator cohorts to help
accelerate data collection. Proton beam therapy for primary treatment of these
cancers, including locally-advanced lung cancer, should only be performed within
the context of a prospective clinical trial or registry. This is consistent with the
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VIII.

investigational and unproven nature of proton beam radiation therapy for
treatment of lung cancer.

Currently there are multiple clinical trials recruiting patients to study the role of
proton beam radiation therapy in stage lI-lll non-small cell lung cancer. These
include RTOG 1308 (NCT01993810), A Phase lll Randomized Trial Comparing
Overall Survival after Photon versus Proton Chemoradiation Therapy for
Inoperable Stage [I-1lIB  NSCLC. This randomized study aims to provide
information on a clinically meaningful QOL benefit from proton therapy over
photon therapy. The study will focus on 2 key toxicities:

A. The primary QOL outcome: Pulmonary toxicity (ie clinical pneumonitis and
lung fibrosis), a chronic effect of treatment that can have long term negative
effects on QOL

B. The secondary QOL outcome: Esophageal toxicity (esophagitis), an
acute/subacute effect which is largely transient

In addition, the following studies are active:

A. NCTO01770418 A Phase I/l Study of Hypofractionated Proton Therapy for
Stage II-Ill Non-Small Cell Lung Cancer

B. NCT01629498 Phase I/ll Trial of Image-Guided, Intensity-Modulated Photon
(IMRT) or Scanning Beam Proton Therapy (IMPT) Both with Simultaneous
Integrated Boost (SIB) Dose Escalation to the Gross Tumor Volume (GTV)
with Concurrent Chemotherapy for Stage II/lIl Non-Small Cell Lung Cancer
(NSCLC)

C. NCT02731001 Proton Therapy to Reduce Acute Normal Tissue Toxicity in
Locally Advanced Non-small-cell Lung Cancer (PRONTOX)

D. NCT01076231 Feasibility and Phase I/ll Trial of Preoperative Proton Beam
Radiotherapy with Concurrent Chemotherapy for Resectable Stage IlIA or
Superior Sulcus NSCLC

Pancreatic Cancer

There have been several dosimetric studies comparing dose distributions in a
limited number of patients using PBT or customary photon-based techniques. In a
dosimetric study of unresectable pancreatic cancers treated to 59.4 Gy, Hsiung-
Stripp et al (2001) suggested the proton plans significantly reduced dose to the
spinal cord (p = 0.003), left kidney (p = 0.025), right kidney (p = 0.059), and to the
liver (p = 0.061).

Nichols et al (2012) reported on a comparison of retrospectively generated three-
dimensional conformal proton plans with IMRT treatment planning on 8
consecutive patients with resected pancreatic head cancers from the same
institution receiving 50.4 CGE. The proton plans offered significantly reduced
normal-tissue exposure over the IMRT plans with respect to the median small
bowel V20 Gy (15.4% versus 47.0% p = 0.0156); median gastric V20 Gy (2.3%
versus 20.0% p = 0.0313); and median right kidney V18 Gy (27.3% versus 50.5%
p =0.0156).

Lee et al (2013) reported the outcomes of 12 consecutive patients who received
neoadjuvant treatment for localized pancreatic cancers. They included high-risk
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nodal stations and delivered 50.4 CGE. In spite of the enlargement of the PTV,
normal tissue exposures were well within tolerance limits and only minimally
increased relative to exposures seen when only the gross tumor target was
treated.

Thompson et al (2014) reported a dosimetric comparison of proton and photon
therapy in unresectable cancers of the head of pancreas. In this study, the authors
investigated the potential use of double scattering (DS) and pencil beam scanning
(PBS) proton therapy in limiting dose to critical organs at risk. All plans were
calculated to 55 Gy in 25 fractions with equivalent constraints and normalized to
prescription dose. Both DS and PBS decreased stomach, duodenum, and small
bowel dose in low-dose regions compared to IMRT (p < 0.01). However, protons
yielded increased doses in the mid to high dose regions (eg, 23.6 to 53.8 and 34.9
to 52.4Gy for duodenum using DS and PBS, respectively; p < 0.05). Protons also
increased generalized equivalent uniform dose to duodenum and stomach,
however these differences were small (< 5% and 10%, respectively; p < 0.01).
Doses to other organs at risk were within institutional constraints and placed no
obvious limitations on treatment planning. The authors concluded that protons are
able to reduce the treated volume receiving low-intermediate doses, however the
clinical significance of this remains to be determined. Proton therapy does not
appear to reduce OAR volumes receiving high dose.

Bouchard et al (2009) from M.D. Anderson Cancer Center compared 3DCRT,
IMRT, or protons to define which unresectable pancreatic tumor locations are safe
for dose escalation (72 Gy). They concluded that IMRT allows a more conformal
dose distribution in the high-dose regions, while proton therapy reduces low-dose
bath irradiation to the body. They suggested uncertainty margins needed for
proton planning precluded its full potential for higher-dose areas, and IMPT might
be a solution.

There is limited clinical data demonstrating outcomes for patients with pancreas
cancer treated with PBT. Reported clinical experiences for PBT have generally
been limited to single-institution studies. Nichols et al (2013) presented outcomes
of 22 patients treated with proton therapy and concomitant capecitabine (1000 mg
by mouth twice a day) for resected (n = 5), marginally resectable (n = 5), and
unresectable/inoperable (n = 12) biopsy-proven pancreatic and ampullary
adenocarcinoma. Proton doses ranged from 50.4 Gy RBE to 59.4 Gy RBE. No
patient demonstrated any grade 3 toxicity during treatment or during follow-up.
Three patients experienced grade 2 gastrointestinal toxicity. Chemotherapy was
well-tolerated with a median of 99% of the prescribed doses delivered.

Sachsman et al (2014) published information on 11 patients with unresectable
pancreatic cancer, evaluating whether the serious adverse event rate could be
reduced from 15% (expected) to < 5%. The prescribed dose was 59.4 CGE with
concomitant oral capecitabine. Median follow-up was 14 months for all patients
and 23 months for surviving patients. No patient experienced a grade 3 or greater
toxicity during treatment or follow-up. Grade 2 toxicity was limited to a single
patient experiencing grade 2 fatigue. Median weight loss over the course of
treatment was 1.7 kg (range, loss of 5.7 to gain of 4.9 kg). The median survival
was 18.4 months and at 2 years the freedom from local progression was 69%.
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University of Pennsylvania (Lukens et al, 2013) investigated whether lower normal
tissue exposure by proton therapy translated into lower rates of acute
gastrointestinal (Gl) toxicity compared to photon chemoradiation. They enrolled 13
patients with pancreatic adenocarcinoma in a prospective feasibility study of
proton therapy with concurrent continuous infusion 5-FU or capecitabine CRT.
Median total RT dose was 54 Gy (50.4 to 59.4). A concurrent cohort of 17 patients
was treated with photon beam. In the proton group, the rate of grade 3 acute Gl
toxicity was 8%, and 10 patients (77%) had grade > 2 acute non-hematologic
toxicity. In the photon group, 4 patients (24%) developed acute grade 3 Gl toxicity.

Hong et al (2014) published a series of patients with resectable pancreatic cancer
treated with hypofractionated preoperative radiation, 25 Gy RBE in 5 fractions.
Patients had to have resectable disease, good performance status (ECOG = 0 to
1) and all had negative laparoscopy prior to treatment. Twelve point three percent
(12.3%) of patients were excluded due to positive findings at the time of
laparoscopy, even after appearing to have localized disease on CT imaging. Of
the remaining 50 patients, only 78% had surgery, with 16% found to be
unresectable, 4% diagnosed with metastases prior to surgery, and 2% diagnosed
with cholangiocarcinoma instead of pancreatic cancer. The median PFS was 10.4
months, and median OS was 17.3 months. Median follow-up for analysis was 38
months among the 12 patients still alive. The OS rate at 2 years was 42% (95%
Cl: 28% to 55%). For the 37 eligible resected patients, median PFS was 14.5
months (95% CI: 10.2 to 21.8 months), and median OS was 27.0 months (95% CI:
16.2 to 32.3 months). Six of 37 eligible resected patients (16%) experienced
locoregional recurrence, while 73% developed distant metastases. The authors
concluded that short-course proton-based chemoradiation is well tolerated and is
associated with favorable local control in resectable pancreatic cancer (although
16% local failure after surgery and radiation, particularly with such limited follow-
up and early deaths, is not particularly favorable).

Takatori et al (2014) reported an analysis of the upper gastrointestinal
complications associated with gemcitabine concurrent proton radiation therapy for
patients with inoperable pancreatic cancer. The study demonstrated a 49.4% rate
of gastric/duodenal ulceration in the treated patients. Advanced immobilization
techniques, such as the use of breath hold gating or targeting with implanted
fiducial markers, were not used in this series, and the dose of 67.5 Gy RBE was
higher than customary preoperative doses. Of note, the initial report (Terashima,
2012) of this series, with 12.5 month median follow-up, concluded that this
regimen was feasible and effective with only 12% grade 3 toxicity, 1 year local
control of 82% and survival of 77%, emphasizing the need for an adequate follow-
up period to assess outcomes.

Maemura et al (2017) published a comparison of protons and photons, with the
photon group treated with hyperfractionated accelerated radiotherapy (HART).
Moderate hematological toxicities were observed only in the HART group,
whereas 2 patients in the PBRT group developed duodenal ulcers. All patients
underwent scheduled radiotherapy, with overall disease control rates of 93% and
80% in the HART and PBRT groups, respectively. Local progression was
observed in 60% and 40% of patients in the HART and PBRT groups,
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respectively. However, there was no statistical significance between the 2 groups
regarding the median time to progression (15.4 months in both) and the median
overall survival (23.4 vs. 22.3 months).

Jethwa et al reported on their initial experience with IMPT (intensity modulated
proton therapy) for 13 patients with localized pancreatic cancer. Patients were
treated to a dose of 50 Gy with chemotherapy. A VMAT plan was also generated
for dosimetric comparison. At a median follow-up of 16 months, “low rates of acute
Gl AEs and favorable PROs.”

Kim et al also reported low rates of toxicity in 37 patients treated with proton beam
therapy using a simultaneous integrated boost in 10 total fractions. No grade 3 or
higher toxicity was seen while maintaining a median overall survival of 19.3
months.

Other considerations

The dose distribution using PBT is affected to a much greater extent by changes
in tissue density than photon radiation therapy. As a result, there is concern about
using PBT in the presence of significant target motion. This especially pertains to
targets in the thorax and upper abdomen, including the pancreas, which move as
a result of diaphragmatic excursion (Mori and Chen, 2008; Mori et al, 2008).
Because the diaphragm moves during respiration, this results in changes to the
tissues in the beam path, which can cause significant interplay effects and dose
uncertainty. This could result in unanticipated overdose of normal tissues or under
dose of target volumes.

Houweling et al (2017) compared the dosimetric impact of interfractional
anatomical changes for photon and proton plans for pancreatic cancer patients
based on daily cone beam CT images, and found that photon plans were highly
robust against interfractional anatomical changes. However, the near-minimum
CTV dose for protons was reduced 8%, and in proton therapy, such changes can
severely reduce the dose coverage of the target. Therefore, direct comparative
studies will be helpful to determine the relative safety and efficacy of protons
relative to customary photon radiation.

The results from the previously mentioned single-institution experiences of
pancreatic PBT do not demonstrate improved patient outcomes with PBT
compared to customary photon treatments. Dosimetric studies suggest some
possible benefits for PBT in the low/moderate dose ranges which could
theoretically reduce toxicity, but there remain insufficient clinical publications
documenting the benefits, risks, or efficacy of proton beam therapy. In addition,
there are concerns about proton beam dose distributions in the setting of organ
and respiratory motion and tissue differences and interfaces, as are seen in this
location. Therefore, prospective trials comparing PBT with standard photon
technologies like 3DCRT or IMRT will be necessary to provide high-quality
evidence demonstrating the value of PBT. There are currently active clinical trials
in the United States evaluating the role of PBT for pancreatic cancer, including
NCT02598349, A Phase Il Trial of Escalated Dose Proton Radiotherapy With
Elective Nodal Irradiation and Concomitant Chemotherapy for Patients With
Unresectable, Borderline Resectable or Medically Inoperable Pancreatic
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Adenocarcinoma, and NCT01683422, A Phase |l Trial of Gemcitabine and
Erlotinib (GE) Plus Proton-chemotherapy (PCT) and Capox for Locally Advanced
Pancreatic Cancer (LAPC).

Thymoma

The role of proton beam radiation for thymoma is primarily limited to small
dosimetric studies mostly from single institutions. While these studies demonstrate
a dosimetric advantage, there is no evidence presented as to how these dose
differences translate into improved outcomes. For instance, Zhu et al (2018) report
on 6 patients with stage Il and Ill thymic malignancies who received treatment with
proton beam therapy. Comparative photon based intensity modulated radiation
therapy (IMRT) plans were also generated. This study reported an improvement in
dosimetric outcomes with proton beam therapy. There was a significant reduction
in heart, lung, and esophagus dose with proton beam therapy compared to IMRT
planning. Clinically, 2 of the 6 patients developed recurrence. Similarly, Parikh et
al (2016) presented a study of 4 patients with thymoma who underwent resection
followed by adjuvant proton beam therapy. They also showed a dosimetric
analysis comparing proton beam therapy and IMRT. The authors noted a
significant reduction in mean lung dose (4.6 Gy vs. 8.1 Gy, p = .02), mean
esophagus dose (5.4 Gy vs 20.6 Gy, p = .003), and mean heart dose (6.0 Gy vs.
10.4 Gy, p = .007). Three of the 4 patients reported grade 1 dermatitis. As noted
by the authors, “prospective evaluation and longer follow-up is needed to assess
clinical outcomes and late toxicities.” These studies have demonstrated that
proton beam therapy is well tolerated. Additional studies will be necessary to
demonstrate the efficacy for proton beam therapy relative to photon based therapy
in thymoma and thymic carcinoma.

Lymphoma

There is considerable interest in use of PBT for treatment of Hodgkin and Non-
Hodgkin Lymphoma. These individuals often have relatively good prognoses, with
10-year survival rate of Hodgkin Lymphoma (HL) of approximately 90% and
somewhat lower rates for Non-Hodgkin Lymphoma (NHL). Therefore, there is
concern that this patient population has a longer duration of survival, allowing
sufficient time for very late side effects of radiation for curative treatment to
emerge and affect quality of life. However, the doses of radiation that are typically
delivered for lymphoma are low or moderate compared to most solid tumors, and
these doses often do not approach the established tolerance doses for organs at
risk in the treated volume. The dosimetric advantage to PBT is primarily in the
volume of tissue receiving low doses of radiation relative to the prescribed dose,
and since the prescribed dose is already low in this setting, it is not clear that the
reduction in the volume of organs at risk exposed to these relatively low doses is
clinically meaningful.

There are several studies of dosimetric comparisons between PBT and photon
therapy, most of which demonstrate modest reductions in radiation dose to organs
at risk, primarily in the low-dose range. For example, Hoppe et al (2014, Aug 1)
reported dose differences using 3DCRT, IMRT, or PBT for 15 patients with HL, and
mean dose to organs at risk in the chest (eg heart, lung, breast, thyroid,
esophagus) was lower with protons. The mean reduction in heart dose with proton

©2023 eviCore healthcare. All Rights Reserved. 61 of 313
400 Buckwalter Place Boulevard, Bluffton, SC 29910 (800) 918-8924 www.eviCore.com



http://www.eviCore.com/

Radiation Oncology Guidelines V1.0.2023

therapy compared with 3DCRT was 7.6 Gy, and the mean reduction in heart dose
with proton therapy compared with IMRT was 3.4 Gy. Jorgensen et al (2013)
reported on esophageal doses for 46 patients with mediastinal HL, and the mean
dose with PBT was 1.7 Gy lower with protons than with 3D or IMRT techniques.
Maraldo et al (2013) evaluated dose to heart, lungs, and breast with mantle
technique, 3DCRT, IMRT, or PBT. They concluded that in early-stage, mediastinal
HL, modern radiotherapy provides superior results compared with mantle fields.
However, there is no single best radiotherapy technique for HL; the decision
should be made at the individual patient level. Numerous other dosimetric studies
(Cella et al, 2013; Chera et al, 2009; Horn et al, 2016; Maraldo et al, 2014;
Sachsman et al, 2015; Toltz et al, 2015) have similarly demonstrated that lower
doses to heart, breast tissue, and lung can be achieved using PBT. A review of
studies by Tseng et al (2017) reported that weighted average difference in dose to
different organs using PBT or modern radiation therapy (photon) techniques was 0
to 3.28 Gy. None of these studies has demonstrated a difference in clinical
outcomes related to this dosimetric reduction.

In contrast to the large number of dosimetric studies comparing dose distributions,
there are relatively few studies of patients treated with PBT that report patient
outcomes. Much of the experience has been in the pediatric population, and
whether extrapolation of this to adult patients is appropriate is not clear. Hoppe et
al (2014 Aug 1) reported on 15 patients treated with involved nodal radiation for
HL (5 children, 10 adults), with 37 month median follow up. Three year relapse
free survival was 93% and no late grade 3 or higher nonhematologic toxicities
were noted. They concluded that PBT following chemotherapy in patients with HL
is well-tolerated, and disease outcomes were similar to those of conventional
photon therapy.

A registry study reported by Hoppe et al (2016) included 50 patients from a multi-
center study, 10 were excluded, leaving 40 patients (14 pediatric) treated with
involved site PBT after chemotherapy. With median follow up of only 21 months,
the 2 year relapse-free survival was 85%, and there were no grade 3 or higher
toxicities.

Winkfield et al (2015) published, in abstract form only, results of 46 patients with
HL and NHL, 13 of whom were treated for salvage after prior relapse. With 50.5
month follow up, the 5 year progression free survival was 80%. Nine of 46 patients
developed late toxicities, though no grades of toxicity were reported.

Sachsman et al (2015) reported on 11 patients treated with PBT for NHL. With a
38-month median follow-up, the 2-year local control rate was 91%, with an in-field
recurrence developing at the completion of proton therapy in 1 patient with natural
killer/T-cell lymphoma, while no grade 3 toxicities were observed within the rest of
the cohort. They concluded that PBT is a feasible and effective treatment for NHL.
Early outcomes are favorable. Longer follow-up and more patients are needed to
confirm these findings

Plastaras et al (2016) published an abstract with 12 adults treated for mediastinal
lymphoma (10 HL, 2 NHL). There were no grade 3 toxicities, and no recurrences
noted with only 7 months median follow-up.
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An abstract from the Proton Therapy Center of Prague (Dédeckova et al, 2016)
reported their experience with mediastinal lymphoma. Among 35 patients treated
thus far with a median follow-up period of 10 months, no grade 3 toxicities or
grade 2 pneumonitis have been observed. Furthermore, only 2 patients had
disease relapse and both of these occurred outside of the proton field.

Group 3:

Anal canal cancer

There is limited data on the role of proton beam therapy in the treatment of anal
cancer. The data is primarily limited to dosimetric studies comparing photon
therapy and proton beam therapy (Anand et al, 2015; Ojerholm et al, 2015). Wo et
al (2018) reported preliminary data on NCT01858025 which was a pilot study of
25 patients examining the feasibility of pencil beam scanning proton beam therapy
in anal cancer. The study found proton beam therapy to be feasible. The authors
note that “while felt to be unrelated to the study, the two Grade 5 adverse events
on this small study highlights potentially treatment related risks of this effective yet
toxic regimen.” As the data is limited and the 1 clinical study was associated with 2
grade 5 adverse events, the use of proton beam therapy in the treatment of anal
cancer is unproven.

Bladder cancer

There is limited data on the role of proton beam therapy in the management of
bladder cancer. Hata and colleagues report on 25 patients with transitional cell
carcinoma of the urinary bladder who received photon based pelvic radiation
combined with intra-arterial chemotherapy with methotrexate and cisplatin,
transurethral resection biopsy of the bladder, followed by proton beam radiation
boost. The authors found that radiation with photons followed by a proton boost
was feasible. Similarly, Takaoka et al (2017) presented outcomes of 70 patients
with bladder cancer treated with transurethral resection of the bladder tumor,
photon based pelvic radiation, followed by proton boost. The authors found that
bladder conservation therapy with photons followed by a proton boost is feasible.
As these clinical studies were of photon therapy followed by proton therapy, there
is limited data on the efficacy of proton beam therapy in bladder cancer.
Therefore, proton beam therapy in the treatment of bladder cancer is unproven.

Cervical and endometrial cancer

There is limited data on the role of proton beam therapy in the treatment of
cervical cancer. The data is primarily limited to dosimetric studies comparing
photon therapy and proton beam therapy (de Boer P, 2018; Marnitz S et al, 2015;
van de Schoot AJ et al, 2016). For instance, Clivio et al (2013) describe a
dosimetric study of 11 patients with cervical cancer who receive 50.4 Gy followed
by an intensity modulated proton therapy (IMPT) boost instead of brachytherapy.
In this dosimetric study, the authors were able to achieve good target coverage
and superior DVH coverage with photons followed by a proton boost. These
studies describe a dosimetric benefit; however, it is unclear if this translates into a
clinical benefit. There are limited clinical data on proton beam therapy and cervical
cancer. Lin et al (2015) describe their single institution experience of treating 11
patients with posthysterectomy gynecologic cancers including endometrial cancer
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and cervical cancer with proton beam therapy. The authors report that their
preliminary results demonstrate that treatment with proton beam therapy is
feasible and there were dosimetric advantages with proton therapy compared to
an IMRT plan. As there is limited clinical data on the efficacy of proton beam
therapy in cervical and endometrial cancer, proton beam therapy in the treatment
of cervical cancer or endometrial cancer is unproven.

