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Purpose: FDG-PET scans have shown spatial consistency in NSCLC patients before and following
chemoradiotherapy, implying radioresistance. We hypothesized that patients, who received FDG-PET
redistributed dose painting, would demonstrate reduced spatial consistency when compared to regis-
tered patients or to escalated dose treatment.
Methods: Stage II–IIIB, inoperable NSCLC patients were randomized in a phase II trial (NCT01024829) to
(chemo)radiotherapy of either homogeneous boosting to the primary tumor, or redistributed inhomoge-
neous boosting to the GTV subvolume (FDG-SUV > 50% SUVmax). Patients who could not be boosted (�72
Gy) received 66 Gy in 24 fractions. Spatial consistency of pre-treatment and post-treatment (3 months)
FDG-PET scans was measured by various overlap fraction thresholds.
Results: 66/82 patients analyzed received randomized treatment in the trial. Thresholds of 50% SUVmax

pre-treatment and 70% SUVmax post-treatment yielded a median overlap fraction of 0.63 [interquartile
range: 0.15–0.93], with similar results for other thresholds. No significant differences were found among
overlap fractions of the treatment groups. A high incidence of FDG-uptake in normal lung (grade-1 pneu-
monitis: 73%) was found post-treatment.
Conclusion: FDG redistributed boosting did not reduce FDG spatial consistency from pre-treatment to
post-treatment, which was highly variable among patients. The study found high numbers of patients
with lung inflammation after treatment.

� 2018 Elsevier B.V. All rights reserved. Radiotherapy and Oncology 127 (2018) 259–266
Patients with non-small cell lung cancer (NSCLC) have shown
poor local–regional progression free and overall survival, where
an improvement of local control has been associated with an
increase in overall survival [1–3]. As the primary tumor is the dom-
inant location of failure, boosting strategies might be favorable [4].
While dose escalation has shown promise in phase I-II trials, it was
detrimental in a randomized phase III trial [5,6]. Although homoge-
neous dose escalation may be limited by nearby organs at risk,
dose painting may be a solution to higher local control rates with
limited increase in normal tissue toxicity [7–10]. Imaging and
treatment for dose painting, where higher dose levels are delivered
to radio-resistant subvolumes of the tumor, have been a focus in
several studies of NSCLC patients [11–15].
Of available imaging biomarkers, 18F-Fluorodeoxsyglucose
(FDG), a surrogate for metabolic activity, is a prime target for dose
escalation in NSCLC patients [14,15]. FDG has been a widely avail-
able tracer with an established imaging and analysis protocol [16].
Pre-treatment FDG-PET imaging metrics (e.g. SUVmax) have shown
to be prognostic for both survival and local control [17–19].
Pre- and 3-months post-treatment FDG-PET imaging have
demonstrated spatially consistent high uptake regions in
non-responders, implying treatment resistance in high uptake
areas, and providing potential dose redistribution regions within
the tumor [15]. In addition, the pre-treatment FDG avid areas
(surrogate for radioresistance) may be spatially consistent
throughout the course of treatment; therefore, potentially not
causing with an increase in adaptive replanning requirements in
a dose painting trial targeting the high uptake regions [20].

From the conclusions of these studies, a multi-institutional trial
(PET-boost trial; ClinicalTrial.gov identifier: NCT01024829) was
initiated to improve local control of NSCLC patients. The trial was
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an international, randomized phase II trial, where patients received
concomitant or sequential chemoradiotherapy or radiotherapy
alone with either a homogenous boost to the primary tumor
(Arm A) or an inhomogeneous boost (Arm B) to the FDG avid areas
(>50% SUVmax) [14]. The remaining part of the tumor in Arm B and
the involved lymph nodes were planned to receive 66 Gy in 24
fractions. Patients, who signed informed consent, where the pri-
mary tumor could not be escalated (�72 Gy), were designated as
registered patients (REG) and received 66 Gy in 24 fractions. The
primary endpoint of this trial was local progression free survival
at 1 year. The secondary endpoints were acute and late toxicity,
overall survival, and quality of life.

