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[18F-]FDG PET(-CT) is a primarily quantitative imaging technology that is rapidly gaining

ground in clinical oncology; initially for staging and diagnosis, and now increasingly as a

biomarker of response to therapy. In spite of 20 years of clinical research, there is discus-

sion about its implementation among clinicians, decision-makers and other parties about

its implementation. To some extent, this relates to heterogeneity of the PET results and of

trial designs, but also to differences in levels of evidence required by various parties. With

PET, biological and quantitative imaging is entering the clinical domain. The current sub-

jective perspective reviews these aspects to help clinicians understand biological and phys-

ical elements underlying [18F-]FDG PET to increase the clinical awareness of its potential

and limitations.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction

Around 1992 whole body PET set foot on clinical ground. Since

then, PET has become an important tool in oncological prac-

tice. Since 2005, at least 9 comprehensive reports and over 40

systematic reviews on clinical ([18F-]FDG) PET and its specific

oncological indications have been published (for an overview,

see e.g. [1]). Its role as a ‘last resort’ tool in complicated clin-

ical situations is undebated but guidelines for the main-

stream of patient care tracks can be different (Table 1). In

part, this may have to do with local practice and performance

of care providers in specific diseases, but it may also relate to
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different interpretations of the available evidence. In some

aspects, the current debate on requirements for imaging bio-

markers has similarity with that on the required level of evi-

dence required for PET–CT in practice. In this paper, we will

discuss the current state of affairs, with emphasis on how

innovations in clinical and PET domains have interacted.

After the appreciation that the Warburg effect could be

capitalised with [18F-]FDG-PET, most research focussed on

improvement of diagnosis and staging, using visual assess-

ment of whole body images. In this domain, added value of

PET mainly relates to its superior target-background contrast

of relevant pathology compared to CT. Later, biological
.
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Table 1 – Recent recommendations and assessments of [18F-]FDG PET in oncology (for methodological details see Appendix).

Tumour type Facey 2007 KCE 2009 Fletcher 2008 CMS 2009

D&S R&M D&S R&M D&S&R Benefit D&S R&M

Colorectal S3 R1M3 S1 1 D2S1R1 D3S2R1 1 1
Oesophagus D3S1 M3 S1 M3 D2S1R2 S1 1 1
Head and neck 1 R1 S1 1 D2S1R1 D3S1R1 1 1
Lymphoma S1 1 S1 R3M1 D2S3R1 S1R1 1 1
NSCLC S1 1 S1 3 D2S1R2 S1R3 1 1
Ovary D3 1 1 1
Brain 3 1 CED
Cervix S1 R3 D2S1 1
Small cell lung D3S1 R2 D2S3R2 S3 1 CED
Soft tissue sarcoma 2 D3S3 1 CED
Pancreas D1e S3 2 D1dS2R2 D1 1 CED
Testes 2 2 1 CED
Breast S3 R3 2 2 D2S2R1 D3S2R1 D2S1a 1
Melanoma S3 R3 S1 R1M3 D2S1R2 S1 D1S2b 1
Prostate 2 2 1 CED
Thyroid R1c D2S2 R1c R1c 1 1/CEDc

All other solid 1 CED
Myeloma 1 1
All other cancers not listed CED CED
Unknown primary D1 D1S2R2 D1
GIST M1

D, diagnosis; S, staging; R, restaging/recurrence; M, monitoring; CED, coverage with evidence development.

