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ABSTRACT

Introduction: The treatment of locally advanced non-small cell lung cancer (LA-
NSCLC) has been informed by over five decades of clinical trials and other relevant
literature. However, controversies remain regarding the application of various radiation
and systemic therapies in commonly encountered clinical scenarios. The American
Radium Society (ARS) Appropriate Use Criteria (AUC) Thoracic Committee has
developed case-referenced consensus and evidence-based guidelines to inform clinical
practice in unresectable LA-NSCLC.

Methods: The ARS AUC guideline is an evidence-based consensus document
assessing various clinical scenarios associated with LA-NSCLC. A systematic review
of the literature with evidence ratings was conducted to inform the appropriateness of
treatment recommendations by the ARS AUC Thoracic Committee for the management
of unresectable LA-NSCLC. Treatment appropriateness of a variety of LA-NSCLC
variant scenarios were assessed by a consensus-based modified Delphi approach
using a caliper of three points out of a range of nine points to denote consensus
agreement. Committee recommendations were vetted by the ARS AUC Executive
Committee and a two-week public comment period prior to official approval and
adoption.

Results: Standard of care management of good prognosis locally advanced non-small
cell lung cancer consists of combined concurrent radical (60-70Gy) chemoradiation
followed by adjuvant immunotherapy irrespective of PDL1 status. Planning and
delivery of locally advanced lung cancer radiotherapy usually should be performed
using IMRT techniques. A variety of palliative and radical fractionation schedules are
available to treat patients with poor performance and/or pulmonary status. The salvage
therapy for a local recurrence after successful primary management is complex and
likely requires both multi-disciplinary input and shared decision making with the patient.

Conclusions: Evidence-based guidance on the management of various unresectable
LA-NSCLC scenarios are provided by the ARS AUC in order to optimize
multidisciplinary patient care for this challenging patient population.

Keywords: Lung cancer; Non-small cell, Locally-advanced, Non-metastatic,
Appropriate Use



INTRODUCTION

Lung cancer remains the second most frequently diagnosed cancer in both males
and females, with a total estimated annual incidence of over 235,000 cases in the
United States. Lung cancer lethality remains the leading cause of cancer mortality,
with an estimated 130,180 deaths expected to occur in 2022 [1]. Lung cancer
continues to be categorized into both non-small cell lung cancer (NSCLC) and small cell
lung cancer (SCLC) subtypes based on morphological and immunohistochemical
parameters of biopsy and/or surgical samples obtained in the diagnosis and treatment
of lung cancer [2]. Additionally, modern molecular pathological gene alteration
analyses of NSCLC pathological samples have provided the opportunity to employ
novel therapeutics beyond those of systemic therapy with traditional chemotherapeutic
agents [3,4]. Notable actionable gene mutations include epidermal growth factor
receptor (EGFR) gene mutations, anaplastic lymphoma kinase (ALK) gene
rearrangements, mesenchymal-epithelial transition (MET) exon 14 skipping variants,
and programmed death ligand 1 (PD-L1) molecule among others currently actionable
and non-actionable gene mutations.

Approximately 20-30% of all NSCLC patients present with locally-advanced disease.
Locally advanced non-small cell lung cancer (LA-NSCLC) is a heterogeneous group of
patients that generally is considered to have advanced local (T4NOMO) and/or regional
nodal (T3-4N1MO or T1-4N2-3MO) disease without evidence of metastatic disease by
modern staging approaches [5,6].

Patients with unresectable LA-NSCLC are not considered appropriate candidates for
surgical resection either alone or in combination with neoadjuvant or adjuvant
chemotherapeutic and/or radiotherapeutic modalities. This population of patients tends
to be either surgically inoperable due to local and/or regional tumor burden making
complete resection of disease unlikely, or medically inoperable due to suboptimal
cardiopulmonary reserve pre- and post-resection and other pre-existing co-morbidities.
Ideally, surgical management of LA-NSCLC should be considered within the context of
a multidisciplinary group setting [7]. At this time, there are no uniform published
guidelines for determining “resectable vs. unresectable” scenarios.

Various publications currently exist to provide clinicians evidence-based guidance in
the management of LA-NSCLC. Previous guidance on the appropriate management of
unresectable LA-NSCLC was published by the American College of Radiology (ACR) in
2010 [8] and updated in 2014 [9]. These documents rated available evidence for this
patient population and provided consensus-based guidance for commonly occurring
clinical presentations of LA-NSCLC. Another source of evidence- and consensus-
based guidance for this patient population is from the National Comprehensive Cancer
Network (NCCN) practice guidelines in oncology for NSCLC [10]. This document is
regularly updated online (www.nccn.org) and provides detailed evidence-based care
maps for all stages of NSCLC based on a multidisciplinary consensus-based approach.
Other organizational guidelines on unresectable LA-NSCLC also exist from the
American Society of Radiation Oncology (ASTRO) [11], European Society of Medical
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Oncology [12] and the American Society of Clinical Oncology [13].

Since the last appropriate use criteria publication in 2014 [9], important clinical
studies in radiation technique and dosing, as well as systemic therapy selection have
been published in the medical literature. Information regarding the treatment of
recurrent disease either locally or with oligometastatic disease after primary treatment
for LA-NSCLC is increasingly available and should be integrated into modern clinical
decision-making. Additionally, the use of molecular markers such as EGFR, ALK, and
PD-L1 have significantly informed systemic therapy options for many patients with
NSCLC and their integration into LA-NSCLC pathways needs to be clarified. Given
these significant developments, the American Radium Society (ARS) has undertaken a
review of the literature and assessment of treatment appropriateness in unresectable
LA-NSCLC to provide clinicians with updated tools and information to manage this
challenging patient population.



MATERIALS AND METHODS

The ARS Appropriate Use Criteria (AUC) Executive Steering Committee
selected 15 members for this ARS Thoracic AUC multidisciplinary expert panel
composed of radiation, medical, and surgical oncologists with subject matter expertise.
An analysis of the medical literature from peer-reviewed journals of the PubMed
database from 1/1966 to 12/2022 was conducted to retrieve a comprehensive set of
relevant articles. The search strategy was developed on the basis of the National
Library of Medicine Medical Subject Headings with addition of relevant subject-specific
keywords. Owing to the broad scope of medical literature on unresectable LA-NSCLC,
the Thoracic AUC expert panel reviewed pertinent studies and excluded those that were
not relevant or determined to be of lower impact or quality. The literature was reviewed
and rated by the multidisciplinary panel for quality of study design, cohort size, selection
bias, evaluation of participants in relation to time from exposure, and methods of
assessments in accordance with ARS criteria (Supplementary Appendix).

Clinical variants were then developed through consensus conference calls to
address key practice paradigms and controversies in management. A well-established
methodology (modified Delphi) was used by the expert panel to rate the appropriate use
of procedures pertaining to the clinical variants through three rounds of anonymous
voting with monthly conference calls to discuss rationale to reach consensus. Majority
attendance was required for conference call quorum to rate the evidence and review
anonymous voting. Using panel consensus findings, an evidence-based AUC
consensus document was generated and approved by the expert panel. Panel
agreement/consensus was defined as ratings falling less than or equal to 3 points from
the group median, whereas disagreement was defined for any group ratings falling
greater than 3 points from the group median. The document was then vetted by the
ARS AUC Executive Steering Committee and returned to the panel with reviewer
comments for modification. The AUC document was then subject to a 2-week public
comment period before finalization. Full details on the ARS AUC methodology and other
supporting documents are available at
http://www.americanradiumsociety.org/page/aucmethodology.



RESULTS

Literature Review

Role of radiotherapy versus observation in unresectable LA-NSCLC

The primary evidence for the utilization of radiotherapy as a backbone of treatment
in unresectable LA-NSCLC was generated over 50 years ago by the Veterans
Administration Lung Group (VALG) [14]. This randomized three-arm study investigated
40-50Gy of radiotherapy (primarily orthovoltage RT with a minor proportion of patients
receiving cobalt-60) vs. non-specified chemotherapy vs. placebo. Median overall
survival (OS) was not different in any of the protocol arms; however, one-year survival
of 18% was reported to be superior in the radiation therapy treatment arm compared to
the other arms of the trial. No other confirmation trials were done in this space;
however, a SEER-Medicare analysis of elderly LA-NSCLC patients (>65 years)
demonstrates a reduction in the hazard of death (HR 0.76) in patients who are treated
with radiotherapy versus other strategies such as observation or chemotherapy alone
[15]. This improvement in outcome was primarily in patients receiving modern forms of
radiotherapy planning and delivery. Ultimately, these investigations have identified
radiotherapy as a cornerstone of clinical trials investigating both radical and palliative
therapies for unresectable LA-NSCLC.

Early clinical trials of radiotherapy alone in unresectable LA-NSCLC

Early trials of conventionally fractionated radiotherapy alone for unresectable LA-
NSCLC focused on questions regarding total dose and the role of continuous versus
split course treatment. This question has been investigated by Routh et al. [16] and in
the Radiation Therapy Oncology Group (RTOG) 7311 [17]. Routh et al. investigated
split course radiotherapy (63Gy in 35 fractions with a 10-14 day break midway through
treatment) versus 59.4Gy in 1.8Gy/day fractions in a randomized controlled trial of 273
patients. This trial did not find any differences in OS or in morbidity as measured by
standardized scales and physician assessments. RTOG 7311 was a randomized
controlled trial assessing four levels of conventionally fractionated radiotherapy
(40Gy/20 fractions split course with a 2-week break, 40Gy/20 fractions continuous,
50Gy/25 fractions continuous, and 60Gy/30 fractions continuous). Overall survival was
not found to be statistically different between the arms of this trial; however, a combined
analysis of two RTOG trials confirmed that a dose-response relationship exists between
radiotherapy total dose, local control and long-term OS (notably after 3 years follow-up)
[18].

