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Background and Purpose: To investigate the utility of
quantitative PET analysis for early prediction of local control
following stereotactic body radiation therapy (SBRT).

Materialand Methods: Aninitial testcohortoffourteen
cases and a validation cohort of twenty-three cases were
analyzed. All patients had metastatic or recurrent cancer
and underwent PET-CTs pre- and post- SBRT to a variety
of sites. Local failure was defined as biopsy proven
persistent/recurrent disease or progressive disease
on radiologic imaging. Using deformable registration,
radiation dose was transferred to the PET-CTs. Using
the prescription isodose as the volume of interest (VOI),
response was assessed by generating metabolic volume
histograms (MVH). MVH curves examine metabolic
heterogeneity in the VOI. Exploratory analyses of the
test cohort evaluated the viability of multiple iso-SUV
and iso-volumetric points selected from the MVH curves
to serve as novel markers of response. Standard PET
response markers (maximum/mean SUV and qualitative
analysis) were also assessed.

Results: In the initial cohort, ten of fourteen patients
achieved local control at last follow-up, a median of 225
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days following post-SBRT PET. Three out of four local
failures had an increase in max SUV, while all patients
who achieved local control had a reduction in max SUV
(p=0.01). Exploratory analyses using multiple iso-SUV
and iso-volumetric points did not yield any factors
associated with local control (p>0.05). In the validation
cohort, lower post- treatment max SUV (p=.03) and
reduction in max SUV (p<0.05) were significantly
associated with local control.

Conclusions: Reduction in max SUV following SBRT
is associated with local control.
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INTRODUCTION

Functional imaging using positron emission
tomography (PET) and '8F-fluoro-deoxy-2-glucose
(FDG) has been widely adopted in the field of oncol-
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ogy as a tool to assess metabolic disease activity
in response to therapeutic interventions. PET has
advantages over anatomical imaging in detecting
early response to treatment, as changes in tumor
metabolism may occur before reduction in tumor
size. In one study evaluating neoadjuvant treatment
for breast cancer, differences in FDG uptake between
responders and non-responders were seen following
a single cycle of chemotherapy.[1] Furthermore, in
certain tumor types, anatomic-based imaging may
not accurately reflect tumor response. This outcome
has been documented in Hodgkin’s disease, where
persistent mediastinal masses can be seen post-treat-
ment despite a pathologic complete response.[2,3]
Functional imaging may provide early prognostic
information that can guide further therapy. A recent
prospective study comparing PET versus CT to pre-
dict survival following radiotherapy with and without
chemotherapy treatment for NSCLC found that a sin-
gle post-treatment PET scan was a better predictor of
survival than CT or pre-treatment KPS.[4]

While PET is an accepted tool for assessing out-
come, there is a lack of standardization in how to meas-
ure response. Multiple approaches have been used, with
two of the more common being visual assessment of
tumor change and standardized uptake values (SUV).
Pre-treatment SUV has been found to correlate with
response to treatment[S] and reductions in SUV have
been shown to correlate with histopathologic response
in a variety of tumor types.[6,7,8]

Previous approaches to quantifying tumor response
have used changes in average, maximum, or peak SUV
within the tumor volume. These methods are useful pre-
dictors of tumor response and prognosis, but they give
a numerical rather than anatomical based description of
changes in FDG uptake and, therefore, do not reflect
the metabolic heterogeneity within the treated target
volume.[6]

We employed a PET image-guided system to quan-
titatively evaluate therapeutic response to SBRT by
assessing metabolic heterogeneity within the treated
site. Using Velocity Al software (Velocity Medical
Solutions, Atlanta, GA) and deformable registration,
pre- and post-treatment PET-CTs were registered to the
planning CT and radiation dose information was trans-
ferred to the PET-CTs. Using the treatment prescrip-
tion isodose as the volume of interest (VOI), response
was assessed by generating metabolic volume histo-
grams (MVH) for pre- and post-SBRT PETs. MVH
curves examine metabolic heterogeneity in the VOI
by graphically depicting the SUV by percent volume.
Exploratory analyses evaluated the viability of multiple
is0-SUV and iso-volumetric points selected from the
MVH curve to serve as potential metabolic predictors
of response. Standard PET response markers such as
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changes in maximum/mean SUV and qualitative analy-
sis were also assessed.

