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Abstract

This multicenter analysis included 301 patients with oligometastatic non—small-cell lung cancer treated with
pulmonary stereotactic body radiotherapy for 336 lung metastases. In routine clinical practice, stereotactic
body radiotherapy for pulmonary oligometastatic non—small-cell lung cancer achieved favorable local control
and promising overall survival. The dominant failure pattern was distant with a continuously high risk of disease
progression for many years. Prospective studies should therefore combine local therapy with novel systemic
treatments.

Introduction: This multicenter study aims to analyze outcome as well as early versus late patterns of recurrence
following pulmonary stereotactic body radiotherapy (SBRT) for patients with oligometastatic non—small-cell lung
cancer (NSCLC). Materials and Methods: This analysis included 301 patients with oligometastatic NSCLC treated
with SBRT for 336 lung metastases. Although treatment of the primary tumor consisted of surgical resection,
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Patterns of Recurrence Following Pulmonary SBRT in Oligometastatic NSCLC Patients

radiochemotherapy, and/or systemic therapy, pulmonary oligometastases were treated with SBRT. Results: The
median follow-up time was 16.1 months, resulting in 2-year overall survival (OS), local control (LC), and distant control
(DC) of 62.2%, 82.0%, and 45.2%, respectively. Multivariate analysis identified age (P = .019) and histologic subtype
(P = .028), as well as number of metastatic organs (P < .001) as independent prognostic factors for OS. LC was
superior for patients with favorable histologic subtype (P = .046) and SBRT with a higher biological effective dose at
isocenter (P = .037), whereas DC was inferior for patients with metastases in multiple organs (P < .001) and female
gender (P = .027). Early (within 24 months) local or distant progression was observed in 15.3% and 36.5% of the
patients. After 24 months, the risk of late local failure was low, with 3- and 4-year local failure rates of only 4.0%, and
7.6%. In contrast, patients remained at a high risk of distant progression with 3- and 4-year failure rates of 13.3% and
24.1%, respectively, with no plateau observed. Conclusion: SBRT for pulmonary oligometastatic NSCLC resulted in
favorable LC and promising OS. The dominant failure pattern is distant with a continuously high risk of disease

progression for many years.

Keywords: Local therapy, Non—small-cell lung cancer (NSCLC), Oligometastases, Patterns of recurrence, Stereotactic body
radiotherapy

Introduction

Non—small-cell lung cancer (NSCLC) is the leading cause of
cancer-related death worldwide, with about 40% to 50% of patients
initially diagnosed with stage IV disease and many others developing
metastatic spread during the course of disease.' Patients with stage
IV disease have been treated with systemic therapy in palliative
intent, leading to a median survival of only 8 to 18 months.*” In
the past years, treatment for patients with metastatic NSCLC has
become more personalized, as subgroups of patients with NSCLC
with specific molecular aberrations are nowadays treated with
tyrosine kinase inhibitors, exhibiting improved prognosis. However,
less than 15% of patients with NSCLC show druggable driver
mutations and therefore benefit from these targeted therapies.®’
Recently, immunotherapy with checkpoint inhibitors has become
first-line treatment for patients with metastatic NSCLC without
driver mutations combined with programmed death ligand 1
(PD-L1) expression > 50% on tumor tissue. However, this high
expression is observed in only about 30% of patients with
NSscLC.""

Another approach for a more personalized therapy is radical
treatment of patients in the so-called oligometastatic state, repre-
senting an intermediate state between locoregional tumor spread
and widely metastatic cancer.'' Several studies have suggested that
selected patients with NSCLC with oligometastatic disease have
long-term survival, and local treatment of metastatic disease con-

. . . 12-17
tributes to this favorable prognosis.

Indeed, a recent phase II
study analyzing local consolidative therapy and maintenance sys-
temic treatment versus maintenance treatment alone for patients
with oligometastatic NSCLC without progression after first-line
systemic therapy was prematurely stopped as it showed signifi-
cantly improved progression-free survival (PES) for the local treat-
ment group.lg‘m Based on these and other experiences, the
oligometastatic state in patients with NSCLC is currently recog-
nized in the new eighth edition of the TNM classification of lung
cancer as a separate tumor stage with an improved prognosis,
leading to the M1a and new M1b category.”’ For definitive treat-

ment for pulmonary oligometastases, surgical metastasectomy has

been mostly performed, with 5-year survival rates of 36% to
46%.">”"** However, stereotactic body radiotherapy (SBRT) offers
a non-invasive and effective treatment option, which is safely
possible in inoperable patients despite relevant comorbidities.'”** >

