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Summary

Background—~Retrospective evidence indicates that disease progression after first-line
chemotherapy for metastatic non-small cell lung cancer (NSCLC) occurs most often at sites of
disease known to exist at baseline. However, the potential benefit of aggressive local consolidative
therapy (LCT) on progression-free survival (PFS) for patients with oligometastatic NSCLC is
unknown.

Methods—We conducted a multicenter randomized study (NCT01725165; currently ongoing but
not recruiting participants) to assess the effect of LCT on progression-free survival ((PFS).
Eligible patients hadwere (1) histologic confirmation of (2) stage IV NSCLC, (3) <3 disease sites
after systemic therapy, and (4) no disease progression before randomization. Front line therapy
was >4 cycles of platinum doublet therapy or =3 months of inhibitors of epidermal growth factor
receptor (EGFR) or anaplastic lymphoma kinase (ALK) for patients with EGFR mutations or ALK
rearrangements. Patients were randomized to either LCT ([chemo]radiation or resection of all
lesions) +/— maintenance therapy versus maintenance therapy/observation only. Maintenance
therapy was recommended based on a list of approved regimens, and observation was defined as
close surveillance without cytotoxic therapy. Randomization was not masked and was balanced
dynamically on five factors: number of metastases, response to initial therapy, central nervous
system metastases, intrathoracic nodal status, and EGFR/ALK status. The primary endpoint was
PFS, powered to detect an increase from 4 months to 7 months (hazard ratio [HR}=0.57) using
intent-to-treat analysis. The plan was to study 94 randomized patients, with an interim analysis at
44 events. PFS, overall survival (OS), and time to develop a new lesion were compared between
arms with log-rank tests.

Results—The study was terminated early after treatment of 49 patients (25 LCT, 24 control),
when at a median follow-up time for PFS of 18.7 months, the median PFS time in the LCT group
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was 11.9 months (90% confidence interval [CI] 5.72 ,20.90) versus 3.9 months (90% CI 2.30,
6.64) in the maintenance group (HR=0.35, 90% CI 0.18,0.66, log rank p=0.005). Toxicity was
similar between groups, with no grade 4-5 events. Grade 3 or higher adverse events in the
maintenance therapy arm were fatigue (n=1) and anemia (n=1). In the LCT arm, Grade 3 events
were: esophagitis (n=2), anemia (n=1), pneumothorax (n=1), and abdominal pain (n=1). Overall
survival data are immature, with only 14 deaths recorded.

Interpretation—LCT +/- maintenance therapy for patients with <3 metastases from NSCLC that
did not progress after initial systemic therapy improved PFS relative to maintenance therapy alone.
These findings imply that aggressive local therapy should be further explored in phase 11 trials as
a standard treatment option in this clinical scenario.

INTRODUCTION

Retrospective analyses of patterns of failure after first-line systemic therapy for metastatic
non-small cell lung cancer (NSCLC) suggest that most progression events, either within or
outside the central nervous system (CNS), occur only at sites of disease known to exist at
baseline, rather than in new sites.(1) Consequently, for patients with limited numbers of
metastases, ablation of those metastases may be advantageous in terms of cytoreduction or
removal of dominant disease sites that may seed other sites in the future. Stage IV disease
that is limited to only a small number of sites (“oligometastatic” disease) may reflect a more
indolent phenotype that could benefit from local ablative therapy (e.g., surgery or radiation)
for consolidation, as suggested by some preclinical and translational analyses.(2, 3) Several
retrospective and small prospective trials have suggested that local therapy may be beneficial
for patients with stage IV NSCLC presenting with limited metastases, (4-7) including a
propensity-matched analysis demonstrating a survival benefit for patients receiving
aggressive treatment.(8) However, such an advantage has yet to be shown in well controlled,
randomized studies.

To address this gap, we conducted a multi-institutional, randomized, phase 11 study
(NCT01725165) to evaluate progression-free survival (PFS) after aggressive local
consolidative therapy (LCT) versus maintenance therapy or observation for patients with
stage IV NSCLC with <3 metastases remaining after front line systemic therapy. As
secondary and exploratory aims, we assessed: (1) safety and the incidence of high-grade
toxicity, (2) overall survival (OS), (3) patterns of failure, and (4) time to development of
disease at new metastatic sites, and (5) predictors of PFS.

PATIENTS AND METHODS

Study Design and Participants

The trial took place at three institutions: (1) The University of Texas MD Anderson Cancer
Center (Houston, TX), (2) London Health Sciences Center (London, ON), and (3) The
University of Colorado (Aurora, CO). This study was approved by the institutional review
board at all participating sites, and each patient was required to provide written approved
consent before enrollment. Recruited patients met the following criteria: (1) diagnosis of
pathologically confirmed NSCLC, (2) stage IV disease according to the 7! edition of the
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American Joint Committee on Cancer staging system, (3) <3 metastases, not including the
primary tumor (as defined below), (4) Eastern Cooperative Oncology Group (ECOG)
performance status <2, (5) =18 years of age, and (6) receipt of standard front line systemic
therapy, defined as (a) 24 cycles of platinum doublet chemotherapy, (b) erlotinib or another
approved first line epidermal growth factor receptor (EGFR) tyrosine kinase inhibitor for =3
months if the patient was known to harbor an EGFR mutation, or (c) crizotinib for >3
months if the patient was known to have an anaplastic lymphoma kinase (ALK)
rearrangement. Presuming that the patient met the above conditions, no exclusion criteria
existed for prior therapy, other than that bevacizumab was not permitted within 2 weeks of
the initiation of the radiation therapy course.

