Editor’s note:

In the era of personalized medicine, a critical appraisal new developments and controversies are essential in order to
derived tailored approaches. In addition to its educative aspect, we expect these discussions to help younger researchers to

refine their own research strategies.
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Introduction

Stereotactic ablative radiotherapy (SABR), also known
as “stereotactic body radiation therapy” (SBRT), has
revolutionized the treatment of early-stage non-small cell
lung cancer (NSCLC), providing an effective treatment
option for medically-inoperable patients. Modern
advancements in the planning and targeting of radiotherapy
have allowed SABR to deliver ablative doses as high as 150 Gy
(when converted to 2 Gy per fraction) in a precise and
highly conformal manner (1). After SABR, rates of primary
tumor control are excellent, in excess of 90% at 5 years (2).
These promising results have led to suggestions that SABR
may be comparable to the historic gold standard, surgical
resection, as first-line treatment in operable patients. Three
randomized control trials (RCTs)—the STARS trial, the
ROSEL trial and ACOSOG Z4099—attempted to compare
SABR and surgical resection, but all closed prematurely
due to insufficient enrollment. A pooled analysis of the
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patients accrued to STARS and ROSEL suggested that, at a
minimum, there was equipoise between the two treatments,
with significantly better overall survival demonstrated in the
patients receiving SABR (3). More robust RCT evidence is
still awaited, and at least two RCTs examining this question
are ongoing including the STABLE-MATES and SABR-
Tooth trials (4).

Although SABR has been widely adopted over the
past decade (5), there is ongoing uncertainty in assessing
treatment response and detecting local recurrence (LR).
Following SABR, radiation-induced lung injury (RILI)
is common, which manifests as local changes to the lung
parenchyma on CT imaging that are usually asymptomatic.
Both acute (within 6 months) and late (after 6 months)
changes have been previously described and can obscure
the detection of residual and recurrent disease (6). Acute
changes have been categorized as one of 4 types: diffuse
consolidation, patchy consolidation, diffuse ground-glass

Transl Lung Cancer Res 2016;5(6):647-650



648

opacities, or patchy ground-glass opacities. Late changes
typically manifest as a modified conventional pattern, mass-
like fibrosis or scar-like fibrosis (7). The possible mass-
like appearance of RILI is likely a product of the highly
conformal treatment (8), and this appearance may mimic
the growth pattern of locally recurrent disease. Benign CT
changes may continue to evolve in morphology and severity
up to 2 years following SABR (7), which can further impair
the detection of LR during the critical period of time
when LRs are most likely to occur (9). Predicting which
cases of RILI may be at increased risk of recurrence is also
challenging, with initial response to treatment and rate of
tumor shrinkage not being associated with ultimate local
control (10).

Some patients who develop LR after SABR may be
candidates for salvage treatments, including surgical
resection or repeat SABR (11). Accurate and early detection
of LR following SABR is a critical first step to ensuring
that recurrences are managed efficiently. For patients with
imaging findings suspicious for LR, we argue that radiologic
evidence of recurrence can be sufficient to detect LR, and
that patients should not be denied the option of salvage
treatment if a biopsy is unsafe or contraindicated.

Biopsy: proceed with caution

Ideally, all salvage treatment decisions would be informed
by a definitive pathologic diagnosis. The reality, however,
is that lung biopsies are imperfect investigations, they are
associated with a risk of complications, and pathologic
interpretation can be difficult when sampling an irradiated
area. Even in patients who have not undergone radiation
in the past, the performance characteristics of CT-guided
biopsies may be suboptimal. In a retrospective analysis of
242 patients, CT-guided fine needle aspiration biopsies
(CT-FNAB) failed to achieve a definitive diagnosis in 20%
of cases (inadequate tissue) compared with only a 3% non-
diagnostic rate with CT-guided core biopsies (CT-CB) (12).
Although highly specific (99.1%), CT-CB are prone to
false negatives, with a reported negative predictive value
of only 73.3% (13). Furthermore, the accuracy of CT-CB
appears to worsen in lung lesions <1.5, >5 cm (increased
extent of necrosis) and those with a benign histology (14).
A meta-analysis of 32 studies revealed that CT-CB and
CT-FNAB have high overall complication rates of 39%
and 24% respectively. The bulk of these events were
termed “minor complications”, however, they are not
negligible sources of morbidity as they included transient
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hemoptysis and pneumothorax not requiring intervention.
Major complications, including pneumothorax requiring
intervention and hemothorax, occurred at a rate of 5.7%
with CT-CB and 4.4% with CT-FNAB. The overall pooled
risk of any pneumothorax was 25% for CT-CB (15). In
radiated lesions, accurate assessment of biopsy specimens
may be further obscured by fibrotic and necrotic changes.
In one report, a patient required 11 needle passes over 3
different biopsy attempts before a diagnosis of recurrence
was made (16).

