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Abstract

Introduction: After treatment with stereotactic body radiation therapy (SBRT), local
recurrence of non-small cell cancer (NSCLC) can be difficult to differentiate from
radiation-induced changes. Maximum standardized uptake value (SUVmax), meas-
ured with 18-F-Fluorodeoxyglucose positron emission tomography (FDG-PET), can
have false positives due to acute radiation inflammation. The primary study objective
was to determine the utility of SUVmax > 5 to identify local recurrence later than
9 months after SBRT.

Method: A retrospective review was performed of FDG-PET scans for suspicious
CT findings after SBRT treatment of stage 1 NSCLC. SUVmax was measured includ-
ing surrounding opacification. Outcome measures were local recurrence, progres-
sion free survival, and overall survival. Receiver operator curve analysis, sensitivity,
specificity, and Kaplan-Meier analysis were performed.

Results: Of 118 patients treated, 42 patients had eligible FDG-PET scans. They re-
ceived SBRT (48-60Gy in 3-8 fractions) for 49 NSCLC and had 101 follow-up PET
scans. The median time to first PET scan was 9.3 months, and the median follow-up
period was 22.4 months. Local recurrence was diagnosed in 12 patients, at a median
of 16 months. Due to selection bias, the included patients had poorer outcomes than
the entire cohort, with progression free survival (PFS) at 1, 2, and 3 years of 82.7%,
57.8%, and 45.8%; and overall survival of 97.9%, 79.9%, and 59.1%, respectively.
Thirty FDG-PET scans were performed within 9 months, of which 17% were false
positives. A total of 71 FDG-PET scans were performed beyond 9 months, and the
median SUVmax was significantly higher for patients with local recurrence (7.48 vs.
2.14, P < .0001). SUVmax > 5 has a sensitivity of 91% (95% CI 62%-99.8%) and
100% (89.1%-100%).

Conclusion: For local recurrence of NSCLC, SUVmax > 5 on FDG-PET scan has good
sensitivity and specificity after 6 months, but is highest beyond 9 months after SBRT.
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1 | INTRODUCTION
Lung cancer is the most frequent cancer worldwide, and a lead-
ing cause of cancer death.! Stage I non-small cell lung carci-
noma (NSCLC) is defined by the American Joint Commission
on Cancer (AJCC) as a T1 or T2 tumor in the parenchyma of
the lung, no more proximal than 2cm from the carina, and not
invading chest wall or parietal pleulra.2 Current recommenda-
tions from ASTRO and ESTRO are that patients with inoperable
T1-2a NO NSCLC with tumors less than 5 cm in diameter are ap-
propriate for SBRT following discussion at a multidisciplinary
team meeting, and this treatment may be considered curative.>*
SBRT is a viable treatment option for early-stage NSCLC, with
meta-analysis of nonrandomized studies finding local control
and disease free survival approaching that of surgery.”
Follow-up is important to ensure that appropriate salvage
treatments can be considered, and active surveillance is recom-
mended.** Disease recurrences after SBRT occurs in two distinct
patterns. The predominant pattern is out-of-field, isolated distant
recurrence (46%) presenting early, despite initial PET staging.7'8
The other pattern is isolated locoregional recurrence (34%).”*
Diagnosis of isolated local recurrence is important be-
cause salvage surgery, cryoablation, radiofrequency ablation,
or repeat SBRT is often feasible and can significantly improve
prognosis.” CT imaging can be difficult to interpret as radia-
tion-induced lung opacities can occur in up to 91% of patients.lo
It may not precisely correspond to the planning target volumes
(PTV) and may dynamically vary both in shape and location
during the follow-up period.lo’11 Mass like fibrosis is often
observed at 1-2 years and may be difficult to distinguish from
tumor recurrence, even at a chronic phase after SBRT.”!° This
makes it difficult to assess for recurrence with the traditional
Response Evaluation Criteria In Solid Tumours (RECIST)."
The current consensus is that FDG-PET/CT scans are rec-
ommended in cases where there is suspicion of local, regional,
or metastatic recurrence, however, there is limited evidence
to guide routine use.'” Maximum standardized uptake value
(SUVmax) is routinely measured on PET scans and provides
a semi-quantitative approximation of tumor glucose metab-
olism."* Factors affecting SUVmax include obesity, blood
glucose level, respiratory movements, camera type, and recon-
struction algorithms, and it is less accurate for small lesions
less than 5 mL."” SUVmax corrected for lean body weight
(SULmax), may confusingly also be reported as SUVmax.
A variety of other measurements are based on SUYV, includ-
ing SUV mean, metabolic tumor volume, total lesion glycol-
ysis, and Positron Emission Tomography Response Criteria
in Solid Tumours 1.0 (PERCIST).'® In both preoperative and
pre-SBRT studies, pretreatment SUVmax has prognostic

significance for overall survival, local control, and distant
metastasis.'’

