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Abstract: Treatment options for thoracic recurrences of non-small cell lung cancer (NSCLC) are limited. 
Stereotactic body radiation therapy (SBRT) is an emerging, potentially effective technology to manage 
recurrent NSCLC, although with limited prospective studies. This work reviews the outcomes of patients 
undergoing salvage SBRT for pulmonary recurrences after prior resection or prior radiotherapy for NSCLC. 
Following salvage SBRT, after prior external beam radiation (SBRT or conventionally fractionated), the 
2-year overall survival (OS) ranged from 37% to 79% in 11 of the studies (397 patients) reviewed here, while 
the 2-year local control (LC) ranged from 37% to 90% in 6 studies that reported that outcome. Toxicity 
risks are acceptable albeit with appreciable risks of severe to potentially fatal toxicity, necessitating the need 
to weigh risks vs. benefits in the re-irradiation setting. There were fewer studies on the use of SBRT after 
prior resection. Following salvage SBRT, after prior resection, the 2-year OS ranged from 56% to 68% in 
4 studies (131 patients) reviewed here, while the 2-year LC ranged from 83% to 100% in 3 of these studies. 
SBRT in the salvage setting after prior resection appeared to be well-tolerated, with toxicity risks comparable 
to historical patients treated with SBRT alone (i.e., SBRT without prior resection, which is not reviewed 
here). The data are limited due to the retrospective nature of published studies (all but 4 with <40 patients), 
with various clinical scenarios (i.e., original NSCLC stage, prior treatment, location of target amenable to 
salvage SBRT) and a range of SBRT dosing and techniques. More studies are needed to better understand 
the tumor control, survival and toxicity of SBRT for salvage therapy of NSCLC patients, as well as the 
potentially prognostic factors that could affect these outcomes.
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Introduction

For patients with recurrent non-small cell lung cancer 
(NSCLC), treatment options are often limited. Resection 
may not be feasible due to the location or extent of 
recurrence and/or patient lung and functional status. 
Radiotherapy may be appropriate for select patients 
with recurrent NSCLC, though potential benefits of 
radiotherapy must be weighed against risks. The use of 
novel technologies has been used to minimize toxicity risks.

Stereotactic body radiation therapy (SBRT), also called 
stereotactic ablative body radiotherapy (SABR), uses 
advanced imaging and localizing techniques to optimize 
radiotherapy targeting accuracy which facilitates the 
delivery of hypofractionated, ablative doses of radiation (1).  
SBRT is effective by virtue of delivering therapeutic 
radiation doses that are associated with relatively high 
tumor control probability, while minimizing the volume of 
normal tissue exposed to these therapeutic doses. Thoracic 
SBRT is minimally invasive, and is therefore well-suited 
for salvage therapy after prior thoracic radiation therapy 
or prior thoracic resection. A recent American Society of 
Radiation Oncology consensus statement discussed the 
role of SBRT for salvage therapy after 3 scenarios: prior 
conventionally fractionated radiation, prior SBRT and 
prior sublobar resection (2). In all 3 scenarios, the quality 
of evidence was considered low and it was recommended 
that treatment considerations be individualized to each 
patient. For patients previously treated with conventionally 
fractionated radiation therapy, SBRT may allow for a 
different biologic mechanism of radiation injury (3), thus 
potentially overcoming apparent radiation resistance. Re-
irradiation is associated with extra toxicity risks, which 
need to be weighed against the benefit of salvage radiation 
therapy for these patients (4). For patients who have 
undergone prior resection, SBRT may allow for relatively 
greater lung sparing (compared to a salvage resection which 
would likely require a lobectomy or pneumonectomy after 
prior sublobar resection). However, these patients are also 
subject to potential radiotherapy-related toxicity from 
salvage therapy, just as for other patients with no prior 
therapy (4-8). Notably, a different scenario is consideration 
of resection for local recurrence after SBRT for NSCLC, 
a scenario we will not review here, but for which data have 
been published (9-15).

Here, we review the outcomes of patients undergoing 
salvage SBRT for pulmonary recurrences after prior 
radiotherapy or prior resection for NSCLC. 

SBRT for thoracic re-irradiation

When considering re-irradiation for recurrent NSCLC, 
important factors include the prior dose and dose-fractionation, 
duration of time between course of radiation therapy, location 
of recurrences/radiation target(s), patient performance status 
and intent of therapy (curative vs. palliative) (4). Incorporating 
these factors in a meaningful way to optimize salvage therapy 
for patients (i.e., best dose-fractionation schedule) with 
respect to normal tissue complication risks and tumor control 
probability would be ideal, although the published literature 
to date does not provide enough data to help us select the best 
treatment for patients. 