Laboratory values that were recommended to assess for adequate hematologic function
included the following: absolute neutrophil count (ANC) = 1,500/mm3, platelet count >
100,000/mm3, WBC = 3,000/ mm?3, and hemoglobin = 9 g/dL within 3 weeks of study entry.
We also recommended adequate hepatic function as defined by a total bilirubin level < 1.5 X
the upper limit of normal (ULN), serum bilirubin < 1.5x ULN in the setting of known
Gilbert’s disease, and alkaline phosphatase, aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) < 2.5 X the upper limit of normal or < 5.0 x ULN if liver metastases
were present. Patients with malignant pleural effusion or significant third-space fluid that
could not be controlled by drainage were excluded. Patients who had a history of
uncontrolled angina, arrhythmias, or congestive heart failure also were excluded. Patients
who experienced a complete response to chemotherapy, with no lesions amenable to ablation
(including the primary site), were also not eligible for randomization. Notably, while it was
anticipated that the vast majority of patients would present with synchronous
oligometastases, patients with metachronous metastases were not expressly excluded from
the study.

Each lesion was counted separately and contributed to the total number of metastatic lesions,
with the following three caveats. First, lesions were counted afferthe front line systemic
therapy, and so lesions that resolved during that therapy (i.e., were no longer visible on
computed tomography [CT] or avidity had resolved on positron emission tomography
[PET]/CT) were not included in the total number. Second, any positive thoracic nodes (N1-
N3) including the supraclavicular fossae were counted collectively as one lesion to account
for the prognostic significance of this involvement; in other words, patients with nodal
involvement could have a maximum of two additional sites of disease. Finally, patients who
required immediate local therapy for CNS lesions could receive this treatment before
randomization, but any lesion treated in this manner would be counted towards the total
number of metastases. For example, if a patient had two brain metastases and received
radiosurgery to those sites, that patient could then be randomized. However, both of these
lesions counted towards the three that were allowed.

The study schema is depicted in Appendix, page 2. During the first 9 months of the study,
patients were enrolled after they completed front line systemic therapy (n=11 patients).
Thereafter, to facilitate accrual, another step was added in which patients could be enrolled
during systemic therapy. At the end of that therapy, disease progression was evaluated by (1)
systemic imaging (either CT of the chest/abdomen/pelvis or PET/CT) and (2) brain imaging
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(either CT or magnetic resonance imaging [MRI]). Patients with disease that did not
progress after front line systemic therapy were then randomly assigned to one of two arms:
(1) local consolidative therapy (LCT) followed by standard maintenance or observation or
(2) standard maintenance therapy or observation only. Maintenance therapy was chosen by
the treating physician from a predefined set of standard-of-care options.

Randomisation and Masking

Procedures

Patients were randomized to one of two arms: LCT +/— maintenance therapy versus
maintenance therapy/observation. The randomization was not masked, so both the patient
and the provider were aware of the randomization assignment. The data managers and data
analysts were also not masked to the treatment groups, in that they had access to the
database and randomization website for the purpose of entering/analyzing data.

In lieu of stratification, the randomization was balanced dynamically on five prognostic
covariates related to PFS per the method of Pocock and Simon.(9) The covariates were (a)
number of sites of disease (0-1 vs. 2-3); (b) response to first-line systemic therapy (stable
disease vs. partial response [PR]; (c) CNS metastases (yes vs. no); (d) intrathoracic nodal
status (NO/N1 vs. N2/N3), and (e) EGFR/ALK mutation (yes vs. no). After a research nurse
enrolled each patient and entered the above variables, randomization was conducted using
the MD Anderson Department of Biostatistics Clinical Trials Conduct (CTC) website. Note
that performing randomization through dynamic balance, rather than stratification,
eliminates the need for the creation of multiple randomization lists which can grow
exponentially with the addition of each stratification factor, and this strategy can be
implemented efficiently through the MD Anderson CTC website.

Patients who were randomized to the LCT arm were treated with the intent to ablate all
residual disease (primary tumor, lymph nodes, and metastatic sites as appropriate) with
surgery, radiation therapy, or both. The type of LCT was determined in consultation with
multidisciplinary teams. The choice of dose-fractionation regimen was made by the treating
radiation oncologist, with curative intent when possible. Stereotactic ablative body radiation
(SABR), intermediate hypofractionated radiation (e.g., 15 fractions to the mediastinum), and
concurrent chemoradiation were allowed. After LCT, the choice for maintenance therapy or
observation (e.g. crossover) was made at the treating physician’s discretion. Patients on the
LCT arm continued to be followed on this arm until progression, regardless of whether they
were treated with systemic therapy after LCT.