Gastric cancer

In gastric cancer, there is 1 study describing a potential dosimetric advantage of
proton beam therapy (Dionisi et al, 2014). There are no published clinical studies.
As treatment with protons is dependent on tissue density and changes in patterns
of gas, treatment of gastric cancer with proton beam therapy presents challenges
(Raldow and Hong, 2018). Therefore, the use of proton beam therapy in the
treatment of gastric cancer is unproven.

Rectal cancer

The available published literature on proton beam therapy and rectal cancer is
limited to dosimetric studies (Blanco et al, 2016; Colaco et al, 2014; Wolff et al,
2012). There is no readily available published data on clinical studies of proton
beam therapy and rectal cancer. Therefore, the use of proton beam therapy in the
treatment of rectal cancer is unproven.

Sarcoma

Studies of proton beam therapy in soft tissue sarcoma are limited. With the
exception of retroperitoneal sarcomas, there is limited clinical data on proton
beam therapy in soft tissue sarcoma (Delaney et al, 2014). The studies of proton
beam therapy in soft tissue sarcoma are primarily dosimetric comparisons. For
example, in a dosimetric analysis of 5 patients with paraspinal sarcoma, Weber
and colleagues (2007) found that intensity modulated photon therapy and intensity
modulated proton plans produced equally homogeneous levels of tumor coverage.
There was a reduction in the integral dose to the organs at risk with the intensity
modulated radiation therapy plan. As there is limited clinical data on the efficacy of
proton beam therapy in soft tissue sarcoma, proton beam therapy in the treatment
of soft tissue sarcoma is unproven.

Additional considerations

Secondary malignancies

In a review of SEER registries, Berrington de Gonzales et al (2011) concluded
from that “five excess cancers per 1000 treated with radiotherapy by 15 years
after diagnosis.” A common argument by advocates for use of PBT is the potential
to reduce the risk of secondary malignancies further. A larger volume of normal
tissue is exposed to low-dose radiation with IMRT, and this higher integral dose
theoretically could cause a higher rate of second malignancies. There is a large
body of data discussing the theoretic risks and benefits of PBT with respect to
second malignancies, based on modeling (Arvold et al, 2012; Athar et al, 2009;
Brenner et al, 2008; Moteabbed et al, 2012; Zacharatou et al, 2008). A commonly
referenced study is one reported by Chung et al (2013) from Massachusetts
General Hospital (MGH). While their data shows a lower risk of second
malignancies in the proton group (5.2%) compared to a National Cancer Institute

©2023 eviCore healthcare. All Rights Reserved. 64 of 313
400 Buckwalter Place Boulevard, Bluffton, SC 29910 (800) 918-8924 www.eviCore.com



http://www.eviCore.com/

Radiation Oncology Guidelines V1.0.2023

SEER database matched with a photon control group (7.5%) at a median follow-
up of 6.7 years, their conclusion of the study is that “...these findings are
reassuring that the risk of second tumors was at least not increased when using
protons compared with photons...” and that “...given the limitations of the study,
the reduced second tumor rate in the proton cohort that we observed should be
viewed as hypothesis generating.” The authors admit to several significant
limitations of their study, including having lost 26% of the patients to follow-up.
There is also debate about the reliability of the SEER database matched cohort in
determining the risk of second malignancies from photon therapy. In a response to
this publication, Bekelman et al (2013) noted that “...most of the excess of second
cancers in the photon therapy cohort occurred in the first 5 years after
treatment...” and that “...for the key period of interest for radiation-related solid
malignancies, 5 or more years after treatment, the incidence rate was nearly
identical...” between photons and proton beam therapy. It is best summed up by a
comprehensive review from the NIH published in June 2013. The publication
concluded that “...to date, no observational studies have directly assessed the
second cancer risks after IMRT or proton therapy. Until sufficient follow-up is
available to conduct such studies, assessment of the risks relies on risk projection
studies or theoretical models.” (Berrington de Gonzales et al, 2013). A publication
by Zelefsky et al (2013) from Memorial Sloan-Kettering Cancer Center (MSKCC)
on the rate of second malignancies after treatment of prostate cancer with radical
prostatectomy, brachytherapy, and external beam radiotherapy yielded a different
outcome related the conventional radiotherapy. Two thousand six hundred fifty-
eight (2658) patients treated over 3 years were followed over 10 years. The study
found that, when adjusted for age and smoking history, the incidence of second
malignancies after radiotherapy was not significantly different from that after
radical prostatectomy.

Regarding the risk of second malignancy after cranial irradiation with SRS, a study
with 5000 patient showed no increased risk (Rowe et al, 2007). The authors
conclude, “Pragmatically, in advising patients, the risks of malignancy would seem
small, particularly if such risks are considered in the context of the other risks
faced by patients with intracranial pathologies requiring radiosurgical treatments.”

Whether PBT increases or reduces the risk of second malignancies is very much
an unanswered issue, and as a result of the available published data, the use of
proton beam is considered not medically necessary solely to reduce the risk of a
secondary malignancy.
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Adrenocortical Carcinoma

v1.0.2023

POLICY

I. In the adjuvant (post-operative) curative treatment of primary adrenocortical
carcinoma (ACC):

A. Up to 30 fractions of three-dimensional conformal radiation therapy (3DCRT)
or intensity-modulated radiation therapy (IMRT) is considered medically
necessary in ANY of the following situations:

1. Stage Il or lll disease
2. Presence of positive margins

3. Presence of high-grade or Ki-67 > 10%
B. SBRT is considered not medically necessary.
II. In the palliative treatment of primary ACC:
A. Up to 15 fractions of 3DCRT is considered medically necessary.

DISCUSSION

Most adrenal tumors are benign though adrenocortical carcinoma (ACC) are rarely
encountered. The mainstay treatment of ACCs is surgery, whose extent of surgery
remains an important prognostic factor. Data on the use of adjuvant radiation is limited.
However, several retrospective studies have shown a benefit to the use of adjuvant
radiation.

For example, Fassnacht et al (J Clin Endocrin Metab 2006) conducted a review of the
German ACC Registry and identified 14 patients with non-metastatic ACC who
received adjuvant radiation, matched to a control group within the registry who did not
receive radiation. In each group, 8 patients had pathologic RO disease, 2 had R1 and 4
had Rx (ie, tumor spillage). Patients who received radiation were treated with a 3D
technique to a median dose of 50.4 Gy. Target volume was the tumor bed alone in 7
patients with 7 additional patients receiving radiation to the regional lymph nodes (ie,
bilateral paraaortic nodes). At a median follow-up of 37 months, 11 of 14 patients in the
control group experienced a local recurrence as compared to 2 in the treated group.
However, disease-free and overall survival were no different. The authors concluded
that “adjuvant radiotherapy should be considered in patients at high risk of local
recurrence...”

In a follow-up publication, Polat et al (Cancer 2009) recommended adjuvant radiation
in patients with 1) an R1 or Rx resection, 2) presence of tumor spillage intraoperatively,
3) locoregionally advanced disease (especially with invasion to neighboring organs)
and/or positive lymph nodes, and 4) RO resection of tumor > 8 cm.

More recently, Sabolch et al (IJROBP 2015) reported on 20 patients with non-
metastatic ACC who underwent RO or R1 resection and received adjuvant radiation at
the University of Michigan. This group was also matched to 20 patients who did not
receive radiation. Patients receiving radiation were treated with IMRT (15) or 3D (5) to
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a median dose of 55 Gy. The target volume included the surgical bed and the adjacent
bilateral paraaortic lymph nodes. 15 patients in each group also received concurrent
mitotane. At a median follow-up of 34 months, local recurrence was seen in 1 patient
within the adjuvant radiation group vs. 12 in the control (p = 0.0005). Relapse-free
survival (RFS) and overall survival (OS) were not significantly different, however.
Treatment was well tolerated with no difference between the cohorts and with most
patients experiencing grade 1 or 2 nausea.

In a follow-up publication, Gharzai et al (J Clin Endocrin Metab 2019) reported on 39
patients who received adjuvant radiation again matched to 39 patients who did not
receive radiation. It is noted that this update included 3 patients with oligometastatic
ACC. At a median follow-up of 4.2 years, patients receiving radiation had a significantly
improved overall survival as compared to the control group (77.7% and 72.1% vs.
48.6% and 29.5% at 3- and 5- years respectively). Locoregional RFS was also
significantly higher for those receiving radiation (p = 0.0024). The authors concluded
that adjuvant radiation should be considered in high-risk patients including 1) RO with
large size, incomplete/R1 resection, or stage lll disease.

In review of the NCDB (National Cancer Database), Nelson et al (Ann Surg Oncol
2018) identified 171 patients with non-metastatic ACC which was compared to 1013
patients who did not receive radiation. Patient characteristics were similar between the
groups except those receiving radiation were more likely to have 1) positive margins, 2)
evidence of vascular invasion and 3) received chemotherapy. In a multivariate analysis
of all patients, high-grade histology and vascular invasion were statistically associated
with decreased survival. In a subgroup analysis, adjuvant radiation led to a significant
improvement in overall survival in only those patients with positive margins (p = 0.04).

In a systematic review and meta-analysis reported by Viani et al (J Can Res Ther
2019), adjuvant radiation was found to significantly reduce the risk of local recurrence
after surgery. Specifically, the absolute risk reduction of local recurrence was 28% at 5
years. However, no difference in overall survival was found with toxicity being “mild and
self-limited.” The authors noted that “although a comparison by subgroup has not been
possible, our results suggest that adjuvant RT is appropriate for patients with Stage Il
or Il with or without positive margins.”

The European Society of Endocrinology published guidelines on treatment of ACCs in
adults. In this guideline, the panel “suggests considering radiation in addition to
mitotane therapy on an individualized basis therapy in patients with R1 or Rx resection
or in stage Ill.” Recommended doses of radiation included “50-60 Gy to the previous
tumor bed in fractionated doses of approximately 2 Gy each.” (Fassnacht Eur J
Endocrin 2018).

National Comprehensive Cancer Network (NCCN®) Guidelines® also recommend
consideration of external beam radiation in patients at high-risk of local recurrence
including positive margins, Ki-67 > 10%, capsular rupture, large size and high grade.

In the postoperative setting, when radiation therapy is indicated, evidence and
guidelines support the use of conventionally fractionated regimens. Given the lack of
evidence to support SBRT in the postoperative treatment of ACC, it is considered not
medically necessary.
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Anal Canal Cancer

v1.0.2023

POLICY

I.  Definitive treatment
A. External beam photon radiation therapy using three-dimensional conformal
radiation therapy (3DCRT) or intensity-modulated radiation therapy (IMRT) is
considered medically necessary in the definitive treatment of anal canal
cancer.
1. A dose of 45 Gy to 59.4 Gy in 25 to 33 fractions delivered in up to 3
phases is considered medically necessary.

II. Palliation
A. Up to 10 fractions of 3DCRT is considered medically necessary.

DISCUSSION

Anal canal cancer is a rare cancer with an annual incidence of approximately 9440 new
cases (Siegel, 2022). Historically, surgery with an abdominoperineal resection (APR)
was the mainstay of treatment for patients with anal cancer but was associated with a
40% to 70% 5-year overall survival (OS) rate (Ghosn et al, 2015). In 1974, Nigro and
colleagues from Wayne State reported their experience of 3 patients with anal
carcinoma who received neoadjuvant chemoradiation therapy and were found to have
a complete response at the time of surgery. Following this initial data, multiple studies
have demonstrated the effectiveness of chemoradiation therapy in anal cancer with
local response rates of 80% to 90% (Glynne-Jones et al, 2014). While there is no
prospective randomized data comparing chemoradiation versus APR, chemoradiation
therapy is considered the standard of care for initial definitive treatment of anal cancer
(Glynne-Jones et al, 2014).

Several studies have evaluated various treatment regimens for the definitive care of
patients with nonmetastatic squamous cell anal cancer. Randomized trials have
reported on radiation therapy alone versus combined chemoradiation therapy for
treatment of patients with anal cancer (Bartelink et al, 1997; Northover et al, 2010).
These studies typically utilized doses of 45 Gy to the pelvis followed by a 15 to 20 Gy
boost. The data from the UKCCR ACT | trial and the EORTC trial demonstrated
improved locoregional control and decreased risk of requiring a colostomy with
combined chemoradiation therapy compared to radiation therapy alone (Bartelink et al,
1997; Northover et al, 2010). Locoregional control with radiation therapy alone ranged
from 40% to 50% vs. 60% to 70% with chemotherapy and radiation therapy (Bartelink
et al, 1997; Northover et al, 2010).

In Radiation Therapy Oncology Group (RTOG) 0529, Kachnic and colleagues (2013)
performed a phase |l prospective trial to evaluate IMRT as definitive therapy for
patients with anal cancer treated with radiation therapy and chemotherapy with 5-FU
and mitomycin-C. The radiation therapy dose ranged from 50.4 Gy in 28 fractions to 54
Gy in 30 fractions, depending on tumor or nodal stage. The primary endpoint of this
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study was to evaluate if IMRT is able to reduce the rate of gastrointestinal (Gl) and
genitourinary (GU) acute toxicity of chemoradiation by 15% in a multi institutional
cooperative group setting, when compared to anal cancer patients treated with
conventional radiation techniques in RTOG 9811. When the rate of acute GI/GU toxicity
was analyzed, the primary endpoint was not met. The rate of grade 2+ GI/GU acute
toxicity was exactly equivalent in RTOG 9811 and RTOG 0529 (77% vs. 77%, p = 0.5).
They found that IMRT was associated with a significant reduction in grade 2
hematologic toxicity and grade 3 dermatologic and Gl toxicity. An additional primary
endpoint of this trial was to determine if dose-painting IMRT is feasible to be performed
in accordance with prescribed radiation planning guidelines. In an analysis of radiation
planning quality, 81% of submitted cases required revision of planning following the
initial submission secondary to incorrect contouring, noncompliance of normal tissue
constraints, or incorrect target dosing. Forty-six percent of cases required multiple plan
revisions and re-submissions. This trial did not meet the primary endpoint of a
reduction in grade 2 GI/GU toxicity, and there was a high rate of required treatment
planning revisions. The authors concluded that dose-painting IMRT is associated with a
significant decrease in grade 2 hematologic, grade 3 gastrointestinal, and grade 3
dermatologic toxicity.

There is limited data on radiation therapy in the palliative treatment of anal cancer. Anal
cancer is a radiosensitive tumor with studies of radiation alone associated with 60% to
90% local control rates depending on the size of the tumor (Newman G et al, 1992;
Touboul et al, 1994). The initial studies demonstrating the effectiveness of
chemoradiation employed doses of 30 Gy in 15 fractions with concurrent
chemotherapy and demonstrated greater than 80% to 90% response rates. National
Comprehensive Cancer Network (NCCN®) Guidelines® recommend 20 to 25 Gy in 5
fractions to 30 Gy in 10 fractions in the clinical setting of palliation of disease
symptoms. Therefore, up to 10 fractions is recommended in the palliative treatment of
anal cancer.
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Bladder Cancer

v1.0.2023

POLICY

I.  Non-muscle invasive bladder carcinoma (stages Ta, Tis, T1)

A. In the treatment of newly diagnosed non-muscle invasive bladder carcinoma,

the use of radiation therapy is considered not medically necessary.
II.  Muscle-invasive bladder carcinoma (stages T2-T4)

A. In an individual undergoing bladder preservation, the use of 55 Gy in 20
fractions (hypofractionation) or 30 to 37 fractions (conventional fractionation)
using three-dimensional conformal radiation therapy (3DCRT) is considered
medically necessary.

B. In the preoperative setting (ie, prior to planned cystectomy), the use of
radiation therapy is considered not medically necessary.

C. In the postoperative setting (ie, following cystectomy), the use of 25 to 33
fractions of 3DCRT is considered medically necessary in those who have
pT3-T4 disease, positive lymph nodes and/or positive surgical margins.

D. Intensity-modulated radiation therapy (IMRT) is considered medically
necessary for EITHER of the following:

1. Treatment in the curative setting which overlaps with a previously
irradiated area

2. An optimized 3D conformal plan exceeds the tolerances for organs at risk
(OARs) as outlined by either QUANTEC or National Comprehensive
Cancer Network (NCCN®) Guidelines®

[ll. Palliation

A. In the palliative treatment of bladder carcinoma, the use of up to 15 fractions
of 3DCRT is considered medically necessary.

DISCUSSION

For non-muscle invasive (stages Ta, Tis, T1) bladder carcinoma (NMIBC), treatment
includes transurethral resection of bladder tumor (TURBT) often followed by
intravesical therapy (Babjuk, 2013; Brausi, 2011). In patients with high-risk non-muscle
invasive bladder cancer, radiation has been evaluated. However, its use in this group of
patients is not well defined. For example, in a retrospective study of 141 patients with
high-risk T1 bladder cancer, radiation alone or combined with chemotherapy was found
to be a “...reasonable alternative to intravesical treatment or early cystectomy...”
(Weiss, 2006). On the other hand, in a randomized control trial of 210 patients with
pT1G3 bladder cancer, radiation therapy was found to be equivalent to more
conservative treatment (Harland, 2007). Further, NCCN® currently does not endorse
the use of radiation therapy for non-muscle invasive bladder cancer (NCCN® V1.2023).
As such, the use of radiation is considered not medically necessary for the treatment of
non-muscle invasive bladder cancer.
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For an individual with muscle-invasive bladder cancer, treatment options include
cystectomy or definitive chemoradiation as part of a bladder-preserving approach
(Gakis, 2013).

An ideal candidate for bladder preservation includes one with tumors < 5 cm, a visibly
complete TURBT, absence of associated carcinoma in situ, and no evidence of ureteral
obstruction (Milosevic, 2007). NCCN® also indicates that “optimal candidates for
bladder preservation with chemoradiotherapy include patients with tumors that present
without moderate/severe hydronephrosis, are without concurrent extensive or
multifocal Tis, and are < 6 cm. Ideally, tumors should allow for a visually complete or
maximally debulking TURBT.”

Radiotherapy with concurrent cisplatin is the most common bladder sparing approach
used to treat muscle-invasive bladder cancer. Following TURBT, 40 to 45 Gy is given to
the whole pelvis using 3DCRT. Afterwards, repeat endoscopy is performed to examine
the tumor response. If residual disease is seen, then a cystectomy is recommended. If
a complete response is noted, then an additional 20 to 25 Gy is delivered with cisplatin.
This approach demonstrated a 5-year survival of 49% when examined prospectively in
RTOG 89-03 (Shipley, 1998). In a phase Il randomized trial, concurrent
chemoradiation improved 5-year disease-free survival (DFS) from 54% to 67% (p =
0.01) (James, 2012). Furthermore, approximately 80% of long-term survivors will
maintain an intact bladder with this approach (Mak, 2014; Rodel, 2002). While several
phase Il prospective studies have examined alternative radiation fractionation
schemes, none has demonstrated a clinically meaningful benefit compared to standard
once a day fractionation schedules (Hagan, 2003; Kaufman, 2000). Recently, anti-PD-
L1 immunotherapy with agents such as atezolizumab (Tecentriq) was approved for the
treatment of advanced bladder cancer for patients who are unable to receive cisplatin.
However, the use of radiation therapy with these agents is considered experimental,
investigational or unproven (EIU) at this time. Definitive radiotherapy alone is
considered for an individual with no evidence of metastatic disease who cannot
undergo a cystectomy or concurrent chemoradiation.

In the preoperative setting, there remains insufficient data to determine the benefit of
radiation therapy. For example, in an intergroup trial of 140 patients with invasive
bladder cancer or recurrent superficial high-grade cancer, preoperative radiation (20
Gy in 5 fractions) was not associated with a survival advantage at 5 years (Smith,
1997). On the other hand, several publications have suggested a benefit to
preoperative radiation in patients with high stage disease (Parsons, 1988; Cole, 1995).
Further, recent NCCN Guidelines® state, “...for invasive tumors, consider low-dose
preoperative RT prior to segmental cystectomy...” though this is a category 2B
recommendation.

In the postoperative setting, the role of radiation is more defined. Data from a
retrospective series demonstrate higher local recurrence rates in patients with T3-T4
disease, positive nodes, or positive surgical margins (Herr, 2004). The benefit of
postoperative radiation and reducing local recurrence and improving disease-free
survival has been shown in several studies (Bayoumi, 2014; Zaghloul, 1992; Nasr,
2015). Further, recent NCCN Guidelines® recommend consideration of postoperative
pelvic radiation for patients with pT3/pT4 pNO-2 disease. As a result, the use of
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radiation in the postoperative setting is considered medically necessary for an
individual with pT3-T4 disease, positive lymph nodes and/or positive surgical margins.

The goal of palliative radiation therapy in the management of bladder cancer is
symptom relief such as control of urinary symptoms or hematuria. Literature evaluating
palliation with radiation therapy for patients with bladder cancer supports fractionation
schedules including 36 Gy in 6 fractions, 21 Gy in 3 fractions, 30 Gy in 10 fractions, 20
Gy in 5 fractions and 8-10 Gy in 1 fraction. Spanos et al evaluated up to 12 fractions for
palliation of advanced pelvic malignancies. In an individual with evidence of metastatic
disease, palliative radiation is considered medically necessary, up to 15 fractions using
3D techniques.
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Bone Metastases

v1.0.2023

POLICY

I.  Up to 10 fractions of radiation therapy is considered medically necessary in the
palliative treatment of bone metastases.

