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A B S T R A C T

Purpose
Despite the rapidly increasing use of [18F]fluorodeoxyglucose (FDG) –positron emission tomography
(PET), the comparison of anatomic and functional imaging in the assessment of clinical outcomes
has been lacking. In addition, there has not been a rigorous evaluation of how common radiologic
criteria or the location of the radiology reader (local v central) compare in the ability to predict benefit.
In this study, we aimed to compare the effectiveness of various radiologic response assessments
for the prediction of overall survival (OS) within the same data set of patients with sarcoma.

Methods
We analyzed assessments made during a clinical trial of a novel IGF1R antibody in Ewing sarcoma:
PET Response Criteria in Solid Tumors (PERCIST) for functional imaging and WHO criteria (per-
formed locally and centrally), RECIST, and volumetric analysis for anatomic imaging. We compared
the effectiveness of the various criteria for the prediction of progression and survival.

Results
For volume analysis, progression—defined as cumulative lesion volume increase of 100% at
6 weeks—was the optimal cutoff for decreased OS (P , .001). Assessment of the day-9 FDG-PET
scan was associated with reduced OS in progressors compared with nonprogressors (P = .001) and
with improved OS in responders compared with nonresponders. Significant variations in response
(18% to 44%) and progression (9% to 50%) were observed between the different criteria. The
comparison of central and local interpretation of anatomic imaging produced similar outcomes. PET
was superior to anatomic imaging in identification of a response. Volume analysis identified themost
responders among the anatomic imaging criteria.

Conclusion
An early signal with FDG-PET on day 9 and volume analysis were the best predictors of benefit.
Validation of the volumetric analysis is required.

J Clin Oncol 34:3680-3685. © 2016 by American Society of Clinical Oncology

INTRODUCTION

The definitions of therapeutic efficacy and
progression (which indicates treatment failure)
shape critical decisions in the care of oncology
patients and for clinical trial end points. Early
clinical trials relied on the subjective self-
assessment of symptoms by the patient, on
the more objective assessment by the investi-
gator made on the basis of radiographic
shrinkage, and on physical findings to assess
clinical benefit.1 Bidimensional criteria in-
troduced by the Southwest Oncology Group
(SWOG)2 were followed by unidimensional mea-
surements that led to the Response Evaluation

Criteria in Solid Tumors (RECIST)3 and the
updated RECIST 1.1.4

Progression varies in terms of equivalent
increase in volume among the different criteria:
40% according to WHO, 84% according to
SWOG, and 73% according to RECIST. In con-
trast, the criteria for response have estimated the
equivalent volume decrease consistently at ap-
proximately 65% to 66%.5 A new methodology
for estimation of change in volume throughout
treatment could generate more accurate and
objective criteria for the definition of progression
and response.

The emergence of functional imaging ex-
emplified by [18F]fluorodeoxyglucose (FDG) –

positron emission tomography (PET) has added
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more tools to the clinician’s armamentarium. Despite the in-
creasing use of FDG-PET in clinical practice, the comparison of
anatomic and functional imaging in the assessment of clinical
outcomes has been lacking. FDG-PET criteria to assess progression
and response use changes in tumor standardized uptake value
(SUV), including the European Organization for the Research and
Treatment of Cancer (EORTC) criteria and the PET Response
Criteria in Solid Tumors (PERCIST 1.0).6,7 FDG uptake measured
after chemotherapy in pediatric patients with Ewing sarcoma8-10

was predictive of progression-free survival.11 However, no study
has compared anatomic and functional imaging criteria in their
abilities to predict progression and response within the same data
set of patients with sarcoma. Concerns about imaging performed
in the context of multicenter clinical trials are the variability in
reader experience and the potential bias of interpretation by
knowledge of the clinical course. Many clinical trial designs
consequently rely on external, study-specific, expert radiologists to
interpret imaging centrally. It is unclear whether this central-reader
approach is superior.

We performed an analysis of the SARC (Sarcoma Alliance for
Research Through Collaboration) 011 trial to compare various
criteria to assess progression and response for both anatomic and
functional imaging. We compared anatomic and functional im-
aging criteria head to head in the assessment of progression and
response. We introduce new volume-based criteria for the as-
sessment of anatomic imaging. Finally, we compared the criteria to
assess anatomic imaging, such as WHO and RECIST, and included
the comparison of local interpretation by sarcoma oncologists
(WHO local) with central interpretation of imaging by an expert
radiology group (WHO central).

