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ABSTRACT

Background Chemoradiation with curative intent is considered the standard of care in patients with locally
advanced, stage 111 non-small-cell lung cancer (NscLc). However, some patients with stage 11 (N2 or N3, excluding
T4) nscLc might be eligible for surgery. The objective of the present systematic review was to investigate the efficacy
of surgery after chemoradiotherapy compared with chemoradiotherapy alone in patients with potentially resectable
locally advanced NscLc.

Methods A search of the MEDLINE, EMBASE, and PubMed databases sought randomized controlled trials (RCTS)
comparing surgery after chemoradiotherapy with chemoradiotherapy alone in patients with stage 11 (N2 or N3,
excluding T4) NscLc.

Results Three included rcts consistently found no statistically significant difference in overall survival between
patients with locally advanced NscLc who received surgery and chemoradiotherapy or chemoradiotherapy alone.
Only one rct found that progression-free survival was significantly longer in patients treated with chemoradiation
and surgery (hazard ratio: 0.77; 95% confidence interval: 0.62 to 0.96). In a post hoc analysis of the same trial, the
overall survival rate was higher in the surgical group than in matched patients in a chemoradiation-only group if a
lobectomy was performed (p = 0.002), but not if a pneumonectomy was performed. Furthermore, fewer treatment-
related deaths occurred in patients who underwent lobectomy than in those who underwent pneumonectomy.

pneumonectomy
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Conclusions For patients with locally advanced NscLc, the benefits of surgery after chemoradiation are uncertain.
Surgery after chemoradiation for patients who do not require a pneumonectomy might be an option.
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INTRODUCTION

More than 80% of patients with lung cancer in Canada
have non-small-cell lung cancer (nscLc), and they are
often diagnosed at an advanced stage'. The 5-year relative
overall survival (os) rates for patients with stage 1114 and
B disease are approximately 14% and 5% respectively?.
The generally accepted standard therapy for patients with
stage 111 locally advanced nscLc is combined-modality
chemoradiation. In 2005, the Program in Evidence-Based

Care at Cancer Care Ontario produced a guideline to de-
termine the most effective chemoradiotherapy regimens
for patients with unresectable stage 111 NscLc®. However,
some patients with stage 111 (N2 or N3, excluding T4) cancers
might be eligible for surgical resection. That scenario was
not covered in the 2005 guideline.

To makerecommendations as part ofa clinical practice
guideline about the effectiveness of surgery after chemo-
radiotherapy in patients with locally advanced nscrc?, the
Program in Evidence-Based Care, together with Cancer
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Care Ontario’s Lung Cancer Disease Site Group, developed
the evidentiary base reported here. Based on the objectives
of the present review, the authors derived this research
question: Does surgery after chemoradiotherapy compared
with chemoradiotherapy alone for patients with potentially
resectable stage 111 (N2 or N3, excluding T4) NscLc improve
patient outcomes?

METHODS

The American College of Chest Physicians guideline was
used as a base for this systematic review®. That guideline
was considered to include all evidence published before
December 2011 that was relevant to the study question .
Our evidence review was conducted in two planned stages,
including a search for systematic reviews and a primary
literature review.

Search for Existing Systematic Reviews

The MEDLINE (2011 to 20 October 2016), EMBASE (2011 to
20 October 2016), and PubMed (1 January 2016 to 20 October
2016) databases were searched for published systematic
reviews or meta-analyses of phase 11 or 111 randomized
controlled trials (rcTs). Search terms indicative of NscLc
and chemoradiotherapy were used. The full search strategy
is available in supplemental Appendix 1.

Search for Primary Literature

In the absence of systematic reviews addressing the re-
search question, other methods were used to search for
primaryliterature. The MEDLINE (2011 to 20 October 2016),
EMBASE (2011 to 20 October 2016), and PubMed (1 January
2016 to 20 October 2016) databases were searched for RcTs.
Reference lists of relevant papers and review articles were
scanned for additional citations. Search terms indicative
of NscLc, chemoradiotherapy, and rcTs were used. The full
search strategy is available in supplemental Appendix 1.

Study Selection Criteria and Process

Studies were required to be phase 11 or 111 RCTS that com-
pared surgery after chemoradiotherapy with chemora-
diotherapy alone. Studies had to have included at least 50
patients with stage 111 (N2 or N3, excluding T4) nscrLc and
to have reported at least one of the following outcomes by
treatment group: os, progression-free survival (pFs), quality
of life, local control, or adverse effects. Studies had to be
fully published papers or published abstracts in English.
Letters and editorials that reported clinical trial outcomes
were excluded. A review of the titles and abstracts that
resulted from the search was conducted by a single author
(ETV). Items that warranted full-text review were each
reviewed by ETV in collaboration with the other authors.

