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Despite the challenges of quantitative imaging of fluo-
rine 18 (18F)–fluorodeoxyglucose (FDG) with PET 

combined with x-ray CT, or FDG PET/CT, the potential 
to monitor response to therapy or disease progression by 
comparing serial FDG uptake measurements has moti-
vated efforts to both characterize and improve the preci-
sion of measurements from FDG PET/CT scans. In 2007, 
the Radiological Society of North America organized the 
Quantitative Imaging Biomarkers Alliance (QIBA), whose 
mission is “to improve the value and practicality of quan-
titative imaging biomarkers by reducing variability across 
devices, patients and time” (1,2).

The primary outputs of the QIBA initiative are stan-
dards-based quantitative imaging documents called Pro-
files, which are based on a similar process used by the 
Integrating the Healthcare Enterprise, or IHE, initiative 
(3). A Profile makes statistically based performance claims 
about a quantitative imaging biomarker. It also describes 
the clinical context and specifies the performance require-
ments and appropriate compliance procedures to achieve 
the claims.

The FDG PET/CT Profile describes the measurement 
accuracy of FDG PET/CT imaging and also defines the 
technical and behavioral performance levels and quality 
control specifications for whole-body FDG PET/CT scans 

used in single- and multicenter clinical trials of oncologic 
therapies.

The goal of this report is to provide a concise sum-
mary of the Profile and its claims, as well as to describe 
how the claims were derived. In addition, we review the 
relationships with other initiatives and proposed criteria. 
We also describe the time course of the Profile develop-
ment, the knowledge gaps that were identified, and the 
“groundwork” projects undertaken to bridge those gaps. 
We discuss the implications for patient care in both clini-
cal trials and clinical care, current and potential uses, how 
barriers to implementation are being addressed, and future 
directions.

The Roles and Challenges of Quantitative 
FDG PET/CT Imaging
PET/CT imaging is widely used for diagnosis, staging, 
restaging, treatment planning, and response assessment 
for several diseases, as well as a research tool for develop-
ing new therapies and basic research (4). PET/CT imag-
ing is most commonly used for cancer imaging with the 
radiolabeled glucose analog 2-(18F) FDG  across a wide 
range of solid tumor cancers (5). The rationale for the 
use of FDG in oncology is based on the increased rate 
of glycolysis in many tumor types compared with nor-
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mal tissue (6). In contrast to normal differentiated cells, which 
rely primarily on mitochondrial oxidative phosphorylation to 
generate the energy needed for cellular processes, most cancer 
cells have greatly increased rates of glycolysis, a phenomenon 
termed the Warburg effect and considered a hallmark of cancer 
(7). FDG is transported into cells following the glucose path-
way, but the slight structural difference with glucose results in 
FDG being trapped in the cell and accumulating at a rate pro-
portional to glucose utilization (6). This biochemistry, com-
bined with the favorable physics of detecting positrons emitted 
by the 18F radioisotope, and the advent of combined PET/CT 
scanners, makes FDG PET/CT imaging an effective method 
for imaging cancer. Starting in 1998, the Centers for Medicare 
& Medicaid Services approved Medicare reimbursement for 
FDG PET imaging in multiple indications.

The spatially dependent measurement made by PET scan-
ners is the in vivo radioactivity concentration, that is, kilobec-
querels per milliliter. The most common form of reporting 
uptake is a relative uptake measure called the standardized 
uptake value (SUV), defined as the measured radioactivity 
concentration divided by decay-corrected injected dose and 
patient weight. The resulting units are typically grams per mil-
liliter, although variations exist. Use of SUVs minimizes con-
founding effects due to variations in the amount of FDG in-
jected and the biodistribution (eg, patient size). Typically, only 
the maximum SUV (SUVmax) is reported, because this is a more 
repeatable measurement than averages within a defined region 
of interest (8,9).

Longitudinal changes in tumor FDG accumulation during 
therapy often can predict clinical outcomes earlier than changes 
in standard anatomic measurements (10). The TBCRC026 trial 
of neoadjuvant therapy for patients with stage II or III, estrogen 

receptor–negative, human epidermal growth factor receptor 2–
positive breast cancer has recently shown the ability of FDG SU-
Vmax to be an early predictor of pathologic complete response 
(11). The TBCRC026 trial followed the QIBA FDG PET/CT 
Profile as described next.

Therefore, tumor metabolic response or progression as deter-
mined by FDG uptake can serve as a pharmacodynamic end 
point in well-controlled phase I and phase IIA studies, as well 
as an efficacy end point in phase II and phase III studies. In ex-
perimental tumor therapy settings where the preceding phase II 
trials have shown a statistically significant relationship between 
FDG PET response and an independent measure of outcome, 
changes in tumor FDG activity may serve as the primary efficacy 
end point for regulatory approval in drug registration trials. Re-
cent U.S. Food and Drug Administration guidelines for imaging 
in clinical trials note that “[S]tandardization, while important 
for all clinically used measures, becomes essential for an imag-
ing endpoint used in a clinical trial to reduce variability and to 
ensure interpretability of the results” (12).