In the present work, we followed the analysis methodology of
Aerts et al. [15] in the PET-boost trial. We hypothesized that the
non-randomized group of patients (no boost) maintains a high
consistency between pre- and post-treatment FDG-PET as seen in
Aerts et al. [15]. In addition, the patients who received a homoge-
neous boost would have higher spatial consistency than patients
who received an inhomogeneous boost. Furthermore, we hypothe-
sized that fewer randomized patients would have residual FDG-
PET uptake when compared to the non-randomized group (REG).

Thus, the purpose of this planned secondary analysis was to
investigate if inhomogeneous dose boosting reduced post-
treatment FDG uptake and the spatial stability of the high FDG
uptake tumor regions 3-month post-treatment.
Materials and methods

Trial and treatment

From April 2010 through November 2016, 136 NSCLC patients
gave informed consent to participate in an IRB approved study.
These patients were imaged and treated in the multicenter, ran-
domized phase II PET-boost trial (closed November 2017) with
the primary aim of improving local control. The trial required a
minimum tumor diameter (�4 cm) and a minimum SUVmax (�5)
to allow tumor dose escalation. Patients were excluded if they
had prior radiotherapy to the thorax, distant metastases or tumor
growth into large vessels. All patients received daily radiotherapy
for 24 fractions. Treatment allowed for a combination with either
concurrent or sequential chemotherapy in the presence of stage
III disease. The chemotherapy regimen varied according to site.
The concurrent chemo-radiotherapy regimen consisted of
Cisplatin-Etoposide, Cisplatin-Vinorelbin, or daily dose Cisplatin.
Carboplatin instead of Cisplatin was incidentally applied. Patients
may have received one course of chemotherapy followed by con-
current chemo-radiotherapy or two cycles of induction chemother-
apy (any type) followed by radiation. Dose escalation was pursued
until either normal tissue tolerances were met, or until a dose of up
to 5.4 Gy per fraction was reached (129.6 Gy in 24 fractions). The
gross tumor volume of the primary tumor (GTV) was delineated
on a mid-ventilation planning CT. Planned tumor volume (PTV)
margins varied according to institutional policies. In the case of
nearby organs at risk for the PTV, a 15% reduction of volume of
the PTV was allowed. For each randomized patient, a treatment
plan (IMRT or VMAT) for both arms was made with the Mean Lung
Dose (MLD) being within 0.5 Gy of one another, effectively normal-
izing the mean PTV dose [14]. This led to the homogeneously esca-
lated dose in Arm A to be redistributed in Arm B from the FDG cold
to the FDG hot spots of the primary tumor GTV. Treatment con-
sisted of step-and-shoot IMRT with an integrated boost, where
5–7 co-planar beams of 10 MV were applied. Previously published
work provides details on the specifics of the trial, target and tissue
volume definitions, treatment planning, prescribed dose, and con-
straints for the organs at risk [14].
Imaging analysis

Patients received a pre-treatment FDG-PET scan according to
the NEDPAS protocol or EANM guidelines within 4 weeks of the
beginning of treatment, and a follow-up FDG-PET/CT scan
scheduled 3-months post-treatment [16]. Patients undergoing
sequential chemoradiotherapy were required to have a new pre-
treatment PET scan after chemotherapy, which was used in this
analysis. Patients received a PET/CT scan after approximately 60
min of uptake time. All patient data were sent to a central location
for analysis (NKI). For FDG PET analysis, the standardized uptake
value (SUV) was defined as the measured activity (MBq/mL) nor-
malized by the ratio of the injected activity (MBq) over the body-
weight (kg). The corresponding CT scans of the pre-treatment
and post-treatment FDG-PET scans were rigidly registered to the
planning CT using in-house software (WorldMatch). In the case
of the planning CT being also the pre-treatment CT scan of the
FDG-PET scan, only the post-treatment CT scan was registered to
the planning CT. Tumors connected to the rib cage were registered
according to a bony anatomy match, while tumors connected to
the mediastinum were registered to the carina. Tumors not
attached to either, were registered without rotations using a mask
of the tumor. Registrations were visually verified by an indepen-
dent observer (radiation oncologist), where discrepancies were
resolved with a consensus between observers. The same procedure
was used even for post-treatment scans demonstrating tumor
regression as the rigid registration attempted to mimic the work
of Aerts et al. [15].