As a result of these early randomized trials, prior to the advent of sequential and
concurrent chemotherapy and radiotherapy, 60Gy in 30 fractions (as well as similar
1.8Gy/day fractionations) became a common standard of care for unresectable LA-
NSCLC. Subsequently, a prospective phase I/Il investigation into the use of dose-
escalated conventional fractionation radiotherapy alone for unresectable LA-NSCLC
beyond 60Gy were published by the RTOG [19]. However, this approach of



conventional dose escalation did not further change standard of care treatment since
randomized controlled trials integrating chemotherapy began to report results.

Parallel to the development of conventionally fractionated radiotherapy, several
investigations into the use of altered fractionation schedules were also initiated. These
investigations included various radiotherapy approaches, including hypofractionation
(30-32Gy in 5-6 fractions with two fractions per week, and 45Gy in 15 fractions over
three weeks) [20-21], hyperfractionation (69.6Gy 1.2Gy BID) [22-23], and accelerated
hyperfractionation (CHART 54Gy in 1.5Gy fractions TID over 12 consecutive days,
CHARTWEL 60Gy in 40 fractions 1.5Gy BID over 18 weekend-less days, and the
Australian fractionation of 60Gy in 30 fractions BID over 3 weeks) [24-26]. In general,
these altered fractionation approaches either did not demonstrate significant survival
advantages in favor of altered fractionation or were associated with excess toxicity that
made this form of treatment difficult to routinely deliver to this patient population.

Given the extensive literature and controversies associated with altered
fractionation, the Meta-analysis of Radiotherapy in Lung Cancer Collaborative Group
conducted an individual patient meta-analysis to clarify both treatment outcomes and
toxicities for this patient population [27]. This investigation assessed various
approaches including very accelerated radiotherapy (n=6 trials), moderately accelerated
radiotherapy (n=1 trial), and hyperfractionated radiotherapy with (n=1) or without (n=2)
increases in total dose. Comparisons were made to treatment with conventional
fractionation schemes. This meta-analysis demonstrated that some improvement in
survival was noted with the use of altered fractionation compared to conventional
fractionation (4% and 2% absolute benefit at 3 and 5 years, respectively); however, this
came at the cost of a significant increase in treatment-related esophagitis (absolute risk
was 10% greater). Given this suboptimal therapeutic ratio and the development of
sequential and concurrent chemotherapeutic approaches, altered fractionation did not
become a worldwide standard of care treatment for unresectable LA-NSCLC.

Role of concurrent chemoradiotherapy in unresectable LA-NSCLC

Initially, radiation alone was both the standard of care and primary focus of
investigations attempting to optimize the therapeutic ratio for the treatment of
unresectable LA-NSCLC. Based upon preclinical and feasibility studies, it was
hypothesized that chemotherapy could improve outcomes when added to radiotherapy.
Initially, sequential chemotherapy followed by radical radiation therapy was investigated
to reduce potential overlapping toxicity profiles of both approaches, but concurrent
chemoradiation was subsequently investigated as evidence regarding the safety of this
approach became more widely available and acceptable.

The landmark study investigating the role of sequential chemotherapy followed by
radiotherapy alone was conducted by the Cancer and Leukemia Group B (CALGB) and
reported by Dillman et al. [28]. This randomized controlled trial assessed radical
conventional radiotherapy with 60Gy in 30 fractions in both study arms; with the addition
of two cycles of cisplatin/vinblastine neoadjuvant chemotherapy in the experimental



arm. Chemotherapy followed by radiotherapy demonstrated superior OS (median OS
of 13.7 vs. 9.6 months; 5-year survival of 17% vs 6%). This finding was replicated in a
three-arm Intergroup study assessing hyperfractionated radiotherapy and sequential
chemotherapy followed by conventional radiotherapy versus the control arm of 60Gy in
30 fractions of radiation therapy alone [23]. This study confirmed that sequential
chemotherapy followed by conventionally fractionated radiotherapy versus radiotherapy
alone was the superior approach in terms of both median OS and 2-year OS. Two
systematic reviews were conducted, and both affirmed the benefits of a sequential
chemotherapy and radiotherapy approach to this patient population [29-30].

In follow-up to the successful integration of chemotherapy in the management of
unresectable LA-NSCLC, the role of concurrent chemoradiotherapy was investigated to
determine whether or not this approach could be utilized safely to further improve
patient outcomes. The West Japan Lung Cancer Group investigated this approach
with a randomized controlled trial assessing two cycles of concurrent versus sequential
cisplatin, mitomycin, and vindesine-based chemotherapy with 56Gy in 28 fractions of
split course (28Gy in 14 fractions x 2 split by 10 days) radiation therapy [31]. This trial
demonstrated a benefit favoring the concurrent arm in terms of response rate, median
OS and 5-year OS; however, it failed to fully shift the standard of care approach in
unresectable LA-NSCLC given the split course nature of the radiotherapy in this trial.
There was community uncertainty regarding whether a true benefit existed for
concurrent therapy, as it was hypothesized that the benefits seen in this trial may not be
replicated if conventionally fractionated non-split course radiotherapy was utilized
instead.

The RTOG 9410 randomized trial was a three-arm study initiated to tackle two
research questions (concurrent vs. sequential chemotherapy and conventional versus
altered fractionation with hyperfractionation) [32]. The arms of the study included 1)
sequential chemotherapy followed by 63Gy in 30 fractions, 2) concurrent
chemoradiotherapy with 63Gy in 30 fractions, and 3) concurrent chemoradiotherapy
with 69.6Gy BID with 1.2Gy/fraction. The concurrent arms of the study confirmed that
this approach was superior to the sequential approach in terms of median OS (17.0 vs.
14.6 months) and 5-year OS (16% vs. 10%). However, this was at the cost of
additional acute grade 3 or higher non-hematological toxicity (absolute additional risk of
18%, largely driven by esophagitis). No additional late toxicities were observed on this
trial. This study shifted practice patterns increasingly towards the use of concurrent
chemoradiotherapy for patients who are fit and can tolerate such therapy. This
approach has been also affirmed by additional randomized trials and by systematic
reviews on the topic of concurrent versus sequential chemotherapy integrated with
radiation therapy [33-34].

The ideal concurrent chemotherapy regimen to be used has been the subject of
many retrospective and prospective reports; however, a randomized controlled trial
comparing the two most dominant regimens have been reported in the medical literature
[35]. Liang J et al. conducted a 200-patient randomized controlled trial in China
comparing two cycles of etoposide and cisplatin (EP) versus weekly paclitaxel and



carboplatin (PC) with concurrent 60-66Gy of conventionally fractionated radiotherapy.
There was a statistically significant improvement in three-year OS in favor of the EP arm
with a non-significant improvement in median OS as well. EP was associated with
more grade 3 or greater esophagitis, whereas PC was associated with worse grade 2 or
greater radiation pneumonitis. It should be noted that the OS seen in the
carboplatin/paclitaxel arm was substantially less effective than that seen in the
contemporaneous RTOG 0617 study (20.7 months vs. 28.7 months). Analysis of data
from the Veterans Administration and a systemic review of the two regimens have
indicated comparable efficacy with increased toxicity for cisplatin/etoposide [36-37].
Both regimens are currently utilized internationally by clinicians and are listed as options
on various guideline statements [10-12]. Additionally, the PROCLAIM study evaluated
a concurrent pemetrexed/cisplatin regimen compared to concurrent etoposide/cisplatin
in a randomized phase 3 setting [38]. The enrollment on this trial was terminated early
due to futility, as the pemetrexed/cisplatin arm was found not to be superior to the
standard arm in terms of OS (hazard ratio 0.98 95% CI 0.79-1.20, p=0.831).

The role of induction chemotherapy followed by chemoradiotherapy has been
investigated by the CALGB in a phase Ill randomized setting [39]. In CALGB 39081,
the experimental arm of the trial was two cycles of carboplatin with paclitaxel
chemotherapy followed by concurrent chemoradiotherapy that was compared to the
same concurrent chemoradiotherapy regimen alone. This trial failed to detect any
differences in median or 2-year OS. Phase Il evidence for the use of either targeted
agents or immunotherapy prior to chemoradiotherapy is currently lacking. However, a
randomized phase Il study assessing erlotinib versus gemcitabine/cisplatin as
neoadjuvant treatment for EGFR mutant stage IIl NSCLC with N2 disease has been
reported [40]. This trial did not demonstrate a statistically significant difference in the
primary endpoint of objective response rate but did report an improvement in
progression-free survival (PFS) in the erlotinib arm. Although, these trials did not
confirm a routine role for neoadjuvant systemic therapy prior to concurrent
chemoradiotherapy for unresectable LA-NSCLC, induction therapy can be considered to
potentially downsize the bulk of cancer prior to definitive treatment, if necessary, to
reduce the risk of significant acute and late toxicities.