II. Conventional isodose technique is considered medically necessary in the
palliative treatment of bone metastases.

lll. For the palliative treatment of multiple sites of bone metastases, all
lesions requiring treatment must be treated concurrently.

IV. Three-dimensional conformal radiation therapy (3DCRT) is considered medically
necessary when there is a significant complex extraosseous component to the
target volume.

V. Intensity-modulated radiation therapy (IMRT) is considered medically necessary in
cases where overlap with previous radiotherapy fields is likely to cause
complications.

VI. Stereotactic body radiation therapy (SBRT) using up to 5 fractions is considered
not medically necessary for the treatment of bone metastases except in EITHER
of the following clinical scenarios:

A. Treatment to a portion of the spine that has been previously irradiated

B. Treatment of sarcoma, melanoma, hepatocellular carcinoma or renal cell
carcinoma that have metastasized to the spine

SBRT, as a complete course of therapy, must be completed in 5 fractions in a
single episode of care.

VIl. EACH of the following is considered not medically necessary for ALL other
indications for the treatment of bone metastases:

A. 3DCRT
B. IMRT
C. SBRT

For oligometastatic disease, please refer to the Oligometastases clinical guideline.

DISCUSSION

Bone is a common site of metastatic cancer. Photon techniques are the mainstay of
treatment for symptomatic bone metastases. Local field radiotherapy is highly effective
in relieving pain and preventing fractures and is typically associated with minimal side
effects. Eighteen trials assessing fractionation and dose of radiotherapy for painful
bone metastases have been published (Hartsell et al, 2003; Wu et al, 2003).
Randomized trials comparing a single fraction of 8 Gy with multiple fraction
radiotherapy regimens (20 to 30 Gy in 5 to 10 fractions) reveal similar overall response
rates. Pain relief is typically achieved 1 to 4 weeks after treatment and the duration of
response is 12 to 24 weeks. In a pooled analysis of patients with bone metastases,
approximately one-third of patients will have complete pain relief and an additional
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one-third of patients will have partial relief of pain, irrespective of the dose-fractionation
used. RTOG trial 9714 included 949 patients who were randomly assigned between 8
Gy in a single dose or 30 Gy in 10 fractions. Pain response rates were similar with 8
Gy in 1 fraction compared with 30 Gy in 10 fractions (66% in each group). A British trial
(Yarnold et al, 1999) randomized 765 patients with painful bony metastases to 8 Gy as
a single fraction, 20 Gy in 5 fractions, or 30 Gy in 10 fractions. There were no
differences in pain endpoints among the groups. A Dutch trial (van der Linden et al,
2004) randomized 1171 patients with bone metastases to 8 Gy in 1 fraction or 24 Gy in
6 fractions and found no difference in pain relief or toxicity. While retreatment was
higher with patients treated with a single fraction (18% vs. 9%), a reanalysis revealed
this was because physicians were only more willing to treat after a single fraction. The
study concluded that with or without the effect of retreatment, single fraction and multi-
fraction radiation provided equal palliation.

At the 2019 American Society for Radiation Oncology (ASTRO) meeting, Ryu and
colleagues presented the results of Radiation Therapy Oncology Group (RTOG) 0631:
Phase Il/lll Study of Image-Guided Radiosurgery/SBRT for Localized Spine
Metastasis. RTOG 0631 is a phase Ill multicenter, randomized clinical trial comparing
stereotactic radiosurgery (SRS)/stereotactic body radiotherapy (SBRT) vs.
conventional fractionation. Three hundred thirty-nine individuals with 1 to 3 spine
metastases were randomized to SBRT (16 or 18 Gy in 1 fraction) or conventional
external beam radiation therapy (8 Gy in 1 fraction) and 215 individuals were available
for analysis. Radioresistant histologies including soft tissue sarcomas, melanomas, and
renal cell carcinomas were included. The primary endpoint was pain response at 3
months. Pain response at 3 months was 40.3% in radiosurgery vs. 57.9% in
conventional external beam radiation therapy, p = 0.99. There was no difference in the
patient pain response at 1, 3, and 6 months in individuals with localized spine
metastases in the radiosurgery arm compared to the conventional treatment arm.
There was no difference in quality of life measures. The authors concluded that while
radiosurgery was safely performed without causing any increase in adverse effects,
there was no difference in pain response rate with conventional palliative external
beam radiation therapy (EBRT) compared to stereotactic radiation therapy for spinal
metastases.

The American Society for Radiation Oncology (ASTRO) Choosing Wisely® campaign
has recommended not to use extended fractionation schemes (> 10 fractions) for
palliation of bone metastases. It also states that, “...strong consideration should be
given to a single 8 Gy fraction for patients with limited prognosis or with transportation
difficulties.”

The American College of Radiology (ACR) Appropriateness Criteria® panel
recommends fractionation schedules ranging from a single 8 Gy fraction to 30 Gy in 10
fractions for the palliation of long bone involvement, whereas 35 Gy in 14 or 15
fractions and 40 Gy in 20 fractions is considered less appropriate due to the protracted
length of therapy. A shorter course of radiation offers equivalent palliation and
increased convenience for the individual and caregivers.

Surgery may be appropriate to establish a diagnosis if uncertain, in an individual with
acceptable performance status. In individuals where bony retropulsion is likely to be
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the primary cause of neurologic deficit or those with rapid deterioration of neurologic
function or with high grade cervical cord compression, surgery can be considered
based on the results of a randomized trial comparing surgery and postoperative
radiotherapy versus radiotherapy alone. Vertebral body resection and radical
decompressive surgery with postoperative radiotherapy was found to be superior to
radiotherapy alone in the only randomized trial of spinal cord compression conducted
to date (Regine et al, 2003). Patients with a single site of cord compression and a
minimum 3 month life expectancy were enrolled. The trial was stopped early after 101
patients were enrolled. Patients who received surgery plus conventional radiation
therapy retained the ability to walk significantly longer (126 days vs. 35 days with
conventional radiation therapy alone). In a total of 32 patients who could not walk at
the time of enroliment, 56% of those who received surgery and conventional radiation
therapy recovered the ability to walk versus 19% who received conventional radiation
therapy alone. Functional scores, maintenance of continence, and use of steroids and
narcotics were all improved in patients undergoing decompressive surgery versus
radiotherapy alone. Survival was slightly better in patients undergoing surgery (median
4.2 months vs. 3.3 months, p = 0.08). An individual with neurologic deficit and life
expectancy of at least 3 months should be considered for surgery based on the results
of this phase Il study.

The ASTRO Task Force on radiotherapy for bone metastases published its guidelines
in 2017. The task force clearly states that dosing and target volume have yet to be fully
defined for SBRT and that SBRT should be considered investigational. Further, the
task force states that SBRT should not be the primary treatment of vertebral bone
lesions causing spinal cord compression. For recurrent painful lesions, the task force
recommends that SBRT should be limited to clinical trials. The summary of the task
force is that SBRT “...holds theoretical promise in the treatment of new or recurrent
spine lesions... (and that)...its use be limited to highly selected patients and preferably
within a prospective trial.”

Conventional isodose technique: According to the 2022 Radiation Oncology Coding
Resource published by the American Society for Radiation Oncology (ASTRO), “...a
teletherapy isodose plan (CPT® code 77306 and CPT® code 77307) determines the
radiation dose within the target and surrounding normal tissues.” CPT® code 77306
describes a simple teletherapy isodose plan (using 1 or 2 unmodified ports), while
CPT® code 77307 describes a complex teletherapy isodose plan. The latter code may
be used when the ports (or beams) are modified. An ‘example clinical scenario’ for
CPT® code 77306 described in this resource is “...a 65 year-old man with advanced
lung cancer (who) presents with a painful metastasis to the lumbar spine. Following
simulation, a teletherapy isodose plan and monitor unit calculation is performed.” As
the ports (beams) used to target and treat the metastasis are often modified, a complex
teletherapy isodose plan (CPT® code 77307) is considered medically necessary for the
treatment of bone metastases.
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Brain Metastases

v1.0.2023

POLICY

I.  Whole brain radiation therapy (WBRT)

A. Up to 15 fractions of WBRT using radiation planned with conventional
isodose technique is considered medically necessary. The use of three-
dimensional conformal radiation therapy (3DCRT) or image-guided radiation
therapy (IGRT) is considered not medically necessary.

II.  Hippocampal-avoidance whole brain radiation therapy (HA-WBRT)

A. HA-WBRT is considered medically necessary using 10 fractions of intensity-
modulated radiation therapy (IMRT) for an individual when ALL of the
following criteria are met:

1. Karnofsky performance status (KPS) of at least 70 or an Eastern
Cooperative Oncology Group (ECOG) performance status of at least 2
2. Absence of leptomeningeal disease

3. Primary histology is not germ cell, small cell, lymphoma or unknown
[ll. Stereotactic radiosurgery (SRS)

A. Determination of medical necessity
1. SRS is considered medically necessary for an individual when ALL of the

following criteria are met:

a. KPS of atleast 70

b. Systemic disease is under control or good options for systemic
treatment are available

c. Absence of leptomeningeal disease

d. Primary histology is not germ cell, small cell, or lymphoma

e. All lesions present on imaging can be treated in a single treatment
plan in a single fraction (for SRS) or 2 to 5 fractions (for fractionated
SRS). If more than 5 fractions are needed as part of a single episode
of care, each fraction must be billed as 3DCRT or IMRT, depending on
the planning technique, as the definition of fractionated SRS is not
met.

f.  Submission of recent consultation note and recent restaging studies
B. Treatment and retreatment

1. Initial treatment with SRS for brain metastases is considered medically
necessary when ALL of the following conditions are met:
a. Total number of brain metastases is less than or equal to 10
b. Meets ALL of the above criteria for medical necessity of SRS

2. In an individual who has received prior SRS, retreatment with SRS is
considered medically necessary when ALL of the following conditions are
met:

a. Total number of brain metastases treated in the last 12 months is less
than or equal to 15
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b. Meets ALL of the above criteria for medical necessity of SRS
3. In an individual who has received prior WBRT, SRS is considered
medically necessary.
4. Postoperative SRS is considered medically necessary for the treatment
of:
a. A combination of up to 4 resected and unresected lesions that are
individually <5 cm in size

DISCUSSION

Whole brain radiation therapy (WBRT)

The median survival following the diagnosis of metastatic disease involving the
brain is generally 4 to 6 months. Many patients develop brain metastases late in
the course of their disease when progressive extracranial disease dictates
survival. The clinical response rate, degree of response, and duration of response
depend on the extent of tumor and the severity of initial neurologic deficits.

The use of alternative fractionation schedules during WBRT has been studied in
patients with brain metastases and in those undergoing prophylactic cranial
radiation (Borgelt et al, 1980; Le Péchoux et al, 2009; Murray et al, 1997; Wolfson
et al, 2011). These studies have not shown any improvement in neurocognitive
outcomes with alternative schedules. Shorter course regimens are appropriate for
patients at increased risk of early death, such as those with a poor performance
status and progressive systemic disease. Whole brain radiation using 30 Gy in 10
fractions is considered medically necessary in the treatment of brain metastases.
For patients with an improved prognosis and few risk factors for early death, 37.5
Gy in 15 fractions can be considered medically necessary. In patients with a poor
performance status, a shorter course of radiation using 20 Gy in 5 fractions should
be utilized.

The use of whole brain radiation for individuals who are eligible for treatment with
SRS to all brain metastases has changed. A meta-analysis in 2014 analyzed 5
randomized studies and found the addition of whole brain radiation with SRS vs.
SRS or surgery alone decreased the risk of intra-cranial progression by 53% but
did not improve overall survival (Soon, 2014). A recent large randomized study
conducted by the Alliance group came to similar conclusions. This study
randomized patients to SRS with whole brain radiation or SRS alone and found
higher rates of cognitive deterioration in patients who received whole brain
radiation (92% vs. 64%). Similarly, it found improved intracranial tumor rates (85%
vs. 50% at 1 year) but no improvement in overall survival with whole brain
radiation (HR 1.02, 95% CI 0.75-1.38) (Brown, 2016). Furthermore, in 2014, the
American Society for Radiation Oncology (ASTRO) released its second Choosing
Wisely® recommendations which stated, “Don't routinely add adjuvant whole brain
radiation therapy to stereotactic radiosurgery for limited brain metastases."
(www.choosingwisely.org/astro-releases-second-list). Therefore, in individuals who
can undergo routine surveillance, WBRT is not considered medically necessary as
adjunctive therapy following treatment with SRS.
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In patients who have undergone surgical resection, postoperative WBRT was
associated with a three-fourths relative risk reduction in recurrence (absolute risk
reduction 18%) and was associated with decreased risk of death from neurologic
causes (Patchell et al, 1998). Therefore, postoperative whole brain radiotherapy
can be recommended for individuals who undergo resection of a solitary
metastasis and who have controlled extracranial disease.

Whole brain radiotherapy involves the use of 2 lateral opposed fields, with or
without the use of custom blocking. Radiation planned using a conventional
isodose technique is considered medically necessary for the majority of patients
requiring whole brain radiation therapy. Due to the palliative nature of the
treatment, and dose delivered, construction of a dose volume histogram is not
medically necessary. In cases where the patient has received prior radiation, 3D
planning techniques will be considered.

One strategy to reduce the neurocognitive decline following whole brain radiation
is the use of memantine. A single randomized study found a decrease in cognitive
decline in patients who were started on memantine compared to observation,
(hazard ratio 0.78, 95% CI 0.62 to 0.99).

Hippocampal avoidance whole brain IMRT has been studied as a strategy to
decrease neurocognitive decline associated with whole brain radiation therapy. A
phase Il study, Radiation Therapy Oncology Group (RTOG) 0933, examined
whether hippocampal avoidance whole brain IMRT was associated with a
decrease in neurocognitive decline. It found a mean decline in the Hopkins Verbal
Learning Test of 7% at 4 months which compared favorably to historical
comparison value of 30%. Overall survival was 6.8 months. There are limitations
when comparing the results of this study to historical controls. For instance, the
improved survival seen on 0933 could explain the improvement in neurocognitive
decline. Furthermore, the delivery of hippocampal radiation is technically
challenging as shown in an analysis that found 24% of cases submitted to RTOG
0933 had unacceptable deviations when the contours were submitted for
pretreatment review (Gondi, 2015).

NRG CCO001 is a randomized phase lll trial of 518 patients with brain metastases
5 mm outside of the hippocampus and KPS 270 who were randomized to whole
brain radiation therapy (WBRT) or to hippocampal avoidance whole-brain
radiotherapy (HA-WBRT). Both arms received memantine and were treated to 30
Gy. The primary endpoint was time to neurocognitive failure.

At a median follow-up of 7.9 months, the time to cognitive failure was significantly
lower in those receiving HA-WBRT (HR of 0.745, p = 0.02). Though there was no
difference at 2 months between the arms, the HA-WBRT arm was significantly
less likely to have a deterioration in HVLT-R total recall and delayed recognition at
6 months (16.4% vs. 33.3%, p = 0.02). Further, those receiving HA-WBRT
reported significantly less fatigue, less difficulty with remembering things, and less
difficulty with speaking. There was no difference in intracranial progression free
survival or overall survival.

The authors note that the “benefit of HA-WBRT emerges robustly with = 4 months
follow-up” and that “it seems reasonable to forego HA during WBRT in patients
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with survival expected to be < 4 months.” National Comprehensive Cancer
Network (NCCN®) Guidelines® also state that “for patients with a better prognosis
(4 months or greater), consider hippocampal-sparing WBRT.” As such, HA-WBRT
is considered medically necessary in individuals who meet criteria for entrance
into the trial (ie no leptomeningeal disease, known primary histology excluding
lymphoma, small cell and germ cell).

Stereotactic radiosurgery (SRS)

Selection criteria for radiosurgery are similar to those for surgical resection, ie
patients with solitary metastases, tumor size, tumor location, good performance
status, and limited or responsive extracranial disease (Andrews, 2004; Kocher,
2011; Soon, 2014; Yamamoto, 2014). In tumors, up to 3 cm in size, radiosurgery is
associated with a local control of approximately 70% at 1 year (Kocher, 2011).

The American Society of Radiation Oncology published Radiation Therapy for
Brain Metastases: An ASTRO Clinical Practice Guideline (2022). This guideline
provided treatment algorithms for management of brain metastases based on a
systematic review of the current evidence. For individuals with ECOG
performance status 1-2, the guideline strongly recommends SRS for individuals
with up to 4 intact brain metastases and conditionally recommends SRS for
individuals with 5 to 10 brain metastases. The guideline notes that the
management of individuals with more than 5 brain metastases remains
controversial as there is limited prospective randomized data to guide
management in this group.

Hughes and colleagues (2019) published a retrospective review of 2089 patients
from 8 academic centers who received initial SRS for management of brain
metastases. The study concluded that there was no significant survival difference
in individuals with 5 to 15 brain metastases compared to individuals with 2 to 4
brain metastases who received initial treatment with SRS for brain metastases.
However, of the patients included in the study, only 10 patients had 11 to 15 brain
metastases compared to over 2000 patients with 1 to 10 brain metastases (989
with 1 brain metastasis; 882 with 2-4 brain metastases; 190 with 5-10 brain
metastases).

Given the available data, radiosurgery is considered medically necessary in the
initial management of patients with brain metastases who meet the following
conditions, 1) total number of brain metastases is less than or equal to 10, 2) the
individual has a KPS = 70, 3) systemic disease is under control or good options for
systemic treatment are available, 4) there is no leptomeningeal disease, 5)
primary histology is not germ cell, small cell, or lymphoma, and 6) all lesions can
be treated in a single fraction (for SRS) or up to 5 fractions (for fractionated SRS).

According to guidance published by ASTRO, CPT instructions for CPT® 77373
“Stereotactic body radiation therapy (SBRT), treatment delivery, per fraction to 1
or more lesions, including image guidance, entire course not to exceed 5
fractions...” and include the possibility of treating multiple sites of disease in 1
treatment course. Further, “...for single fraction cranial lesion(s), see CPT® 77371
and CPT® 77372.” Therefore, if the sum of the treatment days for all of the sites
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treated during a single course of therapy exceeds 5, it is not appropriate to charge
CPT® 77373 for SBRT delivery.

Following radiosurgery alone, approximately 25% to 50% of patients will develop
new metastases within the first year (Ayala-Peacock, 2014; Gorovets, 2017).
Treatment options for new metastases include further radiosurgery or whole brain
radiation therapy. Factors predicting for recurrences within the brain include age,
histology, increasing number of brain metastases, and increasing extracranial
disease burden (Gorovets, 2017). The primary drawback with the use of
radiosurgery upfront is the increased risk of distant failure in the brain (Kotecha,
2017). Patients who present with early and extensive distant failure in the brain
and those with limited survival are better treated with whole brain radiation
therapy. About 40% of patients will require whole brain radiation within 6 months of
initial treatment with radiosurgery. In patients who do experience further
recurrence in the brain following radiosurgery it is critical to risk stratify this cohort
to determine who will benefit from further radiosurgery vs. whole brain radiation
(Gorovets, 2017). Factors such as high brain metastases velocity, number of brain
metastases, extra-cranial disease, and performance status can be used to stratify
further brain metastases treatment strategies.

Therefore, further treatment with radiosurgery, in a previously treated patient will
be considered medically necessary in those who meet the following conditions: 1)
total number of brain metastases treated in the last 12 months is less than or
equal to 15, 2) the individual has a KPS = 70, 3) systemic disease is under control
or good options for systemic treatment are available, 4) there is no leptomeningeal
disease, 5) primary histology is not germ cell, small cell, or lymphoma, 6) all
lesions can be treated in a single treatment plan with a single fraction (for SRS) or
up to 5 fractions (for fractionated SRS).

In addition, submission of the consultation note and recent restaging studies (ie
within 60 days) will be required for review to verify that the patient’'s systemic
disease is controlled, history of previous treatments, and performance status.

A. Postoperative SRS

1. MD Anderson Cancer Center (MDACC)

Mahajan et al (2017) reported a phase Ill randomized trial (NCT00950001) of
132 patients with 1 to 3 completely resected brain metastases treated with
postoperative SRS or observation. Patients were excluded if the tumor cavity
was greater than 4 cm, the unresected brain metastases were no greater
than 3 cm, there was prior history of brain radiation, presence of
leptomeningeal disease, a prior history of resection of any brain metastases,
incomplete resection, poor performance status (KPS < 70), and small cell
lung malignancies (1 vs. 2 to 3), histology (melanoma vs. other), and
preoperative tumor size (< 3 cmvs. > 3 cm).

At 12 months, the use of SRS was associated with improved freedom from
local recurrence (73% vs. 43% in observation, p = 0.015) with no statistically
significant increase in distant brain metastases or time to whole brain
radiation. Median overall survival (OS) was similar (17 months for the SRS
group vs. 18 months for the observation group). In a post-hoc analysis,

©2023 eviCore healthcare. All Rights Reserved. 101 of 313
400 Buckwalter Place Boulevard, Bluffton, SC 29910 (800) 918-8924 www.eviCore.com



http://www.eviCore.com/

Radiation Oncology Guidelines V1.0.2023

patients with an initial tumor diameter of 2.5 cm or less was associated with a
91% 12-month freedom from local recurrence rate, whereas those with a
tumor > 2.5 cm had a local control rate of 40% to 46%. In multivariate
analysis, predictors for time to local recurrence were SRS and metastases
size. For overall survival, only stable disease (compared to progressive
disease) was a significant predictor.