We applied the analysis as presented by Aerts et al. [15], using
the aorta SUVmax to threshold background activity in the tumor
post-treatment FDG PET scan, which was used to identify meta-
bolic responders [15,21]. Due to the escalated treatment doses,
there was a possibility of normal tissue uptake in the GTV as well
as non-disease related inflammation at the 3 month post-
treatment FDG-PET scan in the lung. For each patient, a nuclear
medicine physician (W. Vogel) contoured out non-disease related
tissue uptake in the lung (normal tissue, inflammation) using a
visual inspection of differences found from pre-treatment to
post-treatment HU on the CT scans and their corresponding FDG
PET scans. Found differences in normal tissue uptake that extended
within the GTV contour were excluded from analysis, where physi-
cian uncertainty in a tissue between normal tissue and tumor
inside the GTV resulted in tissue classification as tumor. Patients
with marked post-treatment FDG PET uptake (above aorta SUVmax)
and changes in HU from pre-treatment to post-treatment CT scans
were noted as having grade 1 radiation induced pneumonitis.

The overlap fraction of high uptake FDG regions from pre-
treatment to post-treatment scans was used to evaluate spatial
consistency of FDG-uptake [15,22]. The overlap fraction was
defined as the intersecting volume divided by the smallest volume.
The intersecting volume was determined by comparing a post-
treatment tumor volume of a specific PET threshold (SUVmax:
70%, 80%, and 90%, SUV: 2.5, 5.0) to 50% of SUVmax of the pre-
treatment tumor volume. The intersecting volume was then nor-
malized by the smaller of the two intersecting volumes, coinciding
with the post-treatment volume for all, but five patients analyzed.
The PET threshold used for pre-treatment (50% SUVmax) was deter-
mined by the boosted volume of the primary tumor in Arm B, as
well as the recommended choice as determined by a sensitivity
study of various overlap fractions of Aerts et al. [15].
Statistical analysis

The overlap fraction was calculated for each treatment group.
Mann–Whitney U tests were used to determine if there was a dif-
ference in overlap fractions, tumor SUV, and tumor volume
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between groups. Significant differences between treatment groups
were determined with an a of 0.05. All reported values are given in
mean ± standard deviation, unless stated otherwise.

Results

At the time of analysis (November 2016), data from 82 patients
were prepared for evaluation, having completed both pre- and
post-treatment FDG-PET scans, of which 79 were analyzed. The
three patients excluded from analysis either had severe tumor
deformations hindering registration (n = 1), or exhibited extremely
low SUV in normal tissue on the post-treatment scan (e. g. liver < 0.
5 SUV), questioning the validity of SUV in other tissues (n = 2).
Within this sub-study, 29 patients were treated in Arm A (homoge-
neous boost), 35 patients were in Arm B (inhomogeneous boost),
and 15 patients were in the REG group. A summary of patient char-
acteristics can be found in Table 1. The pre-treatment SUVmax

among treatment groups was 14.4 ± 5.6 for Arm A, 15.2 ± 6.8 for
Arm B, and 18.2 ± 7.9 for the REG. Primary tumor volume and
SUVmax for pre-treatment values were not significantly different
between the boosted treatment arms (p = 0.80, p = 0.614), or
between the boosted arms and the REG group (p = 0.096,
p = 0.074). All treatment groups experienced a marked decrease
in SUVmax with post-treatment values of 5.1 ± 2.5 for Arm A,
4.2 ± 1.6 for Arm B, and 5.5 ± 3.8 for the REG.