Several studies have looked at SUVmax for local recurrence
after SBRT, but it remains controversial for local recurrence
due to residual activity at the treatment site caused by radia-
tion-induced pneumonitis, inflammation, and fibrosis. 10,14,18-25
Data available suggest that after 3-9 months, acute radiation
changes may be resolving and allowing the metabolic activity
of recurrent tumors to be more reliably detected. A SUVmax
threshold of 5 has been identified as useful for identifying le-
sions at high risk of subsequent local failure.'™!! We assessed
the utility of SUVmax > 5 on FDG PET for local recurrence
after SBRT, especially beyond 9 months after treatment.

2 | METHOD
A single-centre retrospective review was performed of pa-
tients treated with SBRT for stage 1-2 NSCLC between April
2014 and 2018. Inclusion criteria were NSCLC c¢T1/2aNOMO
(AJCC 7th edition), treated with SBRT with curative intent.
Histological confirmation of NSCLC was preferred but not re-
quired. All patients had a staging FDG-PET and were discussed
at lung MDT and deemed high risk or inoperable. Patients with
previous surgery, chemotherapy, or radiotherapy were eligi-
ble. Patients who had less than 6 months of follow-up were
excluded. Patients who did not have a FDG-PET scan at our
centre were excluded due to heterogeneity in PET protocol and
equipment. Progression and survival data were collected for
all patients. This retrospective review only included patients
who had consented to their data being used for research.
SBRT was delivered using the CyberKnife® Robotic
Radiosurgery System. Most patients were treated with fidu-
cial tracking via the Synchrony® System, with a Smm PTV
margin. In a minority of patients, Spine tracking and Xsight®
Lung Tracking were utilized (with margins < 10 mm) after
discussion at peer review. Patients were followed up 3
monthly with CT scans for the first 2 years, and 4-6 monthly
thereafter. PET was performed at the discretion of the treat-
ing oncologist, typically after a suspicious CT scan result.
FDG-PET imaging was performed as per departmental
protocol, from midthigh to vertex. After fasting for 6 hours,
SMBg/kg of FDG was intravenously injected if the patient's
blood sugar was less than 11.0mmol/L. After 60 minutes,
image acquisition was performed using either a Siemens
Biograph 16 or Biograph mCT64 scanner. SUVmax was not
routinely reported, so was calculated for a region of interest
encompassing the primary tumor and surrounding CT opaci-
fication. This was done on a Siemens Syngo.via workstation,
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FIGURE 1
control (LC), Progression free survival
(PFS), and Overall survival (OS) survival at
1,2,and 3y

Study flow chart. Local

Patients treated with curative intent
SBRT between 2014-2018 for NSCLC

(n=118)
LC 95%, 82% and 80%
PFS 84.6%, 69.6% and 64.5%
0S 98.9%, 81.9%, 65.0%

Excluded (n=76)

-Followup<6months (n = 18)

-No followup PET or in other institution (n =57)

42 patients with 49 SBRT
treatments

Total 101 followup PET scans
LC 93%, 70% and 64%.
PFS 82.7%, 57.8% 45.8%
0S 97.9%, 79.9% and 59.1%

PET <9 months after SBRT
(30 PET scans, 20 patients)

n=14

— > [PET>9 months after SBRT
patients

(71 PET scans, 36 patients)

under the supervision of a nuclear physician. SULmax was also
calculated on the same workstation for the same region of in-
terest, which corrects the SUVmax using a predicted lean body
mass (default estimation based on weight, height, and gender).

This study defines local control (LC) as the absence of recur-
rence of tumor within 2cm of the planning target volume. Local
recurrence was either histologically proven or by progressive
opacity (>20%) on at least 3 serial CT studies. Local recurrence,
intrathoracic lymph node recurrence (regional recurrence), and
distant metastasis were calculated from the date of completion
of SBRT. For patients with multiple tumors, time to recurrence
was calculated from the date of the most recent treatment.