METHODS

SARC011 was a single-arm, multicohort, multicenter, phase II study of
patients with recurrent Ewing sarcoma treated with IGF1 receptor (IGF1R)
antibody (R1507). A total of 115 patients were enrolled from 31 centers in
Europe and North America. Response was evaluated with both FDG-PET
and anatomic imaging by computed tomography (CT) or magnetic res-
onance imaging (MRI). Anatomic imaging was assessed at baseline and
at 6 weeks after the start of treatment. It was assessed by the treating

oncologist according to WHO criteria. Imaging was also assessed centrally
by an external group of radiologists blinded to the clinical courses of the
individual patients. FDG-PET was done at baseline and on day 9 of
treatment via central review by experts who used PERCIST 1.0.

The imaging criteria comparison included the following: (1) PER-
CIST 1.0 criteria for functional imaging (FDG-PET) and for anatomic
imaging; (2) WHO criteria on the basis of independent assessment; (3)
WHO criteria on the basis of local site measurements; (4) RECIST criteria
on the basis of independent assessment; and (5) volumetric criteria (newly
defined) on the basis of measurements done by the central radiology group.
The central radiology group included radiologists from Columbia Uni-
versity led by Schwartz. These radiologists were blinded to the PET results
and clinical outcomes. Follow-up anatomic imaging had to be within
2 weeks of the 6-weekmark after the start of treatment to be included in the
volumetric analysis.

Anatomic Imaging
Of the 115 patients with Ewing sarcoma enrolled in this trial, 89 had

anatomic imaging available for central review. Twenty-six patients were
excluded because of inability to complete imaging as a result of sickness or
as a result of death (Fig 1). The radiology group measured lesions from all
available anatomic imaging scans at baseline and at 6 weeks by using the
semiautomated solid tumor segmentation software at Columbia Univer-
sity. The volume of a lesion was calculated after segmentation by multi-
plying the number of lesion voxels by the voxel volume. Subsequently, the
longest line and its longest perpendicular line inside the segmented lesion
were automatically determined for all axial images that contained the
lesion. The central RECIST measure—that is, the maximal diameter of
a lesion—was calculated by multiplying the number of voxels of the longest
line by the voxel length; the central WHOmeasure—that is, the product of
the two diameters—was calculated by multiplying the number of voxels of
the longest line and its longest perpendicular line by the voxel area. Figure 2
provides an example of how this was done for an irregularly shaped lesion.

Volumetric criteria were selected by establishing the optimal cutoffs
for the percent change in volume between baseline and week 6 that were
most predictive of overall survival. Volume increase of 100% versus
baseline was defined as the optimal cutoff for progression (P , .001);

Patients enrolled (N = 115)

Patients (n = 76)
Anatomic imaging

available for analysis 

Patients (n = 13)
Had baseline imaging

but no week-6 imaging  

Patients excluded (n = 26)
- Imaging outside 6-week ± 2-week
  window
- Missing baseline imaging 
- Imaging unavailable for review

Fig 1. Patients included in anatomic imaging analysis.

9/25/2008 12/18/2008

Date

9/25/2008
12/18/2008

Site

Mediastinum
Mediastinum

Percentage change

Uni (mm)

41.6
39.2

–5.8%

Bi (mm2)

1,077.7
1,078.0
0.0%

Volume (cm3)

20.7
57.0

175.4%

Case Name

5102
5102

Fig 2. Example of volume calculation and of unidimensional (uni) and bidi-
mensional (bi) measurements for an irregularly shaped lesion.
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volume decrease of 45% was most predictive of survival (P = .4). On the
basis of these criteria, response to treatment was separated into categories
of progressive disease, stable disease, and response. A total of 76 patients
were included in the volume analysis and had data compared with central
evaluation by using WHO and RECIST criteria. Finally, the same 76
patients were separated into categories by progressive disease, stable
disease, and response according toWHO criteria as assessed by local sites at
baseline and week 6.

A total of 92 patients had interpretable FDG-PET scans that were
done at baseline and on day 9 of treatment. All scans were reviewed
centrally under the supervision of R.L. Wahl and assessed according to
PERCIST 1.0.6 On the basis of the FDG-PET changes between base-
line and day 9, the patients were separated into the same categories
(progressive disease, stable disease, response). At the time that this
analysis was done, standard criteria for acquisition or quantitative
interpretation of PET scans in patients with sarcoma were not yet
established.