The aorta SUVmax was successfully extracted from all scans with
a mean study population SUVmax of 2.6 ± 0.5. As shown in Table 1,
aorta SUVmax was consistent between treatment arms, and
between pre-treatment and post-treatment values. The post-
treatment primary GTV SUVmax of all patients (excluding non-
disease uptake as determined by physicians) was 4.8 ± 2.5, which
was lower than the pre-treatment PET SUV, with an average PET
relative response (normalized to pre-treatment SUV) of at least
60% in all treatment groups (Table 1). The post-treatment GTV
SUVmax was consistently higher than the aorta SUVmax for all
Table 1
Patient characteristics of treatment groups.

Patient Characteristics

Arm A

No. Patients 29

Sex Male n = 22
Female 7

Tumor Stage II n = 4
III 25

Histology Squamous c.c. n = 9
Adenocarcinoma 9
Large c.c. 4
Non-squamous c.c. 7

Pre-treatment SUVmax 14.4 ± 5.
GTV met vol. (cc)* 85.8 [9.2–24
Aorta SUVmax 2.5 ± 0.4

Post-Treatment SUVmax 5.1 ± 2.5
GTV met vol. (cc)* 13.0 [0.0–9
Aorta SUVmax 2.6 ± 0.5
PET response (%) �60.0 ± 36
Inflammation (%)y 72

PTV Volume (cc) 400 [219–7
Mean dose 76.1 [69.1–1

Chemotherapy Sequential n = 1
Concurrent 21
None 7

Abbreviation: For tumor histology, c.c. refers to cell carcinoma.
* GTV metabolic volume is defined using the aorta SUVmax and reported as median [r

y Percentage of patients with apparent grade 1 or higher pneumonitis.
patients analyzed, except two (Fig. 1a). Patients (n = 6), where
physicians determined the residual uptake inside the GTV was
not disease related were excluded from the comparison between
the post-treatment SUVmax of the aorta and the GTV.

The overlap fractions were similar among the treatment groups
with a large dispersion among the study population. A sample
patient with a high overlap fraction (a,b), and a patient with a
low overlap fraction (c,d) are illustrated in Fig. 2. The distribution
of overlap fractions among treatment groups and within group is
displayed in Fig. 3. The study population overlap fraction of 50%
pre-treatment SUVmax and post-treatment region of 70% SUVmax

yielded a median overlap fraction of 0.63 overall patients, and val-
ues of 0.77 (Arm A), 0.64 (Arm B), and 0.45 (REG). These values ran-
ged from 0 to 1 with a large spread over all patients with the inter-
quartile range from 0.15 to 0.93. Similar trends were observed for
the other applied thresholds to the overlap fractions (Fig. 3). No
significant differences (p > 0.05) were found among the treatment
groups, or between the boosted treatment groups (Arm A, Arm B)
and the REG, with p-values ranging from 0.09 to 0.76 (Table 2).
The results for the fixed threshold of 5.0 SUV were excluded as only
21 patients achieved this post-treatment SUV, leading to small
patient numbers in treatment groups of Arm A (10), Arm B (6),
and REG (5).

There was a high incidence of (chemo)radiation induced normal
tissue activity in the post-treatment FDG-PET scans. In approxi-
mately 50% of patients, a nuclear medicine physician corrected
for nearby normal tissue spillover into the tumor volume resulting
from either the heart (2 cases), the liver (2 cases), nearby lymphn-
odes (4 cases), ribs (1 case) or lung parenchyma inflammation (30
cases). Although the total incidence of lung inflammation, includ-
ing cases both affecting and not affecting analysis, was high (60
cases), it was independent of treatment arm with rates of 72%
(Arm A), 74% (Arm B), and 73% (REG). The mean inflammation
SUV over all patients was 4.9 ± 2.1, comparable to the post-
treatment tumor SUVmax of 4.8 ± 2.5, but higher than the aorta
Treatment Groups