The goal was to test feasibility of utilizing our
quantitative methods for assessing treatment response
with PET/CT imaging and evaluate the utility of this
approach for early prediction of clinical outcomes fol-
lowing SBRT. After analyzing our findings from an ini-
tial test cohort, we confirmed significant results using a
validation cohort.

MATERIALS AND METHODS

Patients

With IRB approval, records of the radiation oncol-
ogy department were reviewed to identify adult patients
with any pathologically proven solid tumor histology
who had received SBRT for recurrent or metastatic
disease between the years 2006 and 2008. Fourteen
patients were part of the test cohort and met these inclu-
sion criteria: (1) had undergone pre- and post SBRT
PET-CT imaging, (2) had an FDG-avid tumor, (3) PET-
CT was used in their radiation planning. Prior therapy
including previous radiotherapy was not an exclusion
criterion. The validation cohort met the same criteria
and consisted of twenty-three cases treated from 2009
to 2011.

Stereotactic body radiation therapy

Each patient’s radiation treatment plan was individu-
alized in regards to dose, fractionation, immobilization,
and localization. CT-simulations were performed and
the images used for three or 4-dimensional treatment
planning. If deemed beneficial by the physician, res-
piratory gating was carried out with the Varian Real-
time Position Management (RPM) system. The optimal
phase(s) were then selected for planning and treatment.

All patients had PET-CT and relevant diagnostic
imaging incorporated into treatment planning. Rigid
and/or deformable registration of images was per-
formed using Velocity software and metabolic target
volumes were transferred to the treatment planning
system.

Gross disease was outlined on the simulation CT
and any additional imaging scans and an individual-
ized margin was added to create a planning target
volume (PTV). Margins varied based on the disease
location, utilization of respiratory gating, and localiza-
tion method, but generally ranged from 3mm to 10mm.
Intensity-modulated radiation therapy (IMRT) was used
for all treatments and dose was prescribed to the 100%
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isodose surface in all but 2 cases where the prescription
volume was defined by the 80% line. Normalization
was performed when necessary to ensure that the 100%
isodose distribution provided adequate coverage of the
PTV. Localization was achieved prior to each treatment
using cone beam CT and/or on-board kV imaging. Con-
formality index [9] (CI) was calculated as

0 Prescription isodose volume (PIV)
- PTV

Imaging and Evaluation

All patients had whole-body FDG-PET imaging
performed within the Emory Healthcare system before
and after SBRT. All patients fasted for a minimum of
4-6 hours prior to intravenous injection with FDG with
imaging performed 60-90 minutes post-injection. A
CT scan was acquired for attenuation correction and
localization purposes. Subsequently, positron emission
tomography images from the skull base to the thighs
were obtained. Patient weight, plasma glucose and
injected dose of FDG were recorded. SUV was calcu-
lated as

FDG uptake
injected dose / patient body weight

SUV =

Pre- and post-treatment PET-CT images, radiation
dose (RT dose) information, and planning CT images
were transferred to the Velocity Al software and deform-
able image registration was used to register the multiple
data sources. MVH curves were created and multiple
iso-SUV and iso-volumetric points were selected from
the MVH curve to analyze as potential metabolic mark-
ers of response for the test cohort. Minimum (SUV ),
maximum (SUV ), and mean SUV (SUV_ ) were
also calculated using Velocity Al

Maximum SUYV values for each of the treated lesions
were recorded from radiology reports and included in
the initial analysis. These values will be referred to
as SUV radiology maximum (SUV, ). In the cases
where no maximum SUV was reported in the treated
area on the post-treatment scan (i.e. no FDG uptake
above background levels), the SUVmean within the VOI
was used as representative of background FDG uptake.