Role of radiation dose intensification in concurrent chemoradiotherapy in
unresectable LA-NSCLC

Contemporaneous with the development of the concurrent chemoradiation
approach, significant advancements in imaging and radiotherapy techniques occurred to
provide additional opportunities for further dose intensification. Increasing use of
fluorodeoxyglucose-positron emission tomography (FDG-PET) and/or mediastinal
staging combined with systemic therapies have led to the evidence-based
recommendation that elective mediastinal nodal radiotherapy should not be routinely
employed [41]. A randomized controlled trial has demonstrated that this
recommendation may lead to the ability to further escalate total dose as the volume
treated is reduced [42]. Additional, recent advances in treatment delivery such as
intensity-modulated radiation therapy (IMRT), proton therapy, image-guided radiation



therapy, treatment gating, and four-dimensional CT simulation have all further improved
the ability to potentially dose intensify radiation treatment [43].

In response to a series of previous reviewed retrospective and prospective phase /Il
trials, the RTOG/NRG Oncology conducted a four arm (2x2 factorial design) study to
assess the impact of dose intensification (74Gy in 37 fractions versus 60Gy in 30
fractions) as well as the role of consolidation cetuximab on OS in unresectable LA-
NSCLC (RTOG 0617) [44-45]. A longer-term update of this clinical trial was recently
published reporting a median of five years of follow-up [44]. This update demonstrated
that the higher-dose arm of the study was associated with worse median OS (20.3 vs.
28.7 months, p=0.0072) and PFS (p=0.055). Treatment with higher dose was also
associated with worse acute esophagitis and more treatment-related death (9 vs 3
cases). Interestingly, the control arm of the study demonstrated excellent survival
characteristics when compared to other previously published clinical trial reports likely
due to stage migration and improvements in supportive care and treatment delivery.
Subsequent secondary analyses from this trial reported that patients treated with IMRT
had lower pneumonitis risk, lower cardiac doses, and higher compliance with
consolidative chemotherapy [46], as well as better preservation of quality-of-life [47].

Therefore, RTOG 0617 affirmed 60Gy in 30 fractions as the standard of care dose
fractionation in concurrent chemoradiation; however, other intermediate dose
fractionations (63-70Gy) have been employed as the control and/or superior arms on
cooperative group trials are commonly used by clinicians [48]. Other altered
fractionation schedules in concert with concurrent chemoradiotherapy have also been
investigated in randomized trials, including the RTOG hyperfractionation regimen of
69.6Gy given in 1.2Gy per fraction BID [32] as well as the CHART [24], CHARTWEL
[25], HART [49] and Australian [26] accelerated fractionation regimens. No trials have
shown clear superiority to conventionally fractionated approaches to shift commonly
accepted and reported international standards of care. Hypofractionated radiotherapy
with 55Gy in 20 fractions was found to be tolerable in a phase Il trial setting when given
concurrently with chemotherapy; however, this approach has not been directly
compared to conventional chemoradiotherapy in a randomized phase Il trial [50].

Role of consolidation systemic therapy in unresectable LA-NSCLC

The use of consolidation chemotherapy after concurrent chemoradiotherapy has
been studied in multiple randomized phase lll trials [51-52]. The Hoosier Oncology
group trial assessed three cycles of docetaxel versus placebo after concurrent
cisplatin/etoposide-based chemoradiotherapy [51]. This trial was prematurely stopped
prior to completing accrual targets due to a futility stopping rule. When reported, there
was no difference in median OS between the study arms (21.2 months for docetaxel
and 23.3 months for placebo) but a difference in treatment-related death was observed
(5.5% vs. 0% in favor of the placebo arm). An additional randomized trial assessing
consolidation cisplatin/vinorelbine vs. observation was conducted and reported not to
show any clinical benefits in terms of OS or PFS [52]. The regimen itself was well
tolerated with limited additional side-effects. Unfortunately, no trial has addressed the
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utility of consolidation full dose chemotherapy with carboplatin/paclitaxel following the
use of weekly low dose carboplatin/paclitaxel in LA-NSCLC. This approach was
employed in RTOG 0617 with the results as described above.

The Southwest Oncology Group (SWOG) conducted a placebo-controlled
randomized trial assessing the use of an EGFR tyrosine-kinase inhibitor (gefitinib) after
concurrent chemoradiation with three cycles of docetaxel consolidation for stage Il
NSCLC [53]. This use of gefitinib was associated with inferior median OS (23 vs. 35
months, p=0.013), with 2% of patients having treatment-related death with use of the
tyrosine-kinase inhibitor. This trial was done in an unselected population (i.e. EGFR
mutation status was not assessed). Additionally, RTOG 0617 investigated the role of
cetuximab (EGFR receptor inhibitor) as consolidation therapy after definitive
chemoradiation and three cycles of consolidation carboplatin/paclitaxel for stage I
NSCLC [44-45]. The additional use of cetuximab was not shown to provide any
additional clinical benefit to this patient population.

The role of immunotherapy has been clarified with publication of the PACIFIC trial
assessing consolidation durvalumab in non-progressing unresectable LA-NSCLC
patients after primary chemoradiotherapy [54-57]. In total, 713 patients were
randomized in a 2:1 ratio to either intravenous weekly durvalumab or placebo for up to
12 months. An initial report demonstrated a statistically significant improvement in PFS
(16.8 months vs. 5.6 months, p<0.001) with acceptable toxicity and treatment-related
events [55]. A subsequent publication reported improved two-year OS associated with
the experimental immunotherapy arm (66.3% vs. 55.6% p=0.005) with no additional
safety issues arising in the interim [54]. An analysis of patient-reported outcomes
(PROs) did not identify any compromise in relevant domains such as cough, chest pain
fatigue, appetite, physical functioning or global quality-of-life [56]. The latest update to
the PACIFIC trial reporting five-year OS demonstrates persistent benefits to the addition
of consolidation durvalumab (42.9% vs. 33.4%) [56]. Consolidation durvalumab has
become the standard of care for consolidation in unresectable non-progressing LA-
NSCLC after concurrent chemoradiotherapy.

There is interest in the investigation of concurrent immunotherapy and targeted
therapy with concurrent chemoradiation in the medical literature. The KEYNOTE-799
non-randomized phase Il trial assessing concurrent pembrolizumab demonstrated
objective response rates of over 70% for both squamous and non-squamous histologies
with manageable toxicity profiles [58]. Ongoing follow-up phase Il studies assessing
concurrent immunotherapy with concurrent chemoradiotherapy include the MK-7339-
012/KEYLYNK-012 concurrent pembrolizumab trial (NCT04380636) and the fully
accrued PACIFIC-2 durvalumab trial (NCT03519971). Concurrent administration of
EGFR targeted therapy with concurrent chemoradiation is being investigated with the
ongoing LAURA trial [59].

Role of palliative radiotherapy in unresectable LA-NSCLC

The main focus of many clinical trials for unresectable LA-NSCLC has been in the
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radical treatment with curative intent for this patient population. However, some
patients with locally advanced non-metastatic disease are not appropriate for these
treatment protocols due to a variety of factors including performance status, disease
burden, and patient preferences. Despite not being appropriate for aggressive multi-
modality radical therapy, many of these patients may still benefit from palliative
radiotherapy for thoracic symptoms such as cough, shortness of breath, bronchial
obstruction, and hemoptysis.

This patient population has been the subject of an ASTRO practice guideline [60]
with a recent update [61] and two systematic reviews [62-63]. Collectively, these
investigations recommend shorter fractionation schedules (e.g 20Gy in 5 fractions or
16-17Gy in 2 fractions) for symptomatic patients with poor performance status or other
negative prognostic factors. More protracted radiotherapy regimens (e.g. 30Gy in 10
fractions or 39-60Gy in 13-15 fractions) should be reserved for patients with good
performance status. In this patient population there may be more acute side effects
with such therapy; however, there may be improvement in total symptom score and a
suggestion of modest survival benefits as well. Additionally, two randomized trials
have demonstrated that the addition of chemotherapy to palliative radiotherapeutic
regimens for unresectable LA-NSCLC are associated with significant improvements in
one- and two-year survival outcomes [64-65]. These same trials did not find any
benefit in patients with stage IV disease that were included in the same clinical trials.

Variant Scenarios

Variant 1. Treatment of a LA-NSCLC patient with good performance status

The first variant of this appropriate use criteria document for LA-NSCLC was
designed to describe a typical case that radiation oncologists would manage routinely in
their practice. This unresectable PDL1 positive stage Il patient with good prognostic
baseline performance status, low weight loss, and no contraindications to any forms of
radiation and/or systemic therapies was designed both to investigate this scenario and
to serve as a base case for the additional variants described in this report (Table 1).

There was consensus that doses of 60-63Gy in 1.8-2.0Gy/day was appropriate
given the results of the RTOG 9410 and 0617 studies [32, 44-45]. Modest escalation
of dose up to 70Gy was considered to be appropriate by the committee, although
prospective evidence for this approach is lacking [47] and will be informed by the results
of RTOG 1308 when completed [66]. Dose escalation to high levels over 70Gy,
including 74Gy as investigated in the 0617 trial, was considered to be usually not
appropriate given the poor outcomes reported to date with this approach [44-45].