D & S & R & M: 1 = recommended; 2 = not recommended; 3 = uncertain.Benefit: 1 = yes; 2 = no; 3 = uncertain.
a Not covered for initial staging and/or staging of lymph nodes. Covered for initial staging of metastatic disease.
b Not covered for initial staging of regional lymph nodes.
c Covered for subsequent treatment strategy of recurrent or residual thyroid cancer of follicular cell origin previously treated by thyroidectomy

and radioiodine ablation and have a serum thyroglobulin >10 ng/ml and have a negative I-131 whole body scan. All other indications for

subsequent treatment strategy are CED.
d Only for CT inconclusive cases.
e Differentiation between chronic pancreatitis and pancreatic cancer and between benign and malignant pancreatic cysts.
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features of [18F-]FDG-PET came into play using it as a predic-

tive marker, to serve as a read-out of response to therapy. In a

further attempt to help with stratification of patients, [18F-

]FDG-PET also entered the ‘prognostic’ arena, again stimu-

lated by biomolecular insights suggesting that glucose

metabolism was linked to some key-factors of biological

aggressiveness.

2. Technical developments

Since 2000, hybrid PET–CT scanners have become the stan-

dard technology, and this development made PET accessible

for standard patient care. In the Netherlands, the number of

PET scanners has increased from 2 to over 35 in a few years

time. Many hospitals can afford to run PET–CT scanners by

using the scanner partly for PET(-CT), partly for CT only.

PET–CT has several advantages over standard PET: acquisition

time and [18F-]FDG-dose (one of the main cost-drivers) have

been reduced by at least 50%. Most scanners provide excellent

CT quality without compromising the quality of PET. There

are only few well-designed studies evaluating the diagnostic

benefit of combined PET–CT versus PET alone with co-reading

of the CT scan. However, the issue has become an academic

one since scanner vendors simply stopped producing PET-

only scanners for clinical use. Conceptually, one would expect

that especially specificity and localisation performance would
benefit from PET–CT fusion. Time-of-flight technology might

have some impact on sensitivity by improving signal-to-noise

ratios, especially in obese patients. With combined PET and

CT readings, the challenge is to interpret the scans with

knowledge of strengths and limitations of either method.

3. On detection limits and specificity

[18F-]FDG is not tumour specific. It has a favourable biodistri-

bution with low background activity except in brain and the

urinary tract. Detectability is a function of the level of cellular

tracer uptake and cell density versus background. Here is

where physics and biology meet.

From the former perspective, like with other imaging tech-

nologies, one has to account for partial volume effects with

small lesions (i.e. diameters < twice the post-reconstruction

image resolution): these effects will tend to underestimate

the actual [18F-]FDG-uptake/gram tissue. Apparent target-

background contrast can further be reduced by blurring of

the target signal due to e.g. respiratory motion (such as with

lesions in the basal lung fields). Together with less important

effects of somewhat higher background activity (cf. the zones

of West2) and scatter from the adjacent liver, these effects ex-

plain why small lung metastases are less well depicted by PET

than CT. Obviously, this does not compromise the positive

predictive value of PET in such lesions.
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On the biological side, it has been shown that different tu-

mour types have different [18F-]FDG affinity. Several typically

have low affinity, like well-differentiated thyroid cancer, low

grade glioma; others have variable uptake, like renal cell, pan-

creatic and broncho-alveolar cancer (BAC), whereas cancers

of lung, head and neck, cervix, colorectum and melanoma

typically are quite [18F-]FDG avid. This variability can be re-

lated to lack of glut-transporters on the cell membrane

(BAC), predominantly mucinous content of cell cytoplasm

(mucinous pancreatic cancers), but mostly this is not readily

explained. On average, [18F-]FDG uptake in breast cancer is

about half of that in non-small cell lung cancer (NSCLC3).

However, it is clear that heterogeneity prevails within breast

cancers, with extremely high uptake in many patients. Cer-

tainly, there are associations between differentiation grade,

histological subtype, proliferation rates and [18F-]FDG uptake,

but rarely this is a one to one relationship.4–6 In breast cancer,

lobular cancers will generally have lower uptake than ductal

ones; in lung cancer, highest uptake is observed in squamous

cell type, with larger variation in adenocarcinomas. Similar,

and again empirical, evidence of inverse relations between

[18F-]FDG avidity and outcome has emerged from thyroid

and prostate cancers. Even though the pharmacokinetic mod-

el of [18F-]FDG uptake is relatively simple, drivers of glucose

metabolism are multifactorial and [18F-]FDG uptake likely

also carries information at the tumour-host level (e.g. hypox-

ia).6,7 Even though our understanding at this level may not be

complete, there is phenomenological proof of principle that

[18F-]FDG uptake carries prognostically relevant informa-

tion.8 Confounders, such as underestimated uptake due to

partial volume effects in small tumours,9 need to be identi-

fied, and again, this is where physics and biology meet.
4. Clinical applications

