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Background: Staple line (SL) recurrences of non-small cell lung cancer (NSCLC) are
commonly treated with radiotherapy (RT), but the target volume definition — whole SL versus
focused on recurrence — is unclear.

The aim of the study was to determine the appropriate target volume for RT of SL recurrences.
Materials and methods: Twenty-two consecutive patients (20 stage I, 2 stage II) treated with
salvage RT for SL recurrences were retrospectively analyzed. Imaging features at the time of SL
recurrence were evaluated to guide target volume definition.

Results:

Surgery: All patients had complete tumor resection (wedge resection in 10 (45%) and lobectomy
in 12 (55%) patients). 14 (64%) patients had risk factors for recurrence, including surgical
margins < 2 cm, angiolymphatic and visceral pleural invasion.

Salvage RT: After a median 26 months (9—-67), all 22 patients developed SL recurrence which
was metabolically active on PET in all and biopsy-confirmed in 18/22 (82%) patients. All
patients underwent RT targeting the location of the SL recurrence only. 13/22 (59%) patients had
additional PET-negative nodular or linear SL changes that were not included in the irradiated

volume.
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Recurrence after RT: After a median 17 months (9-34) 10/22 (45%) patients recurred either
regionally 6/10 (60%), in the lungs 4/10 (40%) or distally 3/10 (30%). No patient recurred at the
SL. Two-year overall and disease-free survival rates after RT were 71% and 65%, respectively.
Conclusion: RT to SL recurrences alone results in excellent local control. Additional treatment
to reduce regional and distant recurrences should be considered.
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Introduction

Surgery is the recommended treatment for medically operable patients with early stage non-small
cell lung cancer [1]. Despite innovations in surgical techniques and imaging in recent years, local
recurrence rates still range between 4% and 20% [2-7]. Various risk factors for local tumor
recurrence have been identified, including larger tumor size, sublobar resection, close resection
margin, visceral pleural and lymphovascular space invasion [2, 7-11].

Salvage treatment options for tumor recurrence after initial surgery include repeated surgery, RT,
systemic therapy and combinations thereof [3]. While surgery is the preferred salvage treatment
option [12], it is often not feasible due to limited cardio-pulmonary reserve or comorbid
conditions. As an alternative treatment modality, salvage RT with curative intent has been
recommended [13]. However, information on the outcome after salvage RT is limited. Excellent
long-term local control rates of about 95% have been reported for isolated lung recurrences or
oligorecurrences using SABR [14—15]. In other reports on patients with predominately stage I
and II disease at the time of surgery, SABR for local and/or regional recurrences resulted in local
control rates of about 85% after 2-3 years [5, 16]. Local control rates for conventionally
fractionated salvage RT were in general lower than for SABR [13, 17, 18].

Staple or suture line/surgical margin recurrences (together termed “SL recurrence” in this study)
are a subgroup of local recurrences that are commonly treated with RT. Target volume definition
for SL recurrences is particularly challenging as, presumably, any part of the SL or surgical
margin is at risk for recurrence. The question is, therefore, whether all of the SL or only the
manifest recurrence need to be included in the treatment volume. Complicating the target volume
definition is the finding that tissue granulation with thickening along the SL is often observed on

CT imaging. For that reason, it might be challenging to exclude active tumor in these areas [19].



The aim of the present study is to analyze local control at the SL in patients irradiated for
isolated SL recurrence after surgery. Recurrence pattern and clinical outcome following salvage
RT are characterized. In addition, imaging features at the SL outside the manifest SL recurrence

are assessed to provide information supporting target volume definition at the time of RT.

Materials and methods

Twenty-two consecutive patients with non-small cell lung cancer treated with definitive RT for
SL recurrences were identified from our institutional database and included in this IRB-approved
retrospective study. The analysis is based on electronic chart review and image evaluation. All
patients initially underwent surgery for de novo lung cancer followed by salvage RT between
2007 and 2015. Patients with previous RT to the chest were excluded. Repeated surgery at the
time of SL recurrence was discussed for all patients, but was declined by thoracic surgeons or
multidisciplinary tumor board due to limited pulmonary function and underlying comorbidities
restricting medical operability. All radiation treatment plans were generated based on 4D CT of
the chest with 3 mm slice thickness in treatment position using individualized patient positioning
with vacuum bags and overhead arm positioning devices. Using reconstructed maximum
intensity projection (MIP) images, iGTVs were created, and target coverage was ensured using
all 10 breathing phase bins of the 4D CT. Alternatively, GTVs created on one breathing phase
were deformably propagated to the other 9 bins from where the iGTV was created through
summation of all per-phase GTVs. 18-Fluorodeoxyglucose (FDG) PET-CT scans were available
during tumor volume delineation for visual assessment of target coverage. For SABR, typically a
5 mm iGTV-to-PTV margin was added, for conventional fractionation a 6 to 8 mm margin was
added to create a CTV which was then expanded by 5 mm to generate the PTV. Whereas SABR
treatments were performed every other day, conventional treatments were performed with 5
fractions per week. For both techniques, image guidance was used for each fraction. For SABR,
cone beam CTs (CBCT) were performed, whereas for conventional fractionation, daily
kilovoltage planar imaging and weekly CBCTs were obtained. All alignments were to the target
volume.