Local failure was defined as biopsy proved persis-
tent/recurrent disease or progressive disease on CT
and/or MRI reports. Patients who did not fail locally
were considered to be responders. Disease progression
at other sites outside of the radiation field was defined
as distant failure. In cases where the radiology reports
were unclear, the treating radiation oncologist reviewed
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the diagnostic and simulation imaging to determine
response in the radiation field. These reviewers were
blinded to the results of the PET imaging.

Statistics

Paired t-test and Wilcoxon tests were performed to
assess whether absolute changes in the metabolic mark-
ers were significantly different between responders and
non-responders. Fisher exact test was performed to test
whether a significant association existed between the
direction of change in the markers and local control.
Logistic regression was used to assess if the pre, post
treatment or changes in the SUV markers were predic-
tive of achieving local control. Adjustments were made
for the following potential confounders in the logistic
regression model: sex, age, KPS, presence of metastatic
disease, previous radiation to the SBRT field, chemo-
therapy within 3 months of SBRT.

RESULTS
Patient and radiation treatment characteristics

Fifty-one patients received SBRT between 2006-
2008 and 14 of these patients met inclusion criteria and
were identified for analysis in the test cohort. The vali-
dation cohort consisted of 17 patients who received 23
treatments from 2009-2011. The median target volume,
total dose, and number of fractions for the test cohort
were 83cc, 17.5Gy, and a single fraction, while for the
validation cohort they were 23cc, 16Gy, and a single
fraction. In the test and validation cohorts respectively,
three (21%) and five patients (29%) had received prior
radiation to the SBRT site. Full details of the patient
population and treatments can be found in Tables la
and 1b.

Local control and PET results in the test cohort

With a median follow-up after SBRT of 9 months
(range 1-22), four patients have experienced local
failure and four patients have died. Two patients had
both local recurrence and death. Of the four local fail-
ures, three were radiographically detected and one was
detected via biopsy.

Details of the PET results and local control are listed
in Table 2a. Median time from pre-treatment PET to
SBRT was 41 days (range 11-128). Pre-treatment SUV
parameters, had the following median values: SUV
0.4,Suv__ 27,SUV _ 10,SUV_  9.7. Median time
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Table 1. Patient and radiation treatment characteristics

a. Test Cohort

Dose/ TD BED PIV PTV

Case Diagnosis SBRT site fx (Gy) #fx (Gy) (Gyl0) (cc) (cc) CI Response
1 lung Adeno.* adrenal 18 1 18 50 29 23 1.25 R
2 papillary RCC* spine 3 18 29 20 15 132 R
3 esophageal SCC. GE junctiont 5 3 15 23 87 77 1.13 NR
4 Cholangiocarcinoma abdominal LN 20 1 20 60 537 467 1.15 R
5 jejunal Adeno. abdominal LN 18 1 18 50 284 177 1.60 R
6 lung Adeno.* lung 20 3 60 180 42 33 130 R
7 rectal Adeno. rectumt 5 3 15 23 49 34 1.45 R
8 Leiomyosarcoma* pelvic bone 17 1 17 46 104 95 1.10 R
9 lung Adeno.* spine 12 1 12 26 13 10 132 R
10 rectal Adeno. pelvic soft tissue 17 1 17 46 110 97 1.13 NR
11 breast Adeno.* spine 12.5 1 125 28 7 28 0.27 R
12 colon Adeno.* liver 20 1 20 60 191 166 1.16 NR
13 lung SCC.* liver 15 1 15 38 845 544 1.55 R
14 colon Adeno.* abdominal LN 18 1 18 50 105 89 1.18 NR
Median 17 1 175 46 9% 83 1.21