Observation was defined as close surveillance, with follow-up as noted below but without
any cytotoxic treatment. Because no single “standard” systemic approach has been accepted,
and because the choice between maintenance therapy or observation typically depends on
tumor histology and mutation status, the treating physicians for both treatment arms were
given several recommended current FDA-approved regimens, including observation.
Acceptable options for maintenance therapy included pemetrexed and bevacizumab (for
non-squamous NSCLC), erlotinib, crizotinib (for patients with ALK rearrangement), and
observation. Patients in the maintenance therapy/observation arm could also crossover and
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be treated with LCT at the time of progression. However, if crossover to LCT occurred prior
to the time of progression, the event time was censored as described in the Statistical
Analysis section below.

Patients in both arms were followed for adverse events and progression (with imaging) every
6 weeks (£2 weeks) after randomization for the first year, and then at the physician’s
discretion thereafter. Acceptable follow-up tests included systemic imaging with either CT
or PET/CT, and brain imaging (MRI or CT) if the patient had intracranial metastases.
Progression was defined according to the Response Evaluation Criteria for Solid Tumors
(RECIST) 1.1(10) and assessed by the treating physician and confirmed by an investigator of
the study (principal investigator [PI], co-PI, or site PI). No laboratory monitoring was
performed on this trial, and no dosing criteria were present for maintenance therapy or
radiation therapy.

Primary Endpoint—The primary outcome, PFS, was defined from the time of
randomization to the time of disease progression or death, whichever occurred first. For
patients whose disease did not progress, PFS was evaluated by censoring patients at their
most recent imaging.

Secondary Endpoints—Secondary outcomes for the study were overall survival (OS),
safety/tolerability of LCT, time to progression of new and prior metastatic lesions, and
quality of life (QOL). For OS, patients who were alive at the last contact date (with or
without an imaging study at that time) were censored. Time to progression of new vs. prior
lesions was defined by determining if the lesions identified at progression could be
previously visualized on imaging. When performing our analysis at accrual closure, the
endpoint that was of most clinical interest was the time to progression of new lesions, in that
we wanted to determine if LCT was prolonging the development of new lesions (and thus
acting through some mechanism in a similar way as systemic therapy). Thus, we elected to
report only the time to new lesions in this manuscript. This endpoint was calculated from the
time of randomization to the time to development of a previously unknown lesion.
Therefore, if a patient progressed only within known sites, (s)he continued to be followed
until a new lesion occurred.

With regard to the QOL outcome, patients were given an assessment tool as measured by the
lung cancer module of the validated MD Anderson Symptom Inventory(11). Questionnaires
were completed and collected at baseline (after randomization) and at each follow-up visit
for the first year. Data was stored in the study database, to be analyzed at the completion of
the trial. The endpoint for this secondary outcome was differences in quality of life between
the LCT and maintenance therapy arms.

Statistical Analysis

This study is registered as a randomized controlled trial with ClinicalTrials.gov,
NCTO01725165). It was designed to assess if immediate LCT after induction therapy for
oligometastatic NSCLC would reduce the rate of disease progression compared with
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maintenance therapy/observation only. Progression free survival was analyzed between the
LCT and maintenance therapy arms using the log-rank test and through an intention to treat
(ITT) analysis. Note that the log-rank test is a suitable method for comparing the survival
distributions between study groups of interest, and is preferable when the proportional
hazards model may be in question. In addition to meeting the inclusion/exclusion criteria
above, patients needed to have included one imaging study for assessment of disease
progression to be included in the analysis for progression. Disease progression was then
subcategorized as locoregional (primary tumor or N1-N3 lymph nodes) or distant, and at a
known lesion site (identified by imaging, biopsy or both) or a new lesion site. Finally, we
used log-rank tests for an exploratory analysis comparing the time from randomization to the
appearance of new lesions between treatment groups. Scaled Schoenfeld residuals were used
to assess the proportional hazards assumption when necessary.(12)

The design had a one-sided 10% type | error and 90% power. The study was powered to
detect an improvement in PFS from 4 months in the standard (no LCT) arm (chosen based
on prior studies of maintenance therapy(13-17)) to 7 months in the experimental (LCT) arm,
based on prior evidence suggesting 3 months as the difference in time to progression in
known sites of disease as opposed to the time to develop any new site of disease in
metastatic NSCLC, in sites potentially amenable to local ablative therapy(1); this
corresponded to a hazard ratio (HR) of 0.57, or a 75% improvement in median PFS. Given
these assumptions, the design required 94 patients randomized over 37.6 months, with an
additional 9 months of follow-up. Patients were followed until their time of death, thus
providing complete follow-up, or until their time of last contact, thus providing incomplete
follow-up. The median follow-up time was derived using both complete and incomplete
follow-up times.