PET scans were grouped into 3-month blocks for statisti-
cal analysis, however, due to insufficient power, analysis was
repeated with scans categorized into before or after 9 months.
Patients with multiple PET scans were censored at local recur-
rence and only included once in each time period, taking their
highest SUVmax. The 9-month cut-off was determined post-
hoc to produce the best diagnostic accuracy. Analysis was re-
peated for a 6-month cut-off. The distributions of SUVmax
with and without recurrence were compared using the Mann-
Whitney U and Student's T test. Kaplan-Meier curves, Chi
squared, and log-rank tests were used to estimate the local
control, progression free, and overall survival. The predic-
tive performance of SUVmax and SULmax was assessed by
receiver-operating characteristic curves. Optimal thresholds

were determined by minimum balanced error rates. The 95%
intervals for sensitivity and specificity were calculated. For
all tests, a P-value < .05 was considered significant. Analyses
were performed using Medcalc 19.3 (Medcalc software Ltd.).

3 | RESULTS

A total of 118 patients received 133 treatments of curative
lung SBRT for NSCLC between 2014 and 2018. Nineteen
patients were excluded for follow-up less than 6 months, and
57 patients were excluded as they did not have any follow-
up FDG-PET at our centre (See Figure 1). The remaining 42
patients received SBRT treatment for 49 lesions and were in-
cluded in this study. The demographic, tumor, and treatment
characteristics are detailed in Table 1. Four patients were
considered to have synchronous primary tumors and were
treated simultaneously, while three patients had a second pri-
mary tumor which was treated at a later stage.

3.1 | Patterns of failure

At a median follow-up of 23.8 months (range 7.1-
54.5 months), local recurrence was found in 12 patients
(10% of 118 patients) including 6 which were histologically
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proven. This includes 2 who were concurrently diagnosed
with recurrence in the mediastinum. Except for one recur-
rence (which was outside but within 2 cm of the PTV), the
remaining 11 local failures occurred in patients receiving 5-8
fractions. Any recurrence occurred in 22 patients, with the
site of first recurrence being: local in 12 patients (54% of re-
currences), mediastinal in 5 patients (22%), at a median of
20 months (range 5-45), and metastatic in 5 (22%) patients at
a median of 9 months (range 3-25).

The local control rates at 1, 2, and 3 years were 93%,
70%, and 64% (The corresponding rates for all 118 patients
were 95%, 82%, and 80%). For local recurrences in the

TABLE 1 Patient characteristics
Number of participants 42
Number of NSCLC 49
lesions treated

Age Median (range) 72.8 (56-90)

Gender Male 30 (71%)

Stage 1 36 (73%)
2 13 (27%)

Pathology Adenocarcinoma 30 (61.2%)
Squamous cell 9 (18.4%)
Other 2 (4%)
No pathology 8 (16.3%)

Dose/fractionation 54-60Gy/8# 26 (62%)
44-48Gy/8# 3 (6%)
45-55Gy/5# 3 (6%)
48/4# 4 (12%)
54/3# 13 (27%)

Tracking Spine tracking 7
Fiducial tracking 22
Tumor tracking 18

Mean PTV Tl 18.2 cm’
T2 56.5 cm’

Follow-up Median 23.8
Range 7-55

PET Number 101
0-6 mo 20
6-12 mo 27
>ly 54

Median SUVmax Pretreatment 4.9
Posttreatment 2.8

Median SULmax Pretreatment 3.8
Posttreatment 22

Site of first recurrences Local 12 (28%)
Hilar 2 (5%)
Metastatic 5(12%)

study population, 3 (25%) were diagnosed between 9 and
12 months, 8 (67%) from 12 to 24 months, and 1 (8%) after
24 months. Further treatment was provided for 9 patients
with local recurrence: 2 patients underwent surgical resec-
tion, 4 patients had further radiation therapy, and 3 received
systemic therapies.

For all 118 patients, the progression free survival (PFS) at
1,2, and 3 years were 84.6%, 69.6%, and 64.5%, respectively,
and the corresponding OS was 98.9%, 81.9%, and 65.0%. For
the study population, the PFS at 1, 2, and 3 years was 82.7%,
57.8%, and 45.8%, and OS was 97.9%, 79.9%, and 59.1%, re-
spectively. Median survival was not estimable as the Kaplan-
Meier curve never reached 50% for overall survival.

3.2 | Timing of PET

A total of 101 posttreatment FDG-PET scans were per-
formed. The median time to first follow-up PET scan was
9.3 months, and 15 months for all subsequent PET scans.