b. Validation Cohort

Dose/ TD BED PIV PTV

Case Diagnosis SBRT site fx (Gy) #fx (Gy) (Gyl0) (cc) (cc) CI Response
1 lung Adeno. lung 20 3 60 180 22 18 1.21 R
2 breast Adeno.* spinef 7 3 21 36 237 214 1.11 R
3 Melanoma* IMN 10 1 10 20 12 10 1.15 R
4 Melanoma* spine 16 1 16 42 13 11 1.19 NR
5 Melanoma* spine 16 1 16 42 25 21 1.5 NR
6 pancreas Adeno. pancreasy 8 3 24 43 16 15 1.09 R
7 Melanoma* thoracic LN 15 1 15 38 69 62 1.11 R
8 lung Adeno* lung 10 5 50 100 30 15 2 R
9 lung Adeno.* lung 7.5 6 45 79 84 96 0.87 R
10 colon Adeno.* liver 20 3 60 180 124 91 1.36 NR
11 hé&n SSC.* spine 16 1 16 42 36 29 124 R
12 h&n SSC.* spine 16 1 16 42 36 21 1.66 NR
13 h&n SSC.* spine 16 1 16 42 89 75 1.18 NR
14 h&n SSC.* spine 16 1 16 42 87 84 1.04 R
15 h&n SSC.* spinet 16 1 16 42 3229 1.1 R
16 lung Adeno lung¥ 7.5 8 60 105 9 6 1.5 R
17 h&n SSC carotidf 10 4 40 80 5 13 042 R
18 breast Adeno.* spine 10 1 10 20 15 29 0.52 R
19 colon Adeno.* liver 9 3 27 51 16 12 1.28 R
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20 lung SSC.* spine 18
21 breast Adeno.* spine 16
22 breast Adeno.* spine 16
23 colon Adeno.* spine 18
Median 16

Quantitative PET Response in SBRT

1 18 50 30 24 1.25 R
1 16 42 58 47 1.25 R
1 16 42 4 4 1.15 R
1 18 50 49 23 2.09 R
1 16 42 30 23 1.18

*metastatic disease present at time of treatment

T received prior radiation to this site

Abbreviations: Adeno= Adenocarcinoma; RCC= Renal cell carcinoma; SCC= Squamous cell carcinoma; SBRT = stereotactic
body radiation therapy; LN = lymph node; IMN=internal mammary lymph node; fx=fraction; TD=total dose; BED (Gy10)=
biologic equivalent dose; PIV = prescription isodose volume; PTV=planning target volume; Cl=conformality index;

R=responder; NR=non-responder

from SBRT to initial post-SBRT PET was 44 days
(range 14-216). Post-treatment SUV parameters had
the following median values: SUme 0.7, SUV__ 2.3,
Suv_ 7.7,SUV,  7.6.

The median change between PET scans (pre- to
post-SBRT) was 2.4 for SUV _and 2.49 for SUV,
As seen in Table 2a three out of four patients with
local failures had an increase in SUVmaX, while all
patients who achieved local control had a reduction
in SUVmElX (p=0.011). Reductions in SUme, SUme,
SUV, —~ were not significantly associated with
achieving local control. For the non-responders, the
median SUV pre- minus post-treatment (ASUV) PET
were -0.8 (ASUV ) and 2.5 (ASUV, ).

Exploratory analyses looked at multiple iso-SUV
and iso-volumetric markers to determine if pre-treat-
ment, post-treatment, or the differences between pre
and post values were significantly different between
the responders and non-responders. This analysis did
not yield any factors associated with local control
(p>0.05).

mean

Local control and PET results in the validation
cohort

With a median follow up of 97 days (range 28-278);
there have been five local failures out of 23 cases in the
validation cohort. All failures were detected radiograph-
ically. Results of pre- and post-SBRT for responders and
non-responders are found in Table 2b. The median pre-
SBRT SUVmax, post-SBRT SUVmax and ASUVmax
were 7.46, 3.20 and 3.23 for the responders and 5.71,
7.42 and (-) 1.72 for the non-responders. Four out of five
(80%) of non-responders had a negative ASUV __, while
all the responders have a positive ASUV .

The post-treatment SUV__ (p=0.009), the ASUV
(p=0.016), and the direction of change in the ASUV
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(p<0.001) were significantly different between responders
and non-responders. After adjusting for potential confound-
ers in the logistic regression model, lower post-treatment
SUV,_ (p=0.033) and positive ASUV __ (p=0.045) are
both significantly associated with local control.

