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Abstract: Patients treated with surgery for lung cancer are at risk of second primary lung cancers
(SPLCs), which when localized, may be amenable to radical treatment. Treatment options, however, are
limited due to reduced cardiopulmonary reserve and competing mortality risks. The aim of this study
was to perform a systematic review of publications examining treatment planning considerations, clinical
outcomes, and toxicity rates of stereotactic ablative radiotherapy (SABR) in patients who have previously
undergone pneumonectomy. A systematic review of the literature was conducted in accordance with
PRISMA guidelines using PubMed and EMBASE from inception to July 2018. Articles were limited to those
published in the English language. Non-review articles with patients who received exclusively lung SABR
post-pneumonectomy were included. Two reviewers independently performed abstract and full-text review,
with discrepancies settled by a third reviewer. Of the 215 articles identified by the initial search, 6 articles
comprising 53 patients who received lung SABR post-pneumonectomy met inclusion criteria. The mean age
was 68, and most patients were male (73.7%). The mean time to pneumonectomy was 6.5 years. The mean
biologically effective dose was 115 Gy, and the most common dose fractionation schemes were 54 Gy in
3 fractions, 48 Gy in 4 fractions, and 50 Gy in 5 fractions. The mean follow-up was 25.4 months. The mean
1-year overall survival and 2-year local control rates were 80.6% and 89.4%. Grade 3 or higher toxicity was
reported in 13.2% of patients. SABR appears to be a safe and feasible option for SPLCs in patients with prior
pneumonectomy. Multi-institutional and/or prospective studies would be helpful to determine the true risk

and appropriateness of SABR in this high-risk patient population.
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Introduction following pneumonectomy has been referred to as having ‘a
. . —_ disease itself’, given the significant impact on lung function
Lung cancer patients treated with radical intent are at '8 & p &

a 1-2% per patient-year risk for developing a second and any subsequent lung-directed treatment decision (2).

primary lung cancer (SPLC). SPLCs can be curable, with A lobectomy, the gold standard treatment for early stage
one analysis even suggesting that its survival is potentially non-small cell lung cancer (NSCLC), is often not feasible
superior to those with initial presentation (1). Survivorship following pneumonectomy due to cardiopulmonary reserve
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Figure 1 Flowchart of article selection.

limitations. Based on a Surveillance, Epidemiology, and
End Results (SEER) analysis, sublobar resection appears
to be the favored surgical approach for a SPLC post-
pneumonectomy, especially when the second lesion is
small (<2 cm), without locoregional spread, and where the
patient has acceptable lung function (2). This, however, is
not without risk, with one study reporting complication and
mortality rates of 44% and 8.3% respectively (3).

In the SEER analysis, non-surgical modalities were
more commonly (62.9%) employed than repeat surgery (2).
Among non-surgical options, stereotactic ablative
radiotherapy (SABR) is increasingly being utilized in the
primary medically inoperable early stage NSCLC context,
with 3-year local-regional control rates greater than 90% (4).
Lung SABR is typically well-tolerated, with fatigue being
the most common side effect (5). As the literature on lung
SABR following pneumonectomy emerges, the aim of this
study is to systematically review the literature, with a focus
on treatment planning considerations, clinical outcomes,
and toxicity.

Methods

A systematic review of the literature was conducted in
accordance with PRISMA guidelines using the PubMed
and EMBASE databases from their respective dates of
inception to July 2018. A combination of search terms was
designed to capture publications that reported on patients
who received lung SABR (“SABR”, “SBRT”, “stereotactic”,

“radiosurgery”, “SRS”, or “SRT"”) after pneumonectomy.
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A total of 215 unique entries were identified. Titles
and abstracts were screened, and the remaining studies
underwent full text review. Two reviewers independently
performed abstract and full-text review, with discrepancies
settled by a third reviewer. Inclusion criteria included:

(I)  Publication types: English language journal articles;

(I) Population: prior pneumonectomy patients;

(III) Intervention: SABR post-pneumonectomy;

(IV) Outcome: treatment-related toxicity and cancer-

related outcomes.

Articles were excluded if they were reviews, meta-
analyses, guidelines or correspondences. The article
selection process is illustrated in Figure 1. Data abstracted
from the articles included study design, sample size, age,
sex, follow-up duration, time from pneumonectomy,
proportion of lesions biopsied, radiation planning and
dosimetric parameters, toxicity, and clinical outcomes.
Toxicity was graded based on Common Terminology
Criteria for Adverse Events version 3.0. The weighted
means were calculated by taking individual means reported
from each study and weighing by their respective sample
size to obtain an overall mean based on studies with
available estimates. Weighted proportions were obtained
using a similar approach. Biologically effective dose (BED)
was calculated using the following formula:

BED=nd [1 +

7
alp

where n = number of fractions, d = dose per fraction,
alpha/beta ratio = dose at which the linear and quadratic
components of cell killing are equal. We assumed a tumour
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Table 1 Patient characteristics of analysed studies

