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Is there a role for consolidative stereotactic body radiation therapy
following first-line systemic therapy for metastatic lung cancer?

A patterns-of-failure analysis

KYLE E. RUSTHOVEN', SUSAN F. HAMMERMAN?, BRIAN D. KAVANAGH',
MICHAEL ]. BIRTWHISTLE?, MARK STARES? & D. ROSS CAMIDGE?

lDepartmem of Radiation Oncology, University of Colorado Comprehensive Cancer Center, Colorado, Denver, USA and
2Department of Medical Oncology, University of Colorado Comprehensive Cancer Center, Colorado, Denver, USA

Abstract

Introduction. The pattern of failure (POF) after first-line systemic therapy in advanced non-small cell lung cancer INSCLC)
is unknown. We evaluate the POF in this setting to estimate the potential value of consolidative stereotactic body radiation
therapy (SBRT). Materials and methods. The records of consecutive NSCLC patients presenting to the University of
Colorado, Denver (UCD) between January 2005 and June 2008 were reviewed. Patients with measurable advanced stage
NSCLC who received first-line systemic therapy and follow-up at UCD were eligible. In these patients, sites of disease at
maximal response were evaluated for theoretical SBRT eligibility, based on institutional criteria. All patients were followed
to extracranial progression. The POF was categorized as local (L) for lesions known prior to treatment or distant (D) for
new lesions. Results. Among 387 consecutive lung cancer patients (all stages), 64 met the eligibility criteria and 34 were
SBRT-eligible. Among all eligible patients, first extra-cranial progression was L-only in 64%, D-only in 9% and L+D in
27%. Among SBRT-eligible patients, POF was L-only in 68%, D-only in 14% and L+ D in 18%. In SBRT-eligible patients,
time to first progression was 3.0 months in those with L-only failure versus 5.7 month in those with any D failure (HR 0.44;
95% CI0.22-0.90). Conclusions. The predominant POF in patients with advanced NSCLC after first-line systemic therapy
is local-only. The current analysis suggests that SBRT could improve time to progression in a substantial proportion of

patients. The estimated increase in time to progression using this approach would be approximately 3 months.

Maintaining durable disease control in patients with
advanced or metastatic non-small cell lung cancer
(NSCLCQ) is an elusive goal. Platinum-based doublet
chemotherapy is the standard first-line treatment
in patients with advanced or metastatic NSCLC.
Times to progression with this approach, however,
are only 3—4 months [1]. Modest improvements in
time to progression with chemotherapy have been
achieved in select patients with the addition of
Bevacizumab, an anti-vascular endothelial growth
factor monoclonal antibody, or of Erlotinib, an
epidermal growth factor receptor tyrosine kinase
inhibitor, particularly in specific subgroups of pa-
tients likely to have significant EGFR pathway-
addiction [2,3]. However, despite these advances,
disease progression is inevitable and remains the
major challenge in the management of patients with
advanced or metastatic NSCLC.

Traditionally, radical radiotherapy has been re-
served for patients with stage I-III disease, and the
most common indication for radiation therapy in the
management of patients with metastatic NSCLC has
been in the palliative treatment of pain or other
symptoms directly resulting from tumor extension in
the primary or metastatic site. However, advances in
radiation therapy treatment technology have led
the development of stereotactic body radiation
therapy (SBRT), whereby patients with oligometa-
static disease in a variety of sites may safely receive a
potent, tightly focused, non-invasive treatment
within a conveniently abbreviated regimen of five
or fewer treatments. SBRT can efficiently achieve a
very high rate of durable control of the treated lesion
in a variety of tumor locations [4-7]. Thus, selected
patients with a limited burden of metastatic disease
may be considered for SBRT with the goal of
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completely eradicating all measurable disease. This
usage is conceptually concordant with surgical
metastatectomy for hepatic metastases in colorectal
cancer, for example [8].

To our knowledge the POF after modern first-line
systemic therapy in advanced and metastatic
NSCLC treated without local therapy has not
previously been reported. Prospective studies evalu-
ating chemotherapy [1], molecular targeted thera-
pies [9-11] or combinations of each [2,3,12-14],
have had overall and/or progression-free survival as
the primary endpoint, but their analyses have not
included detailed information about the POF. While
it seems logical that initial progression would most
likely occur at a site of known disease, the proportion
of patients with first failure in sites of initial disease
(local failure) and the median time to local versus
distant progression remains unreported. An under-
standing of the POF is necessary in order to estimate
the potential benefit of SBRT applied to sites of
residual measurable tumor at the point of maximal
response to first-line systemic therapy. This applica-
tion of SBRT might be referred to “consolidative,”
with the goal of extending the progression-free
interval and potentially overall survival as well.