Descriptive statistics were used to summarize patient characteristics by treatment arm.
Continuous patient characteristics were compared with ¢tests. Chi-square or Fisher’s exact
tests were used to compare categorical patient characteristics between treatment arms.
Kaplan-Meier estimates of 1-year PFS and OS rates were provided for each treatment arm
and for patient characteristics of interest. Log-rank tests were used to compare the PFS and
OS distributions between the two treatment arms. Cox proportional hazards regression was
considered when assessing PFS in univariable and multivariable analyses. Patients were
considered for inclusion in efficacy analyses if they received at least one of the intended
therapies. Patients in the maintenance arm who were crossed over to the LCT arm were
censored at the time of crossover. High-grade toxicity (grade =3 events defined in the
Common Terminology Criteria for Adverse Events [CTCAE] v4.0) was assessed in both
arms as well. All statistical analyses were two-sided and based on the intent-to-treat
principle, and P values <0.10 were considered statistically significant.

Data Safety Monitoring Committee—The Data Safety Monitoring Committee for this
study was based at MD Anderson. Established prior to the study, this Committee comprised
MD Anderson faculty, faculty from neighboring institutions, and community members. Both
physicians and statisticians were included (12 total members), none of whom were
investigators on the current study. An interim analysis was planned after 44 events for safety
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and futility. Annual reviews were also done, primarily for safety but also to assess major
trends in outcomes that would affect the continuation of the trial.

Role of the Funding Source

Results

The funder had no role in study design, data collection, data analysis, data interpretation, or
writing of the report. The following investigators had access to the raw data: DRG, MH, JJL,
and RY. The corresponding author had full access to all data in the study and has final
responsibility for the decision to submit for publication.

Patient Characteristics and Enrollment

The study was open for enrollment from 11/28/12 to 1/19/16. All patients were enrolled
either during or at the completion of front line systemic therapy. Data were analyzed as of
April 1, 2016, and 49 evaluable patients were randomized (Figure 1) at this time. Of the 25
patients that were enrolled but not randomized, the most common reason was disease
progression on systemic therapy. The study was closed as part of the annual analyses
performed by the DSMB of all randomized trials at our institution, and prior to the planned
interim analysis of 44 events. During the annual DSMB review, while a significant
difference was not observed between arms in safety, there was a substantial efficacy
improvement in the LCT arm. Specifically, the DSMB found that based on the current data,
the probability of concluding in favor of the LCT arm was 99.46% if the current trend were
to continue. Therefore, at this time, upon the recommendation of the DSMB, the principal
investigators decided to close the study to new patient entry.

Patient characteristics are shown in Table 1. The arms were well balanced in terms of sex,
age, ethnicity, tumor histology, CNS involvement, number of non-regional metastases after
front-line systemic therapy, EGFR /ALK status, response to first-line therapy, and nodal
status. Three patients that were enrolled had previously treated (metachronous) primary
tumors but then presented with metastases in liver, adrenal gland, and pleura.

Patients underwent body (PET/CT or CT chest/abdomen/pelvis) and brain (MRI or CT)
imaging to assess for disease progression prior to randomization. 13 patients (56%) in the
LCT arm underwent PET/CT, and the rest underwent CT of the chest/abdomen/pelvis. In the
maintenance therapy arm, 14 patients (52%) underwent PET/CT. Twenty patients (80%) had
an MRI of the brain in the LCT arm, and the remainder had a CT scan of the brain. In the
maintenance therapy arm, 21 patients (88%) underwent MRI. The location of the metastases
counted at randomization for the 49 patients is shown in Appendix, page 3. The locations of
metastasis by patfent (not lesion) number are:: brain=13 patients, bone=10, adrenal gland=8,
pleura=7, metastatic lung lesion=6, cervical lymph node=4, liver=2, spleen=2,
retroperitoneal lymph nodes=1, paraspinal mass=1, kidney=1. Of the 13 patients with brain
metastases, all patients except for one received treatment to the brain lesions prior to
randomization. This final patient had a small, asymptomatic brain lesion that responded to
systemic therapy, so it was observed. For six patients in the LCT group and five patients in
the maintenance therapy arm, the only site of metastasis was the brain.
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Patient treatment regimens are detailed in Appendix, page 4 and the patient numbers
correspond to the patients listed in Appendix, page 3, with patients 1-25 on the LCT arm
and 26-50 on the maintenance therapy/observation arm. The LCT regimens (combined
primary and metastatic) were: hypofractionated RT/SABR, n=12 (48%); combination
surgery and radiation, n=6 (24%); chemoradiation, n=2 (8%); combined hypofractionated
RT and chemoradiation, n=3 (12%); surgery to all sites, n=1 (4%). With respect to the
primary lung lesion, the local treatments were: intermediate or standard fractionated
radiation (>10 fractions), n=14 (56%); SABR, n=5 (20%); surgery, n=3 (12%). Three
patients did not undergo treatment to their primary site, two of which didn’t have an active
primary tumor at the completion of front line systemic therapy and received treatment to
only the metastatic site(s). One additional patient had been scheduled for surgery, but
between randomization and preparation for surgery a CT scan revealed new metastases, and
this patient therefore received systemic treatment but was analyzed on the LCT arm per
intent to treat. Five patients (20%) on the LCT arm received maintenance therapy after LCT,
three (with EFGR mutations) with erlotinib, one with crizotinib, and one with pemetrexed.
One of the two patients with an ALK rearrangement did not receive maintenance therapy
after the completion of LCT.