Routine follow-up exams after both surgery and RT included routine chest CT every 3 months
for 2 years, then every 6 months up to 5 years, followed by annual scans. PET scans were

obtained as clinically indicated for equivocal findings on CT imaging. Biopsies for suspected



recurrences were performed as deemed medically safe following multidisciplinary tumor board
evaluation. The time to SL recurrences after surgery, and the location and time to any recurrences
following salvage RT were recorded. In addition, demographic, clinical and treatment specific
information, such as type of surgery, pathologic risk factors, and type and dose of RT were
collected. Post RT toxicities were graded according to common terminology criteria for adverse
events (CTCAE) v5.0.

Imaging features at the time of SL recurrence were analyzed including size of SL recurrence,
metabolic activity on PET scans, and peripheral versus central location. Central SL recurrences
in this study were defined as being located in direct connection to the bronchus stump, hilum and
central airways, whereas peripheral SL recurrences were surrounded by the lung tissue, close to
the chest wall or the mediastinal visceral pleura outside the central area. In addition, the

presence, shape and thickness of additional CT imaging changes along the SL were assessed.

Statistical analysis

Overall and disease-free survival as well as recurrence rates were calculated with the Kaplan-
Meier method. Log-rank tests were used to assess significant differences (p < 0.05) in the
recurrence rates associated with various clinical, radiological and pathologic factors in statistical

software R v3.6.1.

Results

Initial surgery

The 22 study patients with a median age of 73 years and Karnofsky performance status between
70 and 100% had stage I (20 patients, 91%) and II (2 patients, 9%) non-small cell lung cancers
(pT1-3 NO MO, AJCC 8" edition). All patients underwent surgery as primary tumor treatment
consisting in either lobectomy (12 patients, 55%) or wedge resection (10 patients, 45%). Median
tumor size at surgery was 17 mm (range 8-60 mm). Six patients underwent lymph node
dissection, but no lymph node involvement was found either radiographically or on pathology
review in any patient. Preoperative PET scans were obtained in 6 patients with a median SUV of
7.4 (2-10). Adenocarcinoma and squamous cell carcinoma were the most common pathologies,
see table 1 for further patient characteristics. Review of pathological specimen revealed risk

factors of tumor recurrence in 14 patients. All patients had negative resection margins, but 10



patients had resection margins < 2 cm. Six patients had angiolymphatic and seven patients
visceral pleural invasion. Following surgery, two patients received chemotherapy: one patient for
a new diagnosis of non-Hodgkin’s lymphoma, the other patient with 0.1 cm to the parenchymal

margin received adjuvant chemotherapy after surgery.

Salvage RT

The median time to recurrence after surgery was 26 months (range 9-67 months). 20 of 22
patients (91%) developed isolated SL recurrences (see examples in Fig. 1). One additional
patient also had a simultaneous contralateral new secondary lung tumor that was treated with
SABR following treatment of the SL recurrence. Another patient was diagnosed with
oligometastatic bone metastasis in one rib at the time of SL recurrence and underwent
chemotherapy. While the bone metastasis responded without recurring throughout the patient’s
lifetime, the local recurrence in the SL progressed and RT was initiated. Two patients had
chemotherapy prior to RT for management of the SL recurrence, but were offered RT at the time
of local progression.

All SL recurrences were diagnosed on routine follow up CT scans. The median size of the
recurrent tumor on CT scan was 21 mm (range 7-50 mm). PET-CT scans at the time of
recurrence showed metabolic activity in the location of recurrence with a median SUV . of 4.7
(range 2-16). Recurrences were confirmed by biopsy in 18 (82%) patients and were mostly
central following lobectomy, and peripheral after wedge resection. On CT, all recurrences
appeared either completely or partially dense, were bulging and had a predominantly round
shape with spiculations. Overall, 13/22 (59%) patients had additional SL changes > 2 mm that
were nodular in 4 and predominantly linear in 9 patients. These changes were observed mostly in
patients with wedge resection and were not metabolically active on PET scans (see table 2).