Nevertheless, the current literature of SBRT for patients with
oligometastatic NSCLC mainly consists of small heterogeneous and
retrospective, single-center studies with mostly limited follow-up.
Hence, further studies are needed for evaluating long-term
outcome as well as long-term failure patterns to optimize follow-
up. The working group Stereotactic Radiotherapy and Radio-
surgery of the German Society of Radiation Oncology (DEGRO)
therefore conducted a multi-institutional patterns-of-care and
patterns-of-outcome analysis of patients with NSCLC with SBRT
for pulmonary oligometastases in routine clinical practice.

Material and Methods
Patient and Treatment Characteristics

The current analysis is based on a retrospective multi-
institutional database of the DEGRO Working Group Stereotac-
tic Radiotherapy and Radiosurgery, which includes more than 800
patients treated with SBRT for more than 1000 pulmonary me-
tastases. Detailed description of the database has been published

24,26,27

before. For the current study, an update of the database was
performed in April 2018. In total, patients with NSCLC with
pulmonary oligometastases treated at 24 different German (n = 23)
and Swiss centers (n = 1) between 1997 and 2017 were analyzed.
Corresponding to the most common definition of the oligometa-
static state, only patients with NSCLC with 5 or fewer synchronous
or metachronous metastases were included in this analysis.”'>%2°
All centers inserted relevant patient, tumor, and treatment charac-
teristics and outcome data in an anonymized electronic file and sent
this file to the coordinating center, which set up a pooled database.
The analysis was approved by the Ethics committee of the Uni-
versity Hospital Heidelberg (S-280/2014).

Pulmonary SBRT was performed if patients were either classified
medically inoperable, diagnosed with technically unresectable lung

metastases, or refused surgical resection. All centers applied



risk-adapted fractionation schemes, meaning that the number of
fractions and single-fraction doses were adjusted to tumor size and
location (peripheral vs. central). Metastases were classified to be
“peripheral” or “central” according to the Radiation Therapy
Oncology Group (RTOG) definition.”*!

The biological effective dose (BED) was calculated for correlating
irradiated doses with clinical results: an @/ ratio of 10 Gy was
assumed for the pulmonary metastases. BED was determined using
the linear-quadratic model:*”

BED (Gy) = fractional dose x number of fractions

Endpoints and Toxicity Analysis

Overall survival (OS), local control (LC), and distant control
(DC) were analyzed as endpoints. For survival analysis, the first
course of SBRT was defined as the start of follow-up. Although LC
was calculated on the basis of each individually treated metastasis,
OS and DC were calculated on a patient-basis following SBRT for
the first, index pulmonary lesion if several pulmonary metastases
were treated. LC was defined as no progressive disease of the
metastasis within the high-dose area. Local recurrences distant to the
treated primary pulmonary metastasis but located in the same lobe
were not classified as local but as distant failure. Data for DC was
only available for 276 patients, whereas OS was analyzed for 301

patients.

Statistical Analysis

The statistical analysis aimed to evaluate OS, LC, and DC
following SBRT for pulmonary metastases and to identify prog-
nostic factors possibly predicting these outcomes. For patients who
received SBRT for multiple metastases to the lung, only the first
treated metastasis was included in the study. Univariate Cox pro-
portional hazard models were used to assess the potential influence
of all patient, tumor, and treatment characteristics on OS, LC, and
DC. Multivariate analysis was performed using the Cox propor-
tional hazard method with backward exclusion of nonsignificant
variables; all variables that with 2 < .1 in univariate analysis were
included (separately for OS, LC, and DC). Because we had to deal
with missing values, we used a multiple imputation approach. A
P-value < .05 was considered statistically significant. All statistical
analyses were performed with SPSS software (version 20.0).

Results
Patient and Treatment Characteristics

Only patients with histologically diagnosed NSCLC were taken
into analysis. In total, 301 patients with oligometastatic NSCLC
met the inclusion criteria and were treated with SBRT for a total
of 336 pulmonary oligometastases. Fluoro-deoxy-glucose positron
emission tomography (PET) imaging was performed in 51.8% of
the patients, and biopsy confirmation was only taken when the
metastatic origin of the pulmonary lesion was questioned (15.6%).