2. N107C/CEC.3

Brown et al (2017) reported on a phase lll trial randomizing patients to SRS
or WBRT to the resection cavity after resection (total or subtotal) of brain
metastases. Patients eligible included those with 1 resected brain metastasis
(with a resection cavity under 5 cm) with up to an additional 3 unresected
metastases (each under 3 cm). It is noted that in both groups, SRS was given
to the unresected metastases. Patients were excluded if there was prior
cranial radiation; leptomeningeal metastases; lesions within 5 mm of the optic
chiasm or within the brain stem; or germ cell, small-cell, or lymphoma
histologies. Patients were stratified according to age, duration of extracranial
disease control, number of brain metastases, histology, and diameter of
resection cavity and treatment center. The primary endpoints were cognitive
deterioration free survival (CDFS) and OS.

One hundred ninety-four (194) patients were included in the study with a
median follow-up of 11.1 months. It is noted that of the 98 patients assigned
to SRS, 5 did not receive treatment, 1 did not have baseline testing done, 11
died prior to 3 months, 20 did not complete cognitive assessment at 3
months, 13 died between 3 and 6 months, 1 was lost to follow up between 3
and 6 months, and 16 did not complete cognitive assessment at 6 months.

The authors reported that the median CDFS was longer following SRS than
WBRT (3.7 months vs. 3.0 months, p < 0.0001). When they conducted a
stratified analysis, the median CDFS was longer following SRS than WBRT
(3.7 months vs. 3.1 months, p < 0.0001).

Cognitive deterioration at 6 months was lower in the SRS group vs. WBRT
(52% vs. 85%). However, about half of the patients enrolled (54 [SRS] and 48
[WBRT]) were available for analysis at this time.

Median OS was not statistically different between the 2 groups (12.2 months
for SRS vs. 11.6 months for WBRT). It is noted, however, that brain
metastases was the cause of death in 87% of SRS patients vs. 73.1% in
those receiving WBRT (p value not provided).

Local control and distant brain control were worse in the SRS group. For
example, surgical bed control was significantly worse with SRS at 6- and 12-
months (80.4% and 60.5% vs. 87.1% and 80.6% respectively). Local control
was significantly worse with SRS at 3-, 6-, and 12-months (84.7%, 69.4%,
and 61.8% vs. 96.7%, 92.5%, and 87.1% respectively). Distant brain control
was significantly worse with SRS at 6- and 12-months (72.1% and 64.7% vs.
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94.6% and 89.2% respectively). SRS was associated with a shorter time to
intracranial progression as compared to WBRT (6.4 months vs. 27.5 months,
p < 0.0001). Twenty percent (20%) of patients in the SRS group received
WBRT as salvage therapy.

With respect to quality of life measurements, a clinically significant
improvement was noted more frequently in the SRS group as compared to
the WBRT group for physical well-being at 6 months. On the other hand,
there was no difference in functional independence change from baseline at 6
months. The authors conclude that "SRS in the postoperative setting is a
viable treatment option...and should be considered one of the standards of
care as a less toxic alternative to WBRT."
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Breast Cancer

POLICY

v1.0.2023

I.  Whole breast irradiation following breast-conserving surgery

A.

The use of up to 16 fractions of three-dimensional conformal radiation

therapy (3DCRT) followed by up to 5 fractions of electrons or photons as a

boost to the surgical bed is considered medically necessary for radiation

treatment to the whole breast with or without treatment to the low axilla.

The use of up to 28 fractions of 3DCRT followed by up to 8 fractions of

electrons or photons as a boost to the surgical bed is considered medically

necessary for ANY of the following:

1. Regional lymph node radiation requiring a separate supraclavicular,
axillary, and/or internal mammary node field

2. Collagen vascular disease

3. Breast augmentation

4. Previous radiation to the breast or chest wall

The use of intensity-modulated radiation therapy (IMRT) for the treatment of

the whole breast is considered medically necessary for EITHER of the

following:

1. Treatment in the curative setting which overlaps with a previously
irradiated area

2. An optimized 3D conformal plan exceeds the tolerances for organs at risk
(OARs) as outlined by either QUANTEC or National Comprehensive
Cancer Network (NCCN®) Guidelines®

Lumpectomy bed boost

1. The boost to the surgical (lumpectomy) bed is planned using either
electrons (CPT® 77321), or if using photons, a teletherapy isodose
technique, complex (CPT®77307).

2. A brachytherapy boost is considered not medically necessary.

3. The wuse of intraoperative radiation therapy (IORT), electronic
brachytherapy, and AccuBoost® is considered experimental,
investigational or unproven (EIU).

II. Partial breast irradiation following breast-conserving surgery

A.

B.

C.

Accelerated partial breast irradiation (APBI) using 10 fractions delivered twice
daily or 5 fractions delivered once daily with 3DCRT, IMRT or high-dose rate
(HDR) brachytherapy (intracavitary or interstitial) is considered medically
necessary.

Partial breast irradiation (PBI) using 15 or 16 fractions delivered once daily
with 3DCRT is considered medically necessary.

The use of electronic brachytherapy and AccuBoost® is considered EIU.

[ll. Intraoperative radiation therapy (IORT)

A.

The use of IORT is considered EIU.
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IV. Post-mastectomy radiation is considered medically necessary in an individual with
positive axillary lymph node(s), a primary tumor greater than 5 cm and/or positive
or close (< 1 mm) surgical margins.

A. The use of up to 28 fractions of 3DCRT to the chest wall and, if needed, to
regional nodes followed by up to 8 fractions of an electron boost is
considered medically necessary.

B. The use of IMRT is considered medically necessary for EITHER of the
following:

1. Treatment in the curative setting which overlaps with a previously
irradiated area

2. An optimized 3D conformal plan exceeds the tolerances for organs at risk
(OARs) as outlined by either QUANTEC or NCCN Guidelines®

V. Locoregional radiation therapy in an individual with metastatic disease who has no
evidence of clinical disease following surgery and/or chemotherapy.

A. The use of up to 25 fractions of 3DCRT is considered medically necessary.
VI. Palliation

A. The use of up to 15 fractions of 3DCRT is considered medically necessary.

DISCUSSION

Early stage breast cancer is typically treated with mastectomy with or without
radiotherapy to the chest wall, or lumpectomy followed by radiotherapy. Indications for
post-mastectomy radiotherapy include the presence of multiple positive axillary lymph
nodes, positive or narrow margins (< 1 mm), or large primary tumor size (> 5 cm). In
breast-conserving therapy, radiotherapy is indicated for most women after local
excision of ductal carcinoma in situ (DCIS) or invasive carcinoma. In some women over
the age of 70 who have been diagnosed with invasive breast cancer, radiation therapy
may be safely omitted, especially if they have comorbidities.

Hypofractionated whole breast irradiation (HF-WBI)

Several randomized trials have confirmed the efficacy of a hypofractionated regimen in
the adjuvant treatment of breast cancer. In the Ontario trial, Whelan et al (2010)
randomized 1234 women with invasive carcinoma, negative axillary nodes and
negative margins to 50 Gy in 25 fractions or to 42.5 Gy in 16 fractions to the whole
breast. At 10 years, the hypofractionated regimen was not inferior to standard
fractionation with respect to recurrence, survival or toxicity.

The START-B trial enrolled 2215 women with stage pT1-3a, pNO-1 invasive carcinoma
who were randomized to 50 Gy in 25 fractions or to 40 Gy in 15 fractions. At a median
follow-up of 6 years, there was no statistical difference in the rate of locoregional
recurrence (LRR) between the groups (Yarnold et al, 2008). At a median follow-up of
9.9 years, there remained no difference in LRR. The hypofractionated regimen was
associated with higher rates of disease-free survival (DFS) and overall survival (OS) as
well as reduced rates of breast shrinkage, telangiectasia and breast edema.
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UK Fast-Forward

Brunt et al (2020) published “3 weeks (FAST-Forward): 5-year efficacy and late normal
tissue effects results from a multicentre, non-inferiority, randomized, phase 3 trial.” In
this randomized phase Il trial, 4096 patients with early stage invasive breast cancer
(pT1-3, pNO-1, M0O) who had undergone breast conservation surgery or mastectomy
were randomized to receive 1 week of radiation versus 3 weeks of radiation therapy.
Patients were allocated to receive 40 Gy in 15 fractions of 2.67 Gy (3 weeks); 27 Gy in
5 fractions of 5.4 Gy (1 week); or 26 Gy in 5 fractions of 5.2 Gy (1 week). For patients
undergoing breast conservation, a sequential tumor boost was allowed (10 Gy or 16
Gy in 2 Gy fractions). With a median follow-up of 71.5 months, 27 Gy and 26 Gy in 5
fractions were non-inferior to 40 Gy in 15 fractions in terms of ipsilateral breast tumor
relapse. The cumulative number of ipsilateral breast tumor relapse was 79 (31 in the
40 Gy group, 27 in the 27 Gy group, and 21 in the 26 Gy group). The HRs versus 40
Gy in 15 fractions were 0.86 (95% CI 0.51 to 1.44) for 27 Gy in 5 fractions and 0.67
(0.38 to 1.16) for 26 Gy in 5 fractions). There was a significant difference in late onset
normal tissue effects between 40 Gy and 27 Gy (p = 0.0003) but there was no
significant difference in late normal tissue effects between 40 Gy and 26 Gy (p = 0.17).
The authors concluded that a 1 week schedule of radiation was non-inferior to a 3
week schedule of radiation in terms of ipsilateral breast tumor relapse and late onset
tissue effects were similar for patients receiving 40 Gy and 26 Gy (Brunt et al, 2020).

UK Fast

Brunt et al (2020) reported on 5-fraction once-weekly whole breast irradiation in a
phase lll randomized trial. In this trial, 915 patients with node-negative invasive early
breast cancer 50 years of age or older with tumors 3 cm or less were randomized to 50
Gy in 25 fractions, 30 Gy in 5 once-weekly fractions or 28.5 Gy in 5 once-weekly
fractions in a 1:1:1 ratio. Primary endpoint was photographic breast appearance with
secondary endpoints being physician assessment of radiation-induced breast changes
and ipsilateral recurrence. Median follow-up was 9.9 years. At 5 years, 79.5% of 615
evaluable patients had no change in photogenic breast appearance, 17.7% had mild
change and 2.8% had marked change. The rates of mild or marked change was
attributed to the 30 Gy arm while the 28.5 Gy arm was no different than the 50 Gy arm.
This theme also extended to physician assessment of late breast normal tissue effects
(NTE) where, at 10 years, there was no statistical difference between the 28.5 Gy or 50
Gy arms with respect to moderate/marked breast NTE. Finally, ipsilateral breast events
was low at 1.3% at 10 years.

ASTRO Guideline

In 2018, updated evidence-based guidelines on radiation therapy for the whole breast
were published by the American Society for Radiation Oncology to provide guidance on
fractionation for whole breast irradiation (Smith et al, 2018). The guideline recommends
a hypofractionated regimen for all age groups and all stages, including DCIS, as long
as additional fields are not used to encompass regional lymph nodes. DCIS may be
included for hypofractionated regimens. The tangent fields may encompass the low
axilla, as clinically necessary. The recommended dose regimens are 4000 cGy in 15
fractions or 4250 cGy in 16 fractions for the whole breast. When a tumor bed boost is
being used, 1000 cGy in 4 to 5 fractions is suggested as the standard tumor bed boost.
3DCRT with field-in-field technique is recommended. The volume of breast tissue
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receiving greater than 105% of the dose should be kept to a minimum. The contoured
tumor bed should receive a minimum of 95% of the prescribed dose. Breast size and
mid-plane separation should not be determining factors as long as dosimetric
homogeneity guidelines are met. The use of chemotherapy prior to radiation or the use
of concurrent treatment with hormonal therapy or trastuzumab is not a contraindication
to hypofractionation (Smith et al, 2018).

Radiation planning techniques
Whole breast

The updated guideline referenced above also provided guidelines around treatment
technique and planning for women receiving whole breast irradiation. The authors state
that “...3-dimensional conformal treatment planning with a ‘field-in-field’ technique is
recommended as the initial treatment planning approach.” Further, “(d)eep inspiration
breath hold, prone positioning, and/or heart blocks are recommended to minimize heart
dose.” They also state that “(f)or patients with significant daily positioning variations,
daily imaging may be used.”

Therefore, in treatment of the whole breast, the use of 3DCRT without IGRT is
considered medically necessary. The use of IMRT is considered not medically
necessary, though an exception will be considered if an optimized 3D conformal plan
fails to meet tolerances of nearby organs at risk (OARSs).

Boost

The guideline also discusses recommendations concerning a boost. Specifically, “...a
tumor bed boost is recommended for patients with invasive breast cancer who meet
any of the following criteria: age < 50 years with any grade, age 51 to 70 years with
high grade, or a positive margin.” They also state that “...omitting a tumor boost is
suggested in patients...age > 70 with hormone receptor-positive tumors of low or
intermediate grade resected with widely negative (> 2 mm) margins.”

The dose recommended “(i)n the absence of strong risk factors for local recurrence (is)
...1000 cGy in 4 to 5 fractions...(i)n the presence of strong risk factor(s) for local
recurrence...a higher radiation boost dose of 1400 to 1600 cGy in 5 fractions may also
be used.”

With respect to timing and technique, the guideline states that a “...sequential boost is
currently recommended” and that “...external beam treatment is recommended...”
Given this, the use of a photon or electron boost is considered medically necessary.
The use of brachytherapy, including but not limited to interstitial, intracavitary, or
intraoperative, for a boost is considered not medically necessary.

Low axilla

Level 1 and 2 are considered the “lower” nodes while Level 3 is considered the true
apex. Level 1 is the lowest below the lower edge of the pectoralis minor. Level 2 is
under the pectoralis minor. Level 3 is above the pectoralis minor.
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Partial breast irradiation

The IMPORT LOW trial is a multicenter, randomized phase 3 trial which demonstrated
non-inferiority for partial breast radiation therapy using standard external beam
radiation therapy techniques (Coles et al, 2017). Between May 2007 and October
2010, 2018 women with low risk, early stage breast cancer who underwent breast
conserving surgery were randomized to whole breast radiation therapy versus partial
breast radiation. Patients were randomized to receive 40 Gy in 15 fractions to the
whole breast, 36 Gy in 15 fractions to the whole breast, or 40 Gy in 15 fractions to the
partial breast. The study required that all patients receive 3D conformal radiation
therapy using forward-planned, field-in-field radiation techniques. The treatment was
delivered with medial and lateral tangential beams to minimize dose to surrounding
lung and heart and to ensure that the beams exit within the breasts. At a median follow-
up of 72.2 months, there was no difference in the 5 year local relapse rate (whole
breast 1.1% vs partial breast 0.5%, p = 0.42). The estimated 5-year absolute
differences in local relapse compared with the control group were -0.38% (-0.84 to
0.90) for the partial breast group and -0.73% (-0.99 to 0.22) for the reduced-dose
group. The patients in the partial breast group reported statistically significant fewer
adverse cosmetic events (change in breast appearance, p = 0.007 and breast harder
or firmer, p = 0.002) compared to the whole breast group. As this study used the same
dose fractionation scheme for the whole breast and the partial breast group, this study
concluded that partial breast radiation using standard external beam radiation therapy
techniques is non-inferior to standard dose whole breast radiation therapy in terms of
local relapse and resulted in a lower rate of adverse late tissue effects.

Accelerated partial breast irradiation (APBI) is a technique in which the target of the
radiation is only a portion of the breast with the greatest likelihood of harboring residual
cancer cells after lumpectomy. The technique is called “accelerated” because it is given
twice daily for 5 days, with each fraction delivering a relatively higher dose.

Correa et al (2017) recently published an update of an ASTRO evidence-based
consensus statement for APBI. In this update, a “Suitable Group” was defined as
eligible for APBI. The “Suitable Group” included those with stage T1s or T1, age 50 or
greater, and with negative margins by at least 2 mm. The DCIS group now considered
“Suitable” must include all of the following: screen-detected, low to intermediate
nuclear grade, no more than 2.5 cm, and have a resection margin of at least 3 mm.
Definition of both the “Cautionary” and “Unsuitable” Groups are defined in the updated
ASTRO consensus statement. These updates were accepted by the National
Comprehensive Cancer Network® (NCCN®) which further recommends 10 fractions
twice daily using brachytherapy or external beam photon therapy. Typical doses cited
in the NCCN Guidelines® are 34 Gy in 10 fractions with twice daily treatment using
brachytherapy. External beam treatment is recommended with 38.5 Gy in 10 fractions
with twice daily treatment. They also indicate that “...other fractionation schemes are
currently under investigation.” Therefore, up to 10 fractions (whether photon or
brachytherapy) for APBI is considered medically necessary.

The American Brachytherapy Society issued their consensus statement for APBI in
early 2018. They reviewed guidelines and consensus statements from ASTRO, GEC-
ESTRO, the American Society of Breast Surgeons as well as their own previous
guidelines. Seven randomized trials of APBI and 2 trials evaluating intraoperative
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radiation, the TARGIT-A and ELIOT clinical trials were reviewed. The new consensus
statement criteria include age 45 years or older; size 3 cm or less; all invasive subtypes
and DCIS; positive or negative ER status; negative surgical margins with no tumor on
ink for invasive cancers and at least a 2 mm margin for DCIS; no evidence of
lymphovascular space invasion and negative lymph node status. Recommendations on
treatment technique with strong or moderate evidence include multicatheter interstitial
brachytherapy; external beam techniques of IMRT and 3DCRT; and applicator
brachytherapy. Participation in clinical trials and protocols was recommended for
proton beam, intraoperative radiation therapy, and electronic brachytherapy.

The American Brachytherapy Society Consensus Statement for electronic
brachytherapy (EB) (Tom et al, 2019) concluded that “it is not recommended that EB be
utilized for accelerated partial breast irradiation, non-melanomatous skin cancers, or
vaginal cuff brachytherapy outside prospective clinical trials...” It is further recognized
that the devices that fall within the definition of electronic brachytherapy include
Intrabeam® and Xoft®.

Data from National Surgical Adjuvant Breast and Bowel Project (NSABP)
B39/Radiation Therapy Oncology Group (RTOG) 0413 was presented at the 2018
SABCS conference. In this trial, 4216 patients with DCIS or stage I-ll (< 3 cm and 0-3
positive axillary nodes) invasive adenocarcinoma were randomized to whole breast
irradiation (WBI) or APBI (using MammoSite® or 3D conformal external beam
radiotherapy) after lumpectomy. The primary endpoint was rate of ipsilateral breast
tumor recurrence (IBTR) while secondary endpoints included relapse free survival
(RFS), distant disease free survival (DDFS) and overall survival (OS). At 10 years,
95.2% of APBI patients were IBTR-free vs. 95.9% of WBI patients. Though this was not
statistically significantly different, the “hazard ratio did not meet the statistical criteria for
treatment equivalence.” Further, the 10-year RFS was statistically improved with WBI
as compared to APBI (93.4% vs. 91.9%). There was no difference, however, in DDFS,
DFS or OS. Given the small differences in IBTR and RFS, “PBl may be an acceptable
alternative to WBI for a proportion of women who undergo breast-conserving surgery.”

At the 2019 San Antonio Breast Cancer Symposium, Meattini et al presented
“Accelerated partial breast or whole breast irradiation after breast conservation surgery
for patients with early breast cancer: 10-year follow up results of the APBI IMRT
Florence randomized phase 3 trial.” In the APBI IMRT Florence phase 3 trial, women
with breast cancer age > 40 years, pT < 25 mm, and final surgical margins > 5 mm
were randomized to APBI using IMRT to 30 Gy in 5 fractions and to conventional
fractionation whole breast irradiation (WBI) to 50 Gy in 25 fractions followed by tumor
bed boost to 10 Gy in 5 fractions. At a median follow-up of 10 years, there was no
significant difference in ipsilateral tumor recurrence (IBTR) in APBI vs. WBI 3.9% vs.
2.6% with the HR for APBI individuals compared with WBI individuals was 1.57 (p =
0.39; 95% CI: 0.56-4.41). There was no significant difference between the treatment
arms in overall survival or in breast cancer specific survival. The authors conclude that
APBI using IMRT in 5 once daily fractions (30 Gy in 5 fractions) results in a low 10 year
cumulative IBTR that is not significantly different from patients treated with WBI.

AccuBoost® Non-Invasive Image-Guided Breast Brachytherapy (NIIGBB) (Advanced
Radiation Therapy, Inc., Billerica, MA) is a method of IGRT that incorporates a real-
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time image guidance mammography-based system to deliver noninvasive
brachytherapy. The breast is immobilized using moderate compression. Digital
mammography provides localization of the target volume. Custom applicators, ranging
from 4 to 8 cm in diameter, are designed to deliver a highly collimated beam, which are
used with an HDR remote afterloading system.The applicators are mounted on
mammography paddles, centered on the target to deliver HDR IR-192 along 2
intersecting orthogonal axes sequentially. To use AccuBoost®, the tumor bed must be
visible on mammogram, the planning target volume (PTV) must be less than or equal
to 8 cm, and the breast must be compressible to a plate separation less than or equal
to 7 cm.