Various techniques including three-dimensional conformal radiotherapy (3DCRT)
and intensity-modulated proton therapy (IMPT) may be appropriate depending on the
planning complexity and treatment planning and delivery system available; however,
intensity-modulated radiation therapy (IMRT) was assessed to be a usually appropriate
approach for the treatment of LA-NSCLC given its conformal delivery and general
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widespread availability in the radiation oncology community [42]. A subgroup analysis
of the RTOG 0617 trial demonstrated that the use of IMRT instead of 3SDCRT was
associated with improvements in health-related quality-of-life [47].

The committee found that the systemic management that is usually appropriate was
that of chemotherapy given concurrently with radiation followed by adjuvant
immunotherapy, as was administered in the PACIFIC trial [54-57]. This is based on the
advantages in overall survival and progression-free survival without significant
compromise in health-related quality-of-life. Other approaches, including sequential
therapy or the omission of adjuvant immunotherapies, were considered to be usually not
appropriate for patient who qualify and accept standard of care treatment with
concurrent chemoradiation followed by adjuvant immunotherapy.

Variant 2: Treatment of a LA-NSCLC patient with good performance status and
bulky disease

This variant is similar to the variant 1 base case in terms of baseline factors except
this situation deals with the scenario of bulky disease where radical radiotherapy cannot
be safely planned and delivered at the initiation of primary treatment. In this variant,
the patient has both a bulky primary tumor and bilateral mediastinal nodes leading to
unacceptable dose-volume histogram lung parameters for upfront treatment (Table 2).

The use of sequential chemotherapy followed by radiotherapy was considered to be
usually appropriate for variant 2 as it is both RCT evidence-based [23,28] and still
allows for radical radiation therapy to be employed for chemotherapy responders. The
use of delayed radical radiotherapy is still desirable compared to other approaches
including palliative chemotherapy or palliative radiation therapy in terms of potential
survival outcomes. Other approaches including sequential immunotherapy or
chemotherapy/immunotherapy followed by radiotherapy are currently investigational
and have not been confirmed in prospective trials in unresectable disease.

The committee found that the use of IMRT in these challenging bulky locally
advanced lung cancer cases is usually appropriate given the conformal advantages of
this approach over 3DCRT. IMPT may be appropriate in these cases given the
conformal delivery associated with this approach.

Variant 3: Treatment of an EGFR-positive LA-NSCLC patient with good performance
status

Variant 3 changes the variant 1 base case primarily by presenting a LA-NSCLC with
an EGFR mutation instead of PDL1 expression to investigate whether or not the
biological signature of this particular form of lung cancer should change recommended
systemic management. Consensus regarding both radiation dose and treatment
delivery were similar to base variant 1 and will not be further discussed here (Table 3).

The committee considered 12 different systemic therapy approaches, including
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various combinations of radiation with or without various forms of systemic therapy
(chemotherapy, immunotherapy, and targeted therapy). Timing of systemic therapy
was also investigated in terms of neoadjuvant, concurrent, and adjuvant approaches.
Concurrent chemoradiation remains a standard of care in this patient population.
Although there is an FDA approval for consolidation durvalumab across all patients with
inoperable stage Il non-small cell lung cancer, including those with actionable EGFR
mutations, data that have been reported since the initial publication of PACIFIC suggest
lack of benefit in this patient population [67-69]. As such, the committee recommended
concurrent chemoradiotherapy with consolidation immunotherapy to be usually
inappropriate in an EGFR-positive patient.

Additionally, the use of TKI as an alternative adjuvant approach to immunotherapy is
considered to be potentially appropriate in this EGFR mutation positive patient
population. There is a lack of randomized evidence supporting this approach in
unresectable disease but may be considered in patients with contraindications to
immunotherapy. Most of the reports of the use of TKI as an adjuvant therapy for lung
cancer is in resectable (or potentially resectable) disease and is not within this scope of
this report (and hence not further reviewed here).

Variant 4. Treatment of a symptomatic LA-NSCLC patient with poor performance
status

Variant 4 details a case similar to the base case (Variant 1); however, the patient is
symptomatic with symptoms requiring palliation. Additionally, this patient variant has
impaired performance status and weight loss. Specifically, this variant is exploring the
appropriateness of both palliative and radical radiation fractionation regimens as well as
treatment delivery for this class of patient. Systemic management was not considered
in this variant in order to isolate the discussion and consensus specifically to
radiotherapy considerations.

In this scenario, palliative fractionation schedules considered to be usually
appropriate included 30Gy in 10 fractions as well as 40-45Gy in 15 fractions. This is
consistent with previously published guidance for the management of palliative
radiotherapy in lung cancer [60-63]. The use of 20Gy in 5 fractions or 1-2 fraction
schemes were considered to be potentially appropriate, likely most optimally employed
for scenarios where fewer fractions are desirable by the patient.

Radical dosing that was considered to be usually appropriate consisted of dose
fractionations such as 50-55Gy in 20 fractions and 60-70Gy in 1.8-2.0Gy/day. They
have the benefit of potentially being combined with concurrent chemotherapy if
deliverable. Other fractionation schemes, such as 60Gy in 15 fractions and dose
fractionations over 70Gy, were considered to be less desirable given potential additional
toxicity either alone or with concurrent chemotherapy. Similar to the other variants,
these patients should be considered for IMRT treatment planning and delivery, although
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IMPT or 3DCRT may also be appropriate depending on practice setting.

Variant 5: Treatment of an asymptomatic LA-NSCLC patient with poor performance
status

Variant 5 explores the role of systemic therapy in an asymptomatic locally advanced
PDL1 positive lung cancer patient with poor pulmonary and performance status
otherwise with similar disease as the base case depicted in variant 1. No strong
consensus was seen with regards to a desirable approach that usually is appropriate;
however, radiation alone or radiation in combination with either neoadjuvant or adjuvant
systemic therapy were found to be potentially appropriate. Concurrent chemoradiation
regimens were felt to be usually not appropriate in the setting of patients with
compromised performance and pulmonary status. Management of this scenario will
likely benefit from both shared decision making with the patient as well as multi-
disciplinary discussion at tumor board.

Variant 6: Treatment of a LA-NSCLC patient with local recurrence

This final variant explores the management of local progression after standard of
care treatment for locally advanced lung cancer. In this case, the patient was found to
have a PET positive local recurrence 18 months after primary and maintenance therapy
was completed. Both surgically resectable/operable and not surgically
resectable/operable scenarios were investigated regarding the multimodality treatment
of this complex entity.

In the surgically resectable and operable scenario, the use of neoadjuvant or
adjuvant systemic therapy in combination with surgery in order to improve results was
considered to be usually appropriate. Combinations of chemotherapy, immunotherapy,
or both as primary treatment were all considered to be appropriate depending on patient
preferences and tolerability. Observation was not considered to be generally
appropriate unless selected by patient preference.

In the inoperable scenario, various forms of radiotherapy including palliative
radiation, radical alone or with neoadjuvant/concurrent systemic therapy, and SBRT
alone were all considered to be potentially appropriate, and selection of therapy would
depend on various patient, tumor, and treatment factors that would be subject to shared
decision making between clinician and patient (supported by multi-disciplinary tumor
board). Combination chemotherapy and immunotherapy was preferred to be given
over chemotherapy alone, immunotherapy alone, or observation for this patient
population.
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DISCUSSION
Guideline scope

The ARS AUC Thoracic Committee have developed consensus-based guidelines on
the appropriate use of radiation and systemic therapies for the management of
unresectable LA-NSCLC. This guideline has commented on the management of
unresectable LA-NSCLC in terms of both radical and palliative-intent therapies,
radiation dose, volume and technique, systemic therapy selection and timing, as well as
the management of local and oligometastatic failure after primary radical therapy. This
document also provides consensus-based recommendations for the management of
various clinical presentations for this important and challenging patient population.

Summary of evidence

In the creation of this document, a total of 69 references (between 1966 and 2021)
were cited for the creation of the AUC guideline. Of these, there were 30 well-designed
studies (prospective randomized controlled trials), 9 moderately well-designed studies,
and 2 studies with design limitations. Additionally, there 28 non-primary data
references (such as meta-analyses or guidelines) or other documents (such as
commentaries). All references are summarized in a supplementary appendix.

Summary of recommendations

The ARS AUC process and document provided for the following summary
recommendations for the treatment of LA-NSCLC:

1. Standard of care management of good prognosis locally advanced non-small cell
lung cancer consists of combined concurrent radical (60-70Gy) chemoradiation
followed by appropriate adjuvant therapy based on PDL1/EGFR status.

2. Planning and delivery of locally advanced lung cancer radiotherapy usually
should be performed using IMRT techniques although 3DCRT and IMPT may be
appropriate depending on tumor bulk and treatment availability.

3. A variety of palliative and radical fractionation schedules are available to treat
patients with poor performance and/or pulmonary status. Concurrent regimens
should be generally avoided in favor of either sequential therapy or radiation
alone in this compromised patient population in order to both limits toxicity while
still deriving potential clinical benefits.

4. The salvage therapy for a local recurrence after successful primary management
of locally advanced lung cancer is complex and likely requires both multi-
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disciplinary input and shared decision making with the patient. Various surgical,
radiotherapeutic and systemic options are available to manage this challenging
patient population.

17



ACKNOWLEDGEMENTS

The panel acknowledges Ms. Andrea Taylor and the ARS Appropriate Use Criteria
Steering Committee for their assistance in the generation and completion of this
document.