Data Extraction and Assessment of Study Quality
and Potential for Bias

Dataextraction was performed independentlyby ETVand
reviewed by the other authors. Hazard ratios less than 1.0
indicate improved efficacy for the chemoradiotherapy
plus surgery arm, and hazard ratios greater than 1.0
indicate improved efficacy for the chemoradiotherapy-
only arm. All extracted data and information were

audited by an independent auditor. The Cochrane Risk
of Bias Tool was used to assess the risk of bias of the
individual studies®.

Synthesizing the Evidence

The presence of clinical heterogeneity because of the
various chemoradiotherapyregimens used prevented the
performance of a meta-analysis. The rcTs used a variety
of chemotherapy drugs, radiation doses, and schedules
(concurrent or sequential). The outcomes were rated for
their importance for decision-making by the authors.
Only outcomes that were considered critical or import-
ant were included in the present review. Five factors
taken from the GrRADE (Grading of Recommendations,
Assessment, Development and Evaluations) method
for assessing the quality of aggregate evidence’—risk
of bias, inconsistency, indirectness, imprecision, and
publication bias—were assessed.

RESULTS

Search for Existing Systematic Reviews
No systematic reviews thataddressed the research question
were found.

Search for Primary Literature

Of 7954 citations identified, 8 were selected for full-text
review. Of those, one fully published rcT® and one rcT
published in abstract form?® met the predefined eligibility
criteria for the systematic review. In addition, one article
from the evidence base of the American College of Chest
Physicians guideline that met the selection criteria for
the systematic review was included'. Thus, three rele-
vantarticles were included. Figure 1 presents the search
flow diagram.

7954 from Medline, EMBASE, &
PubMed searches

7946 were excluded after title
d and abstract review

8 studies for full-text review

6 were excluded for the
following reasons:

3 - both arms had surgery

2 - full publication of these
abstracts have been included
1- notanRCT

2 articles were included

1 article included from
ACCP and ASTRO
guidelines

3 articles were included in
the systematic review

FIGURE 1 PRISMA flow diagram.
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Study Design and Quality

All three rcTs were phase 11 studies 819, but one was
published in abstract form?. Tables 1-111 show the charac-
teristics and outcomes of the included rcts. The authors
considered os and quality of life to be critical outcomes
for recommendation development. Important secondary
outcomes of interest considered were PFs, adverse effects,
and local control. Table 1v shows the results of the quality
assessment of the studies. Risk of bias for the abstract
was unclear because most details were not reported®. The
Intergroup trial'® had a high risk of bias because allocation
to the two arms was unconcealed, and fewer patients in
the surgical group received consolidation chemotherapy.
Furthermore, the Intergroup'® and espATUE trials® did not
report their blinding procedures. Also, the ESPATUE trial
included patients with T4 nscLc and might therefore not
be directly generalizable to our patient population®.

Outcomes

Two rcts (Intergroup 0139 and EspaTUE) delivered concur-
rent chemoradiation®!? and one (Nordic) used sequential

TABLE I  Studies selected for inclusion

chemoradiation®. The overall quality of the evidence
was considered to be low because of the potential risk of
bias associated with lack of allocation concealment,
potential lack of blinding of the outcome assessors, and
incomplete outcomes data. Furthermore, issues of impre-
cision were present because all the studies did not reach
their target sample size—although the Intergroup study
reported achieving sufficient events (target number of
events notreported). Studies were stopped early because
of slow accrual or changes in standard chemoradiother-
apy treatment.

The rcTs consistently found no statistically significant
difference in os between their treatment groups. Only
the Intergroup study found a significantly longer prs in
patients treated with chemoradiation and surgery (hazard
ratio: 0.77;95% confidence interval: 0.62 to 0.96) compared
with chemoradiation alone (p = 0.017)!°. The other two
trials found no significant differences in prs between the
treatment arms®?. In a post hoc analysis of the Intergroup
study, the os rate was higher for the surgical group than
for matched patients in the chemoradiation-only group

Reference Design

Target sample size

Follow-up (months)

m Phase lll RCT

m Closed early

Albain et al., 2009'°
(Intergroup 0139)

Inclusion criteria:
of N2 involvement

randomized before induction

510 (484 eligible), 22.5

(range: 0.9-125.1)

Potentially resectable stage IlIA (pN2) disease: T1-3 primary NSCLC with pathology proof

Comparison: (A)  Concurrent induction CTx (cisplatin—etoposide) plus RT (45 Gy) and continued RT if no
progression; consolidation CTx (cisplatin—etoposide) given