In clinical practice, the Food and Drug Administration has 
recently proposed draft guidelines for quantitative imaging in 
device premarket submissions and noted “[T]he utility of any 
quantitative imaging value is greatest if the performance of 
the quantitative imaging function is well characterized and us-
ers have sufficient information to understand and interpret the 
quantitative values being reported” (13).

In clinical practice, the SUVs are commonly reported, but 
without the context of the known or potential variability. This 
impacts the ability to predict clinical outcomes.

The key issues identified as barriers to the use of SUVs as 
a quantitative imaging biomarker for FDG PET/CT imaging 
have been defined by Boellaard and others (14–16). In brief, 
these are a result of scanner features (spatial resolution, image 
scatter and noise), patient factors (blood glucose, renal function, 
biologic variability), imaging protocols (injected activity, dura-
tion of uptake period, respiratory motion), and data correction 
and image reconstruction algorithms. The multiple sources of 
potential error reduce the reproducibility of SUV measurements 
and constrain the use of a change in SUV to determine response 
to therapy or disease progression. These analyses were used in 
the construction of the FDG PET/CT Profile and its claims as 
described next.

The Profile Claim
Under several constraints described next, the QIBA Profile 
summarizes the test-retest variability of SUVs measured from 
FDG PET/CT images in two equivalent claims:

1. Tumor glycolytic activity as reflected by the SUVmax is mea-
surable from FDG PET/CT with a within-subject coefficient of 
variation (wCV) of 10%–12%.

2. A measured increase in SUVmax of 39% or more, or a de-
crease of 28% or more, indicates that a true change has occurred 
with 95% confidence.

It is important to note that these claims do not address the 
bias or variance of an SUV measurement from a single scan, but 
rather the variance of measured SUVs for the same lesion in 
the same patient under the assumption that there have been no 

Abbreviations
EORTC = European Organization for Research and Treatment of 
Cancer, FDG = fluorodeoxyglucose, QIBA = Quantitative Imaging 
Biomarkers Alliance, SUV = standardized uptake value, SUVmax = maxi-
mum SUV, UPICT = Uniform Protocol for Imaging in Clinical Trials, 
wCV = within-subject coefficient of variation

Summary
This article provides a summary of the claims of precision of 
standardized uptake value measurements and the context of the 
technically confirmed fluorodeoxyglucose PET/CT Profile by the 
Quantitative Imaging Biomarkers Alliance.

Key Results
	n In controlled test-retest PET/CT scans, the within-subject coef-

ficient of variation of tumor fluorodeoxyglucose (FDG) uptake 
measured with the maximum standardized uptake value (SUVmax) 
is 10%–12%.

	n Equivalently, a measured increase in SUVmax of 39% or more, or a 
decrease of 28% or more, indicates that a true change has occurred 
with a 95% level of confidence.

	n For the above statements to be true, imaging is best performed 
with the same scanner and protocol, the FDG-avid lesions are 
more than 2 cm in diameter with baseline SUVmax greater than 
or equal to 4 g/mL, and FDG uptake durations for baseline 
and follow-up scans (nominally 60 minutes) are within 10 
minutes.
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groups consolidated available literature and clinical trial proce-
dures to form the following consensus statement:

“A minimum FDG-avidity is required and should be speci-
fied in the clinical trial protocol. ... For a general cutoff, a SUVmax 
of 4 is suggested for all target lesions, although in some settings a 
lower minimum SUVmax may be acceptable, such as in the lung 
or breast” (23).

Similarly, the size threshold of 2 cm, and its process for mea-
surement using anatomic imaging, have the following consensus 
statements:

“[sizes from] FDG-avid anatomically measurable lesion(s) 
are preferable to FDG-avid lesion(s) that are not anatomically 
measurable” (20).
and

“Evaluation of lesion size (eg, longest diameter) may be dif-
ficult. Lesions subject to partial volume effect of SUV measure-
ment ... should be excluded” (23).

The consensus statements above are accompanied by exten-
sive discussions in the primary documents (20,23). We note that 
the anatomic measurement is intended to reflect the longest di-
mension and is agnostic of nodal versus extranodal status.

Although the thresholds for change in SUVmax of −28% and 
39% are the 95% confidence limits, caution should be used in 
interpreting changes larger than that as meaningful response 
or progression because that will be dependent on the clinical 
scenario.

There are limitations to the claim. As discussed next, this Pro-
file and the claims should be reassessed for technological changes, 
such as point spread function–based reconstruction or time-of-
flight imaging that were not used in the initial published test-
retest studies. In addition, although the claim was informed by 
a review of the literature, it is currently a technically confirmed 
claim that has not been independently verified by a prospective 
study that conforms to the Profile. These points are discussed 
later in the “Future Developments and Conclusions” section.

Derivation of the Claim
A number of publications report test-retest repeatability for tu-
mor SUV measurements with FDG PET (24–32). Table 1 lists 
these publications and summarizes the repeatability measure-
ment results. Comparing repeatability measurements from the 
various reports is complicated by the different methodologies 
used in each study and also the different metrics used to char-
acterize repeatability.