All patients underwent definitive RT with the target volume limited to the recurrent tumor
volume only as defined on CT and PET scan, excluding areas of additional linear or nodular
thickening. 14 (64%) patients received SABR with biologically effective doses (BED) > 100 Gy.
The fractionation was 48 Gy/4 fractions in 12, 45 Gy/3 in one, and 50 Gy/5 in one patient. Eight
(36%) patients with tumor location near the central airways or brachial plexus underwent
conventionally fractionated or hypofractionated RT. The fractionation in these patients was 45

Gy/15 in two and 60-66 Gy/30-33 in six patients. Three patients received concurrent



radiochemotherapy with carboplatin and paclitaxel. All patients tolerated RT well. None of the
patients experienced RT-related side effects grade > 2, likely due to small treatment volumes

avoiding mediastinal structures.

Recurrence after RT

Median follow up after RT was 23 months (range 1-87 months). Ten (45%) patients recurred
after a median interval of 17 months (range 9-34 months). Recurrences were confirmed by
biopsy in four of ten (40%) patients. Four (40%) patients developed recurrences in the lungs of
which one was in the same lobe and three in the contralateral lung; three (30%) had bone
metastases; six (60%) developed regional lymph node recurrences. None of the patients recurred
at the SL either within or outside the radiation fields, see table 3 for details on recurrences. None
of the investigated factors (tumor size at surgery, tumor size at radiotherapy, SUV value, type of
surgery, margin at surgery, pleural invasion, angiolymphatic invasion) was significantly
associated with the recurrence risk following RT, except for the RT type, see table 4. Patients
undergoing SABR had a reduced risk of recurrence compared to conventionally fractionated RT
(p = 0.035).

Two-year overall and disease-free survival after RT were 71% and 65%, respectively (Fig. 2).
Further treatment for patients with recurrence after salvage RT for SL recurrence included RT in

7/10 (70%) patients and systemic therapy in 4/10 (40%).

Discussion

Salvage RT for SL recurrences resulted in excellent local control with both SABR and
conventionally fractionated RT and is well tolerated similar to other studies using SABR for
salvage treatment [20, 21]. SABR is well known for low local failure rates in early stage lung
cancer [22-24]. The 5-year local failure rate after SABR for isolated local lung recurrence
anywhere in the lung was 5.2% in a prospective phase II trial [15]. SABR for oligorecurrence
after lung ca surgery resulted in a 3-year local control rate of 94.9% [14]. For patients with
predominately stage I and II disease at the time of surgery, SABR for local and/or regional
recurrences resulted in local control rates of about 85% after 2-3 years [5, 15]. For
conventionally fractionated salvage RT of intrathoracic recurrences Kelsey et al. [13]" reported

2-year local control rates of 68% after delivering 66 Gy with radio(chemo)therapy. The majority



of patients in this study had mediastinal lymph node involvement, whereas patients in our study
had local recurrence at the SL only. The incidence of SL recurrences is not well known. In one
multi-institutional database the absolute rate of isolated surgical margin recurrences was only 3%
following complete tumor resection and negative lymph nodes at the time of surgery and
constituted 22% of all recurrences for this patient group [7]. Reports specifically targeting RT of
SL recurrences are rare. Similar to our study, Takeda et al. [25] reported a cohort of 21 patients
with recurrence at the SL or bronchial stump and 2 patients with chest wall recurrence treated
with SABR after initial lobectomy or wedge resection for stage I and II lung cancer (one patient
had stage III disease with lymph node involvement). The authors observed only 2 local
recurrences compared to 100% local control in our cohort. While RT can achieve excellent local
control rates, regional recurrences and, in particular, distant metastases are the predominant
locations of post salvage RT recurrences [25, 26]. Regional lymph node recurrences were
reported in 10-20%, distant recurrences in 20-40% [5, 15, 16], which is comparable to the
recurrence rates in our study where 30% experienced regional and distant recurrences each.
Given the observed re-recurrence rates, the value of adjuvant therapy after RT for SL recurrence
needs to be evaluated. Depending on the pattern of re-recurrences in the individual patient,
additional RT or systemic therapy are both treatment options. In our study, 70% of patients with
re-recurrence underwent an additional course of RT. Survival rates after salvage RT for SL
recurrences in our study (2 y OS — 71%, 2 y DFS — 65%) were in agreement with survival
rates reported by Takeda et al. [25] (2 y OS — 76.4%, 2 y DFS — 62.5%). These outcomes are
also at least comparable to de novo SABR for inoperable stage I NSCLC [27, 28].