Table summarizes published studies (all retrospective) of 
patients undergoing salvage SBRT after prior radiotherapy 
for thoracic cancer (with studies selected that included all or 
mostly patients with recurrent NSCLC) (16-30) (Table 1). 
Following salvage SBRT, after prior external beam radiation 
(SBRT or conventionally fractionated), the 2-year OS ranged 
from 37% to 79% (median 47%) in 11 studies reviewed 
here, while the 2-year LC ranges from 37% (which appears 
to be an outlier) to 90% in 6 studies, with a median of 71%. 
In a study from Indiana University, there was no significant 
difference in OS (after salvage SBRT) between patients 
treated with prior conventionally fractionated radiation 
therapy and SBRT (median survival 25 vs. 13.4 months, 
P=0.28) (16).

Tumor control and survival outcome—SBRT after prior 
conventionally fractionated radiation

Several studies have analyzed outcomes in patients who had 
undergone SBRT after prior conventionally fractionated 
radiation for NSCLC. In a study from M. D. Anderson 
Cancer Center (MDACC) (17), 36 patients who had 
received conventionally fractionated radiation (median 61.5 
Gy) for stage I–III NSCLC received salvage SBRT (mostly 
in 40–50 Gy in 4–5 fractions) 0–92 (median 22) months 
later for in-field (n=11) or out-of-field (n=25) recurrences. 
At a median follow-up of 15 months, the 2-year overall (OS) 
and progression-free survival (PFS) rates were 59% and 
26% respectively, with a crude local control (LC) rate of 
92%. Patients treated for isolated out-of-field recurrences 
without metastases had significantly (P=0.04) longer PFS 
than those treated for in-field recurrences or for out-
of-field relapses with apparent distant or intra-thoracic 
metastases. In a subsequent MDACC study of 72 patients 
(57 with NSCLC), the 2-year OS and PFS were 74% and 
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Table 1 Selected studies of SBRT after prior radiation

Study #patients/#tumors
Initial  
stage

Site of salvage 
SBRT

1
st
 RT (Gy)

£ Interval 
(mo)

2
nd

 RT (Gy)
£ Survival and 

control outcomes

MDACC (17) 36/36 NSCLC IFR: 11; OFR: 13; 
disseminated: 12

30–79.2*, median: 61.5 0–92, 
median: 22

50/4 Fx (n=26); 40/5 Fx 
(n=6); other (n=4) 

2 Y OS: 59%; 2 Y 
PFS: 26%; crude 

LC: 92%
I–II: 16

III: 17

IV: 3

MDACC (18) 72/72 NSCLC: 57 IFR: 19; OFR: 
53; central: 4; 
peripheral: 68

30–79*, median: 63 0–106, 
median: 21 

50/4 Fx 2 Y OS: 74%; 2 Y 
PFS: 42%; crude 

LC: 98%
SCLC: 5

Esoph: 9

Other: 1

Aviano (19) 17/17 NSCLC IFR: 5; persistent: 
12; central: 17; 

nodal: 3; lung: 14

50–60*/20–30 Fx 1–60, 
median: 18

30/5 Fx (n=12); 30/6 Fx 
(n=5)

1Y OS: 59%; 2 Y 
OS: 29%; 1Y LC: 

86% 
All, III

Mayo Clinic 
(20)

18/27 NSCLC Ipsilateral: 17; 
contralateral: 
10; central: 9; 
peripheral: 18

39–70*/12–35 Fx 2–113, 
median: 18

54–60/3 Fx (n=8); 48/4 Fx 
(n=9); 40–50/5 Fx (n=10); 

50/10 Fx (n=1)

1 Y OS: 88%; 1 Y 
PFS: 58%; 2 Y LC: 

90%
II–III: 14

SCLC: 1

Other: 3

Louisville 
(21)

27/29 NSCLC IFR: 13; OFR: 
12; IFR + OFR:4; 

central: 17; 
peripheral: 12 

45–74*, median: 64.8 3–113, 
median: 13

30–54/3–5 Fx 2 Y OS: 79%; 2 Y 
LPFS: 72%; 2 Y 

PFS: 38%
IIB: 7

IIIA: 12

IIIB: 8

Georgetown 
(22)