The region-of-interest or volume-of-interest methodology 
varied between publications. Minn et al (27) report SUV calcu-
lated by using the mean value of a region of interest placed over 
the FDG-avid lesion, or SUVmean, derived from a fixed-size 
1.2 3 1.2-cm region of interest. Weber et al (31) report SUVmean 
derived from a volume of interest defined by a 50% isocontour. 
The remaining articles report SUVmax, although data for multiple 
types of region-of-interest definitions were sometimes reported.

Nahmias and Wahl (28) report SUVmax but unlike the other 
publications, the wCV was not evaluable. Direct comparison 
with the other reports was therefore impossible. Kamibayashi 
et al (25) compared the repeatability of SUVs measured with 
different scanner systems, whereas the other reports involve 

systematic changes in the lesion, the patient, the scan protocol, 
or the analysis. The main reasons the claims focused on this spe-
cific measurement task were the relevance for clinical trials and 
clinical practice, as well as the availability of sufficient published 
test-retest studies in humans to justify the claims statistically.

The practical implication of the Profile claims is that the 
measurement precision of test-retest FDG PET SUVmax val-
ues is established as a measurement assay. Essentially this is 
describing the technical performance as an assessment of how 
precise the measurement is in participants under controlled 
conditions (17). Specifically, if the conditions below are met, 
then the wCV is 10%–12%. This can also be expressed as pre-
dicting the likelihood of whether there has been a true change 
in FDG tracer uptake in longitudinal PET scans, as described 
in part 2 of the claim. This expression of the claim can be 
used as a basis for defining or modifying response criteria, 
as discussed next in the section entitled “Relation to Criteria 
Determining Response.”

Conditions for the Profile Claim to Be Valid
There are several conditions considered necessary for the claim 
to be considered valid:

1. The claims only apply to tumors that are considered evalu-
able with PET. In practice, this means tumors of a minimum 
size and baseline SUVmax (4,18). The Profile recommends a mini-
mum baseline SUVmax of 4 g/mL and a minimum diameter of 
2 cm but notes that for some clinical trials or clinical use cases, 
higher or lower values may be appropriate (19,20).

2. In the derivation of the claim, it was assumed that the 
repeatability of SUVmax could be described by a fixed percent-
age of the baseline measurement. This assumption may not be 
applicable over the full range of clinically relevant SUVs and 
combinations of relative and absolute SUV changes have been 
proposed (18).

3. The claim is applicable for single-center studies using the 
same scanner and protocol. However, for studies where a patient 
may be imaged with different PET/CT scanners, Kurland et al 
(21) have shown that the claim can be met provided that the 
QIBA Profile is followed, the same make and model scanner is 
used, and the scanners are cross calibrated (21). This same study 
also showed that test-retest studies with different scanners had a 
much larger wCV (increasing from 9% to 22%; see Supplemen-
tary Table 4 in Kurland et al [21]), consistent with the results of 
Kumar et al (22), which emphasized that the variance of SUVs 
for FDG PET/CT imaging is greater in clinical practice than 
under controlled settings.

4. Additional conditions are that the FDG uptake durations 
(time between injection and scanning) for baseline and follow-
up scans (nominally 60 minutes) are within 10 minutes. These 
and other requirements in the Profile are summarized as concise 
checklists for the imaging sites and equipment manufacturers. 
These checklists are included in Appendix E1 (online).

The rationale for the threshold of a minimum baseline SUVmax 
of 4 g/mL (condition 1 above) is described in section 3.6.5.3 of 
the Profile, which in turn is based on section 10.2.1.1. of the 
Uniform Protocol for Imaging in Clinical Trials (UPICT) pro-
tocol described next. For this, the UPICT and QIBA working 
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Since the derivation of the claims listed above, there was a 
confirmatory study published by Kurland et al (21) who found 
a wCV for SUVmax of 9% for test-retest studies with the same 
scanner (see Supplemental Table 4 in Kurland et al [21]). In 
addition, a recent study by Fraum et al (36) found a wCV for 
SUVmax of 8.5%–12.8%, depending on the choice of image re-
construction method.

Relation to Criteria Determining Response
The European Organization for Research and Treatment of 
Cancer (EORTC) response criteria for PET were proposed in 
1999 (37). Although anatomic response criteria such as those 
proposed by the World Health Organization and the Response 
Evaluation Criteria in Solid Tumors (38) had been in use, the 
EORTC expert consortium recognized that subclinical meta-
bolic response seen early after treatment at PET, but not seen 
anatomically, was likely to be important.

As a side note on imaging protocols, the EORTC recommen-
dations also included a set of consensus standards for protocols 
for clinical trials using quantitative PET imaging. Proposed stan-
dards for clinical trial protocols were also published by a National 
Institutes of Health–led consensus group (39); the Netherlands 
consortium (40); the European Association of Nuclear Medicine 
procedure guidelines for tumor imaging, version 2 (41); and the 
UPICT (19,20).