Arifin et al. Lung SABR after pneumonectomy

Characteristic Giaj Levra Haasbeek Sainathan Simpson Testolin Thompson Weighted avc.erage
et al. etal. et al. etal. etal. et al. or proportion

Number of patients 9 15 2 2 12 13 -

Male (%) 77.8 - 50.0 100 66.6 76.9 73.7
Median age (years) 74 - 79 69 59 69 68
COPD (%) - 80.0 0 0 - - 63.0
Biopsied lesions (%) 44.4 20.0 0 0 0 23.1 18.9
Peripheral lesions (%) - - 0 - - 76.9 66.6
Central lesions (%) - - 100 - - 231 33.4
Prior chest radiation (%) - 40.0 0 0 25.0 38.5 31.8
Median time to 8.4 8.9 1.5 4.5 2.8 6.8 6.5

pneumonectomy (years)

COPD, chronic obstructive pulmonary disease.

Table 2 Planning considerations of analysed studies

Characteristic

Giaj Levra et al. Haasbeek et al. Sainathan et al.

Weighted average

Simpson et al. Testolin etal. Thompson et al. .
or proportion

Median BED (Gy) 112.5 151.0 100.0
Median dose per 15 18 10
fraction (Gy)

Median tumour 24 20 -

diameter (mm)

Median GTV (cc) - - -

Median PTV (cc) 20.9 17.0 -
3D-CRT (%) 77.8 100 0
VMAT-IGRT (%) 22.2 0 0
CyberKnife (%) 0 0 100
Vs (%) 27.9 - -
Vo (%) 9.0 7.1 -
MLD (Gy) 6.4 - -

102.8 87.5 105.6 115
11 135 12 14
- - - 22
- 2.15 4.55 3.4
- 20.7 - 19.2
100 0 61.5 60.4
0 0 38.5 13.2
0 100 0 26.4
175 25.2 28.6 26.7
45 4.2 7.2 6.9
3.2 - 5.6 5.7

BED, biologically effective dose; GTV, gross tumour volume; PTV, planning target volume; 3D-CRT, three-dimensional conformal radiation
treatment; VMAT, volumetric modulated arc therapy; IGRT, image-guided radiation therapy; Vs, volume of lung receiving = 5 Gy; Vy,

volume of lung receiving = 20 Gy; MLD, mean lung dose.

alpha/beta ratio of 10. Calculations were performed on
Microsoft Excel version 16.27.

Results

Of the 215 articles identified by the initial search, 6 articles
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met inclusion criteria (6-11). The majority of studies (4)
were retrospective, and the remaining 2 were case reports.
Publication dates ranged from 2009 to 2015.
Characteristics of the combined 53 patients identified
in the studies are listed in 7able 1. The mean age was 68,
and most patients were male (73.7%). The proportion
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Giaj Levra Haasbeek Sainathan  Simpson Testolin Thompson Weighted average

Outcome )
etal. et al. et al. et al. etal. etal. or proportion*

Median follow-up 41.8 16.5 - 12.0 28.0 24.0 254
(months)
Disease-free 3-yr: 83.0 3-yr: 80.8 - - 2-yr: 36.1 1-yr: 82.0 -
survival (%)
Overall survival (%) - 1-yr: 91.0; 2-yr: 91.0 - - 1-yr: 80.0  1-yr: 69.0; 2-yr: 61.0 1-yr: 80.6
Local control (%) - 2-yr: 100 - - 2-yr: 64.5 2-yr: 100 2-yr: 89.4
Regional control (%) - 2-yr: 80.8 - - - - -
Metastasis-free - 2-yr:92.3 - - - - -
survival (%)
Grade 3 or higher 0 13.3 100 50.0 0 15.4 13.2
toxicity (%)

*, calculated only if 3 or more studies contributed data.

of patients with chronic obstructive pulmonary disease
(COPD) was 63.0%. Only one study performed pulmonary
function testing prior to radiation, which reported a mean
pre-SABR forced expiratory volume in 1 second (FEV)) of
1.4 L and a mean FEV, change of -0.1 L after SABR (11).
The proportion of lesions that were biopsied was 18.9%
(range, 0-44.4%). In studies that did not biopsy all lesions, a
diagnosis of SPLC was made with a combination of clinical
and radiographic (including fluorodeoxyglucose-positron
emission tomography) data. The majority of lesions were
peripheral (weighted mean: 66.6%). The proportion of
patients who received prior radiation to the chest was 31.8%
(range, 0-40.0%). The mean time from pneumonectomy
was 6.5 years (range, 1.5-8.9 years).