There is limited clinical data on AccuBoost®. The data is primarily dosimetric or
feasibility studies. In “Breast boost using noninvasive image-guided breast
brachytherapy vs. external beam: a 2:1 matched-pair analysis,” Leonard et al (2013)
provide a retrospective analysis of 47 patients treated with AccuBoost® compared to 94
matched controls treated with standard electrons or photons. This study is limited by
short follow-up (median follow-up of 13.6 months) and that it is retrospective in nature.
In the publication “The rationale, technique, and feasibility of partial breast irradiation
using noninvasive image-guided breast brachytherapy,” Schuster et al (2016) report a
multicenter study examining the feasibility of AccuBoost® in 518 patients. This is a
feasibility study. This study does not compare AccuBoost® against the standard of care
which is radiation therapy to the boost using photons or electrons.

Sioshansi et al (2011) conducted a study of dose modeling of NIIGBB, compared with
electron beam and 3DCRT partial breast radiation. This study modeled the NIIGBB
dose distributions as a point source. Dose volume comparisons were evaluated in 8
patients and compared to 3DCRT and electron boost simulations. Patient eligibility
required a clearly defined target cavity identified on CT, = 5 mm distance between the
posterior aspect of the cavity and the chest wall, and a breast that could be
compressed in < 8 cm. The authors reported that the NIIGBB PTVs were significantly
less than those of the 3DCRT and electron boost, allowing for more normal tissue
sparing. Because NIIGBB directs radiation parallel to the chest wall, there is negligible
dose delivered to the chest wall and lung. NIIGBB, compared to electrons and 3DCRT,
resulted in lower maximum dose to the skin (60% and 10% respectively), and chest
wall/lung (70% to 90%).

There is, as yet, little clinical information available on the long-term results in patients
treated with this technique. A multi-institutional study showed acceptable rates of acute
skin toxicity and a high rate of excellent or good cosmetic results at 6 months. In a
study from Tufts Medical Center (Leonard et al, 2012), the cosmetic results and skin
and subcutaneous toxicities were similar in 18 matched pairs of patients with more
than 6 months follow-up treated with either AccuBoost® or a conventional electron
boost. This device has also been used for APBI, again with very limited follow-up of
small numbers of patients. Hepel et al presented the results of the patient registry for
APBI at the 2018 ASTRO meeting and concluded longer follow-up is needed to confirm
late end points.

In a subsequent publication, Hepel et al (IJROBP 2020) presented the final results of a
phase Il trial (BrUOG Br-251) of NIIGBB for APBI. Patients were 50 years old or older
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with node-negative ER-positive invasive breast cancer 2 cm or less or with DCIS that
was 3 cm or less. A dose of 34 Gy in 10 fractions, either once or twice daily, was given.
The primary outcomes was feasibility and late toxicity at 2- and 5-years while
secondary endpoint was cosmetic outcome and ipsilateral breast tumor recurrence. At
2 years, late grade 2 toxicity was seen in 5% with no grade 3 or greater toxicity seen.
5-year toxicity was reported on 20 patients at a median follow-up of 63 months. Late
grade 2 toxicity was seen in 10% with no grade 3 toxicity seen. At a median follow-up
of 68 months, the 5-year freedom from IBRT was 93.3%. The authors concluded that
“continued evaluation of the NIBB APBI technique in a larger cohort is warranted.”

IORT

The use of IORT for the treatment of breast cancer has been evaluated in 2
prospective randomized clinical trials, TARGIT-A which utilized low-energy x-rays
(using INTRABEAM®) and ELIOT, which utilized electrons.

TARGIT-A

In the TARGIT-A trial, patients 45 years or older with unifocal invasive ductal carcinoma
(preferably less than 3.5 cm) were randomized to receive IORT (to the lumpectomy
bed) or external beam radiation therapy (EBRT) to the whole breast (with or without a
boost). Those receiving IORT were stratified by timing of the IORT (pre-pathology
versus post-pathology) and by facility. For pre-pathology patients randomized to IORT,
supplemental EBRT to the whole breast (without a boost) was given when pathology
from the lumpectomy revealed either invasive lobular carcinoma, extensive intraductal
component or another adverse criterion (ie, high-grade, lymphovascular invasion,
nodal involvement). In this setting, IORT was considered the boost. The primary
outcome evaluated was local control in the conserved breast.

Initial results were published in 2010 at which time data was presented on 2232
patients, 862 who had a median follow-up of 4 years and 1514 who had a median
follow-up of 3 years. Of the 1113 patients randomized to IORT, 996 received the
allocated treatment. Of the 1119 patients randomized to EBRT, 1025 received the
allocated treatment. At 4 years, there was no significant difference in the estimate of
local recurrence between IORT and EBRT (1.2% versus 0.95%, p = 0.41). It is noted
that in the pre-pathology IORT group, 14.2% of patients received supplemental EBRT.

In a more recent update published in 2014, a total of 3451 patients randomized to
IORT and 1730 patients randomized to EBRT were evaluated. Within the IORT group,
2298 were randomized prior to the lumpectomy (pre-pathology strata) and 1153 were
randomized after lumpectomy (post-pathology strata). Median follow-up of the 3451
patients who had received IORT was 2 years and 5 months. 2020 patients had a
median follow-up of 4 years and 1222 patients had a median follow-up of 5 years (note
that only 611 patients [18%] had 5-year follow-up). At 5 years, the risk for local
recurrence with IORT was significantly higher as compared to EBRT (3.3% versus
1.3%, p = 0.042). When considering the pre-pathology strata, the risk of local
recurrence was 2.1% with IORT versus 1.1% (p = 0.31). This contrasts with the post-
pathology strata where the recurrence was 5.4% with IORT versus 1.7% with EBRT (p
= 0.069). Based on this data, the authors conclude that “TARGIT concurrent with
lumpectomy within a risk-adapted approach should be considered as an option for
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eligible patients with breast cancer carefully selected as per the TARGIT-A trial
protocol, as an alternative to postoperative external beam breast radiotherapy.”

In response to this publication, several authors have criticized the statistical analysis.
For example, Cuzick (2014) states, “...there are several major deficiencies in the
analysis...” including, “...the misuse of the non-inferiority criterion...” which “...clearly
fails...” as the "...Kaplan-Meier estimates... establish a 2% superiority of external
beam radiotherapy (p = 0.04) and a Cl extending beyond 2.5%.” Cuzick further states
the “...protocol clearly states that the primary analysis population includes all
randomized patients. However, the report concentrates on the prepathology group.”

Haviland et al (2014) stated that “...assessment of local recurrence at 5 years by
comparison of binomial proportions is appropriate only if 5-year follow-up is available
for all patients, whereas only 611 of 3451 patients have reached this point. This
analysis, including the non- inferiority test statistic, is therefore unreliable.” The authors
conclude that “...the TARGIT-A trial remains inconclusive, and intraoperative
radiotherapy using TARGIT remains an experimental treatment.”

Finally, Silverstein et al (2014) indicated that “...the results of the TARGIT-A trial, with a
median follow-up (FU) of 29 months, is still well below the median time when breast
recurrences can be expected, especially since more than 90 % of TARGIT-A women
were estrogen receptor positive, and at least 65% received adjuvant hormonal therapy,
a treatment well-known to delay recurrences in ER+ women.” In addition, they note that
“...overall breast recurrence rates in the TARGIT group also exceeded rates in the
EBRT group, a difference at borderline statistical significance (p = 0.053).” They
conclude that “...with 29 months of median follow-up, the TARGIT data are still
immature and risk-adapted IORT with 50-kV X-rays is still too early in follow-up to
select the subset of women whose local control will be within their noninferiority criteria
margin of 2.5%. Until the data are more mature, 50-kV patients should be treated
under strict institutional protocols.”

Vaidya et al (BMJ 2020) reported on 5-year results of immediate-IORT vs. delayed
IORT. The authors found that TARGIT-IORT was non-inferior to EBRT with local
recurrence of 2.11% for TARGIT-IORT vs. 0.95% for EBRT. At a median follow-up of
8.6 years, no statistical difference was found for local recurrence-free survival,
mastectomy-free survival, distant DFS, OS, or breast cancer mortality.

Following this publication, even greater scrutiny was paid to the results. This includes
the questioning of adherence to standards and validity of analysis of the pre-pathology
stratum. Others, including Bentzen (BMJ 2020), Shah (Ann Surg Oncol 2021), and
Shah (JAMA Oncol 2020), have all raised additional concerns.

For example, Yarnold et al (BMJ 2020) stated that “the TARGIT-A trial was conducted
outside the research governance framework described in UK Medical Research
Council Guidelines for Good Clinical Practice in Clinical Trials...” One example
provided was that the “International Trial Steering Committee [comprised of] 22
individuals, all closely involved in the trial, including a past chairman drawing monthly
consultancy fees from Zeiss and several Zeiss employees...” Further, “the 2020
publications of pre-and post-pathology strata as independent trials represent marked
departures from previous publications and serious deviations from standard practice.”
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Another criticism raises the question of efficacy of IORT given that Vaidya et al
reported a 3.96% local recurrence rate (similar to radiation-omission in the PRIME |I
trial of 4.1%) with delayed IORT. Given this, Kirby et al (BMJ 2020) assert that “the
effect of LRR if adding IORT to BCS is negligible in the post-pathology stratum of
TARGIT-A.” Moreover, if the local recurrences with IORT in the delayed treatment is
equal to that of “no treatment” then it questions why IORT done up front would have
any different efficacy. Kirby concluded that “the tumour outcome in the pre-pathology
stratum of the TARGIT-A trials is consistent with the outcome after IORT in the post-
pathology setting; both strata support the hypothesis that IORT has no clinically
meaningful effect on LRR after surgery.”

In a more “real-world” study, the results of TARGIT-R were also recently published
revealing an 8% local recurrence rate (Valente Ann Surg Oncol 2021) at 5 years for the
primary IORT cohort. This recurrence rate certainly differs from the 4% rate reported in
the TARGIT-A ftrial. For this “low-risk patient population,” the recurrence rates also
stand in stark contrast to 5-year recurrence rates of “1% in patients treated with
endocrine therapy and whole-breast irradiation” and “4% in patients treated with
endocrine therapy alone.” (Smith and Kuerer Ann Surg Oncol 2021). This data
suggests “that the real-world effectiveness of primary IORT in the US patient
population may be inferior to the efficacy of IORT reported in the TARGIT-A trial...”.
The authors of the TARGIT-R conclude that “long-term follow-up studies of patients
treated with IORT in randomized controlled trials and prospective registries will provide
necessary data to define the efficacy of IORT and whether it can be considered a
suitable radiation treatment option.”

ELIOT

In the ELIOT trial, 1305 patients 48 years or older with tumors 2.5 cm or smaller were
randomized to receive IORT with electrons or EBRT. Patients were stratified by tumor
size (< 1.0 cm vs. 1.0 to 1.4 cm vs. 2 1.5 cm). The primary endpoint was the
occurrence of ipsilateral breast tumor recurrences (IBTR), which included true local
relapse plus new ipsilateral breast tumor. Median follow-up for all patients was 5.8
years.

Results revealed that there was a significantly greater occurrence of IBTR in the IORT
group compared to the EBRT group at 5 years (4.4% versus 0.4%, p = 0.0001). The 5-
year rate of true local recurrence (occurring in the index quadrant) was also
significantly higher in the IORT group compared to the EBRT group (2.5% versus
0.4%, p = 0.0003). The rate of new ipsilateral breast carcinoma was also significantly
higher in the IORT group compared to the EBRT group (1.9% versus 0%, p = 0.0001).
Finally, it was noted that the IORT group developed a significantly higher rate of axillary
or other regional lymph node metastases (1% versus 0.3%, p = 0.03). At 5 years,
overall survival did not differ between the 2 groups.

In a multivariate analysis of the IORT group, tumor size greater than 2 cm, presence of
4 or more positive lymph nodes, a poorly differentiated tumor, and triple negative
subtype were associated with nearly twice the risk of IBTR. The risk of IBTR at 5 years
was 11.3% if any one of these unfavorable characteristics was present versus 1.5% in
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those without these features (p < 0.0001). It is noted that this group of patients with a
low risk of IBTR is similar to that of the “Suitable” APBI group as defined by ASTRO.

However, the long-term results of ELIOT were recently published and showed a higher
rate of recurrence when compared to whole breast irradiation. At a median follow-up of
12.4 years, the IBTR was 11% with IORT vs. 2% with whole breast irradiation.

ASTRO Consensus Statement

ASTRO released an Evidence-Based Consensus Statement for APBI. In this
statement, the authors recommend that patients “...be counseled that in 2 clinical trials
the risk of IBTR was higher with IORT.”

With respect to IORT using electrons, the authors state that “ELIOT has a median of
5.8 years follow up (n = 1305). However, ELIOT patients with invasive cancer fitting the
‘suitability’ criteria had a very low rate of IBTR. Among these patients, the 5-year
occurrence of IBTR was approximately 1.5%, pointing out the importance of patient
selection.” Hence the recommendation that “...electron beam IORT should be
restricted to women with invasive cancer considered “suitable” for PBI.”

With respect to IORT using low-energy x-rays, the authors recommend that “...low-
energy x-ray IORT for PBI should be used within the context of a prospective registry
or clinical trial, per ASTRO Coverage with Evidence Development (CED) statement.
When used, it should be restricted to women with invasive cancer considered ’suitable’
for partial breast irradiation based on the data at the time of this review.”

When further detailing their recommendations, the authors note that “...the five-year
IBTR risk is based on the overall short follow up of the TARGIT trial, which limits
precision of the five-year risk estimates. Although there was no statistically significant
difference in IBTR risk for patients treated with IORT versus WBI in the TARGIT
prepathology subgroup, the task force thought greater weight should be placed on
evaluation of the efficacy of IORT in the prespecified primary analysis population that
included all patients.” Given this and the concern of “...misuse of the noninferiority
criterion...,” the authors “...felt low-energy x-ray IORT should continue to be used
within the context of a prospective registry or clinical trial to ensure long-term local
control and toxicity outcomes are prospectively monitored.” In addition, “...given the
increased risk of IBTR, the task force advised that low-energy x-ray IORT, when used,
be confined to patients with the lowest risk of IBTR, specifically those in the ’suitable’
group.”

In response to the Consensus Statement, Small et al (2017) reiterated that the
“TARGIT-A trial specified stratification between pre- and post-pathology before
randomization...” and that “...the panel’'s recommendations regarding IORT should
have acknowledged the results for the pre-specified analysis for the primary end-point
of IORT treatment in the whole trial (n = 3451, a difference of 2 % p = 0.04), as well the
pre-pathology stratum (n = 2298, a difference of 1% p = 0.31)."

The American Brachytherapy Society Consensus Statement for IORT (Tom et al, 2019)
concluded that “IORT, as monotherapy, after breast-conserving surgery, should not be
offered to patients outside of prospective clinical trials, regardless of IORT technique
used.”
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Locoregional treatment in the metastatic setting

Locoregional radiation therapy may be considered for women who initially present with
metastatic disease, but after surgery and/or chemotherapy, are found to have no
clinical evidence of disease. In such a scenario, the use of up to 25 fractions is
considered medically necessary.

Palliation

Primary therapy for women with metastatic breast cancer (M1 stage) is systemic
therapy. However, for symptomatic breast or chest wall disease, up to 15 fractions of
radiotherapy is considered medically necessary.
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Cervical Cancer

v1.0.2023
POLICY
I. Stage IA1
A. Definitive external beam photon radiation therapy using 20 to 30 fractions of

three-dimensional conformal radiation therapy (3DCRT) to the pelvis and
brachytherapy (low-dose rate [LDR] or up to 5 fractions of high-dose rate
[HDR]) is considered medically necessary.

Brachytherapy alone is considered medically necessary for stage 1A1 cervical
cancer when ALL of the following conditions are met:

1. Medically inoperable or surgical refusal
2. Absence of lymphovascular space invasion (LVSI)

Stage 1A2, I1B1, IB2, IIA, 1IB, A, IlIB, or IVA

A.

Definitive external beam photon radiation therapy using 25 to 35 fractions of
3DCRT to the pelvis and brachytherapy (LDR or up to 5 fractions of HDR) is
considered medically necessary.

Definitive external beam photon radiation therapy using 25 to 35 fractions of

3DCRT or intensity-modulated radiation therapy (IMRT) is considered

medically necessary for ANY of the following:

1. Positive pelvic nodes on positron emission tomography (PET), magnetic
resonance imaging (MRI) or computed tomography (CT) scan being
treated to doses of 54 Gy or higher with external beam radiation therapy

2. Treatment of the paraaortic nodes

3. The individual is medically inoperable and brachytherapy cannot be
performed

Stereotactic body radiation therapy (SBRT) as an alternative to
brachytherapy is considered experimental, investigational or unproven (EIU)
for the definitive treatment of cervical cancer.

Adjuvant (postoperative) treatment in an individual without evidence of distant
metastases

A.

Up to 30 fractions of 3DCRT or IMRT and brachytherapy (LDR or up to 5
fractions of HDR) is considered medically necessary in the setting of:

Positive surgical margins

Positive pelvic nodes

Positive paraaortic nodes

Vaginal margins less than 0.5 cm

Extensive lymphovascular or capillary involvement

Deep stromal invasion

Large tumor size > 4cm

NogohkwN=
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IV. Locoregional recurrence in an individual without evidence of distant metastases

A. Up to 30 fractions of 3DCRT with up to 4 gantry angles are considered

medically necessary. Up to 2 phases are considered medically necessary,
with or without brachytherapy.

B. IMRT is considered medically necessary in EITHER of the following

conditions:

1. The paraaortic nodes will be treated

2. The postoperative setting where the whole pelvis will be treated to 45 Gy
or higher

C. Stereotactic body radiation therapy (SBRT) is considered medically

necessary based on a history of previous radiation to the same or abutting
region and inability to deliver therapeutic doses of radiation with other
techniques.

V. Palliation in an individual with or without evidence of distant metastases

A. In the non-curative setting and where symptoms are present, 15 fractions of

palliative external beam photon radiation therapy delivered with a
conventional isodose technique or 3D conformal radiation therapy (3DCRT)
using up to 4 gantry angles is considered medically necessary. One phase is
considered medically necessary.

B. IMRT is considered medically necessary when previous external beam
radiation therapy or brachytherapy has been given to the same or abutting
region.

C. Brachytherapy is considered medically necessary when previous external
beam radiation therapy or brachytherapy has been given to the same or
abutting region.

VI. Electronic brachytherapy is considered experimental, investigational or unproven
(EIU) for the treatment of cervical cancer.
DISCUSSION

Within the United States in 2022, 14100 new cases of cervical cancer are projected,
resulting in approximately 4280 deaths (Siegel, 2022). The prognosis of an individual
with cervical cancer is markedly affected by the extent of disease at the time of
diagnosis. Clinical staging of cervical cancer should be performed prior to developing
an overall treatment and beginning definitive treatment.

IMRT in the intact cervix

The routine use of IMRT is not considered medically necessary for the definitive
treatment of cancer of the intact cervix. Studies have demonstrated that there are
several challenges with the use of IMRT in the definitive treatment of the cervix
(Lim et al, 2015). First, the uterus and cervix are mobile structures and are subject
to variation in between fractions (Lim et al, 2015). In addition to the inherent
movement of the uterus, the cervix is also subject to variability in position
secondary to bladder and bowel filling (Mackay et al, 2015; Mahmoud et al, 2017).
As the position of the cervix can move as much as 2 cm on a daily basis, studies
have shown difficulty in daily reproducibility and dosimetry with IMRT planning
(Lim et al, 2009; Lim et al, 2011; Lim et al, 2015; Small et al, 2008; Welsh et al,
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2007). Furthermore, the significant and rapid tumor shrinkage seen in cervical
cancer can also impact the IMRT dose distribution leading to the risk of
underdosing the tumor or overdosing surrounding normal tissue (Beadle et al,
2009). Studies estimate that the cervix can shrink from 50%-79% during the
course of treatment (Mahmoud et al, 2017). Therefore, the routine use of IMRT in
cervical cancer is not recommended. IMRT will be approved when comparative
3DCRT and IMRT plans demonstrate that a 3D plan does not meet the
“Acceptable” normal tissue constraints using standard metrics published by the
Radiation Therapy Oncology Group (RTOG)/National Comprehensive Cancer
Network® (NCCN®). Furthermore, the use of IMRT will be considered when co-
morbid medical conditions and/or surgical history may significantly increase risk to
critical organs.

Lymph node involvement in cervical cancer is an important prognostic indicator.
Therefore, evaluation of the risk of lymph node involvement plays a significant role
in the management of cervical cancer. Cervical cancer typically spreads in
stepwise manner first involving the obturator nodes, followed by the common iliac,
and then the paraaortic lymph nodes. When regional pelvic nodes are grossly
involved, the NCCN® recommends that doses of 55 to 65 Gy be given to the
grossly involved nodes with consideration of the contribution of dose from
brachytherapy. Therefore, IMRT is considered medically necessary in the
definitive treatment of cervical cancer with grossly involved pelvic nodes with a
planned dose of 55 Gy or higher to the pelvic nodes. Extended field radiation
therapy to encompass the paraaortic nodes is indicated in the following clinical
situations: 1. grossly involved paraaortic nodes on imaging or surgical staging, 2.
recurrent disease without evidence of distant metastasis and 3. gross involvement
of the common iliac lymph nodes. IMRT is considered medically necessary in the
definitive treatment of cervical cancer when extended field radiation therapy
encompassing the paraaortic lymph nodes is clinically indicated as described
above.