PET has been investigated for use in diagnosis, staging,

restaging and follow-up. A general rule is that the yield of

PET will depend on the level of [18F-]FDG uptake by the pri-

mary tumour: low uptake in the primary tumour will unlikely

lead to high sensitivity in lymph nodes and distant metasta-

ses. Based on the current evidence (see below), there is no

generally applicable quantitative translation for this qualita-

tive statement, even though single centre studies have shown

proof of principle.10,11 Obviously, in the context of variable

biology, it is not realistic to expect sharply defined detection

limits for PET; however, as a rule of thumb, it has become

clear that for [18F-]FDG avid tumours, PET detects tumour be-

low the centimetre threshold, usually in the 5–10 mm range.

Initially, data were presented suggesting similar negative pre-

dictive values for PET and sentinel node biopsy in breast can-

cer,12 but this overestimation likely related to the use of

different, less sophisticated histopathological techniques in

the PET studies.
5. Levels of evidence

During the first decade of clinical PET many studies in many

types of cancer focussed on defining accuracy: to characterise

solitary pulmonary nodules, breast tumours, lymph node
staging and detection of distant metastases. During the same

time frame, there was increasing awareness13 that top-level

accuracy studies are not trivial: e.g. in the pivotal study on

the accuracy of PET in mediastinal lymph node staging in

NSCLC,14 distant metastases apparent on PET had to be ig-

nored to meet such demands. Moreover, the apparent sim-

plicity of PET interpretation led to imprecise or even lacking

criteria of test positivity.15

It has become clear that setting the indication for tests

that screen for locoregional and distant metastases should

incorporate some estimate of pre-test probability of such

metastases. Too often, accuracy studies involved almost the

full spectrum of patients with a specific tumour rather than

focussing on the ones who are really at risk of disseminated

disease. Apart from waste of resources, the dark side of this

moon is that one has to deal with (the clinical consequences

of) considerable false positivity rates in low-prevalent condi-

tions. Not unexpectedly, it has been shown that PET is useful

for screening for (especially distant) metastases in T3–4

oesophageal, cervix and locally advanced breast cancer, and

in patients with head and neck cancer at considerable risk

of distant recurrence.16,17

However, the buck does not always stop with accuracy

studies: the challenge is to produce reliable data on the

impact on management in daily practice and on patient

outcomes. For example, the accuracy of [18F-]FDG-PET to

characterise primary lung lesions P8–10 mm is well estab-

lished.18 In clinical practice, pre- and post-test probabilities

should be weighed for effectiveness and costs. This implies

that estimation of pre-test (here: pre-PET) probabilities should

be in place, and there are internationally validated algorithms

to do so.19–21 Apart from endemic diseases lowering the spec-

ificity of [18F-]FDG-PET (e.g. histoplasmosis and tuberculosis),

local expertise with invasive procedures may also have to be

considered when designing guidelines. So far, this is still the

basic accuracy domain. However, the ultimate challenge for

the clinician in charge of individual patients is to have a no-

tion of the acceptable level of false negativity of the entire

diagnostic trajectory. This involves totally different issues

such as the quality of life of patients and physicians in con-

tinued situations of anxiety and uncertainty. To some extent,

comprehensive algorithms can help to quantify residual

uncertainties and help to set the indication for additional

tests. The 2007 ACCP guideline recommends that [18F-]FDG-

PET be performed to characterise solitary pulmonary nodules

in patients with radiologically indeterminate nodules of at

least 8 mm, with a 5–60% pre-test probability of malignancy.22

Recognising that this approach should not be seen as a

panacea, we discuss below the process of evidence building