In the patients on the maintenance therapy/observation arm, the regimens were: pemetrexed,
n=16 patients (67%); erlotinib, n=2 (8%); afatinib, n=1 (4%); bevacizumab, n=1 (4%);
observation, n=4 (17%, 3 with SCC and one with sarcomatoid carcinoma).

Progression-Free Survival

At the time of data analysis, one patient had not had follow-up imaging for progression, and
so 48 patients were included in the PFS analysis (24 in each arm). Three patients in the
maintenance arm later received LCT because they could not tolerate maintenance therapy;
these patients were analyzed in the maintenance arm until they were crossed over to LCT, at
which time they were taken off study and censored. Fourteen patients had a PFS event on the
LCT arm, and 17 on the maintenance therapy arm. The median follow-up time for the entire
cohort was 12.39 months (interquartile range [IQR]: 5.52,20.30). The median follow-up time
in the LCT arm was 13.44 months (IQR: 4.66,21.12), and in the maintenance therapy/
observation arm was 11.32 months (IQR: 6.44,17.38). Follow-up time was not significantly
different between the two groups (p=0.157)

Patients in the LCT arm had significantly improved PFS: median PFS time was 11.93
months (90% C1 5.72,20.90) in the LCT arm and 3.9 months (90% CI 2.30,6.64) in the
control arm, which corresponded to an HR for the LCT group of 0.35 (90% CI 0.18,0.66;
log rank, p=0.005). The 1-year PFS rate was 48% in the LCT arm and 20% in the control
arm (Figure 2a). Moreover, when only patients who received platinum-doublet
chemotherapy were analyzed (i.e., excluding patients given anti-EGFR or -ALK), a
statistically significant PFS improvement remained for the LCT arm (HR=0.41, 90% ClI
0.21, 0.79, log-rank p=0.022). We did not analyze the effect of LCT on PFS in the 8 patients
who did not receive platinum-based doublet chemotherapy (i.e. those with EGFR/ALK
mutations) because such a small number would not be expected to yield meaningful results.
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Overall Survival

Fourteen patients died during this study, 6 in the LCT arm and 8 in the no-LCT arm. All
patients died of their lung cancer, except for one patient on the LCT arm who had a sudden
cardiac death and was without evidence of disease. At this time, the OS data are immature,
as the median survival time has not been reached in either group. An event chart outlining
both progression events and deaths in both groups is presented in Appendix, page 7.

Patterns of Failure

Thirty patients (61%) experienced disease progression (13 in the LCT group and 17 in the
no-LCT group). When examining patterns of failure by locoregional vs. distant, in the LCT
arm they were: distant, n=10; locoregional, n=1; both, n=2. In the maintenance therapy arm
they were: distant, n=6; locoregional, n=4; both, n=7. When evaluating patterns of failure by
new vs. known (prior) lesions, in the LCT arm they were: new, n=11; both, n=2. In the
maintenance therapy arm they were: known, n=7; new, n=3; both, n=7.

Salvage Therapy

Of the 17 patients with progressive disease in the no-LCT arm, 11 received local therapy at
the time of progression (6 SABR, 3 surgery only, 1 surgery plus radiation, 1 SABR plus
chemoradiation). Of the six patients who did not cross over to LCT, three received further
systemic therapy, one chose to pursue a vaccine trial and non-cytotoxic therapy, one did not
have local therapy because of poor performance status, and one experienced disease
progression after two cycles of maintenance bevacizumab and thus was given palliative
radiation at that time. Although the radiation was tolerated well, the disease continued to
progress and the patient died approximately 3 months later.

Exploratory Predictors of Progression-Free Survival

Predictors of PFS are shown in Table 2. This analysis was done with the entire group rather
than each arm separately owing to the limited number of events in each arm. The following
variables were analyzed: treatment type, sex, timing of metastases, patterns of failure, sites
of progression, number of non-regional metastases after front-line systemic therapy,
response to front-line systemic therapy, CNS metastases, nodal status, and mutation type.
Aside from treatment type, the only characteristics that correlated with PFS was EGFR/ALK
status (HR=0.19, 90% CI 0.06-0.64, p=0.024).

We then assessed PFS within each treatment arm in the following variables: number of non-
regional metastases after front line systemic therapy, response to front line systemic therapy,
CNS metastases, and nodal status, even though this analysis was limited by a small number
of events (Appendix, page 8). The only variable that was associated with improved PFS in
this analysis was response to front line chemotherapy in the maintenance therapy/
observation arm (log-rank p=0.062, HR=0.37, 90% CI=0.15-092).

Finally, the time to the appearance of a new lesion was longer among patients in the LCT
arm (11.9 months vs. 5.7 months in the no-LCT arm; p=0.0497) (Figure 2B). A table
displaying the relationship between the scaled Schoenfeld residuals versus time for the
covariates in Table 2 is presented in Appendix, page 9 as an assessment of the proportional
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hazards assumption. Plots of the residuals versus time are depicted in Appendix, page 10—
13. There was no evidence suggesting a strong violation of the proportional hazards
assumption.