The EORTC response criteria were expanded and modified 
by Wahl and colleagues (4) in 2006 for the Positron Emission 
Tomography Response Criteria in Solid Tumors, or PERCIST. 
A detailed comparison between the EORTC and PERCIST cri-
teria is provided by Wahl et al (4), as well as justifications for 
the differences in the PERCIST criteria. Here we summarize the 
main points of difference between the EORTC and PERCIST 
criteria and the QIBA Profile claims. It is important to note 
that the EORTC and PERCIST response criteria are intended 
to provide information on disease response, stability, or progres-
sion, whereas the QIBA Profile claims are providing information 
about the statistical variability of SUVs under the assumption of 
no true biologic change (17). Nonetheless, the areas of overlap 
are shown in Table 3.

Profile Structure, Protocols, and Compliance
The overall structure of the technically confirmed FDG PET/

CT Profile is listed in Table 4. Each section of the Profile de-
scribes the conditions for FDG PET/CT imaging that must be 
performed to achieve the repeatability performance described in 
the claims. We do not go into detail, but rather provide a brief 
overview and point out relevant connections with other activities 
or initiatives.

Profile Details (Protocols)
Section 3 on Profile Details (now called Protocols in the re-
vised QIBA protocol template) addresses the steps illustrated 
in Figure 1. This section of the Profile organizes acquisition, 
reconstruction and processing, analysis, and interpretation as 
steps in a pipeline that extracts quantitative imaging biomarker 
data from images.

test-retest studies with the same scanner. For this reason, the Ka-
mibayashi data were considered not comparable with the other 
articles. The study by Kumar et al (22) used different scanners 
for test and retest scans (seeking to answer the question of repeat-
ability when imaging systems were interchanged), and so was 
not comparable to the other studies. The remaining publications 
(24,26,29,30,32) (the last five rows of Table 1) allow a direct 
comparison because they report the repeatability of SUVmax, 
with test and retest studies both performed with the same scan-
ner system using the same protocol.

A further complication when comparing reports is the dif-
ferent metrics used to characterize repeatability. In Table 1, we 
translate the reported repeatability measurements to a wCV to 
allow a more direct comparison. Details of how these so-called 
inferred wCV values were derived are listed in Table 2. The last 
five rows of Table 1 (24,26,29,30,32) allowed direct comparison 
of the wCV values, which ranged from 10% to 12%. This was 
used as the basis for the Profile claims. We note that these data 
are for a variety of tumor types, including breast, lung, esopha-
geal, and gastrointestinal cancers.

Claim 2 is based on observations that the test-retest SUVmax 
differences shown in Table 1 do not follow a normal distri-
bution. However, several publications demonstrated that the 
differences (d) of the logarithms of the test-retest SUVmax val-
ues did follow a normal distribution with a standard deviation 
(SD) of SD(d) (30,32,33). The 95% repeatability coefficient in 
the log-normal distribution (ie, 6 1.96 ∙ SD[d]) are thus sym-
metric about the mean. This suggests that when these limits 
are converted back to SUV units by exponentiation using a 
repeatability coefficient of 100 {exp [6 1.96 ∙ SD(d)]−1}, the 
SUV repeatability coefficient limits are necessarily asymmetric. 
In addition, we note that if the SD is not large compared with 
the level of the measurement, then it can be shown that 100 
{exp [SD(d)/sqrt(2)]−1} is approximately equal to the wCV, 
expressed as a percent (30,34). If we assume a wCV of 12% 
for SUVmax, then the repeatability coefficients are −28% and 
39%, consistent with the findings by Velasquez et al (30) for 
advanced gastrointestinal malignancies, and those of Weber et 
al (32) for non–small cell lung cancer.

Conceptually these asymmetric limits of repeatability can be 
thought of as being related to the reference SUV used to cal-
culate the relative change. Lodge (35) notes that use of a single 
baseline SUV as the reference leads to a skewing of the data that 
necessitates asymmetric limits. This can be illustrated by suppos-
ing two test-retest measurements are SUVmax1 of 7.0 and SUVmax2 
of 9.75, with a net change in SUVmax of 2.75, then:

	 	

	 .	

In other words, a true net change in SUVmax of 2.75 in either 
direction represents an absolute change or physiologic differ-
ence. As an increase, it is a change of 39%, and as a decrease, 
it is a change of −28%. The article by Lodge also provides more 
detailed background information.
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Table 1: Publications on Test-Retest Variability That Were Available and Included in the Derivation of the Profile Claims

Publication SUV Type Repeatability Parameter
Parameter 
Value*

Where in  
Article

Inferred  
wCV (%)† Comment‡

Minn et al 1995 (27) SUVmean Mean absolute percentage 
difference

10 Table 4 8.9 n = 10. 1.2 3 1.2 cm ROI

Weber at al 1999 (31) SUVmean SD of the percentage  
difference

9.1 Table 2 6.4 n = 16. 50% isocontour VOI

Nahmias et al 2008 (28) SUVmax SD of the difference 1.14 SUV§ Page 1806 N/A n = 26. Results reported in absolute 
SUV units

Kamibayashi et al 2008 
(25)

SUVmax Mean absolute percentage 
difference

16.1 Table 4 14.3 n = 45. Two different PET scanners

Nakamoto et al 2002 
(29)ǁ

SUVmax Mean absolute percentage 
difference

11.3 Table 4 10.0 n = 10

Krak et al 2005 (26)ǁ SUVmax Mean absolute percentage 
difference

13 Table 2 11.5 n = 29

Velasquez et al 2009 (30)SUVmax wCV 11.9 Table 5 11.9 n = 45. Multicenter study after 
centralized quality assurance and 
analysis