DISCLOSURES

<ARS to provide disclosure text>

18



REFERENCES

1: Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2022. CA Cancer J Clin.
2022;72(1):7-33. doi: 10.3322/caac.21708. Epub 2022 Jan 12. PMID: 35020204

2: Travis WD, Brambilla E, Nicholson AG, Yatabe Y, Austin JHM, Beasley MB, Chirieac
LR, Dacic S, Duhig E, Flieder DB, Geisinger K, Hirsch FR, Ishikawa Y, Kerr KM,
Noguchi M, Pelosi G, Powell CA, Tsao MS, Wistuba I; WHO Panel. The 2015 World
Health Organization Classification of Lung Tumors: Impact of Genetic, Clinical and
Radiologic Advances Since the 2004 Classification. J Thorac Oncol. 2015
Sep;10(9):1243-1260. doi: 10.1097/3TO.0000000000000630. PMID: 26291008.

3: Vestergaard HH, Christensen MR, Lassen UN. A systematic review of targeted
agents for non-small cell lung cancer. Acta Oncol. 2018 Feb;57(2):176-186. doi:
10.1080/0284186X.2017.1404634. Epub 2017 Nov 25. PMID: 29172833.

4: Guaitoli G, Tiseo M, Di Maio M, Friboulet L, Facchinetti F. Immune checkpoint
inhibitors in oncogene-addicted non-small cell lung cancer: a systematic review and
meta-analysis. Transl| Lung Cancer Res. 2021 Jun;10(6):2890-2916. doi: 10.21037/tlcr-
20-941. PMID: 34295687; PMCID: PMC8264334.

5: Rami-Porta R, Asamura H, Travis WD, Rusch VW. Lung cancer - major changes in
the American Joint Committee on Cancer eighth edition cancer staging manual. CA
Cancer J Clin. 2017 Mar;67(2):138-155. doi: 10.3322/caac.21390. Epub 2017 Jan 31.
PMID: 28140453.

6: Detterbeck FC. The eighth edition TNM stage classification for lung cancer: What
does it mean on main street? J Thorac Cardiovasc Surg. 2018 Jan;155(1):356-359. doi:
10.1016/}.jtcvs.2017.08.138. Epub 2017 Sep 28. PMID: 29061464.

7: Al Zaidi M, Wright GM. Locally advanced non-small cell lung cancer: the place of
specialist thoracic surgery in the multidisciplinary team. Transl Lung Cancer Res. 2020
Aug;9(4):1680-1689. doi: 10.21037/tlcr.2019.11.22. PMID: 32953541; PMCID:
PMC7481639.

8: Gewanter RM, Rosenzweig KE, Chang JY, Decker R, Dubey S, Kong FM, Lally BE,
Langer CJ, Lee HK, Movsas B. ACR Appropriateness Criteria: nonsurgical treatment for
non-small-cell lung cancer: good performance status/definitive intent. Curr Probl
Cancer. 2010 May-Jun;34(3):228-49. doi: 10.1016/j.currproblcancer.2010.04.001.
PMID: 20541060.

9: Chang JY, Kestin LL, Barriger RB, Chetty 1J, Ginsburg ME, Kumar S, Loo BW Jr,
Movsas B, Rimner A, Rosenzweig KE, Stinchcombe TE, Videtic GM, Willers H. ACR
Appropriateness Criteria® nonsurgical treatment for locally advanced non- small-cell
lung cancer: good performance status/definitive intent. Oncology (Williston Park). 2014
Aug 15;28(8):706-10, 712, 714 passim. PMID: 25140629.

19



10: Ettinger DS, Wood DE, Aggarwal C, Aisner DL, Akerley W, Bauman JR, Bharat A,
Bruno DS, Chang JY, Chirieac LR, D'Amico TA, Dilling TJ, Dobelbower M, Gettinger S,
Govindan R, Gubens MA, Hennon M, Horn L, Lackner RP, Lanuti M, Leal TA, Lin J, Loo
BW Jr, Martins RG, Otterson GA, Patel SP, Reckamp KL, Riely GJ, Schild SE, Shapiro
TA, Stevenson J, Swanson SJ, Tauer KW, Yang SC, Gregory K; OCN, Hughes M.
NCCN Guidelines Insights: Non-Small Cell Lung Cancer, Version 1.2020. J Natl Compr
Canc Netw. 2019 Dec;17(12):1464-1472. doi: 10.6004/jnccn.2019.0059. PMID:
31805526.

11: Rodrigues G, Choy H, Bradley J, Rosenzweig KE, Bogart J, Curran WJ Jr, Gore E,
Langer C, Louie AV, Lutz S, Machtay M, Puri V, Werner-Wasik M, Videtic GMM.
Definitive radiation therapy in locally advanced non-small cell lung cancer: Executive
summary of an American Society for Radiation Oncology (ASTRO) evidence-based
clinical practice guideline. Pract Radiat Oncol. 2015 May- Jun;5(3):141-148. doi:
10.1016/j.prro.2015.02.012. PMID: 25957184,

12: Postmus PE, Kerr KM, Oudkerk M, Senan S, Waller DA, Vansteenkiste J, Escriu C,
Peters S; ESMO Guidelines Committee. Early and locally advanced non-small- cell lung
cancer (NSCLC): ESMO Clinical Practice Guidelines for diagnosis, treatment and
follow-up. Ann Oncol. 2017 Jul 1;28(suppl_4):iv1-iv21. doi: 10.1093/annonc/mdx222.
PMID: 28881918.

13: Daly ME, Singh N, Ismaila N, Antonoff MB, Arenberg DA, Bradley J, David E,
Detterbeck F, Friih M, Gubens MA, Moore AC, Padda SK, Patel JD, Phillips T, Qin A,
Robinson C, Simone CB 2nd. Management of Stage Ill Non-Small-Cell Lung Cancer:
ASCO Guideline. J Clin Oncol. 2022 Apr 20;40(12):1356-1384. doi:
10.1200/JC0.21.02528. Epub 2021 Dec 22. PMID: 34936470.

14: Roswit B, Patno ME, Rapp R, Veinbergs A, Feder B, Stuhlbarg J, Reid CB. The
survival of patients with inoperable lung cancer: a large-scale randomized study of
radiation therapy versus placebo. Radiology. 1968 Apr;90(4):688-97. Doi:
10.1148/90.4.688. PMID: 4170866.

15: Sigel K, Lurslurchachai L, Bonomi M, Mhango G, Bergamo C, Kale M, Halm E,
Wisnivesky J. Effectiveness of radiation therapy alone for elderly patients with
unresected stage Il non-small cell lung cancer. Lung Cancer. 2013 Nov;82(2):266-70.
doi: 10.1016/j.lungcan.2013.06.011. Epub 2013 Sep 5. PMID: 24011407; PMCID:
PMC3845375.

16: Routh A, Hickman BT, Khansur T. Report of a prospective trial--split course versus
conventional radiotherapy in the treatment of non small cell lung cancer. Radiat Med.
1995 May-Jun;13(3):115-9. PMID: 7569002.

17: Perez CA, Stanley K, Grundy G, Hanson W, Rubin P, Kramer S, Brady LW, Marks

20



JE, Perez-Tamayo R, Brown GS, Concannon JP, Rotman M. Impact of irradiation
technique and tumor extent in tumor control and survival of patients with unresectable
non-oat cell carcinoma of the lung: report by the Radiation Therapy Oncology Group.
Cancer. 1982 Sep 15;50(6):1091-9. D0i:10.1002/1097-0142(19820915)50:6<1091::aid-
cncr2820500612>3.0.co0;2-0. PMID: 6286087.

18: Perez CA, Bauer M, Edelstein S, Gillespie BW, Birch R. Impact of tumor control on
survival in carcinoma of the lung treated with irradiation. Int J Radiat Oncol Biol Phys.
1986 Apr;12(4):539-47. Doi: 10.1016/0360-3016(86)90061-1. Erratum in: Int J Radiat
Oncol Biol Phys 1986 Nov;12(11):2057. PMID: 3009368.

19: Bradley J, Graham MV, Winter K, Purdy JA, Komaki R, Roa WH, Ryu JK, Bosch W,
Emami B. Toxicity and outcome results of RTOG 9311: a phase I-1l dose-escalation
study using three-dimensional conformal radiotherapy in patients with inoperable non-
small-cell lung carcinoma. Int J Radiat Oncol Biol Phys. 2005 Feb 1;61(2):318-28. doi:
10.1016/}.ijrobp.2004.06.260. PMID: 15667949.

20: Slotman BJ, Njo KH, de Jonge A, Meijer OW, Karim AB. Hypofractionated radiation
therapy in unresectable stage Il non-small cell lung cancer. Cancer. 1993 Sep
15;72(6):1885-93. doi: 10.1002/1097-0142(19930915)72:6<1885::aid-
cncr2820720616>3.0.c0;2-7. PMID: 8395967.

21: Amini A, Lin SH, Wei C, Allen P, Cox JD, Komaki R. Accelerated hypofractionated
radiation therapy compared to conventionally fractionated radiation therapy for the
treatment of inoperable non-small cell lung cancer. Radiat Oncol. 2012 Mar 15;7:33.
doi: 10.1186/1748-717X-7-33. PMID: 22420631; PMCID: PMC3337239.