for [18F-]FDG-PET to select NSCLC patients for surgery. This

selection is a multidisciplinary step-by-step process, each

diagnostic test contributing information. In accuracy studies

test results are usually expressed in a 2 · 2 table: the test is

either positive or negative and the disease is present or ab-

sent. In reality, however, unless the test result is pathogno-

monic (e.g. multiple bone metastases at bone scintigraphy),

test results are less ‘black-and-white’ (a radiologist who had

been forced to express himself in a language that was not

his own, expressed it as ‘Sitting on the fence – a radiolo-

gist’s stock in trade – necessitates using words for balance,
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weighing diagnostic probabilities, and leaning toward the

heavier side. But because I couldn’t use the subjunctive mood,

I was forced into the realm of apparent diagnostic certainty’23).

Since tests (and the people who interpret them24) are

imperfect, and when clinical decision-making is multifacto-

rial, improved diagnostic accuracy provided by one compo-

nent of a diagnostic test sequence may not necessarily

translate into relevant management changes. Verification of

decisive PET findings remains crucial in cases without patho-

gnomonic metastatic spread at PET,25,26 and the success or

failure to do so will affect the ultimate yield of the technique.

Our strategy to evaluate PET in NSCLC staging involved:

(1) measurement of the residual inefficiency without PET: in a

2 years multicentre cohort we found that about 50% of

thoracotomies in patients with presumed operable

NSCLC were futile27;

(2) modelling analysis28: to explore at which stage of the

diagnostic process PET might be most cost-effective;

(3) multicentre randomized controlled clinical trial (RCT): dem-

onstrating that PET reduced the clinical problem by

50%25. The ‘number needed to PET’ in order to prevent

one futile thoracotomy was 5 (95%CI 3–14); identical

estimations were found in a recently published Danish

trial, now with PET–CT.29 That objective criteria for end-

points and clinical consensus about management of

patients after diagnosis are important is illustrated by

another RCT30 in which the surgeon’s decision was

taken as the gold standard without validation against

follow-up information (e.g. early recurrence);

(4) cost-effectiveness: the RCT provided direct data for com-

parison of costs in relation to diagnosis and therapy.

Scenario analyses included various hospital settings,

tracer accessibility, sensitivity analyses on cost and

accuracy of PET and scenarios for PET usage31 and

showed that the results were robustly in favour of PET;

(5) population-based analysis: data from the Regional Cancer

Centre Registry of the same region in which the initial

RCT had been conducted showed that after implemen-

tation of a guideline including PET the number lung

resections had dropped with an absolute 20% (corre-

sponding to the predicted 50% reduction in unneces-

sary thoracotomies.32)

Even though this circle of evidence building was com-

pleted in relatively short notice, it is clear that this is impos-

sible to achieve for all potential indications. The window of

opportunity is limited: our first trial included 65% of the eligi-

ble patients but this accrual rate dropped to only 20% in a sec-

ond.33 Apparently, PET had diffused into practice impeding

experimental settings which included a ‘non-PET’-arm. Re-

sults from such trials are especially useful and lasting if man-

agement upon staging remains undisputed for some time. A

recent multicentre RCT revealed a 38% relative risk reduction

of futile laparotomies in patients with presumed resectable li-

ver metastases of colorectal cancer.34 Since the start of this

trial, the clinical approach towards metastasized colorectal

cancer is changing, so that the definition of ‘futile procedures’

may have to be recalibrated over time. In other indications,
such as preoperative oesophageal,35 head-and-neck can-

cer17,36 and melanoma staging,37 nation-wide multicentre

observational study designs with cost-scenarios were applied.