Recurrence versus fibrosis: a non-invasive
approach

The limitations of biopsy, including the performance
characteristics, risks of complications, and difficulty with
interpretation, suggest that they should only be pursued
when there is a high likelihood of the biopsy results
changing management.

Recent studies have demonstrated that CT imaging
findings, termed high risk features (HRFs) (7able 1), can
be useful without biopsy to identify LR. The HRFs were
first evaluated by Huang et 4/., who conducted an analysis
to determine the performance characteristics of these
features. Their study matched 12 patients with biopsy-
proven recurrence to 24 patients without recurrence,
and found that several of the HRFs were significantly
associated with LR. The top performing HRFs, with both
a sensitivity and specificity over 80%, were: growth after
12 months, bulging margins, and craniocaudal growth,
which was a newly identified HRF in that study. Although
several HRFs had good sensitivity and specificity when
considered individually, the presence of multiple features in
a single patient (>3 features) achieved superior results with
excellent specificity and sensitivity scores of >90% (17).
Most of the HRFs (all except for loss of linear margin) were
subsequently validated in a separate, independent study,
and similar performance characteristics were demonstrated.
With separate validation completed, these HRFs should be
considered appropriate for clinical use (18).

In patients with a suspected LR, FDG-PET may be useful
as an adjunct to the CT-based HRFs, although its role is not
as well-defined. Using FDG-PET scans to help distinguish
between fibrosis and LR is confounded by the risk of false
positives due to the increased metabolic activity related to
RILI. Several studies have reported, however, that using
a threshold SUV,, of >5, or greater than SUV_, prior to
treatment, may be a more reliable predictor of LR (6).
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Table 1 Previously reported high risk CT features predictive of local recurrence [initially reported by Huang ez 4/. (17) and validated by Peulen

et al. (18)]
Sensitivity (%) Specificity (%) P value'
High risk feature
Huangetal. Peulenetal. Huangetal. Peulen etal. Huang et al. Peulen et al.

Enlarging opacity 92 100 67 31 <0.001 0.035
Sequential enlarging opacity 67 62 100 77 <0.001 0.033
Enlarging opacity >12 months 100 92 83 50 <0.001 0.013
Bulging margin 83 85 83 100 <0.001 <0.001
Loss of air bronchogram 67 15 96 100 <0.001 0.105
Linear margin disappearance 42 85 100 100 0.002 <0.001
Craniocaudal growth 92 100 83 50 <0.001 0.001
Unilateral pleural effusion - 31 - 96 - 0.035
Relative growth - 85 - 65 - 0.001

"P<0.05 were considered significant.

Conclusions

Ongoing challenges in accurately distinguishing between
LR and RILI on follow-up imaging have complicated
decision-making regarding salvage therapy. Biopsies may
establish a definitive diagnosis, but at a significant risk
of morbidity and inaccurate results, demanding careful
consideration regarding their use. HRFs are a validated
tool that can indicate a high risk of recurrent disease.
Indeed, even in the setting of a newly diagnosed, untreated
pulmonary nodule, several guidelines suggest that
proceeding to treatment without a biopsy is an appropriate
approach when the risk of malignancy is high (19,20), and it
is reasonable to extend that paradigm to the post-treatment
setting.

For patients who have the option of undergoing biopsy,
the available evidence suggests that in the presence
of radiologic evidence highly suggestive of LR (e.g.,
>3 HRFs), the pre-test probability of malignancy is
sufficiently high that the risk of biopsy likely outweighs
any potential benefits. In these situations, a negative biopsy
would not be expected to be sufficiently reassuring that
there is actually no recurrence present.

For cases where a biopsy is not possible due to
significant comorbidities, patient refusal, or an inaccessible
lesion, proceeding to salvage therapy based on strong
radiologic findings alone is reasonable, as the alternative
(i.e., continued observation) puts the patient at risk of
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progression and metastases.

For all cases, we recommend discussion at a
multidisciplinary tumour board to aid with decision-
making, and all decisions need to be made in conjunction
with the patient after weighing the risks and benefits of the
different options.
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