22: Cox JD, Azarnia N, Byhardt RW, Shin KH, Emami B, Pajak TF. A randomized phase
I/1I trial of hyperfractionated radiation therapy with total doses of 60.0 Gy to 79.2 Gy:
possible survival benefit with greater than or equal to 69.6 Gy in favorable patients with
Radiation Therapy Oncology Group stage Ill non-small-cell lung carcinoma: report of
Radiation Therapy Oncology Group 83-11. J Clin Oncol. 1990 Sep;8(9):1543-55. doi:
10.1200/JC0.1990.8.9.1543. PMID: 2167952.

23: Sause W, Kolesar P, Taylor S IV, Johnson D, Livingston R, Komaki R, Emami B,
Curran W Jr, Byhardt R, Dar AR, Turrisi A 3rd. Final results of phase lll trial in regionally
advanced unresectable non-small cell lung cancer: Radiation Therapy Oncology Group,
Eastern Cooperative Oncology Group, and Southwest Oncology Group. Chest. 2000
Feb;117(2):358-64. doi: 10.1378/chest.117.2.358. PMID: 10669675.

24: Saunders M, Dische S, Barrett A, Harvey A, Griffiths G, Palmar M. Continuous
hyperfractionated, accelerated radiotherapy (CHART) versus conventional radiotherapy
in non-small cell lung cancer: mature data from the randomised multicentre trial.
CHART Steering committee. Radiother Oncol. 1999 Aug;52(2):137-48. doi:

21



10.1016/s0167-8140(99)00087-0. PMID: 10577699.

25: Baumann M, Herrmann T, Koch R, Matthiessen W, Appold S, Wahlers B, Kepka L,
Marschke G, Feltl D, Fietkau R, Budach V, Dunst J, Dziadziuszko R, Krause M, Zips D;
CHARTWEL-Bronchus studygroup. Final results of the randomized phase Ili
CHARTWEL-trial (ARO 97-1) comparing hyperfractionated-accelerated versus
conventionally fractionated radiotherapy in non-small cell lung cancer (NSCLC).
Radiother Oncol. 2011 Jul;100(1):76-85. doi: 10.1016/j.radonc.2011.06.031. Epub 2011
Jul 13. PMID: 21757247.

26: Ball D, Bishop J, Smith J, O'Brien P, Davis S, Ryan G, Olver |, Toner G, Walker Q,
Joseph D. A randomised phase Il study of accelerated or standard fraction
radiotherapy with or without concurrent carboplatin in inoperable non- small cell lung
cancer: final report of an Australian multi-centre trial. Radiother Oncol. 1999
Aug;52(2):129-36. doi: 10.1016/s0167-8140(99)00093-6. PMID: 10577698.

27: Mauguen A, Le Péchoux C, Saunders MI, Schild SE, Turrisi AT, Baumann M, Sause
WT, Ball D, Belani CP, Bonner JA, Zajusz A, Dahlberg SE, Nankivell M, Mandrekar SJ,
Paulus R, Behrendt K, Koch R, Bishop JF, Dische S, Arriagada R, De Ruysscher D,
Pignon JP. Hyperfractionated or accelerated radiotherapy in lung cancer: an individual
patient data meta-analysis. J Clin Oncol. 2012 Aug 1;30(22):2788-97. doi:
10.1200/JC0.2012.41.6677. Epub 2012 Jul 2. PMID: 22753901; PMCID: PMC4934452.

28: Dillman RO, Herndon J, Seagren SL, Eaton WL Jr, Green MR. Improved survival in
stage Il non-small-cell lung cancer: seven-year follow-up of cancer and leukemia group
B (CALGB) 8433 trial. J Natl Cancer Inst. 1996 Sep 4;88(17):1210-5. doi:
10.1093/jnci/88.17.1210. PMID: 8780630.

29: Non-small Cell Lung Cancer Collaborative Group. Chemotherapy for non-small cell
lung cancer. Cochrane Database Syst Rev. 2000;(2):CD002139.
D0i10.1002/14651858.CD002139. PMID: 10796867.

30: Okawara G, Mackay JA, Evans WK, Ung YC; Lung Cancer Disease Site Group of
Cancer Care Ontario's Program in Evidence-based Care. Management of unresected
stage Il non-small cell lung cancer: a systematic review. J Thorac Oncol. 2006
May;1(4):377-93. PMID: 17409887.

31: Furuse K, Fukuoka M, Kawahara M, Nishikawa H, Takada Y, Kudoh S, Katagami N,
Ariyoshi Y. Phase Il study of concurrent versus sequential thoracic radiotherapy in
combination with mitomycin, vindesine, and cisplatin in unresectable stage Il non-small-
cell lung cancer. J Clin Oncol. 1999 Sep;17(9):2692-9. doi:
10.1200/JC0.1999.17.9.2692. PMID: 10561343.

32: Curran WJ Jr, Paulus R, Langer CJ, Komaki R, Lee JS, Hauser S, Movsas B,

Wasserman T, Rosenthal SA, Gore E, Machtay M, Sause W, Cox JD. Sequential vs.
concurrent chemoradiation for stage Il non-small cell lung cancer: randomized phase lli

22



trial RTOG 9410. J Natl Cancer Inst. 2011 Oct 5;103(19):1452-60. Doi:
10.1093/jnci/djr325. Epub 2011 Sep 8. Erratum in: J Natl Cancer Inst. 2012 Jan
4;104(1):79. PMID: 21903745; PMCID: PMC3186782.

33: Aupérin A, Le Péchoux C, Rolland E, Curran WJ, Furuse K, Fournel P, Belderbos J,
Clamon G, Ulutin HC, Paulus R, Yamanaka T, Bozonnat MC, Uitterhoeve A, Wang X,
Stewart L, Arriagada R, Burdett S, Pignon JP. Meta-analysis of concomitant versus
sequential radiochemotherapy in locally advanced non-small-cell lung cancer. J Clin
Oncol. 2010 May 1;28(13):2181-90. doi: 10.1200/JC0.2009.26.2543. Epub 2010 Mar
29. PMID: 20351327.

34: O'Rourke N, Roqué | Figuls M, Farré Bernadd N, Macbeth F. Concurrent
chemoradiotherapy in non-small cell lung cancer. Cochrane Database Syst Rev. 2010
Jun 16;(6):CD002140. doi: 10.1002/14651858.CD002140.pub3. PMID: 20556756.

35: Liang J, Bi N, Wu S, Chen M, Lv C, Zhao L, Shi A, Jiang W, Xu Y, Zhou Z, Wang W,
Chen D, Hui Z, Lv J, Zhang H, Feng Q, Xiao Z, Wang X, Liu L, Zhang T, Du L, Chen W,
ShyrY, Yin W, Li J, He J, Wang L. Etoposide and cisplatin versus paclitaxel and
carboplatin with concurrent thoracic radiotherapy in unresectable stage Ill non-small cell
lung cancer: a multicenter randomized phase Il trial. Ann Oncol. 2017 Apr 1;28(4):777-
783. doi: 10.1093 annonc/mdx009. PMID: 28137739.

36: Steuer CE, Behera M, Ernani V, Higgins KA, Saba NF, Shin DM, Pakkala S, Pillai
RN, Owonikoko TK, Curran WJ, Belani CP, Khuri FR, Ramalingam SS. Comparison of
Concurrent Use of Thoracic Radiation With Either Carboplatin-Paclitaxel or Cisplatin-
Etoposide for Patients With Stage Ill Non-Small-Cell Lung Cancer: A Systematic
Review. JAMA Oncol. 2017 Aug 1;3(8):1120-1129. doi: 0.1001/jamaoncol.2016.4280.
PMID: 27978552.

37: Santana-Davila R, Devisetty K, Szabo A, Sparapani R, Arce-Lara C, Gore EM,
Moran A, Williams CD, Kelley MJ, Whittle J. Cisplatin and etoposide versus carboplatin
and paclitaxel with concurrent radiotherapy for stage Ill non-small-cell lung cancer: an
analysis of Veterans Health Administration data. J Clin Oncol. 2015 Feb 20;33(6):567-
74. doi: 10.1200/JC0.2014.56.2587. Epub 2014 Nov 24. PMID: 25422491; PMCID:
PMC4322259.

38: Senan S, Brade A, Wang LH, Vansteenkiste J, Dakhil S, Biesma B, Martinez Aguillo
M, Aerts J, Govindan R, Rubio-Viqueira B, Lewanski C, Gandara D, Choy H, Mok T,
Hossain A, Iscoe N, Treat J, Koustenis A, San Antonio B, Chouaki N, Vokes E.
PROCLAIM: Randomized Phase Il Trial of Pemetrexed-Cisplatin or Etoposide-
Cisplatin Plus Thoracic Radiation Therapy Followed by Consolidation Chemotherapy in
Locally Advanced Nonsquamous Non-Small-Cell Lung Cancer. J Clin Oncol. 2016 Mar
20;34(9):953-62. doi: 10.1200/JC0.2015.64.8824. Epub 2016 Jan 25. PMID: 26811519.

39: Vokes EE, Herndon JE 2nd, Kelley MJ, Cicchetti MG, Ramnath N, Neill H, Atkins
JN, Watson DM, Akerley W, Green MR; Cancer and Leukemia Group B. Induction

23



chemotherapy followed by chemoradiotherapy compared with chemoradiotherapy alone
for regionally advanced unresectable stage Il Non-small-cell lung cancer: Cancer and
Leukemia Group B. J Clin Oncol. 2007 May 1;25(13):1698-704.
doi:10.1200/JC0.2006.07.3569. Epub 2007 Apr 2. PMID: 17404369.