In the current study, we performed a detailed
analysis of the POF to quantify the likelihood of
local-only progression and perform a time-to-event
analysis to evaluate for a difference in time to local
versus distant progression. These data might then
serve to inform the design of future prospective
studies of consolidative SBRT at the point of
maximal response during or immediately after first-
line systemic therapy for advanced NSCLC.

Material and methods
Patients

New patients seen at the University of Colorado,
Denver (UCD) with NSCLC in the period from
January 2005 to June 2008 were analyzed. Eligibility
criteria included presence of advanced measurable
disease with treatment and follow up during first-line
therapy at UCD. Patients with advanced disease
included those with stage IIIB NSCLC with malig-
nant pleural effusion and those with intra-thoracic
recurrence after initial local therapy. Patients could
not have received prior systemic therapy alone for
advanced or metastatic disease; however, patients
could have received radiotherapy alone or with
concurrent chemotherapy for treatment of localized
disease prior to the development of metastases.
Furthermore, patients could have received palliative
radiotherapy for metastatic disease for emergency
situations, as long as there was remaining measurable

Patterns of failure in advanced NSCLC 579

untreated disease at the initiation of first-line sys-
temic therapy. Patients with brain metastases were
included if treated with surgery, radiotherapy or both
prior to the initiation of first-line systemic therapy.

Systemic therapy

First-line systemic therapy included cytotoxic che-
motherapy and/or molecular targeted therapies
administered as part of standard of care regimens
or within clinical trials. Systemic therapy regimens
are shown in Table I. Systemic therapy in eligible
patients was administered at UCD in all cases.
Chemotherapy was administered until disease pro-
gression, toxicity requiring discontinuation or until
the completion of four to six cycles. Molecular
targeted therapies, in the form of monoclonal anti-
bodies or tyrosine kinase inhibitors, were adminis-
tered until disease progression or toxicity requiring
discontinuation.

Patterns of failure

Pre-treatment and follow-up radiological imaging
studies with radiology reports, including bi-dimen-
sional measurements of target lesions, were re-
viewed. Computed tomography (CT), magnetic
resonance imaging (MRI) and positron emission
tomography (PET) scans were used to analyze
progression. Eligible patients were required to have
a minimum of two scans available for review.
Imaging studies were obtained every 4-8 weeks
during chemotherapy and every 4-12 weeks for
patients on maintenance targeted therapy. Extra-
cranial progression was defined using RECIST
(Response Evaluation Criteria in Solid Tumors)
criteria, i.e. an increase in the sum of the longest

Table I. Systemic therapy regimens (both standard of care
regimens and clinical trials)

Regimen Number of Patients
Carboplatin & Paclitaxel 12
Other platinum-based doublet 13
Pemetrexed alone 1
Docetaxel alone 1
Pemetrexed & proteasome inhibitor 4
Erlotinib alone 10
Carboplatin & Paclitaxel & 7
Anti-EGFR agent (monoclonal or TKI)

Carboplatin & Paclitaxel & Anti-VEGF 10
agent (monoclonal or TKI)

Carboplatin & Paclitaxel & proapoptotic 4
agent

Gemcitabine & Bevacizumab 1
Pemetrexed & multitargeted TKI 1

TKI: Tyrosine kinase inhibitor
Monoclonal: Monoclonal antibody
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diameters from bi-dimensional measurements by
greater than 20% or the appearance of new extra-
cranial lesions [15].

Progression was categorized as local (L) or distant
(D). L progression was defined as progression of
lesions present prior to the start of first-line systemic
therapy, whereas D progression was defined as the
emergence of new lesions. Site of first progression was
recorded. Actuarial time to progression for patients
with first L progression and first D or L+ D progres-
sion was determined. Intracranial progression was
noted but was not counted as D failure.