20/20 NSCLC 
locally 
advanced

IFR: 20; central: 20 59.4–75*/1.8–2.5 Gy, 
median: 63

3–94, 
median:31

25–45/5 Fx 1 Y OS: 45%; 1 Y 
LC: 30%

Karolinska 
(24)

29/32 NSCLC: 10 IFR: 29; central: 11; 
peripheral: 21

20–30/2 Fx (n=14); 21–
45/3 Fx (n=5); 32–40/4 
Fx (n=8); 40/5 Fx (n=5)

5–54, 
median:14

20/1 Fx (n=1); 20–30/2 
Fx(n=10); 30–45/3 Fx 

(n=8); 32–40/4 Fx (n=5); 
40/5 Fx (n=8)

2 Y OS: 43%; 
crude LC: 52%

Stage II–III

OM: 19

Temple (25) 9/9 NSCLC IFR:3; OFR:6  (w/i 
25% IDL)

30/3 Fx (n=2); 60/3 Fx 
(n=3); 56/4 Fx (n=1); 

60/5 Fx (n=3) (2 w/prior 
CF)

1–27, 
median:11 

60/3 Fx (n=3); 40–48/4 
Fx (n=3); 60/5 Fx (n=2) 

2 Y OS: 69%; 2 Y 
LC: 75%

I: 5, IV: 1

II–III: 3

OM: 1

Cleveland 
Clinic (26)

10/10 NSCLC IFR: 10; central: 2; 
peripheral: 8

30–34/1 Fx (n=2); 50/5 
Fx (n=8)

10–26, 
median:15 

60/3 Fx (n=3); 50/5 Fx 
(n=7) 

Crude OS: 30%; 
crude LC: 60%

Early stage

Wake Forest 
(27)

33/33 NSCLC IFR: 33; central: 17; 
peripheral: 16

45–80*/28–37 Fx (n=23); 
22.5/1 Fx (n=2); 54–60/3 

Fx (n=4); 40–50/5 Fx 
(n=4)

6–61, 
median:18 

22.5/1 Fx (n=5); 26–36/2 
Fx (n=3); 54/3 Fx (n=2); 
35–50/5 Fx (n=6); 50/10 

Fx (n=14); 3 CF

2 Y LC: 67% 

I–II: 13

III: 13, IV: 3

SCLC: 4

Table 1 (continued)
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Table 1 (continued)

Study #patients/#tumors
Initial  
stage

Site of salvage 
SBRT

1
st
 RT (Gy)

£ Interval 
(mo)

2
nd

 RT (Gy)
£ Survival and 

control outcomes

Drexel (28) 26/29 NSCLC: 23 IFR: 27; marginal: 
2; central: 12; 
peripheral: 17

30–74* (n=26); SBRT in 
3 

3–26, 
median:8 

15–50/3–5 Fx (median: 
30) 

2 Y OS: 37%; 2 Y 
LC: 66%

I–II: 8

III: 15

OM: 3

Stanford 
(29)

38/44 NSCLC: 29 w/i 25% IDL: 44; 
central: 26 pts; 

peripheral: 12 pts

45–72/CF
 
or

 
HF (n=17); 

25–54/1–8 Fx (n=21)
1–71, 

median:16 
60–72/CF

 
or

 
HF or

 
HyF 

(n=14); 25–50/1–8 Fx 
(n=30) 

2 Y OS: 57%; 1 Y 
LC: 86%

18 recurred: 
I–II: 11, III: 7

SCLC: 2

OM: 7

Anadolu (23) 28/34 NSCLC IFR: 21; OFR: 
13; Central: 16; 
Peripheral: 18

48–66* (n=27), 
median:55;  SBRT in 1 

4–56, 
median:14

30–60/3 Fx (n=15); 30/5 
Fx (n=11); 20 or 40/5 

Fx (n=3); 30/4,6 or 8 Fx 
(n=4); 45/9 Fx (n=1)

2 Y OS: 42%; 2 Y 
LC: 37%

UPMC (30) 72/72 NSCLC IFR: 39; OFR: 33 30–84*/10–40 Fx (n=54), 
median 69/33 Fx;  

45–60/3–5 Fx (n=18), 
median 60/3 Fx 

Median: 
13.4

17–60/1–5 Fx; 
median:48/4 Fx 

2 Y OS: 46%; 2 Y 
LC: 78%

Indiana (16) 43 NSCLC NR SBRT (n=14); CF (n=29) 1–98, 
median: 22

54–60/3 Fx (n=8); 48/4 
Fx (n=14); 50/5 Fx (n=15); 