(B) Concurrent induction CTx (cisplatin—etoposide) plus RT (45 Gy) and resected if no
progression; consolidation CTx (cisplatin—etoposide) given

Patients analyzed: (A) 213 randomized; 19 excluded in analysis; 50 did not complete consolidation CTx

(B) 216 randomized; 14 excluded in analysis; 91 did not complete consolidation cCTx

= Phase Il RCT

u Closed early

Sorensen et al., 2013°
(Nordic, abstract)

Inclusion criteria:

Not reported

Previously untreated, histologically verified NSCLC, stages T1-3N2MO

Comparison: (A)  Sequential CTx (paclitaxel-carboplatin) followed by RT (60 Gy)
(B) CTx (paclitaxel-carboplatin), followed by surgery, followed by RT (60 Gy)
Patients analyzed: (A) 171 randomized
(B) 170 randomized; 132 underwent surgery
Eberhardt et al., 20158 m Phase lll RCT Median:
(ESPATUE) m Closed early randomized after induction 78

Inclusion criteria:

Comparison:

Patients analyzed:

Potentially resectable stage IlIA (N2) or select stage [1IB NSCLC with pathology proof of N2
involvement; select stage 11IB patients included those with N3 disease with contralateral
mediastinal nodes and proven T4 disease with involvement of the pulmonary artery, carina,
left atrium, vena cava, or mediastinum

(A)  Induction CTx (cisplatin—paclitaxel), then concurrent CTx (cisplatin-vinorelbine) plus
RT (45 Gy), and chemoRT boost, risk-adapted to between 65 Gy and 71 Gy

(B) Induction CTx (cisplatin—paclitaxel), then concurrent CTx (cisplatin—vinorelbine) plus
RT (45 Gy), and resected

(A) 80 randomized; 76 received chemoRT boost

(B) 81 randomized; 70 underwent surgery

RCT = randomized controlled trial; NSCLC = non-small-cell lung cancer; CTx = chemotherapy; RT = radiation therapy; chemoRT = chemoradiotherapy.
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TABLE Il  Outcomes analyses for the included trials

Reference Comparison

PFS oS

Albain et al., 2009'° Concurrent induction chemoRT

(Intergroup 0139) and continued RT if no progression
Concurrent induction chemoRT

and resected if no progression

Other analyses:

HR:0.77; 95% Cl: 0.62 to 0.96

Median: 10.5 months
IQR: 4.8-20.6 months
Median: 12.8 months
IQR: 5.3-42.2 months

Median: 22.2
IQR: 9.7-52.7 months
Median: 23.6 months
IQR: 9.0 months to not reached
HR: 0.87; 95% CI: 0.70 to 1.10

p=0.017 p=0.24

u In post hoc assessment, rate of OS was higher in the surgical group with lobectomy than in a matched chemoRT-only
group [median: 33.6 months (IQR: 15.6 months to not reached) vs. 21.7 months (IQR: 10.1-46.0 months), p=0.002]

m  Rate of OS not different between the surgical group with pneumonectomy and a matched chemoRT-only group [median:
18.9 months (IQR: 6.0-46.6 months) vs. 29.4 months (IQR: 12.0-53.7 months)]

m  Absence of major weight loss (p=0.003), female sex (p=0.009), and one N2 nodal station that was positive at diagnosis
versus more (p=0.0.24) were independent predictors of OS

Sorensen et al., 2013°
(Nordic, abstract)

Sequential chemoRT
CTx, followed by surgery,
followed by RT

Eberhardt et al., 20158
(ESPATUE)

Induction CTx followed by
concurrent chemoRT, and chemoRT boost
Induction CTx followed by

concurrent chemoRT, and resected

Median: 8 months Median: 15 months
Median: 17 months
p=0.172
5-Year: 40%
95% Cl: 29% to 52%
5-Year: 44%
95% Cl: 32% to 56%
p=0.34

Median: 10 months
p=0.144
5-Year: 35%
95% Cl: 25% to 46%
5-Year: 32%
95% Cl: 22% to 43%
p=0.75

PFS = progression-free survival; OS = overall survival; chemoRT = chemoradiotherapy; IQR = interquartile range; HR = hazard ratio; Cl = confidence

interval; CTx = chemotherapy; RT = radiation therapy.

if a lobectomy was performed (p = 0.002), but not if a
pneumonectomy was performed (p value not reported)'°.
The other two trials did not describe any differences in
survival based on extent of surgery; however, in the EspaT-
UE trial, no treatment-related deaths occurred in patients
who underwent pneumonectomy (n = 23), compared with
5deathsin 47 patients who underwentlobectomy, bilobec-
tomy, or segmentectomy?®.