SBRT eligibility

After the maximum response to first-line therapy
prior to progression, disease was categorized as
eligible or not eligible for SBRT, based on institu-
tional SBRT trial criteria. Although theoretical
SBRT eligibility was determined, none of the
patients received “consolidative” or prophylactic
radiation therapy prior to first extra-cranial progres-
sion. The point of maximal response was defined as
the second of two consecutive scans at least one
month apart showing stabilization of disease or the
last scan prior to disease progression. For patients in
the latter group, the first scan showing disease
progression was used to assess SBRT eligibility
because this is the time point at which consolidation
therapy would be considered. SBRT-eligible sites
included lung, liver, axial skeleton and soft-tissue
sites amenable to treatment to a minimum dose of
30 Gy in 5 fractions. Patients were required to
have < extra-cranial lesions. Disease in the lung and
liver was limited to <3 sites each. Lung lesions were
required to have maximum cumulative diameter (of
all lesions) <7cm. Liver lesions were required to
be <6 cm in maximum dimension.

Patients with a malignant pleural effusion prior to
the start of systemic therapy were considered eligible
for SBRT if there was complete radiographic resolu-
tion of the effusion with systemic therapy. Patients
with locally recurrent disease after prior thoracic
radiotherapy were considered eligible for SBRT if
these criteria were met: (1) the patient had adequate
lung function, (2) a minimum period of 6 months
had elapsed since prior radiotherapy and (3) a
discrete lesion was discernable that could be distin-
guished from radiation treatment effect by PET-CT
and met the remainder of the SBRT-eligibility
criteria described above. There was no limitation
on prior radiotherapy dose for patients with locally
recurrent disease to be eligible for SBRT.

Lesions not considered measurable lesions in the
analysis of SBRT eligibility included lung parench-
ymal lesions <7 mm, unless these lesions were

FDG-avid or new on comparison to prior scans,
and non-FDG-avid lesions in a patient with other
FDG-avid lesions. Lesions of the spine were eligible
if there was no evidence of frank epidural extension.
Patients with intra-peritoneal, retroperitoneal and
pelvic disease were not considered eligible for SBRT
due to unknown tolerance of the intestinal wall to
high-dose hypofractionated radiation therapy.

Statistics

The site of first extra-cranial progression was deter-
mined for all patients using the product-limit
method of Kaplan and Meier [16]. The median
time to progression was determined for patients with
first failure in the L versus those with first progres-
sion in D sites or combined LL+D sites and was
compared using log rank test [17]. Similarly, the
time to first L failure versus any first D failure was
determined for the subgroup of patients eligible for
SBRT and compared using log rank test. Hazard
ratios (HR) for each comparison were reported with
95% confidence intervals.

Results
Patients

The medical records for 387 consecutive patients with
NSCLC seen within the University of Colorado,
Denver Lung Cancer Program between January
2005, and June 2008, were reviewed. Sixty-four
patients with advanced or metastatic disease met the
overall inclusion criteria and were analyzed. Fifty-
seven (89%) of patients were staged with PET-CT
prior to first-line systemic therapy. Patient character-
istics are shown in Table II. Median age was 63 years.
Adenocarcinoma was the most common histology

Table II. Patient characteristics

Characteristic All SBRT-eligible
Age (median, yrs) 63 62.5
Histology (%)
Adenocarcinoma 41 (64%) 20 (59%)
Squamous cell 5 (8%) 4 (12%)
carcinoma
Large cell/poorly 18 (28%) 10 (29%)
differentiated
Stage (%)
M1 57 (89%) 30 (88%)
IIB 5 (8%) 2 (6%)
Locally recurrent 2 (3%) 2 (6%)
Brain metastases (%) 20 31%) 10 (29%)
Number of lesions (median) 5.0 3.0
Product of bi-dimensional 12.0 10.7

measurement of largest
lesion (median, cm?)




(64%). Metastatic disease was present in 89%,
including brain metastases in 31%, prior to the
initiation of systemic therapy. Thirty-four of these
patients (53%) were also considered eligible, in
theory, for treatment with SBRT. The sites of disease
in SBRT=eligible patients are detailed in Table III. The
median number of measurable lesions was less for the
SBRT-eligible cohort compared with the non-SBRT-
eligible cohort (3 lesions vs. 6 lesions). Similarly, the
median size of the largest lesion as measured by the
product of bi-dimensional measurements was less in
SBRT-eligible patients (10.7 cm? vs. 12.1 cm?).