Others (n=6)

median OS: 23 mo; 
2 Y OS: 47%; 5 Y 

OS: 26%

*, conventional fractionation. The number of fractions is reported in those studies that provided that information. 
£
, total physical dose unless 

specified. Number of fractions or dose per fraction is listed unless this information was not provided. IFR, in-field recurrence; OFR, out-of-field 
recurrence; NSCLC, non-small cell lung cancer; SCLC, small cell lung cancer; OM, oligometastases; Fx, fractions; HF, Hyperfractionation; HyF, 
hypofractionation; BED, biologically effective dose; IDL, isodose line; LC, local control; PFS, progression-free survival; LPFS, local progression free 
survival; w/i, within; mo, month; NR, not reported.

42% respectively, with a crude LC rate of 98% (18). 
In an Italian study of 17 patients with centrally recurrent 

or persistent Stage III NSCLC (13 within lung and 4 nodal) 
initially treated with 50–60 Gy in 20–30 fractions, SBRT 
(30 Gy in 5–6 fractions) was delivered 1–60 (median 18) 
months later (19). They reported a 2-year OS of 59%, 
1-year LC of 86%, and 1-year distant control of 53%. Mayo 
Clinic analyzed 18 patients with 27 recurrent tumors (17 
within the ipsilateral lung, 9 central in location) of whom 
14 had stage II–III NSCLC; 2–113 months (median 18)  
after conventionally fractionated radiation, salvage SBRT 
was delivered, mostly 40–60 Gy in 3–5 fractions (20).  
The authors reported a 1-year OS of 88% and 2-year 
LC of 90%. In a study of SBRT for recurrent stage II–
III NSCLC from University of Louisville, 27 patients 
(with 29 targets of which 17 were nodal) initially treated 
with conventionally fractioned radiation (median 64.8 Gy) 

received salvage SBRT of 30–54 Gy in 3–5 fractions after 
3–113 (median 13) months (21). With a median follow-up 
of 12 months, the 2-year OS, PFS and local-PFS were 79%, 
38% and 72% respectively. Adverse factors for LC included 
greater smoking pack-years and treatment for in-field 
recurrence. A higher biologically effective SBRT dose was 
associated with improved OS and PFS, and a longer interval 
between radiation courses was associated with improved 
OS. Georgetown recently published their outcomes on 
5-fraction SBRT (25–45 Gy in 5 fractions) for ‘ultra-central’ 
recurrences (defined as parenchymal or nodal recurrences 
abutting the trachea, mainstem bronchus, or esophagus) 
after conventionally fractionated radiation (median 63 Gy) 
(22). With a median follow-up of 12 months, the 1-year OS 
and LC were 45% and 30%, respectively. An SBRT dose of 
≥40 Gy was associated with a significantly higher 1-year LC 
(66.7% vs. 0% after a lower dose, P<0.01), as was longer 
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duration between treatment courses. Higher dose was also 
associated with longer OS. A Turkish study of 28 patients 
with 34 targets from recurrent NSCLC showed that PFS 
and OS were not significantly impacted by the interval 
between prior radiation (conventionally fractionated in all 
but 1) and salvage SBRT (23). 

Tumor control and survival outcome—SBRT after prior 
SBRT

Few studies have analyzed outcomes in patients who had 
undergone salvage SBRT after prior SBRT for NSCLC. A 
study from Karolinska University analyzed 29 patients with 
32 tumors (11 of which were central) treated with SBRT 
(20–30 Gy in 1–2 fractions or 30–45 Gy in 3–5 fractions) 
for recurrence after prior SBRT (20–30 Gy in 2 fractions or 
21–45 Gy in 3–5 fractions) for stage II–II NSCLC (n=10) 
or oligometastases (n=19) (24). At a median follow-up of 12 
months, the 2-year OS was 43% with a crude LC rate of 
52%. Two studies (with 9–10 patients each) also described 
outcomes of salvage SBRT after prior SBRT for any stage 
of NSCLC (25) or early stage NSCLC (26), with LC rates 
of 60–75%. 

