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Introduction

Stereotactic ablative radiotherapy (SABR) is the preferred
treatment in medically inoperable patients with early-stage
non-small cell lung cancer (NSCLC) [1]. However, there is
growing awareness of the risks of SABR in patients with
interstitial lung disease (ILD) [2–4], who also have a higher
incidence of lung cancer [5]. The term ILD encompasses a
large group of parenchymal pulmonary disorders, including
idiopathic pulmonary fibrosis (IPF), a form of chronic, pro-
gressive fibrosing interstitial pneumonia, characterized by
sudden episodes of acute worsening [6]. An accurate diagno-
sis can be difficult due to the lack of diagnostic molecular
markers, and due to overlapping radiographic and histologic
patterns with autoimmune and granulomatous lung diseases,
as well as other idiopathic interstitial pneumonias [7–9].
Tumor boards often face a major challenge when assessing
patients with an early-stage NSCLC and radiological findings
of interstitial fibrosis, particularly in patients for whom a
definitive ILD diagnosis has not been established [10].

Both lung surgery and SABR are associated with increased
toxicity in patients with ILD [2,11]. A systematic review
reported a SABR-related mortality rate of 16%, and sug-
gested that toxicity may be minimized by limiting lung doses
[2]. With this in mind, we modified our SABR planning and
delivery approach for this patient group. An expert ILD panel
evaluation was incorporated, aiming for improved classifica-
tion of the subtypes and stages of ILD treated at our center.
This brief report summarizes our institutional experience
with SABR in patients with early-stage NSCLC and co-existing
ILD, which may allow for future pooled analyses of the lim-
ited literature on SABR outcomes in this cohort [2–4].

Material and methods

Institutional ethics approval was obtained to establish a data-
base of all patients with ILD who were treated for a lung
tumor in our institution since 2007. The initial patients

included in our database were those in whom the presence
of ILD was revealed after a retrospective review of pretreat-
ment imaging in patients undergoing SABR for a moderately
central, ultracentral, or >5 cm measuring tumor [10,12,13].
The second group included patients that were routinely
screened and referred for ILD review once awareness of this
risk factor became widespread within the institutional tumor
board after 2015. Reports of the institutional tumor board
meetings were screened to identify missing cases. In add-
ition, clinical notes of a dedicated ILD-lung cancer team,
which was established in 2015 to provide expert review of
possible ILD cases, were reviewed. Using this information, we
identified patients with co-existing ILD that had undergone
SABR for early-stage NSCLC. We defined SABR as involving
use of �12 fractions, delivered in fraction sizes of �5Gy.
Initially, all SABR was delivered on a linear accelerator with
image-guided radiation therapy (RT) using daily cone-beam
computed tomography (CT) imaging (Varian Medical
Systems, USA). We used a motion-encompassing internal tar-
get volume (ITV) approach, with delivery of volumetric
modulated arc therapy (VMAT) treatment plans. Since 2016,
patients were preferably treated using magnetic resonance
(MR-)guided SABR (ViewRay Inc., USA), which uses real-time
MR imaging to deliver gated SABR to smaller target volumes,
an thus reduced lung doses [14,15].

The database included information on the ILD subtype
based on clinical, radiological, and histopathological data.
ILD-related prognosis was scored using the ILD-gender age
physiology (GAP) index [16]. Follow-up data were collected
from medical records and from referring institutions, if neces-
sary. Local control and overall survival (OS) were estimated
using the Kaplan–Meier (KM) method, calculated from the
start of RT. Median follow-up was defined using the reverse
KM method [17]. Patients were censored for local control at
last CT or positron emission tomography (PET-)CT imaging.
Reported toxicities were scored using the Common
Terminology Criteria for Adverse Events (CTCAE) version 5.0
[18], and verified by at least two radiation oncologists. Lung
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doses were defined based on lungs minus the planning tar-
get volume (PTV). Comparative statistics were performed
using Wilcoxon rank sum test, and a p value <.05 was con-
sidered to be statistically significant. All analyses were carried
out using RStudio v1.1.456 (RStudio, USA).

Results

As of October 2019, our database comprised 50 patients
with ILD who were treated for a lung tumor at our institu-
tion over a 12-year period from 2007 to 2019. Nineteen
patients had undergone SABR with curative intent for an
early-stage NSCLC (stage IA–IIB, TNM 8th edition). The
remaining patients with co-existing ILD underwent surgery
with or without adjuvant treatment (n¼ 11), chemoradiation
(n¼ 7), conventional RT (n¼ 5), SABR for lung metastases
(n¼ 3), palliative chemotherapy (n¼ 4), or best supportive
care (n¼ 1).