Hatt et al 2010 (24)ǁ SUVmax SD of the percentage  
difference

16.7 Table 2 11.8 n = 17

Weber et al 2015 (32) SUVmax SD of differences of  
log-transformed SUV

0.16§ Table 2 12.0 n = 40. Multicenter study

Note.—Details of the selected repeatability parameters extracted from literature publications are given (listed in order of publication date). 
Where multiple standardized uptake value (SUV) types were reported, preference was given to maximum SUV (SUVmax) because this SUV 
definition was more comparable between studies. N/A = not available, ROI = region of interest, SD = standard deviation, SUVmean = SUV 
calculated by using maximum or mean value of an ROI placed over the fluorodeoxyglucose-avid lesion, VOI = volume of interest, wCV = 
within-subject coefficient of variation.

* Unless otherwise specified, data are percentages.
† Data are estimates of the wCV based on the reported parameters and may not appear in the original articles.
‡ n indicates the number of patients.
§ Data are dimensionless.
ǁ Used as the basis for the Profile claims.

Table 2: Relationships Used to Compare Repeatability Metrics Found in the Literature

Parameter Symbol Relationship Comment
Percentage difference D 100 3 (SUV2–SUV1)/ 

0.5 3 (SUV1 + SUV2)
Test-retest difference expressed as a percentage of the 

mean
Mean absolute percentage difference of D D_MAD Mean of |D| over all  

subjects
|D| is the absolute value of D

Standard deviation of D D_SD Standard deviation of  
D over all subjects

D_SD = D_MAD/√(2/p) for normally distributed 
data

Within-subject coefficient of variation wCV D_SD/√2 Reflects repeatability of a single measurement
Within-subject coefficient of variation wCV 100 (exp [sW]−1) sW is the within-subject standard deviation of differ-

ences of log-transformed data. This derivation leads 
to asymmetric repeatability coefficients. Source.—
Reference 11.

Repeatability coefficient where differences 
are normally distributed

RC 100 (1.96 3 √2 3 wCV) Reflects 95% limits of repeatability for the difference 
between two measurements

Repeatability coefficient where the  
logarithm of the differences are  
normally distributed

RC 100 (exp [6 1.96 3  
√2 3 sW]−1)

Asymmetric repeatability coefficients.  
Source.—Reference 11.

Note.—SUV = standardized uptake value, SUV1 = SUV from baseline scan, SUV2 = SUV from follow-up scan.
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imaging site clocks will “[P]rovide time synchronization as 
per the IHE Consistent Time Integration Profile.”

Relationship to the FDG PET/CT UPICT
Many of the protocol requirements in section 3 of the Profile 
are based on publicly available requirements and in particular 
on the FDG PET/CT UPICT (19,20). The UPICT working 
group, operating in parallel and in conjunction with the FDG 
PET/CT Profile writing group, developed a detailed template 
to guide the performance of whole-body FDG PET/CT stud-
ies in the context of single- and multicenter clinical trials of 
oncologic therapies (20).

The FDG PET/CT UPICT document is as extensive (more 
than 70 pages) and detailed as the QIBA FDG PET/CT Profile 
and also followed an IHE-style development cycle with a public 
comment period. Although there is overlap between the QIBA 
Profile and UPICT documents, the emphasis and goals of the 
two standards are different. The FDG PET/CT Profile is a docu-
ment that includes a claim on the measurement performance 
of FDG PET/CT imaging, if certain conditions are met. These 
conditions include a subset of the UPICT components listed be-
low, as well as requirements on equipment, software, and other 
components of the imaging chain. The imaging protocol com-
ponents of the UPICT protocol are mapped into section 3 of the 
Profile as shown in Figure 4. The UPICT approach was based 
on a three-tier approach of specifications: acceptable, target, and 
ideal. The intent is to provide goals for improving the conduct of 
clinical trials. For the protocol component of the QIBA Profile 
however, only the acceptable criteria were used.

This Profile is complementary to recently published clinical 
guidelines by the Society of Nuclear Medicine and Molecular 
Imaging and the European Association of Nuclear Medicine 
(41), as well as the well-established requirements for clinical ac-
creditation by the American College of Radiology (42) that are 
focused primarily on clinical FDG PET/CT imaging. Efforts 

Each subsection contains one or more tables of the key nor-
mative components (ie, requirements) necessary to achieve the 
claims. One example is in Figure 2 illustrating the three compo-
nents of parameter, entity or actor, and specification. In addition 
to the normative text, there are extensive descriptive text sections 
that are meant to be informative (ie, not requirements).