No patient in either arm experienced grade 4-5 toxicity. In the no-LCT arm, three patients
crossed over because of toxicity (before disease progression), one with grade 2 elevations in
creatinine and grade 2 fatigue, one with grade 3 fatigue, and one with grade 3 anemia. One
other patient who remained on the no-LCT arm had significant bilateral lower extremity
edema related to pemetrexed maintenance therapy, which resolved upon discontinuation of
the pemetrexed.

Five patients in the LCT arm experienced grade <3 events, two with grade 3 radiation-
induced esophagitis, both of which led to hospital admission and one to feeding tube
placement (certainly related). One patient received radiation therapy to the spleen and
developed anemia requiring transfusion 1 month after treatment was completed (likely
related). One patient completed SABR for a lung lesion and 17 months later developed a
pneumothorax secondary to a rib fracture (possibly related). The fifth patient had had a
history of grade 2 radiation esophagitis that improved after treatment, but one month after
radiation this patient was admitted for right upper quadrant pain thought to be related to
gallstones (i.e., required hospitalization but not related to treatment).

Secondary Quality of Life Analysis—A total of 31 patients completed the MDASI
questionnaires at baseline, 18 on the LCT arm and 13 on the maintenance therapy arm.
However, by the second follow-up visit (at approximately 16 weeks), the number of patients
completing these questionnaires had dropped to 6 on each arm. It was thus concluded that
the results were insufficient at later time points to perform a formal analysis of the QOL
data. In addition, as patients no longer completed the questionnaire when going off study, no
differences could be elucidated after the time of progression, which also limited the utility of
the results. Thus, no results from this secondary analysis will be reported.

Discussion

To the best of our knowledge, this is the first report of a randomized trial of aggressive LCT
to all sites followed by standard maintenance therapy versus maintenance therapy alone for
patients with oligometastatic NSCLC that did not progress after initial systemic therapy. The
pertinent findings of this study were as follows. First, the PFS time was longer for patients
who received LCT than for patients who did not, leading the Data Safety Monitoring
Committee to recommend early study closure. Second, we found that LCT may also be able
to prolong the time to progression of new sites of disease. Although this analysis was
exploratory in nature, this finding is provocative and warrants further investigation. Third,
LCT was feasible and was not associated with an increase in serious adverse events.

Several prior retrospective studies have supported a role for LCT in oligometastatic NSCLC,
with selection criteria such as lymph node status,(18-20) tumor histology,(19, 21) thoracic
disease bulk,(22) performance status,(8) and number of metastatic sites.(4) In addition, some
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studies have attempted to formulate prognostic models for survival in patients treated
aggressively for oligometastatic disease. In one such study, 309 patients with <5 metastases
who were treated aggressively with SABR were analyzed to determine which factors
portended long-term survival. The authors identified several risk factors for poorer
prognosis, including having nonadenocarcinoma histology, intracranial metastasis,
synchronous disease, and being male.(23) However, without strong prospective results, the
optimal treatment for patients with limited metastatic disease has thus been controversial.
From one perspective, retrospective findings have supported this approach, and the advent
over the past several years of more effective and tolerable maintenance chemotherapy
regimens and technologic advances in SABR have improved the options available to such
patients.

Nonetheless, retrospective non-randomized trials have many limitations that have been well
described elsewhere.(24) The issue of immortal time bias (also known as survivor treatment
selection bias) in particular is difficult to overcome when comparing patients who received
LCT with those who did not, because the patients who were to receive LCT had to survive
long enough to receive that treatment—the “immortal” period. Further, patients to be treated
with LCT are often selected because of favorable risk factors, not all of which can be
captured through standard survival analysis. Thus the decision of whether to treat
aggressively or not is based not only on disease progression but also on whether the patient
can tolerate induction chemotherapy, the presence of comorbid conditions, logistical factors,
and patient/physician preferences, among others. Thus, a retrospectively observed survival
benefit between those who receive LCT and those who do not may not be caused by the
actual treatment, but rather may be a manifestation of the natural consequence of the disease.
This is also a major reason why prospective studies are important for comparing outcomes
between treatment options.