Various risk factors for postoperative tumor recurrence have been identified. For example, tumor
size has been found to predict local recurrence risk following wedge resection for stage I NSCLC
[2].? Other factors related to local control included sublobar resection, close resection margins,
visceral pleural invasion, lymphovascular space invasion, squamous cell cancer, and increased
metabolic activity on PET-CT [7-11]. Lymphovascular invasion was identified also as a risk
factor for distant recurrences and overall survival [7—11]. In our study, despite achieving local
control after salvage RT with both SABR and conventionally fractionated RT, patients
undergoing conventionally fractionated RT had a higher recurrence rate potentially related to
lower biologically effective doses and central tumor locations with higher risk of recurrence.

This observation is interesting as it indicates the likely presence of tumor cells outside the SL



recurrence at the time of salvage therapy, again supporting the potential benefit of adjuvant
therapy following salvage RT. Liquid biopsies at the time of local recurrence might be helpful to
direct additional treatments [29].

While there was a concern that localized RT to SL recurrences might result in additional SL
recurrences in other areas later on, our present study indicates that local RT to the recurrence
alone results in excellent in-field control and no further recurrences anywhere at the SL. In a
recent investigation by Sun et al. [19] SL thickening on CT imaging was frequently observed. In
this study, areas of SL thickening either remained staple or regressed in 84%. SL recurrences
were diagnosed only in areas with increasing thickness of > 2 mm over time. CT imaging in our
cohort showed additional SL thickening in nearly 60% of patients. In comparison, actual SL
recurrences were in general larger than other areas of SL thickening. Although some SL areas
showed thickening of up to 8 mm, metabolic activity on PET-CT clearly identified locations with
active tumor disease.

This study is limited through its retrospective nature, the rather small patient cohort and some
heterogeneity in patient treatments with the common feature that all patients received definitive
intent salvage RT for SL recurrence. Based on consistent follow up procedures including
multimodality imaging and biopsies over a median of more than 2 years after each therapy step,
important findings were made that add to the currently limited information on the effectiveness
of salvage RT for lung cancer recurrence. These findings include the pattern of re-recurrence,

patient outcomes after salvage RT and selection of radiation target volumes.

Conclusions

RT as a salvage treatment for SL recurrences after initial surgical resection appears to be a safe
and well-tolerated treatment option in our study cohort. While survival post salvage RT is
comparable to SABR for newly diagnosed early stage lung cancer, adjuvant treatment options
need to be considered to improve regional and distant control either in the form of concomitant
chemotherapy with normofractionated RT or adjuvant systemic treatment following SABR. Our
study demonstrated excellent local control after RT to SL recurrences alone. Focusing RT to the

SL recurrence alone appears therefore justified.

Conflicts of interest



There are no conflicts of interest. EW receives grant support through NIH and royalties from

UpToDate.

Funding
Statistical analysis of this work was supported in part by the National Institutes of Health (grant
number P30CA016059).

Data sharing
Research data are stored in an institutional repository and will be shared upon request to the

corresponding author.

References

1. Howington JA, Blum MG, Chang AC, et al. Treatment of stage | and Il non-small cell
lung cancer: Diagnosis and management of lung cancer, 3rd ed: American College of
Chest Physicians evidence-based clinical practice guidelines. Chest. 2013; 143(5
Suppl): e2785-e313S, doi: 10.1378/chest.12-2359, indexed in Pubmed: 23649443.

2. Bille A, Ahmad U, Woo KM, et al. Detection of Recurrence Patterns After Wedge
Resection for Early Stage Lung Cancer: Rationale for Radiologic Follow-Up. Ann

Thorac Surg. 2016; 102(4): 1067-1073, doi: 10.1016/j.athoracsur.2016.04.056,
indexed in Pubmed: 27345095.

3. Fedor D, Johnson WR, Singhal S. Local recurrence following lung cancer surgery:
incidence, risk factors, and outcomes. Surg Oncol. 2013; 22(3): 156-161,
doi: 10.1016/j.suronc.2013.04.002, indexed in Pubmed: 23702313.