A ‘clinical value’ study is an alternative approach to ac-

quire evidence on impact on management in daily practice

beyond the level of accuracy. This approach has been used

for [18F-]FDG-PET38–40 and more recently on a much larger

scale, for PET–CT.41 In the latter prospective US survey of al-

most 23,000 PET scans in a broad spectrum of oncological

cases, physicians changed their intended management in

36.5% (95% CI, 35.9–37.2) after PET. In retrospect, this was

comparable to our experience with 600 consecutive patients

in 1997.42 Even though the strength of such analysis is also

its weakness (real life perception versus subjectivity), it pro-

vides at least a flavour of the impact of PET in daily practice.

Apart from diagnosis and staging at primary presentation,

PET has also been applied during follow-up of patients, such

as with rising serum markers and clinical signs and symp-

toms suggestive of recurrent disease without anatomical sub-

strate, and as such it can be of major help (Table 1).

In conclusion, evidence is mainly based upon accuracy

studies, supported by clinical value – and cost-modelling

studies. When new technology has settled and is widely avail-

able, this is often as far as it goes. It may not be surprising that

various systematic reviews, technology assessment reports

and reimbursement agencies (Table 1) provided different

estimates of clinical [18F-]FDG-PET(-CT), with discrepancies

partly relating to variable appreciations of the evidence, as well

as to the required levels of evidence.1,16,43,44 This situation

is not unique for PET but has also been observed with the

introduction of CT45 and MRI.46

6. [18F-]FDG-PET as prognostic and predictive
biomarker

Metabolic information obtained by [18F-]FDG-PET adds prog-

nostic information within clinical stages8,47: high uptake is

prognostically unfavourable compared to tumours with lower

uptake. The biological rationale has not been fully explained

even though our knowledge of signal transduction in cancer

has increased.7 However, while digging deeper into cancer

biology, cartoonish perceptions of complex systems may

likely prove to be oversimplifications, even if correct at the le-

vel of individual cells.

Even though the lack of standardised quantitative PET-pro-

cedures impairs meta-analysis of individual studies, the con-

ceptual point has been made. How this information may be

combined with other prognostic markers to develop strate-

gies to improve patient outcomes remains to be validated,

but a role in studies stratifying patients for adjuvant therapy

seems logical.

There is an increasing interest to use [18F-]FDG-PET as a

biomarker to assess therapeutic efficacy in clinical trials, drug

development and patient management.48 The clinical need

for alternative response read-outs increased since especially

with ‘targeted’ agents size changes prove to dissociate from

patient outcomes.49 There is ample proof of principle that

with standard chemotherapy changes of [18F-]FDG uptake re-

flect therapeutic effect. Most studies were explorative and



Fig. 1 – The ‘Maslow pyramid of needs’ for clinical PET to

serve as quantitative biomarker of response. *: feasible in

same study.
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tested the hypothesis that PET added predictive value to vol-

ume assessments. More recently, prospective validation of

proposed quantitative thresholds of response in the same

clinical setting has also been performed (e.g. [50,51]). Studies

often were performed in neoadjuvant therapy of patients with

locally advanced disease in e.g. oesophageal, breast, NSCLC

and head and neck cancer, as well as in disseminated NSCLC,

using histopathological assessment of surgical specimens

and/or survival measures as end-points. The overall impres-

sion is that (changes of) the [18F-]FDG signal relate to

(changes of) viable tumour load. When measured early during

therapy such changes also carry predictive value, which is rel-

evant in case alternative therapeutic strategies prevail and in

drug development.

In 1999, and after review of the limited data at that time,

consensus recommendations were formulated for a categori-

cal response classification of [18F-]FDG-PET,52 using semantic

classifications similar to the volume-based ones and compris-

ing a combination of quantitative and qualitative PET mea-

sures. However, implementation of these recommendations

has not been fulfilled to the extent that meta-analyses were

possible. The next challenge beyond accuracy is to demon-

strate that adding the PET results to the management of pa-

tients improves outcomes compared to strategies without

PET. Again, this can only be investigated with randomized tri-

als, using prospectively defined criteria of PET responsive-

ness; studies with such design are now ongoing.53

In fact, methodological heterogeneity from various

sources (clinical, PET-methodology, PET criteria and clinical

end-points54) prevails, and as a result meta-analysis is usually

impossible. As a result, [18F-]FDG-PET still has a limited role

in the new RECIST1.1 system.55 To reduce heterogeneity,

guidelines for interpretation of [18F-]FDG-PET in first-line

therapy for malignant lymphoma have been developed,56

which were published together with new guidelines on clini-

cal response assessment now incorporating PET.57 For post-

therapy evaluation of first-line lymphoma therapy, and e.g.