Mutation analyses as well as PD-L1 expression testing were not
mandated at the time of diagnosis in most of the centers, and
102) and 9.0%
(n = 27) of patients, respectively. In 8.8% (n = 9) of patients, for

hence data was only available for 33.9% (n =

whom mutation data was available, an epithelial growth factor
receptor (EGFR) mutation and in 2.0% (n = 2), an EML4-ALK
translocation was detected. PD-L1 expression > 1% was found in
22.2% (n =
performed.

6) of the patients for whom PD-L1 testing was

fractional dose
14—

B

The median follow-up was 16.1 months (range, 0.6-131.7
months) for all patients; long-term follow-up beyond 2 years, 3
years, and 5 years was available for 104, 59, and 17 patients,
respectively. Eighty-five (43.1%) patients with less than 2 years of
follow-up were still alive at analysis. Detailed patient and treatment
characteristics are summarized in Tables 1 and 2. Two hundred two
(67.1%) patients had a solitary pulmonary metastasis, 63 (20.9%)
patients had 1 additional metastasis, 19 (6.3%) patients had 2
additional metastases, 11 (3.7%) patients had 3 additional metas-
tases, 5 (1.7%) patients had 4 additional metastases, and data was
missing for 1 (0.3%) patient. Two hundred thirty-six (78.4%)
patients were only diagnosed with pulmonary metastases, whereas
the remaining patients had metastases in several organs. Additional
58), the brain
(n = 26), the bone (n = 15), the liver (n = 2), or at other locations
(n = 25). At the time of pulmonary SBRT, 80.3% received com-
plete consolidative therapy, meaning that both the primary tumor

oligometastases were located in the lung (n =

and potential further metastases were controlled, whereas the
remaining 18.7% of the patients were diagnosed with, in median, 1
further metastasis (range, 1-4), which was classified as uncontrolled.
The additional metastases were treated with stereotactic radio-
therapy in 63 patients, with surgery in 22 patients, with conven-
tional radiotherapy in 19 patients, with chemotherapy in 18
patients, and with targeted systemic therapy in 4 patients. SBRT
treatment of the pulmonary metastasis was delivered in a median of
23.2 months (range, 0.7-63.3 months) after diagnosis of the pri-
mary tumor. The time interval between diagnosis of the pulmonary
metastasis and SBRT treatment was 2.0 months (range, 0.0-43.4
months) in median. Only 5.6% of the patients received concurrent
systemic treatment while pulmonary SBRT was performed (4 weeks

before and after SBRT).

os

One-, 2-, 3-, and 5-year OS were 80.8%, 62.2%, 48.1%, and
28.8%, respectively (Figure 1A). One hundred twenty-eight
(42.5%) patients died during follow-up time. The results of uni-
variate analysis of factors influencing OS, LC, and DC are displayed
in Table 3. Age and histologic subtype, as well as number of met-
astatic organs, were identified as independent prognostic factors for
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Table 1 Patient and Lung Metastases Characteristics

P Value
Patients Without (Comparison P Value
All Patients (A),| Early Progression | Patients With Early | Group A vs.| (Comparison
Patients No. Patients n (%) (B), n (%) Progression (C), n (%)| B + C) | Group B vs. C)
Gender 301 57 47
Male 200 (66.4) 43 (75.4) 31 (66.0) 376 .288
Female 101 (33.6) 14 (24.6) 16 (34.0)
Median age (range), y 301 68.5 (40.7-87.6) 68.2 (47.2-86.1) 66.5 (40.7-79.0) 234 531
Median Karnofsky performance 281 80 (40-100) 80 (60-100) 80 (60-100) .285 734
score (range), %
T-stage at first diagnosis 293 55 43
T 74 (25.3) 15 (27.3) 10 (23.3) 637 013
T2 107 (36.5) 25 (45.5) 17 (39.5)
T3 66 (22.5) 59.1) 14 (32.6)
T4 46 (15.7) 10 (18.1) 2 (4.6)
N-stage at first diagnosis 296 57 44
NO 155 (52.4) 34 (59.6) 24 (54.5) 705 .018
N1 52 (17.6) 8 (14.0) 10 (22.7)
N2 69 (23.3) 14 (24.6) 49.1)
N3 20 (6.8) 1(1.8) 6 (13.6)
No. Metastases 301 57 47
Solitary 202 (67.1) 41 (71.9) 29 (61.7) 970 .286
Multiple 99 (32.9) 16 (28.1) 18 (38.3)
Time to metastasis 300 57 47
Synchronous 75 (25.0) 15 (26.3) 11 (23.4) 841 733
Metachronous 225 (75.0) 42 (73.7) 36 (76.6)
Histology 301 57 47
Squamous cell carcinoma 144 (47.8) 27 (47.4) 19 (40.4) 525 478
Adenocarcinoma 157 (52.2) 30 (52.6) 28 (59.6)
Mutation type 102 57 47 .807 .893
None 91 (89.2) 13 (86.7) 15 (88.2)
EGFR 98 2 (13.3) 2 (11.8)
EML4ALK 0 (0) 0 (0.0)
Complete consolidative therapy 294 57 47
Yes 236 (80.3) 50 (87.7) 42 (89.4) .059 794
No 58 (19.7) 7 (12.3) 5 (10.6)
P Value
All Pulmonary Patients Without |Patients With Early| (Comparison P Value
Pulmonary No. Pulmonary | Metastases (A), n | Early Progression | Progression (C), n | Group A vs. (Comparison
Metastases Metastases (%) (B), n (%) (%) B + C) Group B vs. C)
Maximum metastasis 320 1.8 (0.2-8.0) 1.6 (0.9-7.0) 1.9 (0.6-4.9) 445 .884
diameter, (range) cm
Metastasis location 312 56 48
Central 52 (15.7) 4(7.) 8 (16.7) .298 130
Peripheral 263 (84.3) 52 (92.9) 40 (83.3)
Significant P values are marked in bold.
Abbreviations: EGFR = epithelial growth factor receptor; SBRT = stereotactic body radiotherapy.
OS in multivariate analysis (hazard ratio [HR], 1.027; 95% confi- LC of Pulmonary Metastases