Characteristics of the 19 patients with early-stage NSCLC
are summarized in Table 1. The median age was 78 years
(range, 61–91) at time of SABR, with a median Eastern
Cooperative Oncology Group (ECOG) performance status of 2
(range, 0–3). The commonest ILD subtype scored was IPF, fol-
lowed by unclassifiable ILD. The median ILD-GAP score was 4
(range, 0–6) [16]. Biopsy confirmation of NSCLC was obtained
in 8 patients, and 11 patients were diagnosed after multidis-
ciplinary review of clinical and radiological features [1].

Details of SABR are summarized in Table 2. SABR was
delivered using either conventional (ITV-based) SABR (n¼ 12)
or MR-guided SABR (n¼ 7), in a median of eight fractions
and to a median biologically effective dose (BED10Gy) of
105.0 Gy (range, 90.0–151.2). The median GTV and PTV were
21.5 cm3 (range, 1.2–66.0) and 76.4 cm3 (3.1–140.8),

respectively. The respiration-gated PTVs used for MR-SABR
were smaller than the ITV-based PTVs (mean 38.8 versus
88.2 cm3, p¼ .03), but GTVs in the latter group also appeared
larger (mean 20.8 versus 31.0 cm3; p¼ .23).

Median follow-up was 25.0months (95%CI, 23.2-NR). The
12-month rate of OS was 68.4% (95%CI, 50.4–92.9), and
median OS was 16.6months (95%CI, 12.3-NR). Five patients
developed recurrent disease, with distant metastases and
second lung primaries as the first site of recurrence in two
patients each, and a regional lymph node recurrence in
another patient. No local tumor recurrence has been
observed, although follow-up imaging was limited in this
cohort, with CT or PET-CT scans at 6, 12 and 18months avail-
able in only 12, 8 and 5 patients, respectively.

Grade �2 lung toxicity was observed in 6 (32%) patients,
with 4 (21%) cases classified as a possible, probable or defin-
ite grade 5 radiation pneumonitis (RP). Although based on a
low number of observations, patients developing symptom-
atic (grade �2) RP had larger PTVs (mean 95.7 versus
58.2 cm3; p¼ .04) than those who did not, and also received
higher total (mean 4.5 versus 3.2 Gy; p¼ .04) and ipsilateral
(mean 10.0 versus 6.5 Gy; p¼ .03) mean lung doses
(MLDEQD2). In three patients, fatal RP developed at 1.5, 3 and
6months after SABR, following hospitalization for progressive
dyspnea. Another patient was a 74-year-old man with
advanced IPF (ILD-GAP 6), who developed signs of acceler-
ated ILD and/or RP during the first month following SABR.
Following symptomatic improvement under steroids, the
patient’s health gradually declined and he ultimately died at
home 13months after SABR, which we scored as a probable
grade 5 RP. Non-SABR-related causes of death were meta-
static disease (n¼ 4), cerebral or cardiovascular events
(n¼ 2), infections (n¼ 2), Parkinson’s disease (n¼ 1), acute

Table 1. Patient characteristics.

Nr. Sex Age at RT ECOG ILD subtype ILD-GAP FVC %pred DLCO %pred ILD therapy
NSCLC

histology Lobe
AJCC stage
(8th Ed)

1 M 78 2 IPF (probable UIP) 4 66 69 None SCC RLL IIB
2 M 74 1 NSIP 2 73 60 None SCC RLL IB
3 M 67 1 CT-ILD (SLE) 3 97 29 Prednisone SCC RUL IB
4 M 72 2 IPF (UIP) 4 59 93 None No biopsy RUL IA
5 M 89 0 Unclassifiable ILD 4 84 51 None No biopsy RLL IB
6 M 68 1 NSIP 4 57 33 None SCC LLL IA
7 M 86 2 Unclassifiable ILD 3 133 94 None No biopsy LLL IB
8 M 72 3 IPF (probable UIP) 6 78 Not possible None AC LUL IB
9 M 79 3 IPF (UIP) 5 111 31 None No biopsy LLL IA
10 F 76 2 CPFE (probable UIP) 3 122 40 None No biopsy LUL IA
11 F 68 2 DIP 4 83 27 Prednisone No biopsy LLL IA
12 M 81 1 Unclassifiable ILD 5 58 44 None No biopsy RML IA
13 M 61 2 Unclassifiable ILD 2 86 56 None No biopsy LUL IA
14 M 88 2 IPF (probable UIP) 4 86 47 None No biopsy RLL IA
15 M 74 2 IPF (UIP) 6 54 21 Nintedanib SCC LUL IB
16 M 86 1 IPF (probable UIP) 4 86 39 Nintedanib No biopsy RUL IA
17 F 81 1 CHP 0 92 70 None NOS LUL IA
18 F 80 0 IPF (probable UIP) 3 102 40 Pirfenidone SCC RLL IB
19 M 91 1 Unclassifiable ILD 5 99 38 None No biopsy RLL IB