Indeed, single-arm phase Il prospective trials examining aggressive therapy for
oligometastatic NSCLC have been reported. In one analysis from Memorial-Sloan Kettering
Cancer Center, patients with NSCLC and a solitary metastasis were treated with
chemotherapy (mitomycin, vinblastine, and cisplatin) and resection of all sites of disease,
with postoperative radiation therapy when appropriate. For the 23 patients enrolled on this
trial, the median OS time was 11 months, and 2 patients (9%) had a survival time of at least
5 years.(25) In comparison, survival outcomes were modestly improved in another
prospective study in which 39 patients with synchronous oligometastatic NSCLC received
radical treatment to all sites of disease. Systemic therapy was not mandated, and solitary
intracranial metastases were included. The median PFS time was 12.1 months, and the
median OS time was 13.1 months. Although the treatment was well tolerated, no clinical
characteristic was found to be correlated with PFS or OS.(26) Both of these trials were
limited in their interpretation by the lack of a comparison arm. And although no studies have
compared the role of comprehensive LCT for patients with non-progressing disease, one
phase I11 trial examined the role of stereotactic radiosurgery to intracranial metastasis plus
chemotherapy vs. chemotherapy alone in patients with up to 4 brain metastases. This trial
was closed early because of slow accrual, but no statistically significant difference was
found between symptomatic progression of brain metastases in the two arms.(27) It is
difficult to elucidate from these prospective trials if aggressive local therapy offers a benefit
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or if the mixed conclusions are the result of variations in patient selection and treatment
approaches.

In the current study, we found that the PFS time for the standard (maintenance therapy)
group was almost exactly as had been hypothesized from prior studies (3.9 months observed
vs. 4 months hypothesized). However, the PFS in the experimental (LCT) group was
substantially longer than predicted (11.9 months observed vs. 7 months hypothesized),
although this interval was in line with other recently reported single-arm phase 11 studies in
similar contexts.(23, 28) Notably, our hypothesis was based on retrospective data in which
sites of new disease versus sites of known disease could be followed more thoroughly for
progression.(1) In addition, time to the appearance of a new lesion was longer for patients in
the LCT arm than for in the no-LCT arm (11.9 months vs. 5.7 months, p=0.0497),
suggesting that the LCT could be altering the natural history of the disease, either by
limiting the potential for later spread or possibly by altering systemic anticancer immune
responses to facilitate longer control of subclinical disease.

Other constraints on the interpretation of our trial results are as follows. First, because the
study was stopped early, the overall number of patients was relatively small, thus limiting
the statistical power of secondary subgroup analyses. Second, because of potential concerns
with insurance approval and to make the study more pragmatic across institutions,
physicians were allowed to select the imaging modality used for disease staging and follow-
up from a limited number of choices (CT or PET/CT for body imaging, CT or MRI for brain
imaging). Although all of these imaging approaches are acceptable for staging and
surveillance, because our primary endpoint was PFS, we acknowledge that choice of
imaging modality could have affected PFS time. However, given the effects of
randomization and the approximately equivalent proportions of staging studies used after
progression (52% received PET/CT in the LCT arm vs. 58% in the maintenance arm), we
believe that any effect of differences in imaging between arms would have been minor.

Finally, the study population included patients with NSCLC of different histology and
molecular subtype. These broad inclusion criteria were used because the feasibility of
recruiting patients with oligometastatic disease to a prospective randomized trial had not
been established, and several such trials in NSCLC over the past 5 years have been closed
owing to low accrual.(29) Therefore, establishing which subgroups defined by various
clinical or molecular criteria derive the greatest benefit or potential harm from this approach
is not possible at this time. This question will be explored in ongoing correlative analyses of
the current study and in future studies.

In conclusion, we found that LCT after initial systemic therapy was feasible, tolerable, and
significantly extended PFS time (from 3.9 months in the control arm to 11.9 months) among
patients with oligometastatic NSCLC. We further found that adding LCT also delayed the
appearance of new lesions, implying that the benefit of consolidation may extend beyond
known sites of disease. Our findings on OS are immature at this time. We recommend that
LCT be further tested in larger phase Il studies in which OS is the primary endpoint to
further define which subgroups of patients are most likely to benefit.
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Research in Context
Evidence Before This Study

In 2011, we searched PubMed for all studies comparing local consolidative therapy to
systemic therapy or observation alone in patients with oligometastatic NSCLC using the
keywords “oligometastatic lung cancer” OR “oligometastatic lung cancer surgery” OR
“oligometastatic lung cancer randomized” OR “limited metastasis lung cancer”. We did
not limit our search to English speaking studies. In addition, we queried the abstracts of
major international conferences, including ASTRO, ASCO, the World Lung Conference
(IASLC), AACR, and ESTRO. We found retrospective and prospective single arm studies
that assessed the role of aggressive local treatment in oligometastatic lung cancer. We
also found that single-arm studies examining the role of aggressive local therapy that
included many primary sites of disease. Finally, we discovered that several prospective
randomized trials had been initiated and closed due to poor accrual, and that related
studies were being planned but not yet close to completion. As a result of these queries,
we initiated a trial that compared aggressive local therapy to maintenance therapy or
observation (standard of care) in patients that did not progress after front-line systemic
treatment.

Added Value of This Study

To the best of our knowledge, this is the first multi-institutional, phase Il randomized trial
comparing aggressive local consolidation therapy with maintenance therapy or
observation for patients with oligometastatic NSCLC that did not progress on front line
systemic therapy, the primary outcome of which was progression-free survival (PFS). The
protocol was closed early by the institutional Data Safety Monitoring Committee when
an interim analysis showed that local consolidative therapy extended the PFS time by 8
months. We further found in an exploratory analysis that local therapy prolonged the time
to appearance of a new lesion, suggesting that control of known lesions can influence
further metastatic spread, possibly by preventing further dissemination of known sites or
by initiating a host response such as an immunologic reaction. Toxicity was no different
between arms, with no grade 4 or 5 events in either arm. Overall survival data are
immature, with only 14 deaths to date (8 in the standard arm, 6 in the experimental arm).