40: Zhong WZ, Chen KN, Chen C, Gu CD, Wang J, Yang XN, Mao WM, Wang Q, Qiao
GB, Cheng Y, Xu L, Wang CL, Chen MW, Kang X, Yan W, Yan HH, Liao RQ, Yang JJ,
Zhang XC, Zhou Q, Wu YL. Erlotinib Versus Gemcitabine Plus Cisplatin as Neoadjuvant
Treatment of Stage Il1I1A-N2 <i>EGFR</i>-Mutant Non-Small-Cell Lung Cancer
(EMERGING-CTONG 1103): A Randomized Phase Il Study. J Clin Oncol. 2019 Sep
1;37(25):2235-2245. doi: 10.1200/JC0.19.00075. Epub 2019 Jun 13. PMID: 31194613.

41: Belderbos JS, Kepka L, Spring Kong FM, Martel MK, Videtic GM, Jeremic B. Report
from the International Atomic Energy Agency (IAEA) consultants' meeting on elective
nodal irradiation in lung cancer: non-small-Cell lung cancer (NSCLC). Int J Radiat Oncol
Biol Phys. 2008 Oct 1;72(2):335-42. Doi: 10.1016/].ijrobp.2008.04.081. PMID:
18793953.

42:Yuan S, Sun X, LiM, YuJ,Ren R, YuY, Li J, Liu X, Wang R, Li B, Kong L, Yin Y. A
randomized study of involved-field irradiation versus elective nodal irradiation in
combination with concurrent chemotherapy for inoperable stage Il nonsmall cell lung
cancer. Am J Clin Oncol. 2007 Jun;30(3):239-44.
doi:10.1097/01.coc.0000256691.27796.24. PMID: 17551299.

43: Finazzi T, Schneiders FL, Senan S. Developments in radiation techniques for
thoracic malignancies. Eur Respir Rev. 2021 May 5;30(160):200224.
D0i:10.1183/16000617.0224-2020. PMID: 33952599.

44: Bradley JD, Paulus R, Komaki R, Masters G, Blumenschein G, Schild S, Bogart J,
Hu C, Forster K, Magliocco A, Kavadi V, Garces YI, Narayan S, lyengar P, Robinson C,
Wynn RB, Koprowski C, Meng J, Beitler J, Gaur R, Curran W Jr, Choy H. Standard-
dose versus high-dose conformal radiotherapy with concurrent and consolidation
carboplatin plus paclitaxel with or without cetuximab for patients with stage IIIA or IIIB
non-small-cell lung cancer (RTOG 0617): a randomised, two-by-two factorial phase 3
study. Lancet Oncol. 2015 Feb;16(2):187-99. Doi: 10.1016/S1470-2045(14)71207-0.
Epub 2015 Jan 16. PMID: 25601342; PMCID: PMC4419359.

45: Bradley JD, Hu C, Komaki RR, Masters GA, Blumenschein GR, Schild SE, Bogart
JA, Forster KM, Magliocco AM, Kavadi VS, Narayan S, lyengar P, Robinson CG, Wynn
RB, Koprowski CD, Olson MR, Meng J, Paulus R, Curran WJ Jr, Choy H. Long-Term
Results of NRG Oncology RTOG 0617: Standard- Versus High-Dose
Chemoradiotherapy With or Without Cetuximab for Unresectable Stage Il Non-Small-
Cell Lung Cancer. J Clin Oncol. 2020 Mar 1;38(7):706-714. doi: 10.1200/JC0.19.01162.
Epub 2019 Dec 16. PMID: 31841363; PMCID: PMC7048161.

46: Chun SG, Hu C, Choy H, Komaki RU, Timmerman RD, Schild SE, Bogart JA,

24



Dobelbower MC, Bosch W, Galvin JM, Kavadi VS, Narayan S, lyengar P, Robinson CG,
Wynn RB, Raben A, Augspurger ME, MacRae RM, Paulus R, Bradley JD. Impact of
Intensity-Modulated Radiation Therapy Technique for Locally Advanced Non-Small- Cell
Lung Cancer: A Secondary Analysis of the NRG Oncology RTOG 0617 Randomized
Clinical Trial. J Clin Oncol. 2017 Jan;35(1):56-62. D0i:10.1200/JC0.2016.69.1378.
Epub 2016 Oct 31. PMID: 28034064; PMCID: PMC5455690.

47: Movsas B, Hu C, Sloan J, Bradley J, Komaki R, Masters G, Kavadi V, Narayan S,
Michalski J, Johnson DW, Koprowski C, Curran WJ Jr, Garces YI, Gaur R, Wynn RB,
Schallenkamp J, Gelblum DY, MacRae RM, Paulus R, Choy H. Quality of Life Analysis
of a Radiation Dose-Escalation Study of Patients With Non-Small-Cell Lung Cancer: A
Secondary Analysis of the Radiation Therapy Oncology Group 0617 Randomized
Clinical Trial. JAMA Oncol. 2016 Mar;2(3):359-67. doi: 10.1001/jamaoncol.2015.3969.
PMID: 26606200; PMCID: PMC4786463.

48: Rodrigues G, Oberije C, Senan S, Tsujino K, Wiersma T, Moreno-Jimenez M, Kim
TH, Marks LB, Rengan R, De Petris L, Ramella S, DeRuyck K, De Dios NR, Warner A,
Bradley JD, Palma DA. Is intermediate radiation dose escalation with concurrent
chemotherapy for stage Il non-small-cell lung cancer beneficial? A multi-institutional
propensity score matched analysis. Int J Radiat Oncol Biol Phys. 2015 Jan 1;91(1):133-
9. doi: 10.1016/}.ijrobp.2014.09.033. Erratum in: Int J Radiat Oncol Biol Phys. 2015 Apr
1;91(5):1115. PMID: 25835622.

49: Belani CP, Wang W, Johnson DH, Wagner H, Schiller J, Veeder M, Mehta M;
Eastern Cooperative Oncology Group. Phase Il study of the Eastern Cooperative
Oncology Group (ECOG 2597): induction chemotherapy followed by either standard
thoracic radiotherapy or hyperfractionated accelerated radiotherapy for patients with
unresectable stage IlIA and B non-small-cell lung cancer. J Clin Oncol. 2005 Jun
1;23(16):3760-7. doi: 10.1200/JC0.2005.09.108. Epub 2005 Apr 18. PMID: 15837967.

50: Maguire J, Khan I, McMenemin R, O'Rourke N, McNee S, Kelly V, Peedell C, Snee
M. SOCCAR: A randomised phase Il trial comparing sequential versus concurrent
chemotherapy and radical hypofractionated radiotherapy in patients with inoperable
stage Ill Non-Small Cell Lung Cancer and good performance status. Eur J Cancer. 2014
Nov;50(17):2939-49. doi: 10.1016/j.ejca.2014.07.009. Epub 2014 Oct 7. PMID:
25304298.

51: Hanna N, Neubauer M, Yiannoutsos C, McGarry R, Arseneau J, Ansari R, Reynolds
C, Govindan R, Melnyk A, Fisher W, Richards D, Bruetman D, Anderson T, Chowhan N,
Nattam S, Mantravadi P, Johnson C, Breen T, White A, Einhorn L; Hoosier Oncology
Group; US Oncology. Phase Il study of cisplatin, etoposide, and concurrent chest
radiation with or without consolidation docetaxel in patients with inoperable stage Il
non-small-cell lung cancer: the Hoosier Oncology Group and U.S. Oncology. J Clin
Oncol. 2008 Dec 10;26(35):5755-60. Doi: 10.1200/JC0.2008.17.7840. Epub 2008 Nov
10. PMID: 19001323.

25



52: Flentje M, Huber RM, Engel-Riedel W, Andreas S, Kollmeier J, Staar S, Dickgreber
N, Vaissiere N, De Almeida C, Edlich B, Fietkau R. GILT--A randomised phase Il study
of oral vinorelbine and cisplatin with concomitant radiotherapy followed by either
consolidation therapy with oral vinorelbine and cisplatin or best supportive care alone in
stage Il non-small cell lung cancer. Strahlenther Onkol. 2016 Apr;192(4):216-22. doi:
10.1007/s00066-016-0941-8. Epub 2016 Jan 25. PMID: 26809652.

53: Kelly K, Chansky K, Gaspar LE, Albain KS, Jett J, Ung YC, Lau DH, Crowley JJ,
Gandara DR. Phase lll trial of maintenance gefitinib or placebo after concurrent
chemoradiotherapy and docetaxel consolidation in inoperable stage Il non-small- cell
lung cancer: SWOG S0023. J Clin Oncol. 2008 May 20;26(15):2450-6. Doi:
10.1200/JC0.2007.14.4824. Epub 2008 Mar 31. PMID: 18378568.

54: Antonia SJ, Villegas A, Daniel D, Vicente D, Murakami S, Hui R, Kurata T, Chiappori
A, Lee KH, de Wit M, Cho BC, Bourhaba M, Quantin X, Tokito T, Mekhail T, Planchard
D, Kim YC, Karapetis CS, Hiret S, Ostoros G, Kubota K, Gray JE, Paz-Ares L, de
Castro Carpefio J, Faivre-Finn C, Reck M, Vansteenkiste J, Spigel DR, Wadsworth C,
Melillo G, Taboada M, Dennis PA, Ozgiiroglu M; PACIFIC Investigators. Overall
Survival with Durvalumab after Chemoradiotherapy in Stage Il NSCLC. N Engl J Med.
2018 Dec 13;379(24):2342-2350. Doi: 10.1056/NEJM0al1809697. Epub 2018 Sep 25.
PMID: 30280658.