4. Ginsberg R}, Rubinstein LV. Randomized trial of lobectomy versus limited resection for
T1 NO non-small cell lung cancer. Lung Cancer Study Group. Ann Thorac Surg. 1995;
60(3): 615-22; discussion 622, doi: 10.1016/0003-4975(95)00537-u, indexed in
Pubmed: 7677489.

5. Sittenfeld SMC, Juloori A, Reddy CA, et al. Salvage Stereotactic Body Radiation
Therapy for Isolated Local Recurrence After Primary Surgical Resection of Non-small-
cell Lung Cancer. Clin Lung Cancer. 2021; 22(3): €360-e365,
doi: 10.1016/j.cllc.2020.05.025, indexed in Pubmed: 32624412.

6. Su S, Scott WJ, Allen MS, et al. Patterns of survival and recurrence after surgical
treatment of early stage non-small cell lung carcinoma in the ACOSOG Z0030
(ALLIANCE) trial. J] Thorac Cardiovasc Surg. 2014; 147(2): 747-52: Discussion 752,
doi: 10.1016/j.jtcvs.2013.10.001, indexed in Pubmed: 24290575.


https://www.ncbi.nlm.nih.gov/pubmed/24290575
http://dx.doi.org/10.1016/j.jtcvs.2013.10.001
https://www.ncbi.nlm.nih.gov/pubmed/32624412
http://dx.doi.org/10.1016/j.cllc.2020.05.025
https://www.ncbi.nlm.nih.gov/pubmed/7677489
http://dx.doi.org/10.1016/0003-4975(95)00537-u
https://www.ncbi.nlm.nih.gov/pubmed/23702313
http://dx.doi.org/10.1016/j.suronc.2013.04.002
https://www.ncbi.nlm.nih.gov/pubmed/27345095
http://dx.doi.org/10.1016/j.athoracsur.2016.04.056
https://www.ncbi.nlm.nih.gov/pubmed/23649443
http://dx.doi.org/10.1378/chest.12-2359

7. Varlotto JM, Yao AN, DeCamp MM, et al. Nodal stage of surgically resected non-small
cell lung cancer and its effect on recurrence patterns and overall survival. Int ] Radiat
Oncol Biol Phys. 2015; 91(4): 765-773, doi: 10.1016/j.ijrobp.2014.12.028, indexed in
Pubmed: 25752390.

8. Kelsey CR, Marks LB, Hollis D, et al. Local recurrence after surgery for early stage
lung cancer: an 11l-year experience with 975 patients. Cancer. 2009; 115(22): 5218-
5227, doi: 10.1002/cncr.24625, indexed in Pubmed: 19672942,

9. Razi SS, Daskalaki D, Burack J. Current trends in lung resection for Tla non-small cell
lung cancer: is lobectomy still the answer? | Thorac Dis. 2017; 9(2): E164-E165,
doi: 10.21037/jtd.2017.02.26, indexed in Pubmed: 28275506.

10. Saynak M, Veeramachaneni NK, Hubbs JL, et al. Local failure after complete resection
of NO-1 non-small cell lung cancer. Lung Cancer. 2011; 71(2): 156-165,
doi: 10.1016/j.lungcan.2010.06.001, indexed in Pubmed: 20615576.

11. Taylor MD, Nagji AS, Bhamidipati CM, et al. Tumor recurrence after complete resection
for non-small cell lung cancer. Ann Thorac Surg. 2012; 93(6): 1813-20; discussion
1820, doi: 10.1016/j.athoracsur.2012.03.031, indexed in Pubmed: 22542070.

12.Hung JJ, Yeh YC, Hsu WH, et al. Prognostic Factors of Survival after Recurrence in
Patients with Resected Lung Adenocarcinoma. J Thorac Oncol. 2015; 10(9): 1328-
1336, doi: 10.1097/J]TO.0000000000000618, indexed in Pubmed: 26291011.

13.Kelsey CR, Clough RW, Marks LB. Local recurrence following initial resection of
NSCLC: salvage is possible with radiation therapy. Cancer J. 2006; 12(4): 283-288,
doi: 10.1097/00130404-200607000-00006, indexed in Pubmed: 16925972.

14. Aoki S, Yamashita H, Takahashi W, et al. Salvage stereotactic body radiotherapy for
post-operative oligo-recurrence of non-small cell lung cancer: A single-institution
analysis of 59 patients. Oncol Lett. 2020; 19(4): 2695-2704,
doi: 10.3892/01.2020.11407, indexed in Pubmed: 32218820.