Prognostic factors in patients undergoing salvage SBRT

Two studies (26,27) have analyzed factors associated with 
outcomes in patients who had undergone SBRT after prior 
radiation, including those initially treated with SBRT and/
or conventional radiation. A variety of dose-fractionation 
regimens were used for both courses of radiation in these 
studies. In a study from Wake Forest University of 33 
patients with recurrent NSCLC (n=29) or SCLC (n=3), 
greater tumor size was significantly (P=0.03) associated with 
poorer LC (27); the interval between treatment courses 
was not a significant factor for LC or PFS, though OS was 
greater for patients with an interval >2 years (P=0.05). In a 
study from Drexel University, of 26 patients with 29 tumors 
(mostly from NSCLC), neither the biologically effective 
dose from the salvage SBRT course nor the target location 
(peripheral vs. central) significantly impacted LC (28). In a 
University of Pittsburgh Medical Center (UPMC) study of 
72 patients with recurrent/residual (n=39) or new primary 
(n=33) NSCLC after prior radiotherapy, the 2-year OS 
and LC were 46% and 78% respectively. On multivariate 
analysis, a higher measured pre-treat positron emission 
tomography (PET) avidity significantly predicted for 
worse LC (P<0.001) and OS (P=0.016); greater target size 

(P=0.016) was also correlated with worse OS. 
MDACC conducted a recently published phase II study 

of salvage SBRT (40–50 Gy in 4 fractions) after prior 
therapy for Stage I–III NSCLC (31); among the 59 enrolled 
patients, prior treatment included surgery (n=41) and/or 
radiotherapy (n=33). The authors did not analyze potential 
effects of prior treatment (i.e., resection vs. radiation 
therapy) on survival, tumor control or toxicity outcomes. 
In an exploratory analysis, tumor size, performance status, 
histologic subtype, pulmonary function, and peripheral 
blood neutrophil to lymphocyte ratio (NLR) were analyzed 
for OS and PFS. A greater tumor size (P=0.052) and higher 
post-SBRT NLR (P=0.065) were borderline significant for 
worse PFS, while a higher NLR (P=0.012) was associated 
with a significantly worse OS. The authors postulated that 
the NLR may be indicative of a poorer tumor immune 
response as a result of a relatively lower lymphocyte count.

Salvage SBRT treatment tolerance and toxicity

Tumor control and survival outcomes in the setting of re-
irradiation need to be balanced against toxicity risks. A 
previous comprehensive review (4) summarizes the toxicity 
outcomes with SBRT for re-irradiation, and the factors 
associated with toxicity risks. Radiation-induced long 
toxicity (RILT) was reported as the most common adverse 
event, albeit with a wide range reported across studies 
(0–100% grade 2–3 RILT) due to the variability in patient 
and treatment factors across the different studies. There is a 
low, albeit not negligible, risk of fatal toxicity when SBRT is 
used in the re-irradiation setting (4).

One would assume dosimetric factors are significant for 
toxicity outcomes after salvage SBRT. Unexpectedly, based 
on extremely limited studies, dose-volume metrics of lung 
exposure, from either the SBRT or composite plans, correlated 
with lung toxicity risks in only one study (18) and not in 5 
others (19-21,24,32) that studied dosimetric factors. These 
findings may reflect re-irradiated lung being less susceptible to 
radiation injury; dysfunctional lung may not lose function from 
additional damage. However, extreme caution is warranted 
on the specific types of organs (parallel versus series) being 
re-irradiated, and the location(s) of the treatments. Central 
(vs. peripheral) lung location was a significant factor in only  
2 studies (24,29) and not others (17,20,21,30), perhaps resulting 
from more careful patient selection and/or conservative dose-
fractionation with previously irradiated central locations. 
Composite normal tissue (e.g., lung, trachea-bronchial tree, 
large vessels, esophagus and chest wall) dose-volume measures 
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could potentially be used to predict toxicity risks, but data on 
relatively safe organ at risk thresholds are lacking. In one study, 
overlapping retreatment fields correlated with greater risk of 
chest-wall toxicity (17), though composite chest wall exposure 
was not a significant factor in 2 other studies (20,33). It is 
important to note that the biologic effects on re-irradiation 
are largely unknown, and the data are extremely limited on the 
dosimetric effects on the outcome of SBRT for salvage.

SBRT for post-resection recurrences of NSCLC

For patients with parenchymal lung recurrences of NSCLC 
after resection, SBRT is a relatively minimally invasive 
definitive treatment approach that may be better suited to 
patients whose lung function and/or comorbidities preclude 
another thoracic surgery. 