Tuable 2 summarizes radiation planning data. The mean
BED was 115 Gy (range, 87.5-151.0 Gy), and the most
common dose fractionation schemes were 54 Gy in 3
fractions, 48 Gy in 4 fractions, and 50 Gy in 5 fractions
(3 of 6 studies each). All of the studies used four-dimensional
computed tomography for simulation. Respiratory gating
was employed in 1 patient in a single study, whereas one
study used fiducials for its 12 patients. The mean tumour
diameter was 22 mm and the mean gross tumour volume
was 3.4 cc. The mean planning tumour volume was
19.2 cc (range, 17.0-20.9 cc). Three-dimensional conformal
radiation therapy (3D-CRT) was the most common (60.4%)
delivery technique, followed by CyberKnife (26.4%) and
volumetric arc therapy-image guided radiation therapy
(VMAT-IGRT) (13.2%). The mean lung doses were as
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follows: V5 26.7% (range, 17.5-28.6%), V,, 6.9% (range,
4.2-9.0%) and MLD 5.7 Gy (range, 3.2-6.4 Gy).

Clinical outcomes are summarized in Tazble 3. The
mean follow-up was 25.4 months (range, 12-41.8 months).
The mean 1-year overall survival and 2-year local control
rates were 80.6% (range, 69.0-91.0%) and 89.4% (range,
64.5-100%) respectively. 3-year disease free survival rates were
reported in 2 studies at 80.8% and 83.0%. One study of 15
patients reported 2-year regional control and metastasis-free
survival rates of 80.8% and 92.3% respectively.

The mean rate of grade 3 or higher toxicity was 13.2%.
In one study of 15 patients, 2 (13.3%) developed grade 3
radiation pneumonitis more than 4 months post-SABR (7).
The two patients were noted to have higher V,, and PTV
compared to other patients at 10.7%/10.2% and 32.2/28.2 cc
respectively, and one had prior radiation to the chest. In
another study of 13 patients, 2 (15.4%) developed grade 3
radiation pneumonitis more than 3 months post-SABR (11).
The Vj, V,; and MLD of the patients were 43%/21%,
11%/6% and 8.2/4.6 Gy respectively, compared to 28%,
7% and 5.5 Gy in patients without radiation pneumonitis.
The two patients later succumbed to cardiorespiratory
failure. One case report described two cases of esophageal
perforation after more than 5 months following SABR,
one of which led to a patient’s death (8). Both patients had
central tumours (within 2 cm of main stem bronchus) treated
to 50 Gy in 5 fractions every other day. Another case report
described one case of death following bacterial pneumonia
and uncontrollable atrial fibrillation 16 months after SABR,
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though the authors comment that this is unlikely to be
related to the treatment itself (9). The patient was treated
with 48 Gy in 4 biweekly fractions, and had a V;, V,, and
MLD of 18%, 3% and 3.0 Gy respectively. The mean rate
of possible treatment-related mortality was 7.8% (4 of
51 patients).

Discussion

To our knowledge, this is the first systematic review
examining clinical and planning outcomes of lung
SABR in patients with previous pneumonectomy. While
SABR was associated with high rates of local control,
clinically significant toxicity was observed in 13.2% cases.
Recognizing the limitation of the overall small sample size
of patients reviewed, prior mediastinal radiation, higher
lung dose and larger treatment volumes were identified as
predictors for severe pneumonitis (7,11). Determining the
most appropriate dose regimen and planning objectives
are of specific interest, especially as SABR appeared to be
highly effective with a local control rate in the mid 80 to
90% range.

Pulmonary radiofrequency ablation (RFA) may also be an
option post-pneumonectomy. A recent multi-institutional
retrospective study of 15 patients who had pulmonary
RFA post-pneumonectomy demonstrated 95% local
control, and a 2-year overall survival rate of 71.4% (12).
Study patients all underwent general anesthetic and
intubation. There was a single case (6.7%) of grade
>3 toxicity (pneumonia requiring intravenous antibiotics),
and there were no treatment-related deaths. In contrast,
another multi-institutional series of 16 RFA post-
pneumonectomy did not stipulate the mode of anesthesia,
and reported 3 (19%) deaths treatment-related deaths,
from pneumonitis (n=2) and hemothorax (repeat RFA,
n=1) (13). Our study summarizes the current knowledge on
the efficacy and safety of SABR in post-pneumonectomy
patients and serves as a benchmark for future research.
Limitations of our study include the small sample sizes that
were retrospectively analyzed, and endpoint heterogeneity,
limiting the generalizability of conclusions. Furthermore, an
additional 5 studies that described SABR following resection
were excluded from this review, as they did not stratify
outcomes based on the extent of lung surgery. Ultimately,
for the safety and efficacy of SABR post-pneumonectomy
to be more generalizable to routine practice, we would
advocate that studies comprehensively report outcomes
alongside radiation planning details, so that further insight
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can be gleaned on the balance between toxicity and local
control in this challenging clinical scenario.

Conclusions

This systematic review demonstrates that SABR appears to
be a safe and effective option for solitary pulmonary nodules
in survivors of lung cancer with prior pneumonectomy.
Multi-institutional and/or prospective studies would be
helpful to determine the true risk and appropriateness of
SABR in this high-risk patient population.
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