RESULTS

The comparison of the five different imaging criteria from both
anatomic and functional imaging produced interesting results
from this rich data set. Functional imaging assessment of pro-
gressive disease can be identified as early as day 9 versus at 6 weeks
by using any of the anatomic imaging criteria. There was no
significance in median survival between patients who responded to

treatment and patients with stable disease for any of the imaging
criteria. However, for all of the criteria, there was a trend toward
longer survival for patients in the response group compared with
the stable disease group. There was variation among the imaging
criteria of patients called responders (21% to 35%) and an even
greater variation in patients labeled progressors (12% to 50%).
PERCIST identified the most patients in the response group: 32 of
92 patients, or 34.8% of the total patients analyzed. Anatomic
imaging criteria (volume, WHO local, WHO central, RECIST)
identified fewer patients in the response group (average, 21.7% of
patients among all four criteria). The contrast between anatomic
and functional imaging is even more striking when only the
subgroup of 66 patients with interpretable functional imaging, who
were also among the 76 patients with interpretable anatomic
imaging, was considered. In this subgroup of patients, 43.9% (29 of
66 patients) were responders according to PERCIST, and 90.9%
(60 of 66 patients) were nonprogressors. Table 1 lists a comparison
of the PERCISTand RECISTresponse categories among the patients
who had both evaluable anatomic and evaluable functional im-
aging. It shows that PERCIST, in addition to having an advantage of
being performed earlier in the course of treatment, also identified
more patients with clinical response than did RECIST. Use of
PERCIST would lead to fewer patients discontinuing the therapy.

Volumetric criteria were selected by establishing the optimal
cutoffs for the percentage of change in volume between baseline
and week 6 that weremost predictive of overall survival. We did not
find a linear correlation between survival and volume. Volume
criteria identified more patients in the response group (19 of 76
patients, or 25%) than did WHO central (22.4%), WHO local
(18.4%), or RECIST (21.1%; Table 2; Fig 3). Volume criteria also
identified more patients with clinical benefit from therapy (re-
sponse or stable disease): 64.5%. In comparison, 51% were
identified by WHO central; 50%, by WHO local, and 55.0%, by
RECIST. Functional imaging identified fewer patients in the
progressive-disease group than did anatomic imaging criteria.
PERCIST classified 12% of patients as having progressive disease.
Volumetric analysis identified 36% of patients as having pro-
gressive disease; RECIST identified 45%, WHO central identified
49%, and WHO local identified 50%.

Table 1. PERCIST Response Versus RECIST

PERCIST
Status

RECIST Status

Total No. of
PatientsResponse

Stable
Disease

Progressive
Disease

Response 10 11 8 29
Stable disease 4 10 17 31
Progressive
disease

0 0 6 6

Total No. of
patients

14 21 31 66

Abbreviations: PERCIST, positron emission tomography Response Criteria in
Solid Tumors; RECIST, Response Criteria in Solid Tumors.

Table 2. Median OS for Progressors Versus Nonprogressors in the Study on the Basis of the Imaging Criteria Used

Subgroup
No. of
Patients

Nonprogressors

Progressive DiseaseResponse Stable Disease

No. of
Patients

Median OS
(months)

No. of
Patients

Median OS
(months)

No. of
Patients

Median OS
(months)

PERCIST (all patients with PET
imaging)

92 32 13.4 49 6.8 11 4.7

Patients with PET and anatomic
imaging

66 29 13.0 31 11.4 6 5.5

Volume 76 19 13.9 30 12.9 27 6.6
WHO (central read) 76 14 17.0 25 12.8 37 7.6
WHO 76 17 13.9 21 13.5 38 8.0
RECIST 76 16 17.0 26 12.6 34 7.6

NOTE. OS of patients with progression at 6 weeks (or day 9 for FDG-PET) was significantly reduced compared with nonprogressors on the basis of all assessed criteria
(P ,.005 for all).
Abbreviations: FDG, [18F]fluorodeoxyglucose; OS, overall survival; PET, positron emission tomography; PERCIST, PET Response Criteria in Solid Tumors; RECIST,
Response Criteria in Solid Tumors.
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The comparison of central and local interpretation of ana-
tomic imaging produced similar outcomes among the two criteria
(Table 2; Fig 3). Tumor response interpretation by central review
was performed exclusively by radiologists, and interpretation by
local research teams was performed predominately by treating
medical or pediatric oncologists. The differences between central
and local interpretation were quite similar (50% v 51%). The
comparison of central interpretation of WHO and RECIST in
survival is shown in Fig 3.

Patients enrolled in this trial who had baseline anatomic
imaging but who did not have week-6 imaging (n = 13) had
significantly diminished overall survival compared with the pa-
tients who had both baseline imaging and week-6 imaging (P, .001).
Patients with baseline imaging but no week-6 imaging had a me-
dian overall survival of only 1.1 months (Fig 4). Some trial re-
ports exclude such patients, because the primary objective cannot
be measured.