dence interval [CI], 1.004-1.050; P = .019; HR, 0.667; 95% CI,
0.466-0.956; P = .028; and HR, 2.360; 95% CI, 1.574-3.537; P <

.001) (Table 4).

Forty-one (12.2%) local failures were diagnosed during follow-
up time leading to 1-, 2-, 3-, and 5-year LC of 91.9%, 82.0%,

76.4%, and 70.3%, respectively (Figure 1B). When accounting for



Table 2 Treatment Characteristics

Patients

Primary treatment of the
NSCLC at first diagnosis

Surgery
Yes

No
Adjuvant CHT
Yes

No
Adjuvant RT
Yes
No
Adjuvant targeted therapy
Yes
No
Definitive RT/RCHT
Yes
No
CHT
Yes
No
Targeted therapies
Yes
No

Metastases

Single fraction dose (PTV encompassing),

(range) Gy
BED at isocenter
(range), Gy

BED at PTV periphery
(range), Gy

No. Patients

301

298

175

175

175

123

123

123

Dose inhomogeneity (PTV periphery
dose/maximum dose), (range) %

No. SBRT fractions (range)

All Patients (A),
n (%)

175 (68.7)

123 (41.3)

70 (40.0)

105 (60.0)

37 21.1)
138 (78.9)

42.3)
171 (97.7)

99 (80.5)
24 (19.5)

23 (18.7)
100 (74.1)

1(0.8)
122 (99.2)

No.
Metastases

336

336

336

336

336

All Pulmonary
Metastases (A)

12.0 (3.3-30.5)

128.2 (37.5-323.4)
87.5 (37.5-165.3)
735 (50.0-100.0)

3 (1-12)

Patients Without Early
Progression (B), n (%)
57

57
33 (67.9)

24 (42.1)

11 (33.3)

22 (66.7)

3 (100.0)
0 (0.0)

0 (0.0
3 (100.0)

Early

Patients Without
Progression (B)
12.5 (4.3-30.2)
118.2 (50.7-173.1)
84.4 (37.5-151.2)
80 (60.0-100.0)

3 (1-10)

Patients With Early
Progression (C),
n (%)

47

45
29 (64.4)

16 (35.6)

11 (37.9)

18 (62.1)

Patients With
Early
Progression (C)
15.0 (3.3-30.2)
117.0 (54.0-189.0)
85.4 (45.9-161.7)

80 (50.0-100.0)

3 (1-12)

P Value
(Comparison
Group A vs.

B + C)

715

611

.523

752

341

397

452

P Value
(Comparison
Group A vs.