Within 9 months of SBRT, 30 PET scans were performed
with a median SUV max 2.8 (range 0.9-21). The sensitiv-
ity was 25% (0.6%-80.6%) and specificity 89% (67%-98%).
Three patients had SUVmax > 5 (total 5 PET scans). Two
of these patients were false positives, with no recurrence at
last follow-up (15 and 20 months). They had gradually de-
creasing SUV on serial PET, but were still greater than 5 at
7-8 months. The third patient had a biopsy-proven recurrence
at 17months. Three patients with a low SUVmax eventually
developed high SUV and biopsy-proven local recurrence at
18-22 months.

A total of 71 PET scans were performed from 9 months
to 44 months after treatment. There was a statistically sig-
nificant difference between median SUVmax for patients
with local recurrence 7.5 (range 3.4-12.4) compared to 2.1
(range1.7-3.8) in those without (P < .001) (Figure 2). The
threshold SUV for local recurrence for the 71 PET scans was
found to be SUVmax > 5 by the use of receiver operating
characteristic curves. For this cohort of 12 local recurrences
in 36 patients, SUVmax > 5 had a sensitivity of 91% (95% CI
62%-99.8%) and specificity 100% (89.1%-100%). There was
one false negative that had a SUVmax of 3.37 at 32 months,
with an enlarging infield recurrence on serial CT scans. She
did not have a biopsy, and died at 42 months.

Secondary analysis was conducted for PET performed
more than 6 months after treatment. The receiver operator
curve produced the same SUV > 5 threshold, with a sen-
sitivity of 91.67% (61.5%-99.8%) and specificity of 95.1%
(83.5%-99.4%)

Kaplan-Meier analysis for PET > 9 months was performed
(Figures 3-5), and found that patients with SUVmax > 5 had
worse local recurrence (P < .001), progression free survival
(P < .001), and overall survival (P = .025). Median time to
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FIGURE 2 Box plot of SUVmax. A: SUVmax of PET scans
performed before 9 mo. n = 30; B: SUVmax of scans > 9 mo in
patients with local recurrence. n = 12; C: SUVmax of scans > 9 mo in
patients without local recurrence. n = 44
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FIGURE 3 Kaplan-Meier plot for Local control: Group A
SUVmax > 5 and Group B SUVmax < 5

local recurrence, any recurrence, and death were 14 months,
14 months, and 26 months.

SUL (SUV corrected for lean body) was 27% lower
than SUVmax, with a median value of 2.2 compared to 2.8.
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FIGURE 4 Kaplan-Meier plot Progression Free Survival: Group
A SUVmax > 5 and Group B SUVmax < 5

However, the difference was highly variable with a standard
deviation of 13.5%. Using receiver operator curves, the op-
timal threshold for local recurrence was 3.8 with sensitiv-
ity of 91% (95% CI 62%-99.8%) and specificity of 100%
(89.1%-100%).

4 | DISCUSSION
Our study supports the body of evidence which shows
a strong association for PET SUVmax and local recur-
rence after SBRT for NSCLC. After the acute phase
(6-9 months), SUVmax greater than 5 was highly sensi-
tive and specific for local recurrence of NSCLC. For our
study, follow-up FDG-PET was not routine and performed
for clinical or radiological suspicion. Hence, there is a se-
lection bias which accounts for to the high rate of reported
disease progression. When taking the whole cohort into ac-
count, the 2-year local control rate of 80% is similar to that
reported by Takeda and TROG 09.02 CHISEL, but inferior
to studies where patients were only treated with 3 fractions
(eg, RTOG 0236, RTOG 0618).2°* The PFS and overall
survival were similar to RTOG 0236, RTOG 0618, and
CHISEL.?”? The selection bias was anticipated and not
expected to affect sensitivity or specificity. Only half of
recurrences were able to be biopsy proven because of pa-
tient comorbidity, and there were no negative biopsies. For
unproven recurrences, we utilized the retrospective nature
of the study to have stricter longitudinal radiological crite-
ria than RECIST, requiring progressive lesion growth over
at least 3 CT scans. Thus, our unproven recurrences were
unlikely to be pneumonitis, and most patients subsequently
received further cancer treatments.