15.Sun B, Brooks ED, Komaki R, et al. Long-Term Outcomes of Salvage Stereotactic
Ablative Radiotherapy for Isolated Lung Recurrence of Non-Small Cell Lung Cancer: A
Phase 1] Clinical  Trial. ] Thorac  Oncol. 2017; 12(6): 983-992,
doi: 10.1016/j.jtho.2017.02.018, indexed in Pubmed: 28259750.

16. Agolli L, Valeriani M, Carnevale A, et al. Role of salvage stereotactic body radiation
therapy in post-surgical loco-regional recurrence in a selected population of non-small
cell lung cancer patients. Anticancer Res. 2015; 35(3): 1783-9, indexed in
Pubmed: 25750343.

17.Emami B, Graham MV, Deedy M, et al. Radiation therapy for intrathoracic recurrence
of non-small cell lung cancer. Am J Clin Oncol. 1997; 20(1): 46-50,
doi: 10.1097/00000421-199702000-00010, indexed in Pubmed: 9020287.

18. Jeremic B, Shibamoto Y, Milicic B, et al. External beam radiation therapy alone for
loco-regional recurrence of non-small-cell lung cancer after complete resection. Lung


https://www.ncbi.nlm.nih.gov/pubmed/9020287
http://dx.doi.org/10.1097/00000421-199702000-00010
https://www.ncbi.nlm.nih.gov/pubmed/25750343
https://www.ncbi.nlm.nih.gov/pubmed/28259750
http://dx.doi.org/10.1016/j.jtho.2017.02.018
https://www.ncbi.nlm.nih.gov/pubmed/32218820
http://dx.doi.org/10.3892/ol.2020.11407
https://www.ncbi.nlm.nih.gov/pubmed/16925972
http://dx.doi.org/10.1097/00130404-200607000-00006
https://www.ncbi.nlm.nih.gov/pubmed/26291011
http://dx.doi.org/10.1097/JTO.0000000000000618
https://www.ncbi.nlm.nih.gov/pubmed/22542070
http://dx.doi.org/10.1016/j.athoracsur.2012.03.031
https://www.ncbi.nlm.nih.gov/pubmed/20615576
http://dx.doi.org/10.1016/j.lungcan.2010.06.001
https://www.ncbi.nlm.nih.gov/pubmed/28275506
http://dx.doi.org/10.21037/jtd.2017.02.26
https://www.ncbi.nlm.nih.gov/pubmed/19672942
http://dx.doi.org/10.1002/cncr.24625
https://www.ncbi.nlm.nih.gov/pubmed/25752390
http://dx.doi.org/10.1016/j.ijrobp.2014.12.028

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Cancer. 1999; 23(2): 135-142, doi: 10.1016/s0169-5002(99)00007-0, indexed in
Pubmed: 10217617.

Sun B, Kamel MK, Nasar A, et al. Staple Line Thickening After Sublobar Resection:
Reaction or Recurrence? Ann Thorac Surg. 2020; 109(6): 1670-1676,
doi: 10.1016/j.athoracsur.2019.12.065, indexed in Pubmed: 32057814.

Milano MT, Kong FMS, Movsas B. Stereotactic body radiotherapy as salvage treatment
for recurrence of non-small cell lung cancer after prior surgery or radiotherapy. Transl
Lung Cancer Res. 2019; 8(1): 78-87, doi: 10.21037/tlcr.2018.08.15, indexed in
Pubmed: 30788237.

Hou Y, Hermann G, Lewis JH, et al. Clinical Outcomes After Lung Stereotactic Body
Radiation Therapy in Patients With or Without a Prior Lung Resection. Am ] Clin Oncol.
2018; 41(7): 695-701, doi:10.1097/COC.0000000000000344, indexed in
Pubmed: 27819875.

Timmerman R, Paulus R, Galvin ], et al. Stereotactic body radiation therapy for
inoperable early stage Ilung cancer. JAMA. 2010; 303(11): 1070-1076,
doi: 10.1001/jama.2010.261, indexed in Pubmed: 20233825.

Videtic GM, Paulus R, Singh AK, et al. Long-term follow-up on NRG Oncology RTOG
0915 (NCCTG N0927): a randomized phase 2 study comparing 2 stereotactic body
radiation therapy schedules for medically inoperable patients with stage | peripheral
non-small cell lung cancer. Int ] Radiat Oncol Biol Phys. 2019; 103(5): 1077-1084,
doi: 10.1016/j.ijrobp.2018.11.051, indexed in Pubmed: 30513377.