Brachytherapy

Brachytherapy is an important component of the curative treatment of cervical
cancer. Brachytherapy may be given by either Low Dose Rate (LDR) or High Dose
Rate (HDR) techniques. Dose recommendations are available in the literature of
the American Brachytherapy Society. It is recognized that disease presentations
and anatomic deformity may result in less than optimal dosimetry using
conventional radiation applicators and supplementary interstitial brachytherapy
may be required on an individual basis to achieve optimal therapeutic effect.

The type of implant may include tandem and ovoids, tandem alone, ovoids only,
interstitial, or vaginal cylinder only. For LDR therapy, up to 2 interstitial or
intracavitary applications are considered medically appropriate. For HDR
interstitial therapy, when 1 application is used, up to 5 fractions may be
appropriate. When 2 applications are used, up to 3 fractions may be appropriate.
For HDR tandem and ovoids, up to 6 applications may be appropriate. For HDR
vaginal cylinder, up to 3 applications may be considered medically necessary.

Electronic brachytherapy is considered experimental, investigational or unproven
(EIV) for the treatment of cervical cancer.
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There is limited data on the role of stereotactic body radiation therapy as an
alternative to brachytherapy in cervical cancer. The data is hampered by limited
follow-up, heterogeneous patient populations, and small sample size (Mahmoud et
al, 2017). Cengiz et al (2012) reported on a dosimetric comparison of SBRT and
brachytherapy in 11 women with locally advanced cervical cancer. The maximum
bone marrow dose was higher with the SBRT plan. They found similar dose
distributions to the rectum and bladder with SBRT and brachytherapy. There was
improved target coverage with SBRT. In an abstract, Mantz (2016) reports on 42
patients with cervical and endometrial cancer who received SBRT as a boost
alternative following pelvic external beam radiation therapy. The study showed
that SBRT was associated with no grade 3 or greater urinary or bowel toxicity with
a 5 year local control rate of 78.5% (Mantz, 2016). Yanez and colleagues (2018)
performed a systematic review of the use of SBRT in cervical cancer. The authors
were unable to find strong evidence to support the use of SBRT as a replacement
for brachytherapy in the definitive treatment of cervical cancer. Given the limited
literature on SBRT in cervical cancer, SBRT as an alternative to brachytherapy is
considered EIU for the definitive treatment of cervical cancer.

Postoperative (adjuvant) external beam radiation therapy/IMRT

The role of postoperative radiation therapy in cervical cancer is dependent upon
the type of surgery performed (simple or radical hysterectomy) and the surgical
findings. Surgical findings associated with increased risk of recurrence include the
size of the primary tumor, depth of stromal invasion, and presence of
lymphovascular invasion, capillary invasion. Positive pelvic and/or para-aortic
nodes, close (< 0.5 cm) or positive surgical margins, and involvement of the
parametrium are also associated with the increased risk for local recurrence.
Postoperative radiation therapy often in combination with chemotherapy is utilized
to decrease the risk of recurrence. When clinically indicated, postoperative
radiation therapy typically is delivered using up to 30 fractions using either IMRT
or 3DCRT. An intracavitary boost may be clinically appropriate in the setting of
positive surgical findings.

The use of IMRT in the treatment of postoperative cervical cancer has been
evaluated as a method to decrease treatment related toxicity. The risk of severe
small bowel injury after conventional radiotherapy for postoperative patients with
gynecologic cancer is estimated to be between 5 and 15% (Corn et al, 1994,
Gallagher et al, 1986). Multiple dosimetric studies and smaller clinical studies
have demonstrated that the dose to the small bowel can be decreased using
IMRT which should impact the risk of small bowel injury (Jhingran et al, 2012;
Klopp et al, 2013; Salama et al, 2006). RTOG 0418 evaluated postoperative IMRT
in patients with endometrial cancer and cervical cancer who received 50.4 Gy to
the pelvis and vagina (Portelance et al, 2011; Klopp et al, 2013). RTOG 0418
showed that postoperative pelvic IMRT for endometrial and cervical cancer is
feasible across multiple institutions with use of a detailed protocol and centralized
quality assurance. The abstract of RTOG 0418 was reported by Portelance and
colleagues (2011). The 2-year disease-free survival (DFS) and overall survival
(OS) rates were 86.9% and 94.6%, respectively. In their analysis of RTOG 0418,
Klopp and colleagues (2013) showed low rates of hematologic toxicity with IMRT
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VL.

when the bone marrow V40 is less than 37%. The overall survival and disease
free survival compare favorably to an Intergroup postoperative study of concurrent
chemoradiation with conventional RT in high risk early stage cervical cancer
patients reported by Peters et al (2000) where 3-year progression-free survival
(PFS) and OS were 84% and 88%, respectively. In a report of 34 patients from
Memorial Sloan-Kettering Cancer Center (MSKCC) with intermediate and high-risk
cervical cancer receiving postoperative chemotherapy and concurrent IMRT,
Folkert and colleagues (2013) showed a 3- and 5-year OS of 91% and PFS of
91.2% with a 44-month median follow-up. There were only 2 locoregional failures,
1 vaginal and 1 pelvic (Folkert et al, 2013). These data suggest that with the
tighter margins of IMRT, local control can be maintained with a decrease in
toxicity.

Locoregional recurrence

For an individual with locoregional recurrence only without evidence of distant
metastatic disease, salvage radiotherapy is considered medically necessary. The
usual treatment employs up to 30 fractions of 3DCRT and up to 4 gantry angles.
Up to 2 phases are considered medically necessary, with or without
brachytherapy. IMRT will be considered based on clinical presentation and
anatomic location. IMRT will be approved when comparative 3D and IMRT plans
demonstrate that a 3D plan does not meet the “Acceptable” normal tissue
constraints using standard metrics published by the RTOG/NCCN®.

Palliative therapy

In the non-curative setting and where symptoms are present, palliative external
beam photon radiation therapy may be considered medically necessary. In this
scenario, treatment is delivered utilizing a conventional isodose technique or
3DCRT, up to 4 gantry angles, 1 phase, and up to 15 fractions. IMRT may be
considered medically necessary when previous external beam photon radiation
therapy or brachytherapy has been given. IMRT will be approved when
comparative 3D and IMRT plans demonstrate that a 3D plan does not meet the
“Acceptable” normal tissue constraints using standard metrics published by the
RTOG/NCCN®.

Chemotherapy

Randomized trials have shown an overall survival advantage for cisplatin-based
therapy given concurrently with radiation therapy, while 1 trial examining this
regimen demonstrated no benefit. The patient populations that benefit include
International Federation of Gynecology and Obstetrics (FIGO) stages IB1 to IVA
cervical cancer treated with primary radiation therapy and FIGO stages | to IIA
disease with poor prognostic factors (metastatic disease in pelvic lymph nodes,
parametrial disease, or positive surgical margins) at primary surgery, who then go
on to receive adjuvant chemoradiation. Although the positive trials vary in terms of
the stage of disease, and incorporate varying radiation treatment regimens with
chemotherapy schedules of cisplatin alone or combined with fluorouracil, the trials
demonstrate significant survival benefit for this combined approach. Based on
these results, strong consideration should be given to the incorporation of
concurrent chemotherapy with radiation therapy in women who require radiation
therapy for the treatment of cervical cancer.
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Endometrial Cancer

v1.0.2023
POLICY

Treatment options in a fully surgically staged individual:

I. Postoperative brachytherapy alone is considered medically necessary for ANY of
the following:
A. Stage IA grades 2 or 3 without adverse risk factors
B. Stage IA grades 1-3 with adverse risk factors
C. Stage IB grades 1-3
D. Stage Il grades 1-3
II. Pelvic external beam radiation therapy with or without brachytherapy alone is
considered medically necessary for EITHER of the following:
A. Medically inoperable
B. Postoperative for ANY of the following:

1. Stage IB grade 3
2. Stage Il grades 1-3
3. Stage lllA, stage IlIB, and stage IlIC

4. Stage IVA

Ill. Radiation therapy to the primary tumor is considered medically necessary for ANY
of the following:

A. Local only recurrence with no evidence of metastatic disease
B. Palliative treatment of symptoms such as pain or bleeding

DOSE and TECHNIQUE

I.  External beam radiation therapy

A. A dose of 45 to 50 Gy (25-28 fractions) using a three-dimensional conformal
radiation therapy (3DCRT) is considered medically necessary for definitive
treatment. In the post-hysterectomy setting, the use of intensity-modulated
radiation therapy (IMRT) is considered medically necessary.

B. A dose of 60 to 65 Gy (30-36 fractions) is considered medically necessary in
the following:
1. When a boost is planned for positive lymph node(s), positive surgical

margins and/or gross residual disease

C. Palliation/recurrence:

1. Pelvic external beam photon radiation therapy alone or combined with
brachytherapy is considered medically necessary based on the clinical
presentation.

2. In the non-curative setting and where symptoms are present, palliative
external beam photon radiation therapy is considered medically
necessary. In this scenario, treatment is typically delivered with
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conventional isodose technique or three-dimensional conformal radiation
therapy (3DCRT), up to 4 gantry angles, 1 phase, and up to 15 fractions.

3. When salvage radiotherapy is attempted for recurrence, treatment is
typically 3DCRT, up to 4 gantry angles, and up to 35 fractions. Up to 2
phases is considered medically necessary, and the use of brachytherapy
is considered medically necessary in the absence of distant disease.

II.  Brachytherapy
A. Preoperative stage Il with gross disease:
1. External beam photon radiation therapy and intrauterine brachytherapy
2. Up to a total dose of 75 to 80 Gy low-dose rate (LDR) equivalent
B. Postoperative:

1. High-dose rate (HDR) brachytherapy should be initiated as soon as the
vaginal cuff has healed or no later than 12 weeks following surgery.

2. Brachytherapy using a vaginal cylinder is generally limited to the upper
vagina with the dose prescribed at the vaginal surface or to a depth of 0.5
cm.

a. In conjunction with external beam radiation, regimens of 4 to 6 Gy for
2 to 3 fractions to the vaginal mucosa is recommended.

b. When delivered as sole therapy, regimens of 7 Gy for 3 fractions or
5.5 Gy for 4 fractions prescribed to a depth of 0.5 cm from the vaginal
surface or 6 Gy for 5 fractions prescribed to the vaginal surface are
recommended.

C. Palliation/recurrence:

1. Brachytherapy alone or as combined treatment is considered medically
necessary for recurrent endometrial cancer in the absence of distant
disease or palliation of symptoms when external beam radiation therapy
cannot be used.

lll. Electronic brachytherapy is considered experimental, investigational or unproven.

DISCUSSION

Within the United States in 2022, about 65950 new cases of uterine malignancy are
projected, resulting in approximately 12550 deaths. Uterine cancers represent the most
common female genital tract malignancy. Endometrioid (tumors resembling the lining of
the uterus; adenocarcinomas) are the most prevalent subtype. Papillary serous
carcinoma, clear cell carcinoma and uterine sarcoma are not covered under this
guideline.

The staging definitions used in the creation of the treatment criteria may be found in
the 8™ Edition of the American Joint Committee on Cancer (AJCC) Cancer Staging
Manual. The treatment options for treatment of cancer of the endometrium are defined
by stage of disease, grade of the cancer, completeness of surgical staging and the
presence of adverse risk factors. Complete surgical staging is defined as total
abdominal hysterectomy and bilateral salpingo-oophorectomy (TAHBSO), peritoneal
lavage for cytology, dissection of pelvic and para-aortic lymph nodes and careful
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inspection and palpation of abdominal organs including but not limited to diaphragm,
liver, peritoneal surfaces of the abdomen, pelvis, bowel and omentum. Adverse risk
factors include advancing age, lymphovascular extension, tumor size, lower uterine
involvement classified as cervical glandular involvement (newly classified as stage |).
For cases that are not completely surgically staged, radiologic imaging plays an
important role in selecting a treatment strategy.

For surgically staged stage IA with or without adverse risk factors, all individuals
regardless of pathologic grading may be observed as per National Comprehensive
Cancer Network (NCCN®) Guidelines®. Observation may also be employed for
individuals with stage IB G1 and G2 disease without risk factors. Should treatment
rather than observation be decided upon for these same groups, radiation techniques
are stratified in the preceding guideline statements. With more advanced clinical state
and/or radiological presentations, more extended external beam photon radiation fields
with or without brachytherapy may be medically necessary.

In advanced disease, the increased utilization of adjuvant chemotherapy has called
into question the magnitude of the added benefit of adjuvant radiation therapy. We are
awaiting the results of some recent trials that may help to answer some of these
questions. Gynecologic Oncology Group (GOG) trial 249 randomized high risk early-
stage patients to pelvic external beam photon radiation therapy or intravaginal external
beam photon radiation therapy and chemotherapy. GOG 258 is comparing surgical
stage Il or IVA patients to concurrent tumor directed external beam radiation
therapy/chemotherapy to chemotherapy alone and PORTEC-3 is comparing
concurrent pelvic external beam photon radiation therapy/chemotherapy to pelvic
external beam photon radiation therapy alone in high risk surgical stage IB-llI patients.
The early-stage endometrial cancer study by Aalders et al (1980) updated by Onsrud et
al (2013) of 568 patients with a median follow-up of 20.5 years suggested no statistical
difference in overall survival (OS) between women treated with vaginal brachytherapy
alone versus those treated with vaginal brachytherapy and external beam radiation.
Patients younger than age 60 who received external beam treatment did not have a
survival benefit but did suffer an increased risk of secondary cancers with subsequent
increased mortality.

For all other stages and those with positive radiologic imaging, surgical restaging or
pathologic confirmation of more advanced disease is recommended (image directed
biopsy). An individual then enters the fully surgically staged treatment
recommendations with her newly assigned stage.

The American Brachytherapy Society published “The American Brachytherapy Society
Consensus Statement for Electronic Brachytherapy” to serve as a guideline for the
appropriate use of electronic brachytherapy (Tom et al, 2019). In the consensus
statement, the authors note concerns in extrapolating data from traditional
brachytherapy techniques to electronic brachytherapy regarding “clinical outcomes,
toxicity profiles, and indications.” There is limited clinical data available on the use of
electronic brachytherapy in vaginal cuff brachytherapy. The consensus statement notes
that there is “paucity of data with respect to utilizing EB (electronic brachytherapy) for
gynecologic cancers. It is not recommended that EB be used to deliver vaginal cuff
brachytherapy outside of a clinical trial.”
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Esophageal Cancer

v1.0.2023

POLICY

I.  Neoadjuvant treatment

A. For an individual with stage T1b node-positive or T2-T4a esophageal cancer,
the use of 23 to 28 fractions of three-dimensional conformal radiation therapy
(3DCRT) or intensity-modulated radiation therapy (IMRT) is considered
medically necessary.

II.  Adjuvant treatment (if no preoperative or prior radiation given)

A. For an individual with squamous cell carcinoma when there are positive
margins or adenocarcinoma with at least pT2 or node-positive esophageal
cancer, the use of 25 to 28 fractions of 3DCRT or IMRT is considered
medically necessary.

lll. Definitive treatment

A. For an individual with T1b node-positive or T2-T4a esophageal cancer, the
use of 25 to 28 fractions of 3DCRT or IMRT is considered medically
necessary.

B. For tumors located in the cervical esophagus, up to 39 fractions of 3DCRT or
IMRT is considered medically necessary.

IV. Palliation

A. The use of up to 15 fractions of 3DCRT is considered medically necessary.

B. IMRT is considered medically necesary when an optimized 3D conformal plan
exceeds the tolerances for organs at risk (OARs) as outlined by either
QUANTEC or National Comprehensive Cancer Network (NCCN®)
Guidelines®

DISCUSSION

I.  Neoadjuvant chemoradiotherapy (CRT)

Historically, surgery alone has been associated with relatively high rates of
recurrence and dismal rates of survival. Among the treatments investigated to
improve upon these results is the use of preoperative chemoradiotherapy.

One of the largest randomized controlled trials to investigate preoperative CRT
was the CROSS trial. In this trial, 368 patients with resectable clinical stage T1N1
or T2-3NO-1MO squamous cell carcinoma, adenocarcinoma or large-cell
undifferentiated carcinoma of the esophagus and gastroesophageal junction
(GEJ) were randomized to preoperative CRT (carbo/taxol with 41.4 Gy) followed
by surgery or to surgery alone. At a median follow-up of 45.4 months, the median
overall survival (OS) was 24.0 months (CRT) vs. 4.94 months (surgery alone). The
OS at 1, 2, 3, and 5 years was 82% vs. 70%, 67% vs. 50%, 58% vs. 44% and
47% vs. 34%, respectively for preoperative CRT vs. surgery alone. Other benefits
to preoperative CRT included a significantly higher RO resection (92% vs. 69%),
higher incidence of a pathological complete response (pCR) (29% vs. 23%), a
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lower incidence of node positivity (31% vs. 75%) and no difference in occurrence
of postoperative complications.

A recent analysis of CROSS | and |l trials revealed a reduced rate of local-regional
recurrence (LRR) with preoperative CRT (34.7% vs. 57.1%). Furthermore, the
majority of these recurrences had a component of distant recurrence whereas the
rate of an isolated LRR was (3.3% vs. 9.3%).

Finally, a large meta-analysis revealed a significant reduction in all-cause mortality
with preoperative CRT (hazard ratio [HR] 0.78) compared with surgery alone,
translating into an absolute survival benefit of 8.7% at 2 years (Sjoquist et al,
2011).

Adjuvant chemoradiotherapy (CRT)

A. Squamous cell carcinoma

There is no definitive evidence of a benefit with postoperative CRT. For
example, a randomized control trial of 45 patients found no significant
improvement with postoperative CRT vs. postoperative chemotherapy
(Tachibana et al, 2003). It is also noted that the National Comprehensive
Cancer Network® (NCCN®) recommends adjuvant treatment only in the
setting of a R1 or R2 resection.

B. Adenocarcinoma

Postoperative CRT is indicated for an individual with stage IB-IV (MO) based
on the INT 0116 study. In INT 0116, 559 patients with stage IB-IV
adenocarcinoma of the stomach or GEJ (20% of patients) following RO
resection were randomized to CRT (5-FU/leucovorin before, during and
concurrent with radiation to 45 Gy) or to no further treatment. In the most
recent update with a 10-year median follow-up, CRT continues to show a
significant improvement in OS (HR 1.32) and for relapse-free survival (RFS)
(HR 1.51). This benefit extended to all T stages, N stages as well as location
in the GEJ.

Definitive chemoradiotherapy (CRT)

In an individual who is not medically operable or who refuses surgery, definitive
CRT remains the standard treatment. This is primarily based on data from RTOG
8501 (Herskovic et al, 1992). In this randomized stratified phase lll trial, patients
with T1-3, NO-1, MO squamous cell carcinoma or adenocarcinoma (90% were
squamous cell carcinoma) of the esophagus, including GEJ, were randomized to
radiation alone (to 64 Gy) or CRT (50 Gy + 5-FU/cisplatin). In the most recent
update, 5-year survival was 0% vs. 26% and persistence of disease was 37% vs.
25% favoring the CRT arm for both measures (Cooper et al, 1999).

In an attempt to improve upon these results, INT 0123 evaluated radiation dose
escalation in combination with chemotherapy (Minsky et al, 2002). Two hundred
and thirty-six (236) patients with T1-4, NO-1 squamous cell carcinoma or
adenocarcinoma were randomized to 50.4 Gy + 5-FU/cisplatin or 64.8 Gy + 5-FU/
cisplatin. It is noted “...because of the concern that the stomach could not safely
tolerate 64.8 Gy, eligibility was limited to patients whose tumors did not extend to
within 2 cm of the GEJ.” This trial was stopped early due to an increase in death in
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the high-dose arm. Specifically, 11 deaths occurred in the high-dose arm vs. 2 in
the standard-dose arm. Of these 11 deaths, 7 occurred at or below a dose of 50.4
Gy. As such, the standard-dose arm was associated with a non-significant
improvement in median survival (18.1 months vs. 13 months) and 2-year survival
(40% vs. 31%). On the other hand, the high-dose arm was associated with a non-
significant reduction in local-regional persistence or failure (50% vs. 55%) and in
distant failure (9% vs. 16%). As a result of these findings, the authors conclude,
“...the standard radiation dose is 50.4 Gy.”

In a quality of life (QOL) analysis (Kachnic et al, 2011), the high-dose arm had a
significantly lower total QOL at the end of CRT (p = 0.02). At 8 and 12 months, the
high-dose arm had a lower total QOL as compared to the standard arm, though
this was not statistically significant. These results support that the high-dose arm
does not improve patient QOL. The authors state, “...these results lend further
weight to our previous conclusion that radiotherapy to 50.4 Gy should remain the
standard of care in patients treated with definitive CRT for esophageal cancer.”

Treatment technique

Recently published data from RTOG 0617 suggests that, on multivariate analysis
cardiac volume (V), V5 and V30 predict patient survival. Though there is no
indication that similar findings will be borne out of INT 0123, it underscores the
importance of cardiac dose. For example, in the treatment of esophageal
carcinoma, several studies have confirmed an association between cardiac dose
and toxicity.

Konski et al (2012) found that symptomatic cardiac toxicity correlated with the
whole heart V20, V30 and V40. Symptomatic toxicity was not observed if the
whole heart V20, V30 and V40 was kept below 70%, 65% or 60%, respectively. In
addition, Tait et al (2013) also found a correlation of cardiac V20, V30 and V40
with toxicity whereby patients with a V20 above 71%, a V30 above 64.5% and V40
above 57% had increased odds of developing cardiac toxicity.

In an attempt to reduce dose to nearby critical structures, several studies have
evaluated the use of IMRT.