Table 2 summarizes selected studies of SBRT for salvage 
after prior thoracic resection for NSCLC. Fewer studies have 

specifically analyzed patients who underwent SBRT for new 
or recurrent NSCLC after prior resection. Following salvage 
SBRT, after prior resection, the 2-year OS ranged from 56% 
to 68% in 4 studies reviewed here, while the 2-year LC ranged 
from 83% to 100% in 3 of these studies (one of which included 
patients that received a brachytherapy mesh placement at time 
of initial treatment). SBRT as a salvage treatment is considered 
to be safe in this setting (16,34-37), although the toxicity data 
are limited. Grade 2 pulmonary symptoms ranged from 10% 
to 34% in 4 studies (34-37). In a study from Indiana University, 
there were no significant differences in OS (after salvage SBRT 
of 54–60 Gy in 3 fractions or 48 Gy in 4 fractions) between 
patients with prior pneumonectomy and lobectomy (median 
survival 56 vs. 50 months, P=0.58) (16).

Tumor control and survival outcome

UPMC analyzed outcomes in 13 early stage NSCLC 

Table 2 Selected studies of SBRT after prior resection

Study #patients/#tumors Initial stage Site of salvage SBRT Surgery
Interval 

(mo)
SBRT  (Gy)

£ Survival and 
control outcomes

Pittsburgh 
(34)

13/13 NSCLC Ipsilateral lung: all Sublobar 
resection and I125 
mesh placement: 

all

11–114 
(median 

46)

45/5 Fx (n=1); 48/4 Fx 
(n=6); 60/3 Fx (n=5); 

20/1 Fx (n=1);

2 Y OS: 66%; 2 
Y DFS: 39%; 2 Y 

LC: 83%
I: 10 Central: 4

II: 1 Peripheral: 9

Unknown: 2

Sapienza 
(35)

28/30 NSCLC Bronchial stump: 1 Lobectomy: 18; 
wedge: 10

6–72 
(median 

24)

30/1 Fx  (small, 
peripheral); 45/3 Fx;  

(central or large)

2 Y OS: 58%; 2 
Y DFS: 37%; 2 Y 

LC: 85%;
I: 15 Chest wall: 2

II: 11 Ipsilateral lung: 18

III: 2 Regional nodes: 9

Harvard 
(36)

50/54 NSCLC Ipsilateral lung: 27 Pneumonectomy: 
6; lobectomy: 23; 

wedge: 21

1–206 
(median 

33)

40–60 (median 54)/3–5 
Fx

2 Y OS: 56%; 2 
Y RFS: 34%; 2 Y 

LC: 100%
I: 34 Same lobe: 11

OM: 20 Contralateral lung: 12

Sichuan 
(37)

23/23 NSCLC Ipsilateral lung: 11 Lobectomy: all 4–75 
(median 

16)

48/4 Fx (n=11); 50/5 
Fx (n=9); 56/7 Fx (n=3)

1 Y OS: 67%; 1 
Y LC: 91%; 1 Y 

PFS: 32%
I: 6 Contralateral lung: 12

II: 9

III: 8

Indiana 
(16)

40 NSCLC Ipsilateral lung: 18 Pneumonectomy: 
5; lobectomy: 35

3–348 
(median 

36)

54–60/3 Fx (n=13); 
48/4 Fx (n=15); 50/5 

Fx (n=10); others (n=2)

Median OS: 50 
mo; 2 Y OS: 68%; 

5 Y OS: 42%Contralateral lung: 22

*, conventional fractionation. 
£
, total dose unless specified. Number of fractions or dose per fraction is listed unless this information was 

not provided. NSCLC, non-small cell lung cancer; SCLC, small cell lung cancer; OM, oligometastases; Fx, fractions; LC, local control; 
PFS, progression free survival; LPFS, local progression free survival; mo, month; NR, not reported.
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patients who had undergone SBRT (mostly 45–60 Gy in 
3–5 fractions) for recurrence after prior sublobar resection 
and I-125 mesh placement [a procedure that was not shown 
to improve LC in a recent American College of Surgeons 
Oncology Group study (38)]. The 2-year OS and disease-free 
survival were 66% and 39%, respectively, and the 2-year LC 
was 83% (34). No factors were found to be associated with 
LC, including the volume of planning target volume (PTV), 
biologically effective dose, time to recurrence after surgery 
or tumor location. An Italian study reviewed 28 patients 
with 30 tumors from recurrent NSCLC initially treated 
with lobectomy or wedge resection (35). Patients received 
SBRT in 1 fraction, 30 Gy for small peripheral lesions 
and 3 fractions to 45 Gy for large or central lesions. They 
reported similar outcomes to the UPMC group with 2-year 
OS, DFS and LC rates of 58%, 37% and 85%, respectively. 
The location of relapse and SBRT treatment (mediastinal 
nodes vs. ipsilateral lung/chest wall/bronchial stump) did not 
significantly impact OS, DFS, metastasis-free survival or LC. 