DISCUSSION

We showed that FDG-PET assessed by PERCIST as early as day 9
predicted clinical benefit of IGF1R antibody in Ewing sarcoma.
PET compared favorably with anatomic imaging assessed at
6 weeks. FDG-PETwas shown to be superior to any of the assessed
anatomic imaging criteria in identification of response. PERCIST
identified at least 35% of patients who had a response, including
several long-term responders. A response rate of 35% in patients
with metastatic drug-refractory Ewing sarcoma is impressive and
could have beenworthy of regulatory approval. PERCIST identified
the fewest patients as progressors (day 9), which gave these patients
who had experienced progression the opportunity to seek treat-
ment alternatives.

The newly defined volumetrics were shown to be superior to
WHO and RECIST in prediction of response, which suggests that
volumetric analysis may be a superior method of assessment of
clinical response compared with the widely used unidimensional
RECIST. All criteria correlated with the outcome. Because of the

frequently irregular shape of tumors, assessment of these lesions in
only one or two dimensions implies a sacrifice of both accuracy and
precision of assessment. Volumetric assessment is now available at
many institutions through the availability of tumor segmentation
software on Picture Archiving and Communications Systems
(ie, PACS) and commercial advanced 3D workstations. The time
needed to assess tumors volumetrically is slightly greater than to do
so unidimensionally or bidimensionally, but the process is now
automated. The analysis presented here suggests that assessment
of tumor volume is superior to predict response in clinical trials
compared with the currently widely used RECIST and WHO
criteria. This requires additional validation with prospective
clinical trials.

There were only slight differences between the WHO criteria
assessed locally and WHO criteria assessed by a central group of
radiologists blinded to patient clinical status or outcome. Con-
currence of sarcoma control rates between treating investigative
sites and independent central interpretation by radiologists blinded
to treatment assignment was previously reported in two ran-
domized trials of trabectedin treatment of advanced liposarcoma
and leiomyosarcoma.8,10 The added benefit of central in-
terpretation is unclear.12 These data suggest that local experts, at
least in sarcoma, accurately interpret anatomic imaging in context
of tumor response assessment. Centers that participated in this trial
in the United States likely had radiologists more familiar with
imaging of patients with sarcoma. The standard practice at Eu-
ropean centers is unknown.

Thirteen enrolled patients had no week-6 imaging and had
markedly reduced survival. In some clinical trials, such patients
have their results excluded. Such exclusion adversely biases the
overall trial results. Our results support intention-to-treat analysis
as the standard.

Our investigation had a number of shortcomings. It was
a retrospective analysis of data in a clinical trial. Only 89 of the 115
patients with Ewing sarcoma in the trial had anatomic imaging
available to be reviewed centrally, and only 76 of those patients had
imaging available at baseline and at 6 weeks. For the functional
imaging analysis, 92 of 115 patients had scans available for review.

PERCIST
(all pts

with PET)

PERCIST
(pts with PET

and anatomic)

Volume WHO WHO Local RECIST 
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50

40

30

20

10

0

Fig 3. Percentage of patients (pts) in each
response category for all criteria. PERCIST,
positron emission tomography Response
Criteria in Solid Tumors; RECIST, Response
Criteria in Solid Tumors.
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The FDG-PET scans done at different institutions worldwide were
not standardized to the same common criteria. During trial accrual
(2007-2010), a common standard was not yet established. The
investigators involved in this phase II trial were all experts in the
management of sarcoma and were practicing at centers of sarcoma
excellence; a strong correlation between local and central in-
terpretation of imaging may not be as likely in other cancers or in
more broadly conducted clinical trials.

We performed a retrospective analysis of imaging data and
survival in a large, phase II clinical trial to evaluate imaging criteria

most suitable for the assessment of progression and response in
Ewing sarcoma. Our analysis is the first, to our knowledge, to
compare functional imaging (FDG-PET) assessed according to
PERCIST with four anatomic imaging criteria, including a newly
defined volume criteria. Functional imaging was shown to predict
clinical benefit of IGF1R antibody in Ewing sarcoma as early as day
9 of treatment and was superior to anatomic imaging assessed at
6 weeks in identification of response. Newly defined volume
criteria were superior to WHO or RECIST in the prediction of
response and clinical benefit.
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32/37
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E F
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SD

PD
RESP
SD

No week-6 imaging
PD
RESP
SD

No week-6 imaging
PD
RESP
SD

No week-6 imaging
PD
RESP
SD

Fig 4. Kaplan-Meier curves of overall survival for each assessment criteria: (A) positron emission tomography Response Criteria in Solid Tumors (PERCIST; all patients), (B)
PERCIST (patients with anatomic imaging), (C) total volume, (D) WHO central, (E) WHO local, (F) RECIST. PD, progressive disease; RESP, response; SD, stable disease.
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