Arm B REG

35 15

n = 14 n = 10
21 5

n = 4 n = 2
31 13

n = 15 n = 7
9 4
6 1
5 3

6 15.2 ± 6.8 18.2 ± 7.9
9.5] 74.6 [20.8–808.2] 158.8 [13.0–398.2]

2.5 ± 0.4 2.9 ± 0.7

4.2 ± 1.6 5.5 ± 3.8
8.6] 2.4 [0.0–170.6] 6.6 [0.0–301.4]

2.5 ± 0.5 2.6 ± 0.5
.0 �72.9 ± 16.8 �64.2 ± 24.8

74 73

07] 330 [129–1593] 518 [249–1348]
08.6] 75.6 [69.9–118.8] 65.2 [49.5–66.1]

n = 4 n = 0
23 10
8 5

ange].



Fig. 1. Post-treatment SUV of normal tissue and tumor. The plots show the patients ordered by post-treatment SUVmax of the tumor on the x-axis. The graph on the left
illustrates the relatively low SUV of the post-treatment aorta to the tumor, which was used to define residual metabolic activity. In contrast, the graph on the right displays
the SUVmax for patients with inflammation (pneumonitis), having high SUVmax in comparison to the tumor values.
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values (Fig. 1). A sample patient demonstrating high inflammation
is found in Fig. 2 (e,f).
Discussion

This study investigated the spatial consistency between pre-
treatment and post-treatment FDG-PET avid areas in NSCLC
patients, who underwent integrated boosting regimes until indi-
vidual normal tissue constraints were met. All of the initial
hypotheses were found to be not true in the study. The non-
randomized group did not maintain high FDG spatial consistency,
or did it have a significantly greater percentage of patients with
residual FDG-PET uptake than the randomized patients. In addi-
tion, boosting homogenously did not have significantly higher
FDG spatial consistency than inhomogeneous boosting.

The non-randomized patients of the REG group could not repro-
duce the high overlap fractions (>0.70) found in a previous study
by Aerts et al. [15]. As we adopted a similar methodology to this
study and its validation study, we expected to be able to reproduce
the high overlap fractions in our REG group [12,15], but this was
not the case. The overlap fraction medians of 0.45, 0.36, 0.10 for
the post-treatment thresholds of 70%, 80%, and 90% SUVmax actu-
ally showed the opposite trend of decreasing overlap fraction with
increasing post-treatment threshold [15]. One of possible explana-
tions could be due to use of concurrent chemoradiotherapy in the
PET-boost trial (68%), instead of sequential (Aerts et al.: 80%) [15].
Sequential chemoradiotherapy may potentially ‘‘preselect” the
tumor prior to radiotherapy by eliminating less resistant cells.
Such an effect would lead to higher overlap fractions in sequential
as opposed to concurrent chemoradiotherapy regimes. There was
some support for this explanation as greater tumor reduction
was seen in the PET-boost trial, implying more resistant tumors
at the time of radiotherapy for tumors receiving sequential
chemoradiotherapy. In addition, the study permitted a time inter-
val of 4 weeks between the PET scan and the start of treatment to
determine if patients were required to undergo another PET scan.
Patients undergoing sequential chemoradiotherapy were required
another PET scan prior to radiotherapy. Although this interval
between the PET scan and the start of treatment may allow for dis-
ease progression, it is according to current guidelines (4 weeks)
[23].

Similarly, our second hypothesis could not be proven. The inho-
mogeneous boosting according to FDG uptake did not lower FDG
spatial consistency from pre-treatment to post-treatment PET
scans when compared to homogeneous boosting or the REG group.
In addition to the chemotherapy potentially ‘‘pre-selecting”
patients and lowering overlap fraction in the REG, there was a
great deal of spread in the patient cohort. The overlap fraction ran-
ged from zero to one with the typical inter-quartile range (IQR)
covering over 80% of possible overlap fraction values. This high
degree of patient variability was present regardless of treatment
group or post-treatment PET SUV threshold investigated, which
led to no significant findings between the REG treatment group
and the boosted treatment arms, or between the boosted treat-
ment arms.