A convention that was adopted for this Profile was the in-
troduction of “intended future requirements,” which are in-
dicated by a shaded box, as shown in Figure 3. These are for 
requirements that were considered necessary, but are not uni-
versally available at this time. In the example shown in Figure 
3, the intended future requirement is that PET scanners and 

Table 3: Comparison of EORTC and PERCIST Response Criteria and QIBA Profile Claims

Category EORTC Criteria PERCIST Criteria QIBA Profile Claim
Measurable lesions Region of high FDG uptake 

representing viable tumor
SULPEAK (hottest tumor) greater than or 

equal to (1.5 mean liver uptake +  
2 standard deviation of liver region)

SUVmax greater than or equal to 4 g/
mL and diameter greater than or 
equal to 2 cm

No change condition  
(stable disease for 
EORTC and  
PERCIST)

Increase in SUV less than 25%  
or decrease of less than 15% 
and no change in extent 
greater than 20%

Change in SULPEAK less than 30%.  
No other changes that indicate response 
or progression

Claim 2: Increase in SUVmax less than 
39% and decrease in SUVmax less 
than 28%

Conditions for valid  
measurements

Scanners should provide  
reproducible data

Normal liver SUL must be within 20% for 
baseline and follow-up studies

Acquisition and analysis must 
comply with the QIBA Profile 
checklists

Protocol Specified Refers to NIH consensus and Netherlands 
protocols. Source.—References 39 and 40

Specified

Note.—This table only contains an excerpt of the detailed European Organization for Research and Treatment of Cancer (EORTC) and 
Positron Emission Tomography Response Criteria in Solid Tumors (PERCIST) response criteria. In addition, the EORTC and PERCIST 
response criteria are intended to provide information on disease status, while the Quantitative Imaging Biomarkers Alliance (QIBA) Profile 
claims are providing information about the statistical variability of standardized uptake values (SUVs) under the assumption of no true 
biologic change. FDG = fluorodexyglucose, NIH = National Institutes of Health, SUL = SUV with biodistribution normalization by lean 
body mass, SULpeak = mean SUL of a 1-cm diameter region centered over the maximum value of an FDG-avid lesion, SUVmax = SUV calcu-
lated by using the maximum value of a region placed over the image of an FDG-avid lesion.

Table 4: High-Level Structure of the QIBA FDG PET/CT Profile

Structure
Part 1: Executive Summary
Part 2: Clinical Context and Claims
Part 3: Profile Details (Protocols)
  3.1 Subject Handling
  3.2 Image Data Acquisition
  3.3 Imaging Data Reconstruction and Postprocessing
  3.4 Image Analysis
  3.5 Image Interpretation and Reporting
  3.6 Quality Control
Part 4: Conformance (Compliance)
  4.1. Image Acquisition Site
  4.2. PET/CT Acquisition Device
  4.3. Reconstruction Software
  4.4. Image Analysis Workstation
  4.5. Software Version Tracking
References and Appendices A through I

Note.—FDG = fluorodeoxyglucose, QIBA = Quantitative Imag-
ing Biomarkers Alliance.
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as an inherent capability of the system 
(ie, as shipped), as opposed to accuracy 
achieved under clinical operating con-
ditions. The differences between op-
erational and inherent capabilities are 
illustrated by comparing Figures 5 and 
6. The imaging protocol requirement 
is a maximum tolerable bias of plus or 
minus 10% in SUV (Fig 5), whereas 
the equipment conformance require-
ment (under ideal testing conditions) 
is plus or minus 2% (Fig 6) for the 
same test. Similarly, the inherent re-

quirements for other necessary equipment and staff are listed in 
the Conformance section.

Appendices and Checklists
The appendices contain critical information that support the 
claim, as well as lists of conventions and definitions. Of partic-
ular note, Appendix B contains the analysis approach that was 
used for the claims as described above. Appendix D contains 
illustrative manufacturer scanner model-specific instructions 
and parameters for quality assurance and quality control proce-
dures. Appendix H is a careful analysis of the accepted formula 
for computing lean-body-mass normalization for SUVs. This 
was necessary to correct an error in some of the literature for 
lean-body-mass normalization for PET SUV calculation (44).

As noted above, the normative statements are the require-
ments for the Profile claim to be met. These are accompanied 
by descriptive text to provide context. To facilitate testing for 
conformance, the normative statements were condensed into 

were made to harmonize the UPICT document with the then-
current European Association of Nuclear Medicine FDG proto-
col standard (43).

Conformance (Compliance)
The Conformance section (now called Compliance in the re-
vised QIBA protocol template) contains requirements for the 
inherent capabilities of the equipment and the imaging site. 
These are distinct from the protocol requirements in the Profile 
Details section, which describe imaging protocol requirements.

For example, when tested at an imaging site, a PET/CT 
scanner is expected to generate images with a specified level of 
quantitative accuracy and precision consistent with clinical or 
clinical trial studies (Fig 5). These requirements are included in 
the Profile Details section.

However, when tested at the factory with sufficient time and 
resources allocated for careful measurement, PET/CT scanners 
can achieve a higher level of accuracy. This can be considered 

Figure 1:  Image shows use of fluorine 18 (18F)–fluorodeoxyglucose (FDG) PET/CT imaging process as assay method for computing and inter-
preting tumor metabolic activity as pipeline using either one or two or more scan sequences. Standardized uptake values (SUVs) are used to reduce 
variations caused by differences in patient biodistribution and amount of FDG used. Measure SUVx refers to one of several possible SUV measures 
such as SUVmax, SUVmean, or SUVpeak, where max, mean, and peak refer to value calculated from region placed on image of FDG-avid lesion. Biodis-
tribution normalization is by body weight or lean body mass.