Characteristics of 19 patients with early-stage NSCLC and co-existing ILD who underwent SABR (listed in chronological order of treatment).
AC: adenocarcinoma; AJCC: American Joint Committee on Cancer; CT-ILD: chronic tissue disease-associated ILD; CPFE: combined pulmonary fibrosis and emphy-
sema; CHP: chronic hypersensitivity pneumonitis; DIP: desquamative interstitial pneumonia; DLCO: diffusion capacity for carbon monoxide; ECOG: Eastern
Cooperative Oncology Group; FVC: forced vital capacity; F: female; ILD: interstitial lung disease; IPF: idiopathic pulmonary fibrosis; LUL: left upper lobe; LLL: left
lower lobe; M: male; NSCLC: non-small cell lung cancer; NSIP: nonspecific interstitial pneumonia; SLE: systemic lupus erythematosus; %pred: percentage of pre-
dicted; NOS: not otherwise specified; SABR: stereotactic ablative radiotherapy; SCC: squamous cell carcinoma; UIP: usual interstitial pneumonia; RT: radiation ther-
apy; RLL: right lower lobe; RUL: right upper lobe; RML: right middle lobe.
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leukemia (n¼ 1), and unknown (n¼ 1; a 79-year-old male
who died 6 years after SABR). Four patients are alive and
undergoing follow-up at the time of this report.

Discussion

Patients with early-stage NSCLC and co-existing ILD pose a
particular challenge for clinicians, who need to weigh the
prognosis of underlying ILD and risks of toxicity of curative
treatments, against the poor outcome of untreated lung can-
cer. For patients who are operable or inoperable, the median
survival after presenting with an untreated stage I NSCLC is
in the range of 16.6 and 7.6months, respectively [19].
Consequently, pursuing an active treatment strategy would
appear warranted in many cases, and a study using the
Surveillance, Epidemiology and End Results (SEER)-Medicare
linked database has suggested that most IPF patients with
early-stage NSCLC do receive stage-appropriate therapy [20].

Our experience with delivering SABR in patients with
early-stage NSCLC and co-existing ILD confirms an increased
risk of severe lung toxicity, consistent with previous reports
[2–4]. The survival outcomes in our elderly cohort were poor,
a finding which was predicted by a high ILD-GAP score of
�4 in 63% of patients. European radiotherapy guidelines rec-
ommend performing SABR in patients with early-stage
NSCLC if the estimated life expectancy is at least 1 year [21],
and the present analysis reveals that approximately 30% of
our patients survived for a shorter period. We suggest that
use of the ILD-GAP index [16], or modifications thereof [22],
may aid in identifying patients with poor prognosis, who
may not benefit from active cancer treatment. For patients
who elect to undergo SABR, limiting the irradiated lung vol-
umes may reduce the risk of ILD exacerbation and severe RP
[2], a finding which has led us to the use of MR-guided

breath-hold SABR for such patients [15]. However, we
acknowledge that the evidence to support a resource-inten-
sive approach such as MR guidance is currently lacking.

Tumor board expertise plays an essential role in the
assessment of lung cancer patients with a co-existing ILD.
The diagnostic challenges are reflected in substantial interob-
server variability for diagnosing IPF among expert radiolog-
ists [23], and the revision of prior ILD diagnoses in nearly
42% of cases after multidisciplinary expert review [24].
Misclassification of patients with ILD may also lead to tumor
boards advising against SABR for early-stage NSCLC [3]. In
2017, we established a dedicated ILD lung tumor board at
our institution, with the aim of facilitating diagnosis and
improving treatment of patients presenting with suspicion of
an ILD. The board establishes and/or revises a diagnosis of
ILD, determines whether antifibrotic therapy is indicated, and
estimates the risk of disease exacerbation following lung can-
cer therapy. Our early experience suggests that the ILD
board allowed for timely assessment of patients, and resulted
in re-classification of ILD subtypes in a majority of cases [25].
However, the broader application of such an approach,
and its feasibility particularly in smaller centers, has not
been studied.