DISCUSSION

PET-CT is a non-invasive modality that may be able
to overcome the limitations of anatomic imaging [10]
for measuring response to local therapy and provide
earlier indication of eventual clinical outcomes. Quali-
tative assessment of PET-CT is often adequate and effi-
cient for staging and overall assessment of response
to systemic therapy; however, a more quantitative
approach may improve the accuracy and precision
when determining response to a local therapy. The most
quantitative method would pair dynamic scanning with
venous or arterial blood sampling, but this technique
is invasive, time consuming and costly.[11] Compari-
sons of dynamic and semi-quantitative techniques have
found a good correlation between absolute quantitative
metabolic rate of FDG metabolism and SUV normal-
ized to lean body mass, body weight or body surface
area.[12]

SBRT delivers a high dose of radiation with the goal
of ablating the tumor. The data supporting PET for
response assessment following radiotherapy has been
primarily acquired using conventional fractionation (~2
Gy per day). PET response following hypofractionated
radiation has been mostly studied in non-small cell lung
cancer; partially motivated by the difficulties of distin-
guishing residual tumor from lung fibrosis or atelectasis
on CT follow high doses of radiation.[13] Limited data
looking at PET one to four weeks post-SBRT suggests
that early rises in SUV may be inflammatory and not
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Table 2. PET response and local control

a. Test Cohort

Case # Suv ASUV
Pre Post Pre-Post
Responders*
1 9.8 5.8 4.0
2 33.8 15.2 18.6
4 17.2 8.0 9.2
5 10.1 7.2 2.9
6 7.2 3.5 3.6
7 13.2 9.6 3.6
8 12.5 11.2 1.3
9 9.3 7.3 2.0
11 6.3 4.6 1.7
13 12.4 7.2 5.1
Non-RespondersT
3 3.9 4.8 -0.9
10 3.2 9.4 -6.3
12 11.8 10.2 1.6
14 8.3 8.9 -0.7
Median 10.0 7.7 24
Median Responders 11.2 7.3 3.6
Median Non-Responders 6.1 9.2 -0.8

b. Validation Cohort

Case # SUv_ ASUV
Pre Post Pre-Post

Responders*

1 8.91 2.32 6.59

2 10.46 7.31 3.15

3 5.84 2.54 3.30

6 4.47 2.75 1.72

7 6.16 5.83 0.33

8 3.26 2.62 0.64

9 17.42 8.18 9.24

11 10.64 2.68 7.96

14 10.75 4.33 6.42

15 8.57 3.20 5.37

16 8.16 3.20 4.96

17 6.76 4.85 1.91

18 10.65 2.87 7.78
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19 5.24 3.84 1.40
20 13.20 4.81 8.39
21 4.85 2.82 2.03
22 4.38 1.98 2.40
23 6.43 3.46 2.97
Non-RespondersT

4 5.33 6.11 -0.78
5 5.71 7.43 -1.72
10 3.65 7.42 -3.77
12 8.00 12.68 -4.68
13 12.96 4.04 8.92
Median 6.76 3.84 2.97
Median Responders 7.46 3.20 3.23
Median Non-Responders 5.71 7.42 -1.72

*Responders=locally controlled; TNon-Responders=local failures.

Abbreviations: Pre= prior to SBRT; Post= post SBRT; SUV; SUVmax = maximum SUV; ASUVmax = change in SUV

maximum from pre- to post-treatment scan

indicative of treatment failure. A report of nine patients
receiving SBRT for NSCLC by Ishimori ez al.[14] found
that 2 patients had rises in peak SUV at 1-2 weeks post-
SBRT, but neither patient had evidence of local failure
on follow up CT imaging at 17 and 11 months, respec-
tively. Henderson et al. [15] reported on a prospective
study of 14 patients who received SBRT for NSCLC.
Of four patients who had a rise in maximum SUV at 2
weeks, none went on to develop a local failure with a
median follow-up of 30 months.