In the Nordic trial®, patients with a diagnosis of ade-
nocarcinoma and those with TIN2 disease (that is, lower
T-stage primary tumours) experienced improved survival
in the chemoradiation plus surgery arm compared with
the chemoradiation-only arm (p = 0.002 and p = 0.0010
respectively). In the Intergroup trial, female patients with
an absence of severe weightloss and only 1 involved nodal
station were more likely to experience longer 0s'°. However,
itisuncleariftheregression analysis in that study was per-
formed using data from all patients or only from patients
who underwent surgery.

In the Intergroup trial, most of the adverse effects were
found to be comparable in the two treatment groups, buta
higher proportion of esophagitis was observed in patients
treated with chemoradiation alone compared with those
who received chemoradiation and surgery (p = 0.0003)0.
Treatment-related deaths occurred more often in patients
who underwent surgery.

Quality of life and local control outcomes were not
reported in any of the trials.

DISCUSSION

In this systematic review, no included trial consistently
found a statistically significant difference in os between
patients with stage 111 (N2 or N3, excluding T4) NscLC
who received chemoradiation compared with those who
received chemoradiation plus surgery. However, one im-
portantaspect to consideris thatall three trials were closed
early for various reasons, and so overall, each trial might
have been underpowered to detect a true difference in os
and prs with the addition of surgery after chemoradiation.

Resectable stage 11 NscLc was defined in the Intergroup
trial as good performance status, weightlossless than 10%
inthe preceding 3 months, single nodal station 2 cm or less
in size, with a predicted postoperative forced expiratory
volume greater than 800 mL in 1 second. In a post hoc
analysis of the Intergroup trial, fewer treatment-related
deaths occurred in the patients who underwent lobec-
tomy than in those who underwent pneumonectomy'?,
In that trial, prs was also improved with the addition of
surgery. Based on that finding, coupled with the increased
mortality associated with pneumonectomy, it seems rea-
sonable to consider a lobectomy after chemoradiation in
patients with resectable stage 111 NscLc, although in the
ESPATUE trial, no treatment-related deaths occurred after
a pneumonectomy®. Other factors—including patient
comorbidities, extent of disease, surgical or technical ex-
pertise, and patient preference—are clearly important to

Current Oncology, Vol. 26, No. 3, June 2019 © 2019 Multimed Inc.
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TABLE Ill  Adverse events

Adverse event (grades 3-5)

Patients experiencing the event [n (%)]

Albain et al., 2009'° Sorensen Eberhardt et al., 20153
(Intergroup 0139) etal., 2013° (ESPATUE)
(Nordic,
ChemoRT ChemoRT abstract) ChemoRT ChemoRT
plus RT plus resection plus chemoRT boost plus resection
(n=194) (n=202) (n=80) (n=81)
Leucopenia 107 (55) 97 (48) Not reported 48 (60) 49 (60)
Neutropenia 80 (41) 77 (38)
Anemia 47 (25) 26 (13) 79 10 (12)
Thrombocytopenia 23 (12) 14 (7) 8(11) 9(11)
Worst hematologic toxicity per patient 125 (65) 117 (58)
Nausea or emesis, or both 26 (13) 29 (14) 7 (9) 11 (13)
Neuropathy 7 (4) 10 (5) 5(6) 5(6)
Esophagitis 44 (23) 20 (9) 21 (26) 11 (14)
p=0.0006
Stomatitis or mucositis, or both 5(3) 6 (3) 2(3) 3 4)
Pulmonary 31 (16) 31 (15) 5 (6) 9 (11)
Other gastrointestinal or renal 7 (4) 10 (5) 5 (6) 8 (10)
Cardiac 9 (5) 10 (5) 2(3) 4 (5)
Miscellaneous infection 8 (4) 6 (3) 3(3) 7 (9)
Hemorrhage (1) (M
Fatigue 9(5) 11.(5) 8(10) 5 (6)
Pain 16 (20) 19 (23)
Anorexia 7 (4) 3(M
Allergy 3(2) 1(1)
Treatment-related death 4 14 of 16 after 2 4 of 5 after
pneumonectomy lobectomy
1 of 16 after 1 of 5 after
lobectomy bilobectomy

1 of 16 after
no thoracotomy

ChemoRT = chemoradiotherapy; RT = radiation therapy.

consider when discussing the role of surgery. Based on the
regression analysis in the Intergroup trial, female patients
with an absence of severe weight loss and only 1 involved
nodal station might experience better os, but whether the
analysis included all patients or only patients who under-
went surgery was unclear'?. In the absence of subgroup
data, it is therefore unclear whether those characteristics
should be used to select patients for surgery. The ESPATUE
trial included select patients with T4 and N3 disease (that
is, stage 111B), constituting about one third of its patients,
based on previous experience in phase 1/11 trials using
trimodality therapy in such cases!!. Such patients would be
traditionally considered unresectable (although they were
considered resectable in ESPATUE). Nonetheless, questions
arise about generalizability and surgical expertise in man-
aging more bulky or advanced-stage 111 NSCLC.