B + C)

.835
120
.346

.336

448

P Value
(Comparison
Group B vs. C)

.501

.706

.569

.345

.588

273

273

P Value
(Comparison
Group B vs. C)

116
833
939

244

.092

Abbreviations: BED = biological effective dose; CHT = chemotherapy; NSCLC = non—small-cell lung cancer; PTV = planning target volume; RCHT = radiochemotherapy; RT = radiotherapy;
SBRT = stereotactic body radiotherapy.

potential confounding variables on multivariate analysis, BED at
planning target volume isocenter (HR, 0.989; 95% CI, 0.979-
0.999; P = .037) remained as independent prognostic factors.
Furthermore, patients with adenocarcinoma histology showed su-

perior LC (HR, 0.526; 95% CI, 0.280-0.988; P = .046) (Tables 3

and 4).

DC

During follow-up time, 136 (49.3%) distant failures occurred,
with 1-, 2-, 3-, and 5-year DC of 64.0%, 45.2%, 35.5%, and
22.8%, respectively (Figure 1C). Patients with metastases in only 1
single organ (the lung) (HR, 2.690; 95% CI, 1.851-3.909;

P < .001) and with male gender (HR, 1.487; 95% CI,
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Figure 1

Overall Survival (A), Local Control (B), and Distant Control (C) Following Stereotactic Body Radiotherapy in 301 Patients With

Non—small-cell Lung Cancer With 336 Pulmonary Oligometastases. Subgroup Analysis for Patients With a Follow-up Time of
More Than 24 Months (D): Early (E) and Late Progression (F) Patterns

1.046-2.116; P = .027) were at significantly lower risk of devel-
oping distant progression in multivariate analysis (Tables 3 and 4).

Early Versus Late Patterns of Failure

Subgroup analysis was performed in patients with a follow-up of
more than 24 months aiming to compare early (during the first 2
years) versus late (after 2 years) patterns of disease progression. In
total, 104 patients were identified with follow-up information > 24
months treated with SBRT to 112 pulmonary metastases. The
median follow-up for the subgroup was 39.2 months (range, 24.1-
131.7 months). No statistically significant differences were observed
in any patient, tumor, or treatment parameter between the whole
study population and the subgroup with longer follow-up (Tables 1
and 2).

In this subgroup of 104 patients with minimum follow-up of 24
months, 47 (45.2%) patients were diagnosed with progression
during the first 24 months, whereas 57 (54.8%) patients had neither
local nor distant progression 24 months post-treatment. Three-year
OS, LG, and DC were 76.8%, 82.6%, and 52.7%, respectively, for
the whole subgroup. For patients with early progression, 3-year and
4-year LC and DC rates were constantly low (65.1% and 60.8% as
well as 12.5% and 6.2%, respectively). Median OS, LC, and DC
was 36.7 months, 26.2 months, and 18.3 months, respectively, for
patients with early progression, whereas patients without early

progression showed median OS, LC, and DC rates of 43.0 months,
41.1 months, and 36.2 months, respectively (Figure 1D-F). Only
significantly higher T- and N- tumor stages at first diagnosis were
found for patients with early versus late progression (P = .013 and
P = .018, respectively) (Tables 1 and 2). Late first progression after
2 years occurred in 13 (22.8%) of 57 patients with 3 (4.9%) local
and 12 (21.1%) distant failures. Although late local failure was
rarely observed, resulting in 3-year and 4-year LC rates of 96.0%
and 92.4%, respectively, the hazard for late distant progression
remained high during follow-up, with 3-year and 4-year DC rates of
86.7% and 75.9%, respectively (Figure 1F). Hence, the yearly risk
for local failure was 4.0%, 3.6%, and 0% in the third, fourth, and
fifth year, whereas the yearly risk for distant failure was calculated to
be 13.3%, 10.8%, and 14.0% after 3, 4, and 5 years, respectively.
Late distant progression was mainly diagnosed in the lung (65%)
followed by the bone (12%), the liver (6%), and other locations
(17%).

Discussion

To our knowledge, this multicenter patterns-of-care study of
SBRT for NSCLC pulmonary oligometastases is the largest study
examining the long-term outcome of patients treated in routine
clinical practice. Three hundred thirty-six pulmonary metastases
treated with SBRT in 301 patients with oligometastatic NSCLC
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Table 3 Univariate Analysis of Factors Influencing Overall Survival, Local Survival, and Distant Control

Factors
Age, y
Gender (female ref.)

Pretreatment
performance scale
(Karnofsky index), %

BED at PTV isocenter
(BEDISO), Gy

Histologic subtype
(adenocarcinoma ref.)

Mutation type (EGFR/
EML4ALK ref.)

T-stage (T1 ref.)
T2
T3
T4

N-stage (NO ref.)
N1
N2
N3

Metastasis location
(peripheral ref.)