Metabolic changes on delayed imaging (>1 month
post-SBRT) appear to be more reliable in assessing
local response to therapy. In a study of 28 patients
receiving pre- and post-SBRT PET for lung cancer,
Coon et al.[16] found that at a median of 5 months
post-SBRT, tumor response correlated with both post-
treatment SUV (P < .001) and net change in SUV (P =
.02). The percent reductions in mean SUV were 94%
for complete responders (CR), 48% for partial respond-
ers (PR), 28% for those with stable disease (SD), and
0.4% for those with progressive disease (PD). Feigen-
berg et al. [17] examined 18 NSCLC patients who had
PET scans before and 3 months after SBRT. There were
no local recurrences in patients who had a reduction in
maximum SUV on post-SBRT PET scans, while three
out of five patients who did not have a reduction in SUV
post-treatment recurred locally. In their study of PET
response following SBRT for lung metastasis, Fuss
et al.[18] found that out of 30 patients who had post-
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SBRT imaging at 4-12 weeks, the two patients who did
not have a reduction in SUV both failed locally.

Delayed rises in metabolic activity following abla-
tive doses of radiation to the lung may not represent
local failure. Ishmori et al. [13] found two patients who
had delayed rises in SUV at >3 months after SBRT
which appeared to be due to radiation pneumonitis
and not local failure. In their study of 28 patients with
PET following lung SBRT, Hoopes et al. [19] reported
that 14% of patients had persistent FDG uptake (SUV
2.5-5.07) on delayed PET imaging (22-26 months post-
treatment) without evidence of local failure. Similarly,
Henderson et al. [14] found that six of 13 patients had
SUVmax >3.5 at 12 months after SBRT but remained
free of local failure on further follow-up.

The data for disease sites other than lung is sparser,
but a few isolated reports exist. Gwak er al. [20]
reported on three patients with imaging at one month
and 6 months post-SBRT for spine metastasis. While
changes in maximum SUV at one month did not cor-
relate with local control, they found that at 6 months
follow up, PET results correlated with clinical findings
for all patients. Greco et al. [21] studied PET response
following SBRT to a variety of sites in 38 patients and
concluded that declines of >50% in maximum SUV at 3
months post-treatment were associated with local con-
trol. In a phase I dose escalation trial for recurrent head
and neck cancer, Heron et al[22] evaluated PET and CT
response at 45-60 days following SBRT in 25 patients
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using a ratio defined as maximum SUV post-treatment/
maximum SUV pre-treatment. PET and CT showed
good agreement for CR and PD, but early CT showed
PR for two cases that initially showed an increase in
FDG uptake and were later deemed to be local failures.
They concluded that PET was a more sensitive early
biomarker of response than CT, although there is no
established method to measure metabolic change.

We chose to evaluate response to SBRT in patients
with metastatic and recurrent cancer, a patient popula-
tion whose prior treatments can make response assess-
ment using anatomic imaging alone difficult. Utilizing
the radiation dose information and deformable image
registration, we were able to directly compare an iden-
tical volume on both PET-CT scans. We selected the
volume covered by the prescription isodose line as the
VOI because it includes all the metabolically active tis-

sue targeted with the treatment, received the full dose
of radiation, and includes some surrounding normal tis-
sue in which progressive disease might appear. Further-
more, there is some evidence that following radiation,
increased FDG uptake in normal tissue surrounding
tumor may correlate with tumor response. [23]

The main finding in our study was that reduction
in maximum SUV is associated with achieving local
control following SBRT with PET imaging occurring
at a median of 56 days following treatment (Figures 1
& 2). This finding is similar to those seen by Coon et
al.[15], Feigenberg et al.[16], and Fuss et al.[17] with
PET imaging >1 month following SBRT to primary and
metastatic lung tumors. Others studies, including those
by Ishmori et al.[13], Henderson et al.[14], and Ishmori
et al.[18], have demonstrated that moderate persistent
FDG uptake in the treated area following lung SBRT
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Figure 1. Maximum SUV (SUVmax) over time in non-responders. SBRT occurred at day zero and each of the
patients had pre- and post-treatment imaging represented in time by the start and end of each line.
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may exist for months to years after treatment without
any evidence of treatment failure. In our study, respond-
ers had a post-treatment median SUV _ of 4.5; a find-
ing which supports the notion that elevated SUV is not
synonymous with active tumor. Thus it appears, as has
been suggested by others[24], that a more accurate
approach to response assessment should involve moni-
toring changes in FDG uptake in a particular tumor over
time rather than quantifying FDG uptake on imaging
obtained at a single point in time.