that of GIST and imatinib therapy,58 visual PET assessment

appears sufficient, but with solid tumours, and especially

with early response evaluation, quantification is crucial.

PET is a unique quantitative technique but this quantita-

tive power can only become clinically productive with stand-

ardised imaging protocols and quality control and assurance.

In the past few years, a comprehensive picture has been ob-

tained of factors that may affect the result of quantifica-

tion,59,60 and these relate to a spectrum of factors: scanner

calibration, patient preparation, duration of the interval be-

tween [18F-]FDG injection and scanning, image reconstruc-

tion settings, region of interest definition, etc. To quantify

the [18F-]FDG signal, most studies use some form of SUV

(‘Standardized Uptake Value’); basically the ratio of counts

in a tumour over the injected dose normalised for volume

of tracer distribution. SUV is used instead of the standard

PET method of kinetic modelling, because of its simplicity

and ability to measure any lesion in one whole body scan. It

has correctly been pointed out that the term ‘SUV’ is an oxy-

moron61; so far it has involved normalisation rather than

standardisation. Finally, use of SUV instead of kinetic model-

ling also requires validation of its underlying assumptions,

when applied with the newer ‘targeted’ agents which may
affect [18F-]FDG pharmacokinetics.60 A generic guideline

(e.g. [59]) will assist physicians in properly collecting, analys-

ing and interpreting quantitative PET studies.

On the biological side of the coin, it has become clear that

[18F-]FDG is not a generic read-out of response to any therapy

per se. In the neoadjuvant setting, PET studies typically follow

the metabolic activity in the primary tumour, testing the

hypothesis that this also reflects the effect of therapy on

microscopic distant metastases. Combining radiotherapy

and chemotherapy requires validation of this assumption,

since radiotherapy may also add aspecific information to

the signal, likely as a function of time (see e.g. 61). Whether

and how this affects the predictive strength of [18F-]FDG-

PET is still the subject of study in several tumours. With some

tyrosine kinase inhibitors, preclinical studies have shown

that [18F-]FDG changes do not always directly reflect the ac-

tual viable tumour load, but predominantly indicate that a

target of therapy has been hit.62,63 Nevertheless, such acute

changes also provided spectacular and useful predictive infor-

mation.58 With early response evaluation in non-Hodgkin’s

lymphoma patients treated with R-CHOP, it is not clear

whether and how e.g. the addition of rituximab compromises

its predictive value.64,65

Such observations underline the basic principle that PET

markers of response require technical as well as biological

validation (Fig. 1). In random order, critical elements are (1)

exploration and validation of the association of [18F-]FDG

change and patient-related outcome measures for a specific

intervention, (2) definition and validation of PET-thresholds

of responsiveness, (3) assessment of quantitative reproduc-

ibility, and (4) the validation of simplified quantitative mea-

sures like the Standardized Uptake Value (SUV).60,66

7. Indications for PET(-CT)

From the previous sections, it is clear that there is no generally

accepted set of guidelines covering all applications of PET in

oncology. In our institution, we advocate that PET referrals be-

yond local guidelines should be screened for appropriateness

prior to submission of the referral, in a telephone call between

attending clinician and nuclear medicine physician. Here, the



Table 2 – Internal guidelines for oncological [18F-]FDG PET-(CT) referrals.