The limitations of this brief report deserve attention, espe-
cially its completeness. Patients with ILD undergoing SABR
before introduction of our structured ILD panel review in
2015 may not have been identified. In addition, not all CT
images from patients with lung cancer treated with SABR
were systematically screened. Consequently, we assume that
some patients with mild forms of ILD may have been missed,
including those with (asymptomatic) interstitial lung abnor-
malities, who also appear to have a poorer prognosis
[26–28]. Another limitation is that not all patients were pro-
spectively followed up by an expert ILD team, which is desir-
able given the difficulty in differentiating ILD exacerbations

Table 2. SABR in patients with early-stage NSCLC and co-existing ILD.

Nr. Technique Fractionation GTV (cc) PTV (cc)

Ipsilateral
lung

MLDEQD2

(Gy)

Total lung
MLDEQD2

(Gy)
Total lung
V20Gy (%)

Total lung
V5Gy (%) Lung toxicity

Survival
after
SABR

(months)

1 SABR 5� 12 Gy 61.4 139.1 16.3 5.7 11 32 Grade 5 RP 7
2 SABR 8� 7.5 Gy 46.4 110.0 11.4 5.0 11 27 None 70
3 SABR 8� 7.5 Gy 23.4 52.8 5.9 2.9 7 16 None 12
4 SABR 8� 7.5 Gy 11.3 41.9 6.6 3.4 9 16 Grade 5 RP 2
5 SABR 5� 11 Gy 41.8 108.0 8.1 4.5 9 24 None 27
6 SABR 8� 7.5 Gy 14.7 53.8 11.4 5.0 11 24 Grade 2 RP 46
7 SABR 8� 7.5 Gy 40.9 95.8 10.3 4.5 11 23 None 13
8 SABR 8� 7.5 Gy 40.2 114.3 12.2 5.8 10 32 Grade 3 RP 17
9 SABR 8� 7.5 Gy 21.5 140.8 6.5 3.3 7 18 None 1
10 MR-SABR 8� 7.5 Gy 10.4 18.3 5.2 2.8 7 17 None 23
11 MR-SABR 5� 11 Gy 5.9 12.0 6.7 3.1 5 21 None 22
12 SABR 8� 7.5 Gy 17.4 76.4 8.5 3.9 9 19 None 3
13 MR-SABR 5� 11 Gy 2.2 5.2 3.0 1.5 3 11 None 25þ (alive)
14 SABR 3� 18 Gy 1.4 21.8 4.3 2.2 3 12 None 23þ (alive)
15 SABR 12� 5 Gy 51.2 103.6 6.7 2.8 6 17 Grade 5 RP 13
16 MR-SABR 5� 11 Gy 1.2 3.1 2.3 1.2 2 9 None 19þ (alive)
17 MR-SABR 5� 11 Gy 2.1 8.6 4.0 1.6 3 11 None 14þ (alive)
18 MR-SABR 8� 7.5 Gy 66.0 121.4 6.8 4.4 6 34 Grade 5 RP 3
19 MR-SABR 5� 11 Gy 57.7 103.2 8.3 4.5 7 25 None 5

Characteristics of lung SABR delivery, and survival outcomes, in 19 patients with early-stage NSCLC and co-existing ILD. Lung doses were defined based on lungs
minus the PTV.
EQD2: equivalent dose in 2 Gy fractions; GTV: gross tumor volume; MR: magnetic resonance; NSCLC: non-small cell lung cancer; MLD: mean lung dose; PTV: plan-
ning target volume; SABR: stereotactic ablative radiotherapy; RP: radiation pneumonitis.
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from radiation pneumonitis and tumor progression. We now
encourage (additional) expert clinical follow-up within our
ILD clinic whenever feasible, in consideration of patient age,
general condition, and commute to our center.

Further progress may require collaborative efforts to pool
the small cohorts treated at centers such as ours [2–4], using
information on ILD subtypes and characteristics of SABR
delivery. This collaboration may also involve registry-based
studies, which are already established in general ILD popula-
tions [29], and which may enable a better understanding of
the optimal management of such patients. This may include
the evaluation of antifibrotic agents, which are effective in
reducing disease progression in fibrosing ILDs [30–33], but
have not been studied in patients undergoing SABR.
Whether antifibrotic therapy should cease or be continued
during radiotherapy, is also unclear at present.

In conclusion, our findings confirm that patients with ILD
treated for an early-stage NSCLC have a poor prognosis, des-
pite curative-intent SABR, and are at increased risk for devel-
oping severe RP. Patients with a poor underlying prognosis,
as predicted by ILD-GAP scores, could be counseled to
refrain from therapy. In patients eligible for treatment, care-
ful attention must be given to limiting lung doses during
SABR. Future collaborative studies are needed to differentiate
outcomes in ILD subtypes, to evaluate the efficacy of com-
bined approaches, as well as to identify patients who may
not benefit from curative cancer treatment.
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