The timing of PET scans is important, as metabolic ac-
tivity can be acutely increased either from an acute radiation
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FIGURE 5 Kaplan-Meier plot Overall Survival: Group A
SUVmax > 5 and Group B SUVmax < 5

pneumonitis or residual metabolic activity from dying cancer
cells.'” A study which looked at serial FDG-PET imaging in
19 patients after SBRT found temporary fluctuations up to a
SUVmax of 5 in the first year.18 This activity resolves over
time, and commonly SUVmax remains 2-3 without recur-
rence. Our study had several patients with high SUV which
resolved over time. This signal confounds early PET scans,
and previous studies with PET scans at 3 and 6 months post-
SBRT have either not found an association or have lower sen-
sitivity or specificity.l4’19’20 Pierson et al studied 95 patients
with 8 local recurrences, and at a median FDG-PET timing
of 3 months, found no association with SUVmax.'* Bollineni
studied 130 patients with 6 local recurrences, and found
SUVmax > 5 to be statistically significant with 15% local
recurrences vs 2.2%."° Pastis et al studied 88 patients with 16
local recurrences using SUV > 3, finding 50% sensitivity and
94% specificity.*’

Delaying PET imaging after SBRT allows it to better
differentiate local recurrence from postradiation change. In
addition to less inflammatory signal, a later scan potentially
allows for a recurrence to reach the size required for good
PET sensitivity (5 cm® for a static target, and larger account-
ing for respiratory motion blurring). For FDG-PET scans
beyond 6 months, Zhang et al (128 patients with 8 local re-
currences) found that SUVmax > 5 had 100% sensitivity and
91% specificity for local recurrence.”’ We had only 9 PET
scans performed between 6 and 9 months, and found 2 false
positives, at 7-8 months, thus also similarly decreasing speci-
ficity. The theoretical competing risk of delaying PET is pos-
sible disease progression. We had 3 patients who progressed
from local recurrence to mediastinal or metastatic disease,
but this progression took 3-5 months and occurred well be-
yond 9 months post-SBRT (>12 months). Thus, delaying a
PET scan from 6 to 9 months would increase specificity, with
a theoretical risk of progression.

A range of SUVmax thresholds have been reported for
local recurrence post-SBRT PET. A systematic review and me-
ta-analysis conducted by Huang et al in 2012 found that recur-
rent disease should be suspected if high-risk CT changes are
seen with SUVmax > 5 on PET.!? Since then, further studies
support the use of posttreatment PET SUVmax, with patient co-
horts from 29 to 257 and SUVmax thresholds from 3 to 6.%*%

Obesity and lean body weight correction may explain
some of the variation in SUV thresholds, but not all studies
published details of their PET imaging protocol which makes
it difficult to compare. Adipose tissue uptakes less FDG dose,
so obesity causes higher systemic tracer levels, resulting in
the lesion of interest to have a higher SUV value. We found
that correction for obesity decreased SUV values by 27% on
average. Our SUL threshold of 3.8 (derived by receiver oper-
ator curve minimum error) corresponds to a 25% reduction
of SUV. The variation in correction was large, with the high-
est being a patient with a BMI of 56 who had a reduction of
73% (SUV of 1.5 vs SUL 0.4). However, diagnostic accuracy
was unchanged as there was no crossover of patients over the
lower threshold. We hypothesized that SUL would have better
diagnostic accuracy than SUV, but this was not demonstrated
in this study. Newer CT-based lean body mass estimation
techniques are more accurate than those based on height and
weight formulas, and could be a further avenue of research.*

The retrospective nature of this study presents limitations
such as incomplete information and follow-up bias. However,
we believe our findings to be consistent because all patients
had PET scans in our department. There may have been some
minor differences in the timing of recurrences due to nonunifor-
mity of follow-up between different oncologists. Interpretation
bias was minimized by utilizing strict criteria for recurrences
without biopsy. Our study had a shorter average follow-up at
23.8 months compared to other studies, but remains sufficient
as most local recurrences occur within the first 2 years.8

Future studies will be especially important for operable
patients who undergo SBRT due to the possibility of salvage
therapy. FDG-PET protocols should be reported, including
techniques to correct for adiposity, to more readily enable
comparison of SUVmax thresholds. Defining local recur-
rence after SBRT is difficult on CT alone due to radiation-in-
duced lung opacity. Biopsy remains the gold standard, but
FDG-PET will continue to play an important role for detect-
ing local, regional, and metastatic recurrences.

5 | CONCLUSION

SUVmax > 5 on FDG-PET has excellent diagnostic value
when performed at least 6 to 9 months after SBRT. If sus-
picious CT changes are found, we recommend PET to help
distinguish radiation opacities from local recurrence, and to
proceed to biopsy where clinically appropriate.
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