The aim of our study design was to track a specific
tumor volume over serial PET-CT imaging in order to
improve the accuracy and reproducibility of response
assessment. While we did not identify any novel meta-
bolic predictors of response in the MVH curve analysis,
it does appear that performing a more rigorous quanti-
tative assessment in select patient populations may be
advantageous. In the test cohort, our approach correctly
identified a rise in maximum SUV in three of the four
patients who failed locally, none of whom were identi-
fied as local failures using PET-CT radiology reports
and visual assessment. In the validation cohort, our
approach identified a rise in maximum SUV in four out
of five local failures, all four of whom were also cor-
rectly categorized as non-responders using qualitative
assessment. Three of the four patients correctly iden-
tified using qualitative assessment had SBRT to spine
targets, while all four of patients incorrectly identified
by qualitative methods had organ or soft tissue radiation
targets.

For the patients receiving SBRT to non-spine sites,
utilizing deformable registration to directly compare
SUV changes within the treated volume yielded a
decided advantage, correctly identifying three of the
four failures which were not detected using qualita-
tive methods. This emphasizes the point that qualita-
tive approaches may not be sufficient to detect small
metabolic changes in pre-treated areas and tumors
with low tumor to background FDG uptake. In cases
like a solitary lung or vertebral body metastases , it
can be straightforward for radiologists to place a VOI
over the target and measure SUV on separate scans.
However, in patients with metastatic disease the tar-
get may not be clearly evident, may be distorted by
treatment effects, and may lie adjacent to other sites
of disease. Furthermore, radiologists often to not
have access to radiotherapy treatment details to guide
their assessment of local response. Figure 3 shows an
example of the heterogeneity of response that can be
seen inside a treated volume. This patient received
SBRT to a recurrent esophageal lesion and appeared
to have a good response on qualitative assessment.
However, the subtraction images generated using
deformable registration revealed that some of the
treated area has progressed.

51-62 pp RSBRT 136.indd 59

Quantitative PET Response in SBRT

Although the multiple iso-SUV and iso-volumetric
points selected from the MVH curve were not found to
be significant predictors of local control, useful clini-
cal information can be derived from the MVH curves
and examination of metabolic heterogeneity within the
target volume. Data from MVH curves can be incor-
porated into spatial response mapping that combines
metabolic response information with anatomic imaging
and dose information, thus providing a method for ana-
lyzing changes in SUV in relation to dose. This infor-
mation can guide further local therapy for an individual
patient and provides a basis for quantitatively measur-
ing metabolic dose-response relationships for various
tumor types and sites.

There are several limitations to the current study,
foremost being the retrospective nature and small
patient numbers. While we were able to detect a sig-
nificant association between reduction in maximum
SUV and achievement of local control, no other
metabolic markers were found to be predictive of
response. This may be related to the small number
of patients and the heterogeneity of the population
in regards to disease type, prior treatment and SBRT
dose fractionation and delivery. Although a standard-
ized PET protocol was used, several factors can inter-
fere with the accurate measurement of SUV including
blood glucose level, time from injection to scanning,
calibration factors and decay correction [23] . Barri-
ers to widespread application of this approach include
that it requires additional time and requires special-
ized software.

CONCLUSION

Reduction in maximum SUV following SBRT
appears to be associated with local control. No other
surrogate endpoints from MVH analyses were found to
be similarly useful. Quantitative approaches that include
serial examination of the metabolic heterogeneity within
tumors can provide useful information on response to
treatment and may be helpful in planning further local
therapy. Further studies are warranted to explore the
utility of this approach in a prospective fashion.
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