Patterns of failure

In the entire group, the POF at time of first extra-
cranial progression was L only in 64%, D only in
9%, and both L+ D in 27%. Likewise, for the SBRT-
eligible group, the pattern of failure at first extra-
cranial failure was L only in 68%, D only in 14%,
and L+D in 18%. In patients with D or both L+D
failure, new lung metastases (n=13) and liver
(n =7) were the most common site of progression.

The inclusion of patients with treated brain
metastases in the analysis did not significantly
change the observed POF. Brain metastases repre-
sented the first site of progression in six patients
(9%) in the entire group and five patients (15%) in
the SBRT-eligible cohort. Of the six patients with
first progression in the brain, three had brain
metastases treated prior to starting first-line systemic
therapy. Including brain metastasis in the analysis,
the pattern of failure at time of first progression was
L only in 63%, D only in 11%, and both L+D in
25%. Likewise, for the SBRT-eligible group, the
pattern of failure was L only in 68%, D only in 21%,
and both L+D in 11%.

Time to progression

The median time to extra-cranial progression for the
entire group was 3.9 months. Among patients with L

Table III. Sites of disease in SBRT-eligible patients

Site Number of Lesions

Lung parenchyma 39
Lung hilum 11
Upper mediastinum
Subcarinal/Precarinal lymph nodes
Anterior mediastinum
Supraclavicular fossa

Adrenal gland

Axilla

Liver

Spine

Other axial skeleton

o

N0 WU~ =~ O

Patterns of failure in advanced NSCLC 581

only failure, the median TTP was 3.1 months,
compared with 4.4 months for patients with D only
or L+D failure (Figure 1, HR 0.66; 95% CI 0.40
—1.10). Freedom from progression at 6 months for
patients with L only failure was 17.1% compared
with 34.8% for patients with D or both L+ D failure.
In the SBRT-eligible group, median TTP was
4.4 months. In SBRT-eligible patients with L. only
failure, the median TTP was 3.0 months, whereas
for those with D only or L+ D failure, the median
TTP was 5.7 months (Figure 2; HR 0.44; 95% CI
0.22-0.90). Freedom from progression at 6 months
for patients with L. only failure was 17.4% versus
45.5% for patients with any aspect of D failure.

Discussion

In the current study, for patients with advanced or
metastatic NSCLC treated with first-line systemic
therapy, local progression is the dominant pattern of
failure. Among SBRT-eligible patients, the first site
of extra-cranial progression was local only
in 68%, and time to progression in patients with
L-only failure was 2.7 months shorter than time to
progression in patients with any D failure. While
these findings are not necessarily unexpected, to the
authors’ knowledge, this represents the first reported
detailed analysis of the patterns of failure after first-
line therapy for NSCLC. These data suggest that the
addition of effective local therapy to known sites of
disease using SBRT with consolidative intent after
first-line systemic therapy could potentially alter the
patterns of failure and prolong the progression-free
interval in these patients.

Stereotactic body radiation therapy (SBRT) is a
highly conformal, focused method for the delivery of
ablative radiation therapy. SBRT has the advantages
of being convenient, with treatment delivered in
fewer than five fractions, and has demonstrated

Actuarial Freedom from Progression
by Type of first Progression
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Figure 1. Freedom from progression according to type of first
progression for all patients. Curves are compared using log rank
method.
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Actuarial Freedom from Progression for
SBRT-Eligible by Type of first Progression
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Figure 2. Freedom from progression according to type of first
progression for SBRT-eligible patients. Curves are compared
using log rank method.