Indicateda Not indicatedb Potentialc

Staging and diagnosis
Potentially resectable NSCLCSPN (P8 mm, pre-test
probability 5–60%)

Colorectal Susp. recurrent laryngeal cancer after RT

ENT with risk factors70 for distant metastases Gastric
Oesophageal cancer (cT3/4) Pancreatic
Malignant lymphoma (except low grade) Ovarian
Unknown primary tumour Renal
Locally advanced breast cancer (LABC) Prostate
Locally advanced cervical cancer Breast (exc. LABC)
Potentially resectable liver metastases, colorectal cancer
Potentially resectable nodal metastases of melanoma
Rising serum markers (FDG avid tumours) w/o substrate

Radiotherapy planning
Prognostic value SUV

Therapy evaluation
Malignant lymphoma (except low grade), GIST Testicular cancer Predictive value SUV in (early) therapy

evaluation of solid tumours
Interim PET in malignant lymphoma

a I: no ballotage required.
b N: only after ballotage.
c P: investigational (the list is not exhaustive).
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key topic is to assess whether the PETresult might improve pa-

tient management, covering aspects like [18F-]FDG avidity of

the primary tumour, size and location of radiologically equiv-

ocal lesions, as well as the intended next clinical step if PET

would not be performed. In this way, we try to avoid redun-

dant or even counterproductive referrals, as a verbal variant

of written educational material.67 We recognise two categories

of PET referrals: ‘guidelines’ (Table 2) and ‘last resort’. The for-

mer primarily relates to the most prevalent tumour types in

our hospital and is a balance of evidence and acceptance.

The last resort category involves any clinical problem with

an individual patient that passed the abovementioned ‘ballot-

age’ (most often, this concerns (re)staging of patients prior to

local therapy with curative intent and/or in patients with sig-

nificant comorbidity prior to intended intensive therapy). This

is an attempt to accommodate the individual variation which

is ‘part and parcel of clinical practice, and largely what medi-

cal practice is all about’.68

8. Lessons for new tracers

Beyond improving staging, response evaluation and prognosti-

cation, imaging of targeted drugs might prove to be a valuable

tool for selection of those patients that most likely will benefit

from expensive treatments by measuring drug kinetics in the

individual patient, for early selection of promising drugs in

drug development and for radiation dosimetry of therapy with

radiolabeled targeted drugs. These concepts are now being val-

idated for small molecules aswell as for monoclonal antibodies

using PETisotopeswith physical half-lives matching that of the

biological ones of the compounds under study. For antibodies,

generic chemistry has been developed so that any antibody can

be brought into the clinic within weeks and compatible with

GMP demands.69 Labelling of targeted drugs with positron-

emitting isotopes allows for quantitative PET imaging of their

distribution and kinetics. The slow kinetics of e.g. monoclonal
antibodies requires the use of isotopes with long radioactive

half-lives, such as 89Zr, 64Cu or 124I. Here, standardisation of

quantification is as important as with [18F-]FDG-PET.

In conclusion, two decades of [18F-]FDG PET have intro-

duced molecular imaging into daily clinical practice. Visual

assessment of PET(-CT) suffices for many current clinical sit-

uations, and it has become a standard test for several indica-

tions in many institutes. Apart from NSCLC and lymphoma

therapy evaluation, international heterogeneity about guide-

lines for PET prevails. In the next decades, we expect that

quantitative PET (and especially its hybrid variants with CT

and soon with MRI) will prove to be uniquely equipped for

personalised medicine. Sofar, lack of ‘quantitative’ quality

control and – assurance has slowed progress of PET into the

field of prognostication and of qualification as a biomarker

of response to therapy. Apparently, the switch from the qual-

itative into the quantitative domain requires a different

mind-set of imaging specialists. Recent standardisation ef-

forts have now introduced generally applicable procedures

which will help to move the field into the quantitative domain

that is essential for truly personalised medicine. An impor-

tant lesson from the [18F-]FDG experience is that the intro-

duction of new technology requires a structured and

multidisciplinary approach of technical and biological valida-

tion, to avoid endless cycles of ‘trial and error’.
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