No. metastases
(solitary ref.)

Time to metastasis
(metachronous ref.)

Complete
consolidative therapy
(complete ref.)

No. metastatic organs
(multiple ref.)

Overall Survival

Local Control

Distant Control

HR
1.023
0.808
0.985
0.995

0.690

0.200

0.913
1.271
1.461

1.236
1.479
0.737
1.234

0.845

0.873

0.783

1.943

95% ClI
1.001-1.044
0.543-1.202
0.970-1.001
0.990-1.000

0.486-0.970

0.028-1.459

0.569-1.464
0.752-2.148
0.828-2.578

0.769-1.987
0.967-2.261
0.318-1.710
0.750-2.033

0.587-1.216

0.580-1.315

0.504-1.216

1.303-2.896

.036

292

.063

.062

.038

112

478

.206

408

.365

516

275

.001

HR
1.009
0.777
0.986
0.989

0.540

1.342

0.403
0.968
0.700

1.120
0.703
0.387
0.582

0.920

0.393

1.799

0.847

95% ClI
0.972-1.046
0.384-1.574
0.955-1.017
0.980-0.999

0.288-1.012

0.155-11.606

0.164-0.987
0.418-2.241
0.246-1.991

0.478-2.624
0.285-1.738
0.062-2.871
0.178-1.905

0.487-1.737

0.154-1.002

0.651-4.974

0.343-2.092

648

484

.366

.032

055

789

718

.365

371

797

.051

257

719

HR
0.978
1.476
1.014
1.003

1.037

0.716

0.774
1.383
1.377

1.317
0.971
2.757
1.455

0.513

1.292

0.588

2.515

95% Cl
0.959-0.998
1.039-2.097
0.998-1.030
0.999-1.007

0.741-1.453

0.258-1.991

0.448-1.227
0.854-2.238
0.814-2.331

0.833-2.082
0.618-1.525
1.626-4.675
0.913-2.318

0.366-0.721

0.895-1.866

0.398-0.868

1.706-3.707

.030

.030

.094

189

831

522

.086

.029

115

<.001

an

.008

.005

The variables histologic subtype, mutation type, T-stage, N-stage, metastasis location, number of metastases, time to metastasis, and complete consolidative therapy as well as number of metastatic organs were analyzed as categorical variables, whereas the other variables were

taken as continuous variables for analysis.
Significant P values are marked in bold.
Abbreviations: BED = biological effective dose; Cl = confidence interval; EGFR = epithelial growth factor receptor; HR = hazard ratio; PTV = planning target volume; ref = reference; SBRT = stereotactic body radiotherapy.
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The variables histologic subtype and time to metastatis, as well as number of metastatic organs, were analyzed as categorical variables, whereas the other variables were taken as continuous variables for analysis.

Significant P values are marked in bold.

reference; SBRT = stereotactic body radiotherapy.

Abbreviations: BED = biological effective dose; Cl = confidence interval; HR = hazard ratio; PTV = planning target volume; ref

were analyzed. Two-year OS, LC, and DC were 62.2%, 82.0%,
and 45.2%, respectively. Other studies reported comparable sur-
vival data for patients with oligometastatic NSCLC with 2-year OS
rates of 38% to 75% and LC rates of 75% to 89%, although most
studies did not primarily focus on pulmonary metastases.' %7
The dominant failure pattern was distant in our study: although
LC was promising with 3- and 5-year LC rates of 76.4% and
70.3%, respectively, patients failed predominantly distantly with
the development of new metastatic lesions. Three- and 5-year
control of distant metastases was therefore low at 35.5% and
22.8%, respectively.

Our study focused on the analysis of early versus late patterns-of-
failure: within the first 24 months after SBRT for pulmonary oli-
gometastases, patients were at relevant risk for both local and sys-
temic disease progression. Two-year local and distant failure rates
were 11.4% and 32.9% for the whole subgroup and 25.9% and
70.9% for patients with early progression. Patients diagnosed with
early progression only showed significantly higher T- and N- tumor
stages compared with those without local or distant recurrences.
Interestingly, neither the metastatic tumor load nor the control of
the primary tumor and/or further metastases significantly influ-
enced the risk of early progression.