Contrary to the third hypothesis, residual FDG uptake after
treatment in the tumor did not occur in fewer patients in the ran-
domized patients when compared to the non-randomized group.
The study found most patients having residual FDG uptake for 3-
month post-treatment FDG-PET scans. The SUVmax of the aorta
has been used in literature for defining residual disease in NSCLC
patients receiving radiation therapy [15,21]. In our study, the use
of the aorta PET SUVmax yielded only two tumors to be at back-
ground levels post-treatment. This may imply that treatment did
not reduce tumor SUV below background, or the post-treatment
scan represented inflammation, instead of residual disease. The
study required patients who had larger tumors (>4 cm diameter),
and higher SUV (>5). The larger tumors had a greater tumor vol-
ume on average in the PET-boost trial REG (207 cc vs. 117 cc)
and a higher pre-treatment SUV on average (18 vs. 10) in compar-
ison to metabolically resistant tumors in Aerts et al. [15]. However,
almost all of the patients were PERCIST PET responders with a
decrease of greater than 30% [24]. An alternative explanation
may be related to the aorta SUVmax in our study. Our values were
slightly lower in comparison to Aerts et al. [15] (2.6 vs. 2.9 SUV),
which could be a consequence of the treatment scheme (sequential
vs. concurrent chemotherapy) [25]. While no significant differ-
ences were found in the population of tumor or aorta PET values
in the two major centers of the trial (NKI-31 pts., MAASTRO-30
pts.), differences may have existed in scanner and reconstruction
methods between the time of the study by Aerts et al. [15] and
the closing of the PET-boost trial (10 year difference). Nevertheless,
on average, the post-treatment tumor GTV had a higher SUVmax

(4.8) than the aorta found in our study (2.6). However, it should
be noted the average post-treatment GTV SUVmax of patients with
residual metabolic uptake was lower than the average GTV SUVmax

(6.9) of patients with residual metabolic uptake in Aerts et al. [15].
Future dose boosting or redistribution studies may potentially

want to investigate additional time points, as well as alternative
options for identification of surrogates of residual metabolic activ-
ity. Using a PERCIST based 30% threshold in the PET-boost trial for
response criteria resulted in all, but six patients to display more
than a 30% decrease from pre-treatment to post-treatment SUVmax
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[24]. Similarly, for a subset of the patients (n = 52), using the liver
(mean ± 2 std) yielded 92% patients who had residual tumor values
above background [24]. While additional metrics such as SUVpeak

may be more reliable than SUVmax, they were highly correlated
to one another (R = 0.95). Exploring other possible metrics (PER-
CIST, absolute SUV, other organs) involved validating the metric
as a surrogate of residual of metabolic activity, while the aorta
SUVmax had already been associated in NSCLC for identifying tumor
residual metabolic activity [15,21].

Lung inflammation was a common occurrence in the study,
being confirmed by a nuclear medicine physician in 73% (60
patients) of the study patient population. In 30 patients, the
Fig. 2. Sample patients with a high overlap fraction, low overlap fraction, and inflammat
of the post-treatment scans are in the right column. The tumor is outlined in red with t
SUVmax) in black. The first row displays an axial slice of a patient with a high overlap fr
(<0.2). The last row demonstrates the high levels of inflammation seen in the patient co
post-treatment GTV was adjusted to exclude lung inflammation.
The discernment was non-trivial with a comparable SUV for
inflammation (4.9 SUV), indicated by the presence of radiation
induced pneumonitis, to the post-treatment tumor (4.8 SUV)
[26,27]. As the nuclear medicine physician was instructed to be
conservative in the discernment of tumor and inflammation, this
inevitably led to inflammation confounding the analysis in at least
a few, complex cases (6/30 patients).