For example, Kole et al (2012) revealed that in the treatment of 19 patients with
carcinoma of the distal esophagus, IMRT significantly reduced heart dose, spared
more of the right coronary artery and improved target conformity.

Using a fitted multivariate inverse probability weighted-adjusted Cox model, Lin et
al (2012) found that patients treated with 3ADCRT had significantly greater risk of
dying (72.6% vs. 52.9%) and of local regional recurrence. In addition, an
increased cumulative incidence of cardiac death was also seen.

IMRT should be considered with caution, however, due to the integral dose within
the lungs. For example, Kumar et al (2012) found that IMRT, compared to 3DCRT,
increased the lung V20 and that a V20 of > 15% increased the risk of chronic
pneumonitis.

Other studies have also shown the effect of low-dose radiation within the lung. For
example, Gergel et al (2002) found that, in the 3D treatment of esophageal cancer
in 20 patients, the percent of absolute lung volume that received a total dose
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between 7 and 10 Gy may be significantly correlated with the percent decline of
carbon monoxide diffusing capacity, total lung capacity and vital capacity.

Lee et al (2003) also found an increase in postoperative pulmonary complications
when the pulmonary V10 was greater than 40% and when the V15 was greater
than 30%. In an update of this study, Wang et al (2006) revealed that the
pulmonary V5 correlated with postoperative pulmonary complications.

NCCN Guidelines® have been updated to state that "... conformal treatment
planning should be used with either 3D conformal radiation or intensity-modulated
radiation therapy (IMRT)." Given this and the available data, the use of IMRT is
supported for treatment of esophageal cancer.
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Gastric Cancer

v1.0.2023

POLICY

I.  Neoadjuvant treatment

A. For an individual with stage T2-T4 or node-positive gastric cancer, the use of
up to 28 fractions of three-dimensional conformal radiation therapy (3DCRT)
or intensity-modulated radiation therapy (IMRT) is considered medically
necessary.

II.  Adjuvant treatment (if no preoperative or prior irradiation given)

A. For an individual with at least pT2 or node-positive gastric cancer, positive
margins, microscopic or macroscopic residual disease or high-risk features
such as poor differentiation, lymphovascular invasion, neural invasion, and
age less than 50, the use of up to 28 fractions of 3DCRT or IMRT is
considered medically necessary.

lll. Definitive treatment

A. For an individual who is inoperable (ie due to co-morbidity), the use of up to

28 fractions of 3DCRT or IMRT is considered medically necessary.

IV. Palliation

A. The use of up to 15 fractions of 3DCRT is considered medically necessary.

B. IMRT is considered medically necessary when an optimized 3D conformal
plan exceeds the tolerances for organs at risk (OARs) as outlined by either
QUANTEC or National Comprehensive Cancer Network (NCCN®)
Guidelines®

DISCUSSION

According to the Eighth Edition of the AJCC Cancer Staging Manual, “...if a tumor
involves the esophagogastric junction (EGJ) and its epicenter is < 2 cm into the
proximal stomach (i.e., < 2 cm distal to the EGJ)...” it is classified as esophageal
cancer. “Tumors involving the EGJ with their epicenter > 2 cm into the proximal
stomach (i.e., > 2 cm distal to the EGJ)...” are classified as gastric cancer.

In the postoperative treatment of gastric carcinoma, chemoradiation is indicated for an
individual with stage I1B-IV (M0O) based on the INT 0116 study. In INT 0116, 559 patients
with stage IB-IV adenocarcinoma of the stomach or GEJ (20% of patients) following RO
resection were randomized to chemoradiotherapy (CRT) (5-FU/leucovorin before,
during and concurrent with radiation to 45 Gy) or to no further treatment. In the most
recent update with a 10-year median follow-up, CRT continues to show a significant
improvement in overall survival (OS) (HR 1.32) and for relapse-free survival (RFS) (HR
1.51). This benefit extended to all T stages, all N stages, and location in the GEJ.

In terms of historical progression of treatment planning techniques; after the Intergroup
0116 trial, which used AP-PA field arrangement, Soyfer et al (2007) published data
concluding that a non-coplanar 3D conformal approach yielded better results than AP-
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PA plans. In 2008, this same group compared IMRT to 3D conformal techniques for
adjuvant management of gastric cancer and concluded that IMRT confers only
marginal benefit, and should be used “...only in the small subset of patients with risk
factors for kidney disease or those with preexisting nephropathy.”

In 2010, the group at Stanford (Minn et al) published on sequential groups of patients
treated in the adjuvant setting, initially 3DCRT (26 patients), and after 2002 with IMRT
(33 patients). The 2-year OS for the 3DCRT and IMRT groups was 51% and 65%,
respectively (p = 0.5). The 2-year disease-free survival (DFS) for the 3DCRT and IMRT
groups was 60% and 54%, respectively (p = 0.8). The 2-year local control rate for the
3DCRT and IMRT groups was 83% and 81%, respectively (p = 0.9). The Stanford
group interpreted this data to show that IMRT could be delivered effectively without
compromising outcome. In terms of toxicity, 3 patients required a treatment break of a
median duration of 7 days due to toxicity in the 3DCRT group (range, 4 to 10 days),
whereas no patient in the IMRT group required a treatment break. Grade 2 or higher
acute Gl toxicity was noted in 61.5% and 61.2% of patients in the 3DCRT and IMRT
groups, respectively. Regarding late toxicity, among the 3DCRT patients, 1 patient died
of small bowel perforation requiring surgical intervention (grade 5). Grade 3 late toxicity
was experienced by 3 patients who developed small bowel obstruction. Two patients
developed grade 2 late toxicity (jaundice and esophagitis). In the IMRT group, grade 3
late toxicity was experienced by 1 patient who had a stricture requiring surgery. Grade
2 late toxicity was experienced by 3 patients: 1 with gastritis, 1 with esophagitis, and 1
with an ulcer. The conclusion of this paper was “...although locoregional control is good
with adjuvant chemoradiotherapy, overall outcomes for gastric cancer remain poor.
Improvements in both local and systemic therapy are required. Adjuvant
chemoradiotherapy was well tolerated with either 3DCRT or IMRT, with similar acute
and late toxicities reported. Despite higher doses used, IMRT provides sparing to the
liver and possibly the kidneys.”

National Comprehensive Cancer Network (NCCN®) Guidelines® state that "...conformal
treatment planning should be used with either 3D conformal radiation (3D-CRT) or
intensity-modulated radiation therapy (IMRT)." When utilizing IMRT, "uncertainties from
variations in stomach filling and respiratory motion should be taken into account."
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Head and Neck Cancer

v1.0.2023

POLICY

I.  Radiation therapy techniques
A. Three-dimensional conformal radiation therapy (3DCRT) and intensity-
modulated radiation therapy (IMRT) are considered medically necessary.
B. Preoperative radiation therapy is considered medically necessary in select
cases.
1. Is given in up to 35 fractions in 3 phases
2. Uses conventional isodose, 3DCRT, or IMRT techniques
[I. Radiation therapy treatment intent/timing
A. Definitive radiation therapy
1. Is considered medically necessary for selected T1-2, NO cases as
monotherapy
2. Employs up to 42 fractions in a maximum of 2 phases
3. Depending on the simplicity or complexity of the case, conventional
isodose, 3DCRT, or IMRT techniques may be necessary.
B. Definitive radiation therapy as monotherapy
1. Is considered medically necessary for selected TIN1 and T2NO-1 cases
2. Radiation may be given utilizing any of several schedules including
conventional daily fractionation, concomitant boost accelerated
fractionation, and hyperfractionation (twice-daily radiation).
3. Up to 68 fractions are medically necessary, in 2 phases.
C. Definitive concurrent chemoradiation
1. Is considered medically necessary in unresected T2-4a, NO-3 cases
utilizing up to 42 fractions with conventional schedule
2. 3DCRT or IMRT are considered medically necessary, in up to 4 phases.
D. Postoperative radiation therapy
1. Is considered medically necessary for cases that have ANY of the
following high risk factors:
pT3 or pT4 primary tumors
N2 or N3 nodal disease
Positive nodes in levels IV or V
Perineural invasion
Vascular tumor embolism
f.  Positive surgical margins or residual gross disease
2. 35 fractions are considered medically necessary.
3. 3DCRT or IMRT are considered medically necessary, in up to 3 phases.
lll.  Radiation therapy, brachytherapy
A. Low-dose rate (LDR) or high-dose rate (HDR) brachytherapy is considered
medically necessary in select cases of epithelial tumors of the head and neck

®oo T
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region. In appropriate early cases, it is considered medically necessary as
monotherapy. In more advanced cases, it may be substituted for 1 phase of
3DCRT or IMRT.
IV. Radiation therapy, palliative
A. In a previously un-irradiated individual with symptomatic local head and neck
cancer, conventional isodose, 3DCRT or IMRT techniques are indicated for
symptom control.

B. Up to 20 fractions are considered medically necessary, in 1 phase.
V. Re-treatment for salvage after prior radiation

A. Reirradiation is indicated in cases of recurrent or persistent head and neck
cancer, or for in-field new primary tumors, in cases in which there are no
known distant metastases.

B. Reirradiation carries increased risk. Per the National Comprehensive Cancer
Network (NCCN®) Clinical Practice Guidelines in Oncology (NCCN
Guidelines®) Head and Neck Cancers, “In general, the reirradiated population
of patients with head and neck cancer described in current literature
represents a diverse but highly selected group of patients treated in centers
where there is a high level of expertise and systems in place for managing
acute and long-term toxicities. When the goal of treatment is curative and
surgery is not an option, reirradiation strategies can be considered for
patients who: develop locoregional failures or second primaries at = 6 months
after the initial radiotherapy; can receive additional doses of radiotherapy of
at least 60 Gy; and can tolerate concurrent chemotherapy. Organs at risk
(OARs) for toxicity should be carefully analyzed through review of dose-
volume histograms, and consideration for acceptable doses should be made
on the basis of time interval since original radiotherapy, anticipated volumes
to be included, and patient’s life expectancy.”

C. Stereotactic body radiation therapy (SBRT) (up to 5 fractions) is medically
necessary for retreatment in an individual who has no evidence of metastatic
disease. SBRT, as a complete course of therapy, must be completed in 5
fractions in a single episode of care.

DISCUSSION

Based upon established criteria, assessment of peer-reviewed literature, and
consensus present in established guidelines (American College of Radiology
[ACR]/American Society for Radiation Oncology [ASTRO], NCCN®), radiation therapy
is considered an integral component in the multidisciplinary management of
malignancies of the head and neck region. Primary anatomic sites included in this
category include paranasal sinuses (ethmoid and maxillary), salivary glands, the lip,
oral cavity, oropharynx, hypopharynx, glottic larynx, supraglottic larynx, nasopharynx,
and occult/unknown head and neck primary sites. The preponderance of literature
addresses tumors of epithelial origin. Non-epithelial malignancies of the head and neck
region (eg, tumors arising in bone, cartilage, soft tissues, and lymphomas) are not
covered by this policy.
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Utilization of radiation therapy should be preceded by workup and staging, and
planned in conjunction with the appropriate members of a multi-disciplinary team that
also includes: diagnostic imaging, pathology, medical oncology, otorhinological, oral,
plastic and reconstructive, neuro- and ophthalmologic surgeons, psychiatry, addiction
services, audiology and speech therapy, rehabilitation and nutritional medicine, pain
management, dentists, prosthodontists, xerostomia management, smoking and alcohol
cessation, tracheostomy and wound management, social workers and case
management.

Initial management may require surgery, chemotherapy, and radiation therapy in
various combinations and sequences.

I.  Radiation treatment schedules
Radiation therapy treatment schedules published in peer-reviewed consensus
documents, such as NCCN Guidelines®, include regimens that encompass a
broad range of doses that must be customized to an individual's circumstance.
These schedules are based on the extent of the primary and nodal disease as well
as the treatment intent, such as definitive, preoperative or postoperative.
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Hepatobiliary Cancer

v1.0.2023
POLICY

For treatment using selective internal radiation therapy (SIRT), please see the
Selective Internal Radiation Therapy (SIRT) guideline.
I.  Primary hepatocellular carcinoma (HCC)
A. Definitive treatment
1. In the treatment of medically or technically unresectable localized HCC in
an individual with adequate hepatic reserve
a. The use of 25 to 39 fractions of three-dimensional conformal radiation
therapy (3DCRT) or intensity-modulated radiation therapy (IMRT) is
considered medically necessary.
b. The use of 3 to 5 fractions of stereotactic body radiation therapy
(SBRT) is considered medically necessary to treat concurrently 1 or
more tumors when there is evidence of the ability to protect an
adequate volume of uninvolved liver. SBRT, as a complete course of
therapy, must be completed in 5 fractions in a single episode of care.
B. Palliative treatment
1. In an individual with localized HCC or local HCC with minimal extrahepatic
disease, up to 20 fractions of 3DCRT is considered medically necessary.
II. Intrahepatic bile duct cancer (cholangiocarcinoma)
A. Definitive treatment
1. In the management of unresectable localized intrahepatic bile duct cancer
a. The use of 25 to 33 fractions of 3DCRT or IMRT is considered
medically necessary.
b. The use of up to 5 fractions of SBRT is considered medically
necessary.
B. Adjuvant (postoperative) treatment
1. In the management of resected intrahepatic bile duct cancer with positive
margins and/or positive regional lymph nodes
a. The use of 25 to 33 fractions of 3DCRT or IMRT is considered
medically necessary.
C. Palliative treatment
1. In an individual with unresectable localized intrahepatic bile duct cancer,
up to 20 fractions of 3DCRT is considered medically necessary.
lll. Extrahepatic bile duct cancer (cholangiocarcinoma)
A. Definitive treatment
1. In the management of unresectable localized extrahepatic bile duct

cancer
a. The use of 25 to 33 fractions of 3DCRT is considered medically

necessary.
©2023 eviCore healthcare. All Rights Reserved. 146 of 313

400 Buckwalter Place Boulevard, Bluffton, SC 29910 (800) 918-8924 www.eviCore.com



http://www.eviCore.com/

Radiation Oncology Guidelines V1.0.2023

b. The use of SBRT is considered not medically necessary.
B. Adjuvant (postoperative) treatment
1. In the management of resected extrahepatic bile duct cancer
a. The use of 25 to 33 fractions of 3DCRT is considered medically
necessary.
b. The use of SBRT is considered not medically necessary.
C. Palliative treatment
1. In an individual with unresectable localized extrahepatic bile duct cancer,
up to 20 fractions of 3DCRT is considered medically necessary.
IV. Gallbladder cancer

A. Definitive treatment
1. In the management of unresectable localized gallbladder cancer
a. The use of 25 to 33 fractions of 3DCRT is considered medically
necessary.
b. The use of SBRT is considered not medically necessary.
B. Adjuvant (postoperative) treatment
1. In the management of resected gallbladder cancer with positive margins
and/or positive regional lymph nodes
a. The use of 25 to 33 fractions of 3DCRT is considered medically
necessary.
b. The use of SBRT is considered not medically necessary.

C. Palliative treatment

1. In an individual with unresectable localized gallbladder cancer, up to 20
fractions of 3DCRT is considered medically necessary.

DISCUSSION

I.  Primary liver cancer (HCC)

The incidence of HCC is increasing in the United States, most notably in the
population infected with hepatitis C virus that have developed cirrhosis. Cirrhosis
from other causes, such as genetic hemochromatosis, also carries a high risk of
developing HCC. Because of the underlying cirrhosis, the healthy liver reserve is
often decreased. Screening of populations known to be at high risk for HCC has
led to an increased rate of detection of HCC and often at an earlier stage
amenable to local treatment.

Prior to treatment, an assessment of liver health is necessary and is traditionally
quantitated using the Child-Pugh classification system. The Child-Pugh score is
based on laboratory and clinical measures and assigns a patient with cirrhosis into
compensated (class A) or uncompensated (class B or C) status. Additional
measures of liver health include factors of portal hypertension and the presence of
varices. The Model for End-stage Liver Disease (MELD) includes a numerical
scale that often is applied when there is consideration of liver transplantation.
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There are 3 types of HCC based on morphology: nodular (most commonly
associated with cirrhosis), massive (most commonly in a non-cirrhotic liver), and
diffuse (numerous nodules throughout the liver).

Numerous staging systems have been devised for HCC; each often having its own
specific applicability, such as prognosis, suitability for a given intervention, or
based on HCC etiology. National Comprehensive Cancer Network® (NCCN®)
categories include potentially resectable or transplantable based on performance
status or comorbidities, unresectable, inoperable based on performance status or
comorbidities with local disease only, and metastatic disease.

Management of HCC depends on etiology and the underlying health of uninvolved
liver. Partial hepatectomy, liver transplantation, bridge therapy while awaiting
transplantation, downstaging strategies, and locoregional therapies are potentially
available. Locoregional therapies include ablation (chemical, thermal, cryo) with
criteria regarding tumor number, size, location, and general liver health often
dictating the ideal approach. Locoregional therapy may be performed by
laparoscopic, percutaneous, or open approach. Arterially directed therapy involves
the selective catheter-based infusion of material that causes embolization of
tumors using bland, chemotherapy-impregnated, or radioactive products.

External Beam Radiation Therapy (EBRT) is a treatment option for certain cases
of HCC not amenable to resection for technical or medical reasons, and can be
delivered using 1 of several available highly-conformal techniques such as
3DCRT, IMRT and SBRT. Proton Beam Therapy (PBT) generally is not medically
necessary but may be considered in unique clinical settings. (See Proton Beam
Therapy guideline). For each technique, there must be sufficient uninvolved liver
such that the technique is capable of respecting the tolerance of normal liver
tissue. Several radiation schedules are available, including hypofractionation,
SBRT (1 to 5 fractions), and conventional fractionation. Safety data are limited for
treating other than Child-Pugh class A cases. A dose modification is needed when
treating Child-Pugh class B. Radiation therapy is generally not given for Child-
Pugh class C cases. Combinations of several locoregional therapies may be
required. Locoregional management may serve as a bridge to liver transplant.

For the many cases of HCC that are advanced at the time of presentation and not
amenable to locoregional therapies with intent to cure, systemic therapy has been
employed. Systemic therapies include cytotoxic chemotherapy drugs and the
multikinase angiogenesis inhibitor sorafenib. These are most commonly utilized in
Child-Pugh class A patients, where data demonstrating a benefit in overall survival
and better tolerance have been reported. While the intent of locoregional therapy
is local control, EBRT may also play a role of palliation of symptoms in the liver, or
distantly in cases of metastatic disease.

Intrahepatic bile duct cancer (cholangiocarcinoma)

The junction of the right and left hepatic ducts serves as the dividing location of
intra-and extrahepatic bile duct cancers. Cholangiocarcinomas that occur on the
hepatic side of the junction of the right and left hepatic ducts within the hepatic
parenchyma are also known as intrahepatic bile duct cancers, or "peripheral
cholangiocarcinomas". Those cancers that occur at or near the junction of the right
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and left hepatic ducts are known as Klatskin tumors and are considered
extrahepatic. Early stage cancers in this location are less likely to present with
biliary obstruction than their extrahepatic counterparts. Symptoms may be
nonspecific, and detection may be incidental. They are typically adenocarcinomas.
Surgical resection has the highest potential for cure, though surgery is often not
possible due to local extent of disease or metastases. Highest surgical cure rates
are seen if there is only one lesion, vascular invasion is not present, and lymph
nodes are not involved.

The role of adjuvant radiation therapy after resection is not firmly established, but
is considered an option for adjuvant management in the post-resection R1 and R2
situations, and/or when nodes are positive, for definitve management of
unresectable tumors, and for palliation. Numerous other methods of locoregional
treatment, such as radiofrequency ablation, transarterial chemoembolization and
photodynamic therapy are available. The use of intraluminal brachytherapy (low
dose rate [LDR] or high dose rate [HDR]) has been described and may be useful
in unique situations. Data are limited; the optimal approach is not established.

The selection of radiation technique and the use of concurrent chemotherapy are
best made in the context of a multidisciplinary approach. When radiation therapy
is used, the preservation of normal liver function and respect for constraints of
nearby other normal organs must be maintained. When SBRT has been employed
for larger lesions, doses = 80.5 Gy biologically equivalent dose (BED) have been
found to be effective. When SBRT type technique is used for more than 5
fractions, it is to be reported as 3DCRT or IMRT.

Extrahepatic bile duct cancer (cholangiocarcinoma)

The junction of the right and left hepatic ducts serves as the dividing location of
intra-and extrahepatic bile duct cancers. Those extrahepatic cholangiocarcinomas
that arise near the right and left hepatic duct junction are known as hilar or
Klatskin tumors. Those more distal may occur anywhere along the common bile
duct down to near the ampulla of Vater. They are typically adenocarcinomas, and
are more likely to present with bile duct obstruction than their intrahepatic
counterpart. Surgical resection is the only potentially curative treatment.

As the incidence is low, there is no firmly established role of radiation therapy,
though its use is an accepted option in postoperative cases of RO, R1, R2 margins
and/or positive nodes. When radiation therapy is used, the preservation of normal
liver function and respect for constraints of nearby other normal organs must be
maintained, especially the small bowel, stomach, and kidneys. Data to support
specific regimens are limited.

The selection of radiation technique and the use of concurrent chemotherapy are
best made in the context of a multidisciplinary approach. Because of the proximity
to hollow viscus structures, daily doses in excess of 2.2 Gy are avoided.