Implications of All of the Available Evidence

To our knowledge, our study is the first to demonstrate in a randomized fashion that
aggressive local therapy improves time to progression in patients with oligometastatic
NSCLC. Taken together with recent preclinical, retrospective, and single-arm prospective
analyses, these findings provide a strong foundation to support the further exploration of
this approach in phase 111 randomized studies, with overall survival as an endpoint and
potentially with the incorporation of novel systemic agents such as immunotherapy.
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74 Patients enrolled during
initial systemic therapy

49 Patients enrolled for
randomization

v

\ 4

25 Patients given
local
consolidative
therapy

24 Patients given
no local
consolidation
therapy and
assessed for PFS

25 Patients not enrolled for

randomization
12 for progression on systemic therapy
5 for refusal to randomization
4 lost to follow-up
3 for ineligibility
1 for study closure before randomization

l

l

25 —analyzed for OS
24 — analyzed for PFS,
TNSF (1 with no follow-
up imaging)

13 — progression
13 —first progression in
new site
13 — progression in new
site at any time
6 — died

24 — analyzed for OS
24 — analyzed for PFS,
TNSF

17 — progression
10 —first progression in
new site
15 — progression in new
site at any time
8 —died

Figure 1.

CONSORT diagram.

Lancet Oncol. Author manuscript; available in PMC 2017 December 01.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Gomez et al.

Page 19

> o
2
§ NOLCT = mmm=
n’: [T} Log-rank ;(2(1) =7.75; P-value = 0.0054
~ 4
® © 1
2 L
:E, .
|
n 3 -
o )
8 o
S
T
[
S & =
3 o - ok - o |
(< |
S
g’ 1
o
g S '
o T T T

0 12 24 36

Time in Months
Number at risk (Number Censored)
LCT: 24 (0) 8 (6) 2(3) 0(1)
No LCT: 24 (0) 2(6) 0(1) 0(0)

Z o

= g . LCT —

3

8 NOLCT === mmmmu

o o Log-rank (1) = 3.85; P-value = 0.0497

c ™~ 1

Qo o L

: =

38| ™

o O -

z o !

k] -

[ - ,

S & I

| o L o i o o o o o o o o o

s

S

5 31

(7] o T T T T
0 12 24 36

Time in Months

Number at risk (Number censored)
LCT: 24 (0) 8(6) 2(4) 0(1)
No LCT: 24 (0) 2(7) 1(1) 0(1)

Figure 2.
(A) Progression-free survival and (B) time to appearance of disease at a new site by

treatment groups. LCT, local consolidative therapy.
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Patient Characteristics

Table 1

LCT No Total
N=25(%) LCTN=24(%) N=49 (%)
Age
Mean + SD 64 + 10 63 + 10 63+ 10

Median (Min to Max)
Sex
Male
Female
Ethnicity
White
Black
Hispanic
Asian
Tumor Histology
Adenocarcinoma
Adenosquamous
NSCLC, NOS
Poorly Differentiated NSCLC, NOS
SCC
Sarcomatoid Carcinoma
Synchronous
Metachronous
Synchronous

Non-Regional Metastases after Initial
Systemic Therapy

Otol
2to3
Response to First Line Chemotherapy
PR/CR
SD
CNS Metastases
No
Yes
Nodal Status
NO/N1
N2/N3
Mutation Type
None
EGFR
EML4ALK

63 (43 to 83)

12 (48)
13 (52)

20 (80)
2(9)
2(8)
1(4

21 (84)
0(0)
1(4)
2(8)
1(4)
0(0)

1(4)
24 (96)

17 (68)
8 (32)

9 (36)
16 (64)

18 (72)
7(28)

12 (48)
13 (52)

20 (80)
3(12)
2(8)

61 (43 to 80)

10 (42)
14 (58)

18 (75)
3(12)
0(0)
3(12)

18 (75)
1(4
0(0)
0(0)
4(17)
1(4)

2(8)
22 (92)

15 (62)
9 (38)

9 (38)
15 (62)

18 (75)
6 (25)

11 (46)
13 (54)

21 (88)
3(12)
0(0)

61 (43 to 83)

22 (45)
27 (55)

38 (78)
5 (10)
2(4)
4(8)

39 (80)
1(2)
1(2)
2(4)
5(10)
1(2)

3(6)
46 (94)

32 (65)
17 (35)

18 (37)
31 (63)

36 (73)
13 (27)

23 (47)
26 (53)

41 (84)
6(12)
2(4)

*
Percentages may not add to 100% because of round-off error
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Abbreviations: NSCLC, NOS, non-small cell lung cancer, not otherwise specified; SCC, squamous cell carcinoma; PR, partial response; CR,
complete response; SD, stable disease; CNS, central nervous system
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