Figure 2:   Image shows excerpt of normative text requirements from fluorodeoxyglucose (FDG) PET/CT Profile 
from section 3.2.1.1 entitled "Timing of Image Data Acquisition".
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Society of Nuclear Medicine and Molecular Imaging, Euro-
pean Association of Nuclear Medicine, American Association 
of Physicists in Medicine, Medical Imaging and Technology 
Alliance (formerly National Electrical Manufacturers Associa-
tion), and Digital Imaging and Communications in Medicine, 
or DICOM, among others. Disclosures of interest were re-
quired from QIBA steering committee members and all pat-
ents relevant to the Profile were required to be disclosed. Lists 
of all participants, as well as all policies, procedures, and meet-
ing minutes are publicly available on the QIBA wiki (2).

Major Results from a Gap Analysis of Quantitative FDG 
PET/CT Imaging
The draft Profile was based on published data and existing 
standards whenever possible. The gap analysis identified sev-
eral missing components considered necessary for quantitative 
PET imaging with FDG, from which we list the four most 
substantial findings:

1. The lack of a DICOM image data element to contain the 
plasma glucose level. This was addressed by modifying the DI-
COM standard for FDG PET to add a data field to contain the 

two concise checklists for imaging sites and equipment and soft-
ware manufacturers. These are Appendix I in the Profile and are 
shown in Tables E1 and E2 (online).

Development and Context of the FDG PET/CT 
Profile Stages
The FDG PET/CT Profile started development as a gap analy-
sis of the bias and precision of quantitative FDG uptake mea-
sures in clinical trials. The first draft of the current form of 
the Profile was developed in the fall of 2011. The writing of 
the Profile was performed by the QIBA FDG-PET/CT Bio-
marker Committee, with over 100 volunteer participants in-
cluding representatives from radiopharmaceutical producers, 
scanner manufacturers, third-party image analysis worksta-
tion developers, the U.S. Food and Drug Administration, the 
National Institute of Standards and Technology, the National 
Cancer Institute, the National Institute of Biomedical Imag-
ing and Bioengineering, clinical trial groups, contract research 
organizations, professional and international organizations and 
societies including the Radiological Society of North America, 

Figure 3:   Image shows sample “intended future requirements” (shaded box) from fluorodeoxyglucose (FDG) 
PET/CT Profile from section 3.6.3.1.4 entitled “Clocks and timing devices.” Eur = Europe, NA = North America, 
IHE = Integrating the Healthcare Enterprise.

Figure 4:   Diagram shows relationship between Uniform Protocol for Imaging in Clinical Trials (UPICT) Protocol and Quantitative Imaging Bio-
markers Alliance (QIBA) Profile. FDG = fluorodeoxyglucose.
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were found in pharmacology peer-
reviewed literature. These two gaps 
were addressed by adding Appendix 
H to the Profile entitled “Consensus 
Formula for Computing Lean-Body-
Mass Normalization for SUVs.” This 
appendix carefully traces the develop-
ment of lean-body-mass calculation 
methods and their introduction into 
peer-reviewed literature describing 
SUV calculations. In addition, the 
DICOM standard was updated to 
allow for both the corrected default 
method and the more accurate im-
proved lean-body-mass calculation 
method.

If needed data were not available 
during the development of the QIBA 
Profile, then so-called groundwork 
studies were performed to collect the 
necessary data. Over a 6-year period, 
these studies were supported as part 
of a series of funded contracts from 
the National Institute of Biomedical 
Imaging and Bioengineering. One 
such example was the development of 
the digital reference object described 

above. If groundwork projects were not feasible, then expert 
consensus opinion was used for specifications following a Del-
phi-like process.

The version for public comment was released on January 17, 
2013. The public comment phase ran through May 24, 2013, 
during which 96 comments, suggestions, and questions from 
several dozen individuals and organizations were received. The 
Profile was revised over the period ending November 2013 and 
all meeting minutes, responses, and recommendations are pub-
licly available on the QIBA wiki site (2). The revised publicly 
reviewed version of the Profile was released as version 1.05 on 
December 11, 2013.

The FDG PET/CT Profile then went through a process of 
feasibility or field testing to progress to a so-called technically 
confirmed version (Table 3). The technical confirmation process 
was performed at over a dozen sites, ranging from academic sites 
through community hospitals, using systems from all manu-
facturers to assure that conformance was both reasonable and 
achievable. The feasibility testing also involved direct feedback 
from all PET/CT scanner manufacturers. During the techni-
cal confirmation phase, aspects of the Profile that can be tested, 
short of patient studies, were evaluated. In addition, systematic 
and extensive checklists for each actor (ie, entity) were created 
to facilitate assessment of conformance to the Profile. Important 
feedback from both imaging sites and manufacturers centered 
around the need for a simplification of the process, and more 
emphasis on a checklist approach. Many specific recommenda-
tions were provided. These recommendations were reviewed and 
used to modify the Profile and provide more concise checklists, 
which are included as Appendix I in the Profile.

plasma glucose concentration in International System of Units–
derived units (millimoles per liter).