In a study from Harvard University, 50 patients with 54 
tumors from primary NSCLC or oligometastases underwent 
SBRT (40–60 Gy in 3–5 Fx) after prior pneumonectomy, 
lobectomy or wedge resection (36). Their survival outcomes 
were also similar to the 2 studies described above, with 
2-year OS and recurrence-free survival rates of 56% and 
34%, respectively, and LC of 100%. In a Chinese study, 23 
patients underwent SBRT (48–56 Gy in 4–7 fractions) after 
recurrence of NSCLC post-lobectomy (37); the authors 
reported 1-year OS, PFS and LC rates of 67%, 32% and 
91%, respectively.

Treatment tolerance and safety

Generally, SBRT in the salvage setting after prior resection 
appears to be well-tolerated. In the UPMC study of 
SBRT after prior sublobar resection and brachytherapy 
mesh (34), 2 patients (15%) developed grade 2 pulmonary 
symptoms and none developed grade ≥3 pulmonary toxicity. 
A patient with a central tumor that had also been treated 
with radiofrequency ablation had a grade 3 esophageal 
stricture. In the aforementioned study from Italy (35), grade 
2–3 radiation pneumonitis occurred in 10% of patients, 
and late grade 2 fibrosis occurred in 7%. In the Chinese 
study discussed above (37), the rate of grade ≥2 radiation 
pneumonitis (occurring in 34%) was significantly associated 
with the volume of PTV (P=0.039) and ipsilateral lung 
volume receiving >5 Gy (P=0.034), though not other lung 
dosimetric parameters.

Comparative outcome between salvage SBRT after prior 
resection versus primary SBRT

For patients undergoing SBRT after prior resection, it is 
unclear if survival, tumor control outcomes or toxicity risks 
are different compared to those without prior resection. 
Conceptually, surgical disruption of tissue and tissue 
vasculature may affect tumor control or toxicity risks, 
though is difficult to study. In a Polish study of 61 patients 
treated with SBRT alone, SBRT for boost or SBRT for 
salvage after resection (39), those who underwent salvage 
therapy (n=20) experienced worse LC compared to those 
treated with SBRT alone or as a boost (27% vs. 63% and 
54% respectively, P=0.02). The authors postulated that in 
the salvage setting, LC was compromised because more 
conservative dosing was used out of consideration of normal 
tissue tolerance. The study did not provide sub-grouped 
data on dose or dose fractionation and did not describe 
the interval from surgery in those 20 patients treated with 
salvage therapy.

In the aforementioned study from Harvard University (36), 
in addition to the 50 patients treated with SBRT after prior 
resection, 80 treated with SBRT without prior lung resection 
were also analyzed. On univariate analyses, prior lung resection 
for NSCLC recurrence was associated with significantly 
improved LC (100% vs. 85% at 2-year, P=0.03), but no impact 
was seen on survival, PFS or other cancer control outcomes. 
Comparing the toxicity risk between these groups, prior lung 
resection was associated with an appreciable and significant 
difference in grade ≥2 radiation pneumonitis (at 1-year, 12% 
vs. 1%, P<0.01) and any grade ≥2 toxicity (at 4-year, 16% 
vs. 1%, P=0.01). However, on multivariate analyses, prior 
lung resection was not significantly associated with grade ≥2 
radiation pneumonitis. The study from Indiana University 
also showed no significant difference in survival after SBRT 
between patients after prior resection (n=40 patients) versus 
those without any prior treatment (n=243 patients) (16).

Systemic therapy in patients undergoing salvage 
SBRT for NSCLC recurrences

Data on the role of systemic therapy in the setting of 
localized, recurrent NSCLC treated with SBRT are lacking, 
as are evidence-based guidelines to inform decision-
making. As such, a systematic review is presently not 
possible. The clinical decision on which (if any) systemic 
agents to consider should be individualized to the patient 
and impacted by prior use of systemic therapy (and timing 
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of NSCLC recurrence relative to prior systemic therapy), 
extent and stage of disease at recurrence (i.e., American 
Joint Committee on Cancer: AJCC “r stage”), the NSCLC 
histology and molecular-pathologic characteristics, as well 
as the patient’s performance status and comorbidities. 