Gallbladder cancer

Gallbladder cancers are the most common of the biliary tract cancers, tend to be
very aggressive, and most commonly are adenocarcinomas. They tend to invade
locally and cause both nodal and distant metastases. A common presentation of
gallbladder cancer is to be diagnosed at the time of cholecystectomy for what was
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preoperatively thought to be cholecystitis. Complete resection provides the only
realistic chance for cure, the likelihood of which decreases as the extent of
surgery needs to increase to achieve clear margins.

The use of adjuvant radiation therapy after resection appears to be most beneficial
in patients with T2 and higher primary tumor status, or if nodes are positive, and is
most commonly given concurrent with capecitabine or gemcitabine. T1a and T1b,
NO cases have not been shown to benefit from adjuvant radiation, which may be
omitted. Because of the proximity to hollow viscus structures, daily doses in
excess of 2.2 Gy are avoided, unless the target is within the hepatic parenchyma.

Definitive radiation therapy along with fluoropyrimidine-based chemotherapy is an
option for patients with unresectable gallbladder cancer that has not spread
beyond a locoregional state. Such an approach often becomes a palliative
exercise, and should be weighed against other means of palliation that includes
biliary decompression followed by chemotherapy.
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Hodgkin Lymphoma

v1.0.2023

POLICY

I.  Definitive radiation therapy
A. Definitive radiation therapy as sole therapy is considered medically necessary
for selected cases of stage I-1IA lymphocyte predominant Hodgkin lymphoma.

1. Doses range from 30 to 36 Gy in up to 20 fractions in a single phase.

2. Conventional isodose, three-dimensional conformal radiation therapy
(3DCRT) or intensity-modulated radiation therapy (IMRT) techniques are
considered medically necessary.

[I.  Adjuvant radiation therapy (combined modality treatment) after chemotherapy
A. Radiation treatment regimens following chemotherapy depend on clinical
stage, presence or absence of bulky disease, the chemotherapy regimen
used (ABVD or Stanford V), as well as the response to treatment (positron

emission tomography [PET] scan Deauville 3-4).

1. Doses range from 20 to 45 Gy in up to 25 fractions with conventional
fractionation.

2. Conventional isodose, 3DCRT, or IMRT techniques are considered
medically necessary.

B. Combined modality treatment after chemotherapy is considered medically
necessary in some cases of an individual with stage llI-IV disease to areas of
initial bulky involvement or to areas of less than a complete response (CR).

1. Doses range from 20 to 45 Gy in up to 25 fractions with conventional
fractionation.

2. Conventional isodose, 3DCRT, or IMRT techniques are considered
medically necessary, directed at up to 4 separate sites in up to 2 phases
per site.

Ill. Salvage radiation therapy
A. Salvage radiation therapy is considered medically necessary after
chemotherapy to areas of relapsed bulky involvement.

1. Doses range from 20 to 45 Gy in up to 25 fractions with conventional
fractionation.

2. Conventional isodose, 3DCRT, or IMRT techniques are considered
medically necessary, directed at up to 4 separate sites, in up to 2 phases
per site.

B. Salvage radiation therapy is considered medically necessary in an individual
who relapses after solo chemotherapy for initial stage I/llIA Hodgkin
lymphoma.

1. Definitive radiation doses range from 30 to 45 Gy in up to 25 fractions
using conventional fractionation.
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2. Depending on the extent of the disease, conventional isodose, 3DCRT or
IMRT techniques may be necessary.

a. Treatment of up to 3 sites with up to 2 phases per site.

b. Conventional isodose, 3DCRT, or IMRT techniques are considered
medically necessary.
IV. Palliative radiation therapy
A. In an individual with advanced or recurrent disease that is felt not to be
curative and who has symptomatic local Hodgkin lymphoma, photon and/or
electron techniques are indicated for symptom control.
1. Up to 10 fractions are considered medically necessary in 1 phase.

2. Conventional isodose, 3DCRT, or IMRT techniques are considered
medically necessary.

V. Radiation therapy, photon and/or electron techniques

A. Conventional isodose, 3DCRT, and IMRT techniques are considered
medically necessary.

B. Respiratory gating techniques and image guidance techniques may be
appropriate to minimize the amount of critical tissue (such as lung) that is
exposed to the full dose of radiation. Image-guided radiation therapy (IGRT)
is considered medically necessary for 3D treatment in the thorax or for small
volume fields elsewhere.

C. The use of photon beam and/or electron beam radiation therapy is
considered medically necessary.

DISCUSSION

Based upon established criteria, assessment of peer-reviewed literature, and
consensus present in established guidelines (American College of Radiology
[ACR]/American Society for Radiation Oncology [ASTRO], National Comprehensive
Cancer Network® [NCCN?®)), radiation therapy is considered an integral component in
the multidisciplinary management of Hodgkin lymphoma (HL). Proper management of
the disease requires the cooperation of a complex multidisciplinary team that includes
experts in diagnostic imaging, pathology, radiation oncology and medical oncology. HL
treatment is based on initial stage of disease as well as the medical condition of the
patient, and treatment is dynamically modified based on the speed and extent of
response to initial therapy. At diagnosis, areas of involvement may be supra-
diaphragmatic only, sub-diaphragmatic only, or a combination of the 2 in the more
advanced stages. The stage determines decisions made about the proper extent of
radiation. The varied pathologic subtypes, for the most part at present, do not
materially affect the dose or field decisions to be made in this disease.

Treatment decisions are preceded by workup and staging, and planned in conjunction
with the appropriate members of the multidisciplinary team.

Initial management will usually require chemotherapy (in a variety of different
acceptable regimens), followed by assessment of response leading to an appropriate
choice of doses and fields of radiation therapy. Chemotherapy alone may be
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appropriate for early stage non-bulky disease, with radiation therapy reserved for
relapse. As mentioned in the Policy section, treatment is individualized depending on
the initial clinical stage, presence or absence of bulky disease, chemotherapy regimen
used, and response to chemotherapy as evaluated by repeat staging including a PET
scan with results incorporating the Deauville criteria.
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Kidney Cancer

v1.0.2023

POLICY

I. The use of three-dimensional conformal radiation therapy (3DCRT), intensity-
modulated radiation therapy (IMRT), or stereotactic body radiation therapy (SBRT)
is considered not medically necessary in the definitive treatment of kidney cancer.

II. Up to 15 fractions of 3DCRT is considered medically necessary in the palliative
treatment of kidney cancer.

DISCUSSION

Historically, the role of radiation in the treatment of renal cell carcinoma (RCC) has
been limited to palliative therapy and treatment of metastatic disease. More recently,
however, there have been several studies demonstrating a potential role for SBRT in
the treatment of primary early-stage inoperable renal cell carcinoma.

For example, Wersall et al (Radiother Oncol 2005) published the results of a
retrospective study primarily evaluating the role of SBRT in metastatic RCC. In this
study, however, the authors also reported on 8 patients with inoperable or locally
recurrent RCC (group C) that also received SBRT. In group C, the authors reported a
median survival of 58+ months and concluded that “patients with one to three
metastases and patients with inoperable primary tumors or local recurrence benefited
more...” from SBRT.

Since then, several other retrospective studies have shown excellent local control rates
with SBRT. For example, Sun et al (Am J Roentgenol 2016) reported on 40 patients
with 41 renal tumors of varying histologies. Local control, defined as less than 5 mm
growth, was seen in 92.7% of tumors based on post-treatment CT or MRI imaging.

Another retrospective review conducted by Chang et al (Clin Oncol 2016) reported a
100% local control rate in 16 patients at a median follow-up of 19 months.

Several prospective studies have also shown the local control benefit of SBRT in this
cohort of patients.

Staehler et al (J Urol 2015) conducted a prospective, case-control study involving 40
patients with 45 inoperable renal tumors. Patients were treated with a single fraction of
25 Gy. At a median follow-up of 28.1 months, the 9-month local control rate was 98%.
This included 19 complete remissions with 13 more lesions having reduced at least
30% in diameter.

Siva et al (BJU Int 2017) reported on 33 patients with 34 lesions at a median follow-up
of 24 months. Freedom from local progression was 100%. Freedom from distant
progression was 89% and overall survival was 92%.

It is recognized, however, that these studies have reported on a small number of
patients (which is understood given the small population of patients who are
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inoperable) with a relatively short follow-up. Further, there remains limited data on
SBRT as compared to other, more mainstay, ablative techniques such as cryoablation,
radiofrequency ablation or microwave ablation. In one such study, Uhlig et al (J Vasc
Interv Radiol 2020) published results of a matched cohort study. In their results, SBRT
was found to have inferior overall survival as compared to cryoablation (p < 0.001) and
radiofrequency/microwave ablation (p < 0.001).

The German S3 guideline for RCC (Muller Strahlen Onkol 2018) stated that SBRT was
noted to have effectiveness that was comparable to that of cryoablation and
radiofrequency ablation with a local control of approximately 94% at 2 years. However,
given the significantly lower number of cases, the authors considered SBRT to still be
experimental in the treatment of inoperable RCC.
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Multiple Myeloma and Solitary
Plasmacytomas

v1.0.2023
POLICY

External beam photon radiation therapy is considered medically necessary for
the following:

I.  Solitary osseous plasmacytoma or solitary extraosseous plasmacytoma
II.  As palliative treatment for multiple myeloma

Fractionation

I. Plasmacytoma
A. 40to 50 Gy in 1.8 to 2.0 Gy fractions (20-28 fractions) to involved field with or
without surgery
II.  Multiple myeloma

A. 10to 30 Gy in 5 to 10 fractions for pain, impending fracture, and/or impending
spinal cord compression

B. 8 Gy in a single fraction is preferred for an individual with poor prospects for
survival

C. Up to 15 fractions for retreatment

Techniques

I.  Three-dimensional conformal radiation therapy (3DCRT) is considered medically
necessary for the definitive treatment of solitary osseous or solitary extraosseous
plasmacytoma.

II. Intensity-modulated radiation therapy (IMRT) is considered medically necessary
for the definitive treatment of a solitary plasmacytoma presenting in the head and
neck region.

[ll. Radiation planned using a conventional isodose technique (CPT® 77307) is
considered medically necessary for the palliative treatment for multiple myeloma.

DISCUSSION

I.  Solitary plasmacytoma
These lesions are diagnosed by a complete multiple myeloma evaluation to rule
out the presence of other lesions or systemic disease. Solitary plasmacytomas of
the bone generally involve the axial skeleton and account for almost 70% of
clinical presentations. The remaining are extramedullary lesions generally
presenting in the upper aerodigestive tract.

The optimal radiation dose for the treatment of these lesions is not well known,
with doses ranging from 30 Gy to 60 Gy in the published literature. The largest
series, with 258 patients reported, is the European Multicenter Rare Cancer
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Network study (Ozsahin et al, 2006) which included 206 patients with solitary
plasmacytoma of bone and 52 patients with extramedullary plasmacytoma. Two
hundred and fifteen patients were treated only with radiation therapy. Thirty-three
were treated with a combination of radiation therapy and chemotherapy. Eight
patients were treated only with surgery. One was treated with chemotherapy
alone. One died before radiation therapy. The median dose of radiation
administered was 40 Gy with a range of 20 to 66 Gy. At median follow-up of 56
months, 14% developed a local recurrence. Sixty percent of the patients who did
not receive radiation therapy relapsed locally, while only 12% of the radiation
therapy group experienced local relapse. Overall survival (OS) was 74% with
disease free survival (DFS) of 50%. A 10-year probability of disease progression
to multiple myeloma was 36% for extramedullary plasmacytoma and 72% for
solitary plasmacytoma of bone.

Considerable care must be taken in the workup of a suspected solitary
plasmacytoma to ensure that other lesions and hence, a diagnosis of multiple
myeloma, are not present. Following a positive biopsy of the lesion, a full multiple
myeloma evaluation should be performed. Complete blood count (CBC),
peripheral smear, serum blood urea nitrogen (BUN), creatinine, electrolytes,
albumin, calcium, uric acid, lactate dehydrogenase (LDH) and Beta2 microglobulin
are part of the basic blood workup. Serum quantitative immunoglobulins, serum
protein electrophoresis (SPEP) and serum immunofixation electrophoresis should
be ordered as well as a serum free light chain assay. Urine for creatinine
clearance and a 24-hour urine for total protein electrophoresis (UPEP), urine
immunofixation electrophoresis (UIFE) should be performed. Bone marrow
aspirate and biopsy are mandatory to document the lack of clonal cells for a
diagnosis of solitary plasmacytoma. A variant of solitary plasmacytoma, when
there are fewer than 10% of clonal plasma cells is termed solitary plasmacytoma
with minimal bone marrow involvement.

In addition to the previous workup, diagnostic imaging plays an important role in
securing the diagnosis. Skeletal survey or whole body low-dose Computed
Tomography (CT) scan may reveal other lesions. If abnormal, Magnetic
Resonance Imaging (MRI) of the spine or whole body MRI can be utilized as the
clinical presentation dictates. Positron Emission Tomography (PET)/CT may be
needed to distinguish between smoldering and active myeloma. It has proven
helpful in finding additional lesions in approximately 30% of cases diagnosed by
MRI as solitary plasmacytoma.

Following confirmation of the diagnosis, surgery may play a role in certain
definitive clinical presentations or is performed for clinical presentations requiring
neurologic decompression or stabilization of a weight-bearing bone prior to the
performance of radiation therapy. The optimal radiation dose for a solitary
plasmacytoma of bone (SPB) is not known due to the lack of phase Il studies with
differing recommendations from the National Comprehensive Cancer Network®
(NCCNP®) and International Lymphoma Radiation Oncology Group (ILROG). While
the NCCN® has a dose range of 40 to 50 Gy that is independent of tumor size,
ILROG recommends 35 Gy to 40 Gy for a SPB < 5 cm. Tumors =2 5 cm have a
dose range of 40 to 50 Gy. For Solitary Extramedullary Plasmacytoma (SEP),
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ILROG recommends a dose range of 40 to 50 Gy. Lesions excised with positive
margins or small, well-defined lesions may be treated with 40 Gy.

Anatomic location, tumor size, surgical resection, older age at diagnosis and
persistence of myeloma protein for 1 year post radiation treatment have all been
postulated to be of prognostic significance but none have been definitely proven
due to contrasting studies. Monoclonal protein has been noted to disappear in up
to 50% of cases. The reappearance of the protein heralds recurrence.

Multiple myeloma

The role of radiation therapy in multiple myeloma is largely palliative with use of
radiation dose regimens as listed in the Policy section of this guideline. Total Body
Irradiation (TBI) can be performed prior to autologous stem cell transplant, but is
no longer commonly used as it has a higher toxicity profile compared to melphalan
alone. Helical tomographic total marrow irradiation is currently investigational.
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POLICY

Definitive radiation therapy is considered medically necessary for the following:
Low-grade follicular lymphoma

Involved-site radiation therapy (ISRT) to 24-30 Gy in 12-20 fractions using 3DCRT
or conventional isodose technique for stage I-1l disease

Mucosa-Associated Lymphoid Tissue (MALT) lymphomas

ISRT to 24-36 Gy in 12-20 fractions using 3DCRT or conventional isodose
technique

Mantle cell lymphoma

ISRT to 24-36 Gy in 12-20 fractions using 3DCRT or conventional isodose
technique for stage | or contiguous nonbulky stage Il disease

Diffuse large B-cell ymphoma (DLBCL)

A. Following a complete response to chemotherapy, 30-36 Gy in 15-20 fractions
of 3DCRT or conventional isodose technique

B. Following a partial response to chemotherapy, 36-50 Gy in 13-28 fractions of
3DCRT or conventional isodose technique

C. For refractory disease or primary treatment in an individual not receiving
chemoimmunotherapy, 40-55 Gy in 20-36 fractions of 3DCRT or conventional
isodose technique

D. In combination with hematopoietic cell transplant, 20-36 Gy in 10-20 fractions
of 3DCRT or conventional isodose technique

E. Prophylactic testicular irradiation, 25-30 Gy in 13-20 fractions of 3DCRT or
conventional isodose technique

Extranodal NK/T-cell ymphoma

A. In combination with chemotherapy, 45-56 Gy in 25-30 fractions of 3DCRT or
IMRT

B. For an individual unable to be treated with chemotherapy, 50-55 Gy in 25-30
fractions of 3DCRT or IMRT

Peripheral T-cell lymphoma (PTCL)

A. Following a complete response to chemotherapy, 30-36 Gy in 15-20 fractions
of 3DCRT or conventional isodose technique

B. Following a partial response to chemotherapy, 40-50 Gy in 20-28 fractions of
3DCRT or conventional isodose technique

C. For refractory disease or primary treatment in an individual not receiving
chemotherapy, 40-55 Gy in 20-30 fractions of 3DCRT or IMRT

D. In combination with hematopoietic cell transplant, 20-36 Gy in 10-20 fractions
of 3DCRT or conventional isodose technique
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II. Palliative radiation therapy

Up to 10 fractions of 3DCRT or conventional isodose technique is considered
medically necessary in an individual with advanced or recurrent non-Hodgkin
lymphoma that is felt not to be curative.

A dose of 20-36 Gy in 5-18 fractions of 3DCRT or conventional isodose technique
is considered medically necessary in an individual with advanced or recurrent
Extranodal NK/T-cell lymphoma that is felt not to be curative.

. IMRT

IMRT is considered medically necessary for definitive treatment of an individual
with non-Hodgkin lymphoma located above the diaphragm. In sub-diaphragmatic
presentations, IMRT will be approved when comparative 3DCRT and IMRT plans
demonstrate that a 3DCRT plan does not meet the "Acceptable” normal tissue
constraints using standard metrics published by the Radiation Therapy Oncology
Group (RTOG)/National Comprehensive Cancer Network® (NCCN®).
Notwithstanding the above, IMRT is considered not medically necessary for the
treatment of an individual with low dose radiation (ie, 2 Gy x 2 fractions).

DISCUSSION

Based upon established criteria, assessment of peer-reviewed literature, and
consensus present in established guidelines (American College of Radiology
[ACR]/American Society of Radiation Oncologists [ASTRO], NCCN®), radiation therapy
is considered an integral component in the multidisciplinary management of many
subtypes of NHL. Proper management of the disease requires the cooperation of a
complex multidisciplinary team that includes experts in diagnostic imaging, pathology,
radiation oncology and medical oncology. Treatment decisions for NHL are based on
the pathologic subtype of the disease, initial stage of disease, and the medical
condition of the individual. These factors determine the appropriate choice of radiation
therapy technique and dose.

The spectrum of lymphomas is vast and as such, the above coverage policy addresses
the more commonly encountered scenarios. For subtypes not addressed, it is advised
to refer to additional guidelines including those published by NCCN® and ILROG.
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Non-Malignant Disorders

v1.0.2023
POLICY

Except where noted below, the number of external beam radiation therapy fractions
rarely exceeds 30 for most non-malignant disorders. Per the evidence-based criteria
below, the number of fractions allowed is dependent upon the clinical course of an
individual.

I. Radiation therapy is considered medically necessary for the following non-
malignant disorders:

Choroidal hemangioma

Desmoid tumor

Dupuytren's contracture (fibromatosis)

Extramedullary hematopoiesis (hypersplenism)

Giant cell tumor of bone (osteoclastoma)

Gorham-Stout syndrome (disappearing bone syndrome)

Graves' ophthalmopathy

Gynecomastia

Hemangiomas

Heterotopic ossification

Hypersalivation of amyotropic lateral sclerosis (ALS)

Hyperthyroidism

Langerhans cell histiocytosis (eosinophilic granuloma)

Lethal midline granuloma (Stewards disease)

Paraganglioma (chromaffin positive)

Parotid adenoma

Peyronie's disease (morbus peronie, induratio penis plastica)

Pigmented villonodular synovitis (tenosynovial giant cell tumor)

Pinealoma (pineal parenchymal tumors)

Precancerous melanosis

Pterygium

Splenomegaly secondary to either a myeloproliferative disorder, cirrhosis, or

leukemia

Steward's disease (lethal midline granuloma)

Total body irradiation used as preparation of an individual for bone marrow or
stem cell transplant

II. Radiation therapy is considered medically necessary for the following non-
malignant disorders when there is failure, intolerance, or contraindication to
established medical therapy and surgical treatments:

A. Aneurysmal bone cyst

B. Angiofibroma of nasopharynx (juvenile nasopharyngeal angiofibroma) with
extension into the orbital apex or base of skull

C. Angiomatosis retinae (von Hippel Lindau syndrome)

D. Bowen's disease (squamous cell carcinoma in situ)
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Carcinoid tumor

Castleman's disease (giant lymph node hyperplasia)
Choroid plexus papilloma

Degenerative skeletal and joint disorders
Erythroplasia of Queyrat

Inverted papilloma

Keloid scar

1. Radiation therapy is medically necessary for the treatment of keloid scars
when EITHER of the following criteria is met:
a. Causes a functional impairment (eg, restricted movement)

b. Is symptomatic (eg, painful, ulcerated, inflamed, pruritic, prone to
infections)

2. Radiation therapy does not meet medical criteria for coverage when used
to treat scars that are a result of a cosmetic procedure (eg, ear piercing,
breast implants, tattoos)

Lymphangiomas (capillary, cavernous, cystic hydromas, lymphangeal

hemangiomas)

Non-cutaneous neurofiboromas

Orbital myositis

Orbital pseudotumor

Rosai-Dorfman disease

Neurosarcoidosis

Tolosa-Hunt syndrome (episodic orbital pain)

Total lymphoid irradiation in situations of chronic rejection

Radiation therapy is considered experimental, investigational or unproven (EIU)
for all other non-malignant diagnoses including, but no