2. The lack of a methodology to test the accuracy of SUV 
values reported by display station software. This was addressed 
by creating and validating a novel digital reference object (45). 
In a multicenter study evaluating 21 different PET/CT display 
software packages at 16 sites, errors in the reported maximum 
SUV ranged up to 38% for an isolated voxel, and errors in the 
reported mean SUV ranged up to 100% for a region with con-
trolled noise. There was also a range of errors in the minimum 
and SD for different regions. The variability of computed SUVs 
between different software packages is substantial enough to 
warrant the introduction of a reference standard for medical im-
age viewing workstations. The PET SUV digital reference object 
and instructions for use are publicly available (46) and detailed 
in Appendix F of the Profile. Anecdotal evidence indicates that 
the FDG PET/CT digital reference object is heavily used by 
industry.

3. The lack of a publicly available common terminology and 
framework for SUV calculations from the DICOM images files 
that takes into account the variations in implementation of the 
DICOM standard by different manufacturers. This was ad-
dressed by collaborating with multiple vendors to create a “ven-
dor-neutral pseudocode” to illustrate SUV calculations, which 
is included in an appendix to the Profile. The pseudocode and 
supporting documents are also publicly available on the QIBA 
wiki (2).

4. Errors were found in some of the lean-body mass for-
mulas and calculations published in peer-reviewed literature. 
In addition, improved lean-body mass calculation methods 

Figure 5:   Image shows excerpt from section 3.6.4 entitled "Phantom Imaging" describing maximum tolerable 
bias in standardized uptake value (SUV) measurements by using PET/CT scanner. This is example of requirements 
from Profile Details section for imaging protocols. Shaded box is intended future specification. ACR = American Col-
lege of Radiology, ROI = region of interest.

Figure 6:   Image shows excerpt from section 4.2 entitled "PET/CT Acquisition Device" describing maximum 
tolerable bias in standardized uptake value (SUV) measurements by using PET/CT scanner. This is example of 
requirements from Conformance section, describing inherent capability of the system. ACR = American College of 
Radiology, ROI = region of interest, FDG = fluorodeoxyglucose.
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4. The FDG PET/CT Profile can be ex-
tended for other 18F-based radiotracers, as 
well as other positron emitting tracers in 
general. This is currently underway with the 
development of the QIBA Profile for 18F-
labeled PET tracers targeting amyloid as an 
imaging biomarker (47).

It is anticipated that the technically con-
firmed version of the fluorodeoxyglucose 
(FDG) PET/CT Profile is now stable enough 
for implementation by all parties concerned 
with quantitative FDG PET/CT imaging. 
Indeed, claims of Quantitative Imaging 
Biomarkers Alliance (QIBA) conformance 
have started to appear in manufacturers data 
sheets for product technical specifications 
in PET imaging, although this is currently 
a voluntary attestation. The QIBA process 
is still evolving and welcomes contributions 

from all interested parties. The process developed with FDG 
PET also provides a template for development and advancement 
of other QIBA profiles, and, we believe, provide a solid founda-
tion for moving quantitative imaging into clinical practice.
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The revised FDG PET/CT Profile achieved the level of tech-
nically confirmed as version 1.13 on November 18, 2016 after 
review and voting by QIBA members (23). All meeting minutes, 
queries, responses, and recommendations are publicly available 
on the QIBA wiki site (2).

During the course of its development, a QIBA Profile is in-
tended to go through multiple stages as listed in Figure 7. The 
FDG PET/CT Profile is currently in the technically confirmed 
stage and plans are in development to move it to the so-called 
claim confirmed level. Profiles are expected to evolve due to the 
introduction of new technologies, new procedures, and more ac-
curate methods or information. To achieve the level of a clini-
cally confirmed profile, conformant data must be obtained and 
shown to achieve a statistically significant confirmation of the 
claim, which may require the equivalent of a multicenter clinical 
trial.

Future Developments and Conclusions
There are updates under development or consideration for the 
current technically confirmed version of the FDG-PET/CT 
Profile:

1. The next stage of the Profile will be “claim confirmed” (Fig 
6), which requires multicenter testing with patient scans. Plan-
ning for this process is currently underway and includes protocol 
design and securing needed funding.

2. The multicenter testing is designed to test inclusion of le-
sions smaller than 2.0 cm and with SUVs less than 4 g/mL and 
will include reassessment of the claim for technological advance-
ments, including scanners with improved resolution and sensi-
tivity that have not been used in published test-retest studies, but 
are now being used clinically: point spread function–based re-
construction, time-of-flight imaging, radiation treatment plan-
ning using FDG PET/CT, and dual-mode PET/MRI scanners. 
A recent study estimated the wCV of SUVmax measured by using 
PET/MR to be 6.6%–8.7% across all PET reconstructions (36).

3. Future technology developments: Machine learning or deep 
learning–based image reconstruction algorithms, and extended 
axial field-of-view scanners including total body PET scanners.

Figure 7:   Quantitative Imaging Biomarkers Alliance (QIBA) Profile levels of development.
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