55: Antonia SJ, Villegas A, Daniel D, Vicente D, Murakami S, Hui R, Yokoi T, Chiappori
A, Lee KH, de Wit M, Cho BC, Bourhaba M, Quantin X, Tokito T, Mekhail T, Planchard
D, Kim YC, Karapetis CS, Hiret S, Ostoros G, Kubota K, Gray JE, Paz-Ares L, de
Castro Carpefio J, Wadsworth C, Melillo G, Jiang H, Huang Y, Dennis PA, Ozgiiroglu
M; PACIFIC Investigators. Durvalumab after Chemoradiotherapy in Stage 11l Non-Small-
Cell Lung Cancer. N Engl J Med. 2017 Nov 16;377(20):1919-1929. doi:
10.1056/NEJM0al1709937. Epub 2017 Sep 8. PMID: 28885881.

56: Hui R, (")zgijroglu M, Villegas A, Daniel D, Vicente D, Murakami S, Yokoi T,
Chiappori A, Lee KH, de Wit M, Cho BC, Gray JE, Rydén A, Viviers L, Poole L, Zhang
Y, Dennis PA, Antonia SJ. Patient-reported outcomes with durvalumab after
chemoradiotherapy in stage Ill, unresectable non-small-cell lung cancer (PACIFIC): a
randomised, controlled, phase 3 study. Lancet Oncol. 2019 Dec;20(12):1670-1680. doi:
10.1016/S1470-2045(19)30519-4. Epub 2019 Oct 7. PMID: 31601496.

57: Spigel DR, Faivre-Finn C, Gray JE, Vicente D, Planchard D, Paz-Ares L,
Vansteenkiste JF, Garassino MC, Hui R, Quantin X, Rimner A, Wu YL, Ozgiiroglu M,
Lee KH, Kato T, de Wit M, Kurata T, Reck M, Cho BC, Senan S, Naidoo J, Mann H,
Newton M, Thiyagarajah P, Antonia SJ. Five-Year Survival Outcomes From the
PACIFIC Trial: Durvalumab After Chemoradiotherapy in Stage Il Non-Small-Cell Lung
Cancer. J Clin Oncol. 2022 Apr 20;40(12):1301-1311. doi: 10.1200/JC0.21.01308.
Epub 2022 Feb 2. Erratum in: J Clin Oncol. 2022 Jun 10;40(17):1965. PMID: 35108059;
PMCID: PMC9015199.

26



58: Jabbour SK, Lee KH, Frost N, Breder V, Kowalski DM, Pollock T, Levchenko E,
Reguart N, Martinez-Marti A, Houghton B, Paoli JB, Safina S, Park K, Komiya T,
Sanford A, Boolell V, Liu H, Samkari A, Keller SM, Reck M. Pembrolizumab Plus
Concurrent Chemoradiation Therapy in Patients With Unresectable, Locally Advanced,
Stage Il Non-Small Cell Lung Cancer: The Phase 2 KEYNOTE-799 Nonrandomized
Trial. JAMA Oncol. 2021 Jun 4;7(9):1-9. doi: 10.1001/jamaoncol.2021.2301. Epub
ahead of print. PMID: 34086039; PMCID: PMC8446818.

59: Lu S, Casarini |, Kato T, Cobo M, Ozgiiroglu M, Hodge R, van der Gronde T,
Saggese M, Ramalingam SS. Osimertinib Maintenance After Definitive Chemoradiation
in Patients With Unresectable EGFR Mutation Positive Stage Ill Non-small-cell Lung
Cancer: LAURA Trial in Progress. Clin Lung Cancer. 2021 Jul;22(4):371-375. doi:
10.1016/j.cllc.2020.11.004. Epub 2021 Jan 6. PMID: 33558193.

60: Rodrigues G, Videtic GM, Sur R, Bezjak A, Bradley J, Hahn CA, Langer C, Miller
KL, Moeller BJ, Rosenzweig K, Movsas B. Palliative thoracic radiotherapy in lung
cancer: An American Society for Radiation Oncology evidence-based clinical practice
guideline. Pract Radiat Oncol. 2011 Apr-Jun;1(2):60-71. Doi:
10.1016/j.prr0.2011.01.005. Epub 2011 Apr 8. PMID: 25740118; PMCID: PMC3808743.

61: Moeller B, Balagamwala EH, Chen A, Creach KM, Giaccone G, Koshy M, Zaky S,
Rodrigues G. Palliative thoracic radiation therapy for non-small cell lung cancer: 2018
Update of an American Society for Radiation Oncology (ASTRO) Evidence-Based
Guideline. Pract Radiat Oncol. 2018 Jul-Aug;8(4):245-250. Doi:
10.1016/j.prro.2018.02.009. Epub 2018 Apr 4. PMID: 29625898.

62: Lester JF, Macbeth FR, Toy E, Coles B. Palliative radiotherapy regimens for non-
small cell lung cancer. Cochrane Database Syst Rev. 2006 Oct 18;(4):CD002143. doi:
10.1002/14651858.CD002143.pub2. Update in: Cochrane Database Syst Rev.
2015;1:CD002143. PMID: 17054152.

63: Fairchild A, Harris K, Barnes E, Wong R, Lutz S, Bezjak A, Cheung P, Chow E.
Palliative thoracic radiotherapy for lung cancer: a systematic review. J Clin Oncol. 2008
Aug 20;26(24):4001-11. doi: 10.1200/JC0.2007.15.3312. PMID:18711191.

64: Nawrocki S, Krzakowski M, Wasilewska-Tesluk E, Kowalski D, Rucinska M,
Dziadziuszko R, Sowa A. Concurrent chemotherapy and short course radiotherapy in
patients with stage Ill1A to 1lIB non-small cell lung cancer not eligible for radical
treatment: results of a randomized phase Il study. J Thorac Oncol. 2010 Aug;5(8):1255-
62. doi: 10.1097/JT0O.0b013e3181e15d33. PMID: 20592630.

65: Stram HH, Bremnes RM, Sundstram SH, Helbekkmo N, Flgtten O, Aasebg U.
Concurrent palliative chemoradiation leads to survival and quality of life benefits in poor
prognosis stage Il non-small-cell lung cancer: a randomised trial by the Norwegian
Lung Cancer Study Group. Br J Cancer. 2013 Sep 17;109(6):1467-75. doi:
10.1038/bjc.2013.466. Epub 2013 Aug 20. PMID: 23963145; PMCID: PMC3776981.

27



66: Giaddui T, Chen W, Yu J, Lin L, Simone CB 2nd, Yuan L, Gong YU, Wu QJ, Mohan
R, Zhang X, Bluett JB, Gillin M, Moore K, O'Meara E, Presley J, Bradley JD, Liao Z,
Galvin J, Xiao Y. Establishing the feasibility of the dosimetric compliance criteria of
RTOG 1308: phase Ill randomized trial comparing overall survival after photon versus
proton radiochemotherapy for inoperable stage II-1IB NSCLC. Radiat Oncol. 2016 May
4;11:66. doi: 10.1186/s13014-016-0640-8. PMID: 27142674; PMCID: PMC4855766.

67: Bauman J, Borghaei H. To Give or Not to Give: Consolidative Durvalumab in
EGFR-Mutant NSCLC. J Thorac Oncol. 2021 Jun;16(6):894-896.
doi:10.1016/j.jtho.2021.03.004. PMID: 34034885.

68: Liu Y, Zhang Z, Rinsurongkawong W, Gay CM, Le X, Ning MS, Lewis J,
Rinsurongkawong V, Lee JJ, Roth J, Swisher S, Gandhi S, Lee PP, Gibbons DL,
Vaporciyan AA, Heymach JV, Zhang J, Lin SH. Association of Driver Oncogene
Variations With Outcomes in Patients With Locally Advanced Non-Small Cell Lung
Cancer Treated With Chemoradiation and Consolidative Durvalumab. JAMA Netw
Open. 2022 Jun 1;5(6):€2215589. doi: 10.1001/jamanetworkopen.2022.15589. PMID:
35666500; PMCID: PMC9171557.

69: Negrao MV, Skoulidis F, Montesion M, Schulze K, Bara I, Shen V, Xu H, Hu S,

Sui D, Elamin YY, Le X, Goldberg ME, Murugesan K, Wu CJ, Zhang J, Barreto DS,
Robichaux JP, Reuben A, Cascone T, Gay CM, Mitchell KG, Hong L, Rinsurongkawong
W, Roth JA, Swisher SG, Lee J, Tsao A, Papadimitrakopoulou V, Gibbons DL,

Glisson BS, Singal G, Miller VA, Alexander B, Frampton G, Albacker LA, Shames D,
Zhang J, Heymach JV. Oncogene-specific differences in tumor mutational burden,
PD-L1 expression, and outcomes from immunotherapy in non-small cell lung cancer.

J Immunother Cancer. 2021 Aug;9(8):e002891. doi: 10.1136/jitc-2021-002891. PMID:
34376553; PMCID: PMC8356172.

28