After 24 months, the patterns of disease progression changed.
Late local progression was rarely observed, with excellent 3- and 5-
year local failure rates of 4% and 7.6%, respectively. However, the
risk for late distant progression remained high and further increased
during follow-up, with 3- and 5-year distant failure rates of 13.3%
and 38.1%, with constant annual risks for distant disease pro-
gression of about 11% to 14% (Figure 1E and F). The survival
curve for distant control did not reach a plateau, underlining that
the risk for distant progression is persistently high for many years.
These results are confirmed by a recently updated prospective study
with long-term follow-up about radical treatment to all metastatic
sites of patients with oligometastatic NSCLC, which only reported
local recurrence in 7.7% of the cases, whereas PES was only 8%
after 5 years also with no plateau reached.’”

In the era before the implementation of local ablative therapies,
failures mainly occurred at already involved tumor sites following
systemic treatment in patients with oligometastatic NSCLC.*"
Precisely, a study of the University of Chicago analyzed further
disease progression in patients with metastatic NSCLC treated only
with systemic therapy: they reported that 65% of the patients with
4 or fewer lesions had stable or progressive disease only at sites that
were initially involved at diagnosis without developing any new
metastatic tumors.”’ Local ablative pulmonary SBRT shifted the
patterns of failure from already known local to new distant sites in
our analysis. Two recently published randomized phase II trials
reported superior PFS and one also OS (Gomez et al) by the
addition of radical local treatment to systemic therapy for patients
with oligometastatic NSCLC.'®'”*" Intriguingly, both studies
illustrated the same change in patterns of relapse as detected in our
study. The addition of local ablative treatment caused a shift in
failure from treated sites of known disease to new sites of distant
progression. Furthermore, in our study, DC was also superior for
patients who received local consolidative therapy to all lesions
(Table 3). This finding was also confirmed by the above-mentioned
2 vphase II trals that also reported that the additional



administration of local consolidative therapy significantly prolonged
the time to the appearance of a new lesion,m’41 suggesting that LC
of all visible tumor lesions can result in less disease progression at
new sites.

Several independent prognostic factors for superior OS, LC, and
DC were identified in the current analysis. Histologic subtype was
significantly associated with both LC and OS in multivariate anal-
ysis. Although patients with adenocarcinoma of the lung showed an
increased 2-year LC and OS of 86.3% and 71.5%, respectively,
patients diagnosed with squamous cell carcinoma suffered from
significantly reduced 2-year LC and OS of only 77.9% and 53.0%
following SBRT to their pulmonary metastases (T'able 4). Regarding
SBRT for early stage NSCLC, histologic subtype has recently been
described as an important factor, which significantly affects not only
survival but also local recurrence.”*® We now confirmed in a large
cohort of 301 patients that this correlation is also true for SBRT of
pulmonary oligometastases from different histologic NSCLC sub-
types. Further data are needed to determine if treatment algorithms
for pulmonary SBRT have to be adapted depending on different
histologic NSCLC subtypes.

Beyond histologic subtype, our data also indicate that the
number of metastatic organs (single vs. multiple) significantly
influenced survival as well as distant disease progression
(Table 4). In a large retrospective series including 186 patients
with oligometastatic NSCLC from the Dana-Faber Cancer
Institute, the diagnosis of metastases to multiple organs was also
associated with inferior survival.” A meta-analysis about the
optimal therapy for patients with synchronous oligometastatic
NSCLC also reported superior outcome for patients classified in
the single-organ metastases group./'x Currently, there is no
consensus about the appropriate cutoff for the number of me-
tastases to define the oligometastatic state. The most widely
accepted number of metastatic lesions to be considered oligo-
metastatic is < 5.°° Nearly all published clinical trials examining
local treatment of patients with oligometastatic NSCLC limited
inclusion to patients with < 5 metastases. Furthermore, most of
these trials only enrolled patients with < 3 metastases.”” Based
on the above-mentioned results, the inclusion of patients with up
to 5 metastases in different organs in the oligometastatic state
might have to be reconsidered.