favorable local control rates within studies evaluating
its use in the treatment of metastatic lesions of the
lung, liver and spine. In a phase I/II trial of SBRT for
patients with 1-3 pulmonary metastases lead by the
University of Colorado, 63 lesions were treated in
38 patients using SBRT at a dose of 36-60 Gy in
3 fractions. Twenty-nine patients were treated at
the phase II dose of 60 Gy in 3 fractions. Actuarial
local control of all SBRT-treated lesions was 96% at
2 years [5]. These same investigators performed a
phase I/II trial of SBRT in patients 1-3 liver
metastases, using the same dose-escalation scheme
and an identical phase II dose. In the 63 SBRT-
treated lesions, 2-year actuarial local control was
92% [6]. In addition, Chang and colleagues per-
formed a phase I/II trial of SBRT for the treatment
of spinal metastases using prescription doses of
30 Gy in 5 fractions or 27Gy in 3 fractions. For
the 74 lesions treated in this study, freedom from
progression at 12 months was 84% [7].
Approximately one-half of assessable patients with
advanced or metastatic NSCLC in the current study
were also considered eligible for treatment with
SBRT at the time of maximal response to first line
systemic therapy. Eligibility for SBRT in our study
was defined using criteria from an institutional
SBRT trial. The eligibility criteria for lung, liver
and spinal lesions are consistent with criteria from
prior studies using SBRT [5-7]. Soft tissue sites
were also considered eligible for SBRT if amenable
to treatment with a minimum dose of 30 Gy in
5 fractions. Soft tissue lesions in SBRT-eligible
patients included the lesions of the axilla in five
patients and supraclavicular fossa in one patient
(Table III). The minimum dose of 30 Gy in 5
fractions was chosen because of the high rates of
local control described in studies using this fractio-
nation regimen in the treatment of other primary
and metastatic tumors. As previously described,
this regimen was associated with a high rate of

local control for metastatic lesions of the spine [7].
Moreover, this regimen has been extensively studied
in patients with high risk melanoma, with 5-year
local-regional control rates approaching 90%. The
reported incidence of late toxicity with this regimen
is very low, including in patients with tumors of the
axilla and supraclavicular fossa [18,19].

Mediastinal sites were also considered eligible for
SBRT in the current study if these lesions met the
other eligibility criteria. Investigators at MD Ander-
son Cancer Center recently reported their experi-
ence using four-fraction SBRT in 27 patients with
central (defined as lesions within 2 cm of the
proximal bronchial tree) or superiorly located
NSCLC. The esophageal dose constraints in this
study required that the maximum dose to 1 mL of
esophagus be <35 Gy (8.8 Gy/fx) and that the
maximum dose to 10 mL be <30 Gy (7.5 Gy/fx).
Using these constraints, there were no cases of
esophagitis observed [20]. Moreover, in a phase II
trial of SBRT (50 Gy in 10 fractions) for oligo-
metastatic disease, Milano and colleagues treated
thoracic lymph nodes, including mediastinal nodes,
in 24 patients and observed no cases of grade 3
esophagitis [21]. Based on these data, we considered
30 Gy in 5 fractions to be a safe and feasible SBRT
regimen for mediastinal disease, provided that eso-
phageal constraints can be met.

We chose to evaluate patients as SBRT-eligible or
not at the point of maximal response to treatment.
This time point was chosen in order to maximize the
likelihood of SBRT-eligibility and to maximize the
benefit from first-line systemic therapy before
considering consolidation therapy. The alternative
strategy, of considering only those who are eligible
before any cytoreductive effect of systemic therapy,
could also be considered in the future. Among
SBRT-=cligible patients, the median time to local
only progression was 2.7 months shorter than the
median time to distant only or both L+ D progres-
sion. These observations suggest that the potential
elongation of the progression-free interval with
effective consolidation therapy in SBRT-eligible
patients would be of the order of 3 months.

Brain metastases were not included in the primary
analysis of patterns of failure and in the time to
progression analysis. However, a secondary analysis
revealed little change in the pattern of first failure
when CNS progression was included in the model.
We chose not to include CNS progression in our
primary analyses because local therapy in the pre-
sence of metastatic disease is already an established
standard in the treatment for brain metastases. At
least three randomized clinical trials have shown
improvements in overall [22] and progression-free
survival [23] with intensified local therapy in patients



with a limited number of brain metastases, though
this effect is not uniformly reproducible [24].

In conclusion, roughly half of patients with
advanced or metastatic NSCLC are eligible for
SBRT after first line systemic therapy and local
failure represents the only site of first progression
in approximately two-thirds. Among SBRT-eligible
patients, time to local progression was 2.7 months
shorter than time to distant progression. These
findings both provide the foundation for prospective
evaluations of SBRT as consolidative therapy to
known sites of disease as an addition to the first-
line treatment of advanced NSCLC and may be
used to estimate sample size requirements for future
clinical trials testing whether SBRT would have a
significant effect on failure patterns or progression-
free survival in patients with advanced NSCLC.

Declaration of interest: The authors report no
conflicts of interest. The authors alone are respon-
sible for the content and writing of the paper.
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