Zhao L, Zhou S, Balter P, et al. Planning Target Volume D95 and Mean Dose Should Be
Considered for Optimal Local Control for Stereotactic Ablative Radiation Therapy. Int ]
Radiat Oncol Biol Phys. 2016; 95(4): 1226-1235, doi: 10.1016/j.ijrobp.2016.01.065,
indexed in Pubmed: 27209498.

Takeda A, Sanuki N, Eriguchi T, et al. Salvage stereotactic ablative irradiation for
isolated postsurgical local recurrence of lung cancer. Ann Thorac Surg. 2013; 96(5):
1776-1782, doi: 10.1016/j.athoracsur.2013.06.014, indexed in Pubmed: 23998410.

Xiong W, Xu Q, Xu Y, et al. Stereotactic body radiation therapy for post-pulmonary
lobectomy isolated lung metastasis of thoracic tumor: survival and side effects. BMC
Cancer. 2014; 14: 719, doi: 10.1186/1471-2407-14-719, indexed in
Pubmed: 25260301.

Giuliani ME, Hope A, Mangona V, et al. Predictors and Patterns of Regional Recurrence
Following Lung SBRT: A Report From the Elekta Lung Research Group. Clin Lung
Cancer. 2017; 18(2): 162-168, doi: 10.1016/j.cllc.2016.10.006, indexed in
Pubmed: 27876604.

Videtic GMM, Hu C, Singh AK, et al. A Randomized Phase 2 Study Comparing 2
Stereotactic Body Radiation Therapy Schedules for Medically Inoperable Patients With
Stage | Peripheral Non-Small Cell Lung Cancer: NRG Oncology RTOG 0915 (NCCTG
NQ0927). Int | Radiat  Oncol Biol Phys. 2015; 93(4): 757-764,
doi: 10.1016/j.ijrobp.2015.07.2260, indexed in Pubmed: 26530743.


https://www.ncbi.nlm.nih.gov/pubmed/26530743
http://dx.doi.org/10.1016/j.ijrobp.2015.07.2260
https://www.ncbi.nlm.nih.gov/pubmed/27876604
http://dx.doi.org/10.1016/j.cllc.2016.10.006
https://www.ncbi.nlm.nih.gov/pubmed/25260301
http://dx.doi.org/10.1186/1471-2407-14-719
https://www.ncbi.nlm.nih.gov/pubmed/23998410
http://dx.doi.org/10.1016/j.athoracsur.2013.06.014
https://www.ncbi.nlm.nih.gov/pubmed/27209498
http://dx.doi.org/10.1016/j.ijrobp.2016.01.065
https://www.ncbi.nlm.nih.gov/pubmed/30513377
http://dx.doi.org/10.1016/j.ijrobp.2018.11.051
https://www.ncbi.nlm.nih.gov/pubmed/20233825
http://dx.doi.org/10.1001/jama.2010.261
https://www.ncbi.nlm.nih.gov/pubmed/27819875
http://dx.doi.org/10.1097/COC.0000000000000344
https://www.ncbi.nlm.nih.gov/pubmed/30788237
http://dx.doi.org/10.21037/tlcr.2018.08.15
https://www.ncbi.nlm.nih.gov/pubmed/32057814
http://dx.doi.org/10.1016/j.athoracsur.2019.12.065
https://www.ncbi.nlm.nih.gov/pubmed/10217617
http://dx.doi.org/10.1016/s0169-5002(99)00007-0

29. Chaudhuri AA, Chabon JJ, Lovejoy AF, et al. Early Detection of Molecular Residual
Disease in Localized Lung Cancer by Circulating Tumor DNA Profiling. Cancer Discov.

2017; 7(12): 1394-1403, doi:10.1158/2159-8290.CD-17-0716, indexed in
Pubmed: 28899864.


https://www.ncbi.nlm.nih.gov/pubmed/28899864
http://dx.doi.org/10.1158/2159-8290.CD-17-0716

Figure 1. Examples of recurrences after wedge resection. Two examples of staple line (SL)
recurrences in the left upper lobes following wedge resection. Small white arrows indicate tumor
manifestations prior to surgery (1% column) and SL recurrences prior to SBRT (2™ and 3™
column). The last column in the upper row shows PET-negative nodular changes, the lower row
linear SL changes outside the PET positive area (blue arrows). Radiotherapy targeted only the

metabolically active tumor (shown in the 2™ and 3™ column)
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Figure 2. Survival following salvage radiotherapy for staple line recurrences. Kaplan-Meier
curves for overall and disease-free survival following radiotherapy. 2-year overall survival and

disease-free survival were 70.6% and 64.8%, respectively
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Table 1. Patient characteristics