Several factors may have contributed the elevated inflammation
rate in the PET-boost trial, in comparison to Aerts et al. [15],
despite the same imaging time point of 3 months post-treatment.
The study included larger primary tumors leading to increased
ion. Images of the pre-treatment scans are shown in the left column and the images
he boosted region outlined in white and the high post-treatment FDG region (70%
action (>0.8), while the second row illustrates a patient with a low overlap fraction
hort with the nuclear medicine physician assisted correction outlined in green.



Fig. 3. Overlap fraction at various post-treatment thresholds. The overlap fraction for each patient (represented as a point) is given for each post-treatment threshold as a
box-plot. The overlap fractions for the homogeneous boosted treatment group (Arm A) are shown in a), the inhomogeneous boosted group (Arm B) in b), and the group
receiving registered treatment (REG) in c). The thresholds given are divided by boxplot symbol: 70% of SUVmax (filled diamond), 80% of SUVmax (left triangle), 90% of
SUVmax (filled circle), and 2.5 SUV (star).

Table 2
Overlap fraction p-values of comparisons between treatment groups.

Overlap Threshold Comparison between Treatment Groups

Arm A vs Arm B Arm A vs REG Arm B vs REG Arm A, B vs REG

70% SUVmax 0.68 0.10 0.28 0.14
80% SUVmax 0.76 0.09 0.22 0.11
90% SUVmax 0.61 0.15 0.23 0.15
2.5 SUV 0.61 0.16 0.64 0.31
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dose to the lung. This may have affected multiple dose metrics
associated with radiation pneumonitis such as MLD, the volume
receiving �13 Gy (V13Gy), and the volume receiving �5 Gy
(V5Gy) [28,29]. The larger tumors were also known to obstruct
central airways and cause post-obstructive inflammation of lung
tissue. The study primarily applied concurrent rather than sequen-
tial chemoradiotherapy in 68% of cases, which while being associ-
ated with increased survival, has greater acute toxicity [1,30,31].
There was also a difference in radiotherapy scheme as the work
of Aerts et al. [15], where patients were treated up to a maximal
dose of 79.2 Gy using twice a day delivery, 5 days per week treat-
ment, as opposed to the 66 Gy in 24 fractions of the PET-boost trial.

Future studies may attempt to avoid the effects of inflamma-
tion. One possible solution is by performing dual time point imag-
ing of FDG, where inflammation stabilizes at an earlier time point
than the tumor, permitting separation of inflammation from dis-
ease [32,33]. Another potential solution is changing the time point
of imaging post-treatment. A study by Shusharina et al. [11]
demonstrated that overlap fractions in patients with recurring lung
cancer had higher overlap fractions at 10 days after treatment in
comparison to 3 months post-treatment, with even lower overlap
fractions occurring at 6 months post-treatment. In addition, meta-
bolic tumor activity and volume may change during treatment, in
which patients may benefit from boosting on mid-treatment resid-
ual FDG uptake, instead of boosting on the pre-treatment FDG
uptake [13,34]. Future studies may also want to explore the possi-
bility of other tracers for dose redistribution purposes that may be
less sensitive to inflammation, but still have an association to resis-
tant disease, such as hypoxia or proliferation markers [35–37].

As opposed to our hypotheses, the PET-boost trial demonstrated
that boosting to FDG avid areas did not lower spatial consistency of
high uptake FDG regions from pre-treatment to post-treatment
values, as there were no significant differences between boosting
arms in comparison to the registered patients. However, the imag-
ing time point of the study following treatment (3 months) was
associated with a high incidence of normal tissue inflammation.
Future studies utilizing concurrent chemoradiotherapy, a higher
dose per fraction, and/or a higher total dose should consider alter-
native imaging time points for potential boosting and for measur-
ing spatial consistency after treatment.
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