Salvage thoracic radiation: radiation treatment 
planning considerations 

When planning for SBRT salvage therapy, the most 
conservative approach would be to generate composite 
doses from both treatment courses and meet the dose 
limits of OARs as if the treatments were delivered at the 
same time. For patients with prior radiotherapy, published 
thoracic OAR dose-constraints for SBRT are lacking (4) 
with the possible exception of re-irradiation spinal cord/
spinal canal tolerance (40,41). Thus, every effort should 
be made to minimize normal tissue exposure in the re-
irradiation setting, utilizing technologies such as more 
rigorous motion management, intensity-modulated 
radiation therapy/volume-modulated arc therapy (IMRT/
VMAT) and functional avoidance treatment planning. 
Notably, IMRT/VMAT increases the monitor unit delivery, 
which increases the integral dose exposure (i.e., increases 
the low to moderate dose exposure), and generally delivers 
a more homogeneous (relative to static beams or arcs) 
target dose. When using IMRT/VMAT planning for 
SBRT, we recommend efforts to create dose gradients (i.e., 
sharper dose fall-offs) into the treatment plan, which could 
be accomplished by prioritizing adjacent normal tissue 
sparing and/or creating a simultaneous boost PTV with 
negative margins (i.e., small internal volume that receives 
a higher dose than the target periphery). Lung functional 
imaging, like ventilation/perfusion single photon emission 
tomography (V/Q SPECT), may be used to map the 
lung function and guide functional lung-avoiding SBRT 
planning. The target dose, dose fractionation and dosimetric 
limits of OARs should be individualized based upon the 
prior dose exposure to the target and OARs, with the 
goal of optimizing the ratio of tumor control and normal 
tissue toxicity. For bulkier recurrences, or when the OAR 
relative dose exposure is high, conventional fractionation, 
or hypofractionation (at lower fractional doses than SBRT) 
might be preferred over SBRT. Conventionally fractionated 
radiotherapy, with or without concurrent chemotherapy, 
can also be considered for salvage. During the pre-SBRT 
era, a study from University of Michigan reported results 
of concurrent chemoradiation for recurrent NSCLC after 

resection and generated comparable results to that of newly 
diagnosed stage III NSCLC (42). In general, patients should 
be informed of the uncertain nature and limited knowledge 
of long-term treatment outcomes.

Conclusions

Based upon the studies reviewed, SBRT has generated a 
reasonable rate of 2-year survival and tumor control in the 
setting of salvage therapy after prior radiotherapy and/
or prior resection. The compilation of data is somewhat 
limited by the wide variety in patient clinico-pathological 
and treatment characteristics. Toxicity risks in the SBRT 
re-irradiation setting are acceptable albeit with appreciable 
risks of severe to potentially fatal toxicity (4), necessitating 
a careful estimation of risks vs. benefits of SBRT. There 
are fewer studies published on the use of SBRT after 
prior resection. SBRT in the salvage setting after prior 
resection appears to be well-tolerated with excellent survival 
outcomes. RILT and other toxicity risks are comparable 
to those reported in historical patients treated with SBRT 
alone (i.e., SBRT without prior resection, which is not 
reviewed here), albeit with only 1 study in this review that 
made such a comparison. 

Notably, the data on salvage SBRT are limited, due to 
the retrospective nature of published studies (and all but 
4 with <40 patients), with various clinical scenarios (i.e., 
original NSCLC stage, prior treatment, size/volume and 
location of target amenable to salvage SBRT) and a range of 
SBRT dosing and techniques. From the published reports 
to date, most patients have received ~40–60 Gy in 3–5 
fractions. In those patients with peripheral lung tumors and/
or without prior radiotherapy, 50–60 Gy in 3–5 fractions is 
a reasonable approach based upon published data. Central 
lesions, particularly in the re-irradiation setting, may be 
better suited for less aggressive SBRT dose-fractionation 
schedules such as 40–50 Gy in 5 fractions, or (particularly 
for bulkier lesions) more protracted courses such as 10+ 
fraction hypofractionated image-guided radiation therapy 
or conventionally fractionated radiation. More studies are 
needed to better understand the tumor control, survival and 
toxicity of SBRT for salvage therapy of NSCLC patients, 
as well as the potential prognostic factors that could affect 
these outcomes. 
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