80

Number of patients (%)

Characteristics unless specified
differently

Race

AA 12 (55)

Caucasian 10 (45)
Gender

Female 12 (55)

Male 10 (45)
Age (median (range) in years) 73 (53-93)
BMI [median (range)] [kg/m?] 23 (13-52)
Pack year smoking [median (range)] 58 (30-135)
Tumor site

UL and ML 17 (77)

LL 5(23)




Surgery
Lobectomy 12 (55)
Wedge resection 10 (45)
Pathology
Adenocarcinoma 12 (55)
SCC 7 (32)
Other 3 (13)
Tumor size® (median (range) in mm) 17 (8-60)
Stage at surgery
I 20 (91)
II 2(9)
Tumor size® (median (range) in mm) 21 (7-50)
PET SUV,...° (median (range)) 4.7 (2.2-16)
AA — African American; BMI — body mass index; LL — lower lobe; ML, — middle lobe; PET —
positron emission tomography; RT — radiotherapy; SCC — squamous cell carcinoma; SUV . —

maximum standard uptake; UL — upper lobe; “at the time of surgery; "at the time of radiotherapy

Table 2. Characteristics of staple line changes

Type of N Location of staple line Additional staple line changes

surgery recurrence Nodular > 2 mm Linear > 2 mm
Peripheral Central
N N N Median N Median
(range) (range)
Wedge 10 10 - 4 7 ]
resection
T4 mm (3-5 5 mm (4-8 mm)
Lobectomy 12 2* 11 - mm) 2

*QOne patient had both a peripheral and central recurrence after right middle lobe resection



Table 3. Characteristics of patients with recurrence after radiotherapy

Tumor Margi Visceral Tumor Dose Site of Time to
Surger AL
Path size® n < 2 pleura size® SUV.ma” (Gy)/fra recurrence recurrence’
y invasion
[mm] cm invasion [mm] ctions after RT [months]
Adeno
1 Wedge 8 X X 7 3.9 48/4 Lung, LN 13
squam
2 Lobe SCC 25 X 24 12.5 48/4 LN 9
3  Lobe NSCLC 15 15 24 48/4 Bone 29
Lung, LN,
4  Lobe Adeno 18 X X 8 5 48/4 33
Bone
5 Lobe Adeno 12 X X 40 10.7 66/33 Bone 15
6 Wedge Adeno 32 X X 13 4.4 50/5 LN 18
7 Lobe SCC 40 X 36 1.2 45/15 Lung 17
8 Wedge SCC 45 30 12.6 45/3 Lung 34
9 Lobe Adeno 60 X 49 4.7 66/33 LN 30

10 Wedge Adeno 17 50 3.7 66/33 LN 14




Adeno — Adenocarcinoma; Adenosquam — Adenosquamous carcinoma; AL — Angiolymphatic; CTRT — Concurrent
radiochemotherapy; Gy — Gray; LLL — Left lower lobe; LN — Regional lymph node; LUL — Left upper lobe; Path — Pathology;
na — not available; R — Right; RLL — Right lower lobe; RT — Radiotherapy; SCC — Squamous cell cancer; SUV .,” — Maximum
standard value uptake at the time of radiotherapy; “Tumor diameter at the time of surgery; "Tumor diameter at the time of radiotherapy;

“Time to recurrence after radiotherapy



Table 4. Analysis of factors influencing recurrence rates

Characteristic HR 95% CI p-value
Tumor size at surgery (small 0.7008 0.1955 2.5121 0.58
vs. large)

Tumor size at RT (small vs. 0.3738 0.1045 1.3374 0.12
large)

Surgery type (wedge vs. 0.5758 0.1600 2.0719 0.39
lobectomy)

RT  type (SABR vs. 0.2363 0.0559 0.9989 0.035
conventional)

SUV at RT (low vs. high) 0.8670 0.2481 3.0290 0.82
Surgical margin <2 cm 0.4758 0.1207 1.8762 0.28
Pleural invasion present 1.8936 0.5376 6.6697 0.31
Angiolymphatic invasion 1.5455 0.4285 5.5747 0.5
present

> 2 pathological risk factors* 2.4198 0.6176 9.4806 0.19

HR — hazard ratio; CI — confidence interval; RT — radiotherapy; SABR — stereotactic ablative radiotherapy; *risk factors are tumor size,
resection margin < 2 cm, visceral pleura and angiolymphatic involvement