Given the heterogeneity of the studies, including
differences in the induction regimens described earlier, a
formal meta-analysis could not be carried out. Additionally,

the Intergroup trial did not include positron-emission
tomography (PET) staging in its entry criteria'®, whereas
the EspaTuE trial did®. Itis unclear whether the Nordic trial
included PeT staging®. Imaging by PET is known to up-stage
approximately 15% of patients with stage 111 NscLc. Differ-
ences in the use of PET imaging for staging will result in
some stage migration and could explain the better os seen
inthe patients overall in ESPATUE compared with the other
trials®. Infact, median survivalin the chemoradiation-only
arm was similar to that in other contemporaneous trials
(using PET) of chemoradiation in nonresectable patients,
such as in the standard arm of the Radiation Therapy
Oncology Group 0617 study'? and the standard arm of the
PROCLAIM trial'3.

Additionally, the optimal standard chemoradiation
regimen differed between the studies. The Intergroup trial
used a once-daily combined-modality approach to 61 Gy
total'%; the EspATUE trial used a twice-daily combined mo-
dality approach to 45 Gy, followed by a once-daily boost to
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overall survival; CTx = chemotherapy.

ChemoRT = chemoradiotherapy; RT = radiation therapy; OS

65-71 Gy®; and the Nordic trial used a sequential approach
of chemotherapy followed by radiation therapy to 60 Gy
once daily®. In the Intergroup trial, esophagitis was ob-
served more often in the chemoradiation-only arm, which
isnotsurprising given the increased radiation dose given in
the nonsurgical patients!?; and yet the rate of esophagitis
was similar to that seen in the other trials reviewed here,
aswell asin other studies of concurrent chemoradiationin
stage 1 nonresectable NscLc. With the use of more modern
radiation techniques and improvements in supportive care,
those risks should be mitigated and not be a basis for dose
de-escalation. Given the results from the Radiation Ther-
apy Oncology Group 0617 study and procLAIM, standard
chemoradiation should likely follow guidelines similar to
those for patients with nonresectable stage 111 NscLc—that
is, concurrent platinum-based chemoradiation to a dose of
60-66 Gy in once-daily fractions®.

The findings of the present systematic review are
applicable only to patients with potentially resectable
stage 111 NscLC and cannot be generalized to unresectable
NscLC. A recent trial in unresectable stage 111 NscLc has
demonstrated benefit from the addition of the immune
checkpointinhibitor durvalumab (a monoclonal antibody
against PD-L1). The pacIFic trial randomized patients who
had not progressed after chemoradiation for unresectable
stage 111 NscLc to 1 year of therapy with durvalumab or
placebo!*15. A significant improvement in both prs and
os was observed for patients randomized to durvalumab.
However, itis unclear whether the findings of paciric can be
generalized to patients with potentially resectable nscLc.

The management of stage 111 NscLc is diverse, with pa-
tient, tumour, and treatment factors all guiding appropriate
decision-making. Given the heterogeneity of resectable
stage 111 NscLc and the difficulty of interpreting the results
of randomized trials in this patient population, decisions
about the appropriateness of single-modality, bimodality,
and trimodality approaches are best made within the
context of multidisciplinary thoracic oncology clinics and
tumour boards. Patients included in the randomized trials
would have been staged according to the 6th edition of the
TNM staging system. Since that time, refinements have been
made to the definition of stage i1 disease (7th and 8th edition
staging). However, the concept of resectable stage 111 NSCLC
has not changed significantly. The same issues all require
consideration in the context of multidisciplinary care.

CONCLUSIONS

Thereis uncertainty about the benefit of surgeryin patients
with stage 111 NscrLc (N2 or N3, excluding T4) in addition
to standard chemoradiation. A consideration of surgery
in select patients based on the extent of that surgery
(lobectomy vs. pneumonectomy) might be a possibility;
however, other factors could be important in guiding
decision-making. Further research is needed to elucidate
those factors, both prognostic and predictive, to optimize
treatment for patients with resectable stage 111 NSCLC.
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