As patients with oligometastatic NSCLC who only receive local
treatment are at high risk of failing distantly by the occurrence of
new lesions, there is a profound need for the combination of local
ablative therapies with systemic treatment. However, patients with
metastasized NSCLC treated with standard systemic chemotherapy
often only have a survival prognosis of less than 12 months.” Future
trials should therefore focus on the combination of local ablative
treatment with targeted therapies against molecular alterations (eg,
EGFR, ALK, ROS1, BRAF) or with immunotherapy. Two studies
have already reported about the favorable combination of local
ablative therapy including SBRT and EGFR-tyrosine kinase in-
hibitor therapies.”””" The addition of immunotherapy to local
ablative therapies, especially SBRT, seems even more promising.
Radiation therapy can promote immunogenic cell death enhancing
tumor-specific immune responses.’>”? The recently fully published
PACIFIC (Phase III, Randomised, Double-blind, Placebo-
controlled, Multi-centre, International Study of MEDI4736 as

Sequential Therapy in Patients With Locally Advanced, Unresect-
able Non—Small-Cell Lung Cancer (Stage III) Who Have Not
Progressed Following Definitive, Platinum-based, Concurrent
Chemoradiation Therapy) trial illustrated that the admission of the
anti-PD-L1
following chemoradiotherapy in stage III NSCLC significantly

antibody durvalumab as consolidation therapy
prolonged PFS as well as OS by reducing the frequency of new
lesions by 33%.°*°” Further support for the combination of SBRT
with immunotherapy is provided by preliminary data of the
Pembro-RT (Randomized phase II study of pembrolizumab after
stereotactic body radiotherapy versus pembrolizumab alone in pa-
tients with advanced non—small-cell lung cancer) trial. This trial
analyzed the admission of pembrolizumab alone versus pem-
brolizumab preceded by SBRT to a single metastasis in patients with
advanced NSCLC (> second-line systemic therapy). Intriguingly,
overall response to pembrolizumab was doubled and PFS was more
than tripled by the addition of SBRT to only 1 metastasis.”
Currently, a number of ongoing trials further evaluate the poten-
tial of adding local ablative therapies (eg, SBRT) to systemic therapy
for patients with metastasized NSCLC (eg, NCT03256981
[HALT; Targeted Therapy With or Without Dose Intensified
Radiotherapy for Oligo-progressive Disease in Oncogene-addicted
Lung Tumours], NCT02417662 [SARON; Stereotactic Ablative
Radiotherapy for Oligometastatic Non—small-Cell Lung Cancer. A
Randomised Phase III Trial], NCT03137771 [LU002; Mainte-
nance Systemic Therapy Versus Local Consolidative Therapy plus
Maintenance Systemic Therapy for Limited Metastatic Non—
Small-Cell Lung Cancer: A Randomized Phase II/III Trial]).

We acknowledge that the retrospective multicenter nature of
the study has some limitations. First, despite the quite long
analysis time (1997-2017), the median follow-up time was rather
short, at 16.1 months. Second, owing to the long analysis time,
PET imaging was only applied in 51.8% of the patients,
increasing the risk of also including patients with non-
oligometastatic disease. We recently showed that improved pa-
tient selection with pre-SBRT PET is an independent prognostic
factor for superior outcome of patients with oligometastatic lung
disease.”” Third, there was no central review for progression,
follow-up examinations were performed by the individual center
according to German guidelines, and outcome data was taken as
reported by the specific institution.” Forth, histologic confirma-
tion of the metastases was only taken when the metastatic origin
of the pulmonary lesion was questioned (15.6%). Hence, also
patients with second primary lung tumors might have been
included in the analysis, although inclusion was restricted to the
occurrence of the pulmonary metastasis within 5 years following
diagnosis of the primary tumor.

Conclusion

This multi-institutional  patterns-of-care analysis confirmed
favorable LC and promising OS following SBRT for pulmonary
metastases in patients with NSCLC with oligometastatic stage IV
disease outside prospective trials. However, the risk for distant
progression with the development of new metastatic sites remains
high for a minimum of 5 years, indicating the need for clinical trials
combining effective local with advanced systemic treatment mo-
dalities for oligometastatic NSCLC.
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Clinical Practice Points

The purpose of this multicenter study was to analyze outcome as
well as early versus late patterns of recurrence following pul-
monary SBRT for patients with oligometastatic NSCLC.

A total of 301 patients with oligometastatic NSCLC treated with
SBRT for 336 lung metastases at 24 German and Swiss de-
partments between 1997 and 2017 were included in the analysis.
Outside of prospective trials, SBRT for pulmonary oligometa-
static NSCLC resulted in favorable LC and promising OS.
The dominant failure pattern was distant with a continuously
high risk of disease progression for many years.

Although local recurrence rarely occurred after 2 years, with
3-year and 4-year local failure rates of only 4.0%, and 7.6%, the
risk of distant progression remained high, with 3-and 4-year
distant failure rates of 13.3% and 24.1% with no plateau
observed.

Future studies therefore need to focus on the combination of
local ablative therapy with more effective systemic treatments (eg,
immunotherapy).
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