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Evidence Based Medicine

“The conscientious, 

explicit and

judicious use of 

current best evidence 

in making decisions

about the care of patients”

The term was first used in the 1980s at McMaster Medical School in Canada but  the philosophical basis of EBM has 

been suggested to stretch back much further to 18th century Europe or even to ancient China.



Evidence Based Medicine 

The practice of EBM means integrating 

individual clinical expertise* with 

the best available external clinical evidence 

from systematic research. 

Expertise is reflected in more effective and 

efficient diagnosis and in the more thoughtful

identification and compassionate use 

of individual patients’ predicaments, rights, 

and preferences in making clinical

decisions about their care.

*the proficiency and judgement acquired through clinical experience and clinical prectice
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Evidence Based Medicine 

J Nucl Med 2011; 52:64S–73S



1. Formulate a clear clinical question from 

a patient’s problem (answerable)

2. Search the literature for relevant clinical 

information

3. Evaluate (critically appraise) the 

evidence for its validity and usefulness

(diagnostic, prognostic, therapy or 

harm). 

4. Implement useful findings into clinical

practice

Four steps in EBM
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Formulating an Answerable Cinical Question

PICO

P = the patient/population

I = investigation

C = comparison/gold standard

O = outcome



Formulating an Answerable Cinical Question
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Formulating an Answerable Cinical Question

PICO

P = the patient/population

I = investigation: PET-CT:
Poor standardisation 

Camera generation

Acquisition protocols

Review expertise

C = comparison/gold standard

O = outcome



Formulating an Answerable Cinical Question

C = comparison

Physical examination

X-ray

Blood testes

US

Endoscopy

WB scintigraphy

CT, MR

Histopathology/biopsy

Follow-up

Very often an unexplained mixture

PICO



Formulating an Answerable Cinical Question

O = outcome

EBM = Patient-relevant outcome 

Evidence from RCT’s measuring 

eg. mortality, morbidity, and quality of life 

is required for new diagnostic tests 

(with higer sensitivity than existing ones) 

to draw valid conclusions as to their benefit. 

.

PICO



In the past, 

most clinical studies on PET

have focused on

diagnostic accuracy 

or changes in management, 

without briding the gab to 

patient-relevant outcomes



Formulating an Answerable Cinical Question

O = outcome

Accuracy is a surrogate outcome

Studies investigating diagnostic test accuracy alone are 

unable to prove that

…patients who are additionally identified with a new test 

actually benefit from the detection of the disease

…reduction in treatment of ”negative” patients is 

accompanied by improvement in patient related 

outcome (quality of life)

PICO



Formulating an Answerable Cinical Question

O = outcome

Accuracy is a surrogate outcome

The evaluation of a diagnostic intervention is 

inevitably linked  to the evaluation of a 

therapeutic intervention, and a benefit will be 

achieved only if both are effective.

Scheibler F et al. JNM 2012

PICO

diagnosis

outcome

treatment



Formulating an Answerable Cinical Question

O = outcome

Fryback DG, Thornbury JR. The efficacy of diagnostic imaging. Med Decis Making 1991; 11:88-94

2. Diagnostic accuracy study:

Determine presence or absence 

of disease. 

4. Therapeutic efficacy:

Compares the intended

treatment plan with the 

actual treatment 

pursued before and 

after the test. 

Involves wider MDT

5. Patient outcomes

The expected costs (radiation 

exposure, pain, risk to life) 

are weighed against its expected

benefits (reduced mortality and 

morbidity, improved life expectancy

and quality of life). 

Important for technologies 

that are expensive, dangerous, or

widely used. 

Require prospective RCT  

6. Social efficacy:

both patient outcomes

and the costs to society.

3. Diagnostic thinking

Explore how a test 

help/confirm the diagnosis.  

Report the difference in 

diagnosis probabilities 

prior to and after the test



Basic Study Designs to approach EBM

1. Accuracy study (level 2)

2. Ungated Randomized Controlled Trials (RCTs) (level 5)

3. Gated RCTs (level 5)

4. Decision Modelling (level 4)

5. Management Decision Studies (level 4)

6. Clinical Registries (level 5)



Basic study designs for demonstrating

clinical benefit* of PET/CT as a replacement 

of/add on to other procedures. 

Common scenarios

Direct benefit

A. Replacement of an invasive procedure

Indirect benefit (improved management)

Improved accuracy

B. of initial diagnosis 

C. for curative vs palliative treatment 

D. for radiation vs chemotherapy

E. Response evaluation

F. Acceleration of clinical decisions
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Knowledge of the diagnostic

accuracy of an imaging study is

a prerequisite for assessing its 

diagnostic thinking efficacy,

therapeutic efficacy,

patient outcome efficacy, and

social efficacy

Basic Study Designs: 1. accuracy studies



Improved accuracy is not always 

a necessary prerequisite for 

improving patient health, 

nor does it guarantee

other downstream improvements 

Basic Study Designs: 1. accuracy studies



RCTs of tests can measure these 

“down stream” processes directly 

to understand 

why and how changes to patient 

health have occurred. 

Basic Study Designs: 2. RCTs



Standard PET/CT

Patients

Survival

Quality of life

Survival

Quality of life

PET/CT +

Standard

Agreement

In management

Disgreement

In management

PET/CT based

management

Standard 

management

Survival

Quality of life

Survival

Quality of life

Ungated RCT – maker based strategy design Gated RCT – enrichment study

Basic Study Designs: 2. RCTs 

Comparson of management strategies



No new clinical study is performed. 

Data from different sources are combined to 

estimate the clinical benefit when a standard 

diagnostic procedure is replaced with PET/CT 

in a specific clinical scenario. 

Because there is no change in management when 

both diagnostic procedures reach the same 

conclusion the clinical benefit is derived only from 

patients with conflicting findings.

Basic Study Designs: 3 Decision Modelling



For each possibility, the expected 

clinical benefit b for a single patient 

can be specified (e.g. survival).

Information about the relative 

frequency p of the 4 possible 

scenarios can be obtained from a 

paired-design accuracy study. 

The overall benefit expected can be 

computed as the weighted sum of 

the 4 values for clinical benefit. 

Basic Study Designs: 3 Decision Modelling



0.10

0.02

0.16

0.04

20%

-20%

20%

-20%

**Assumptions: 

Change to the correct diagnosis 

increases the individual survival 

probability by 20% 

A change to an incorrect diagnosis 

decreases the individual survival 

probability by 20%

The overall benefit is an increase in 

the survival probability by 0.10 ×

20% + 0.16 × 20% + 0.02 × (−20%) 

+ 0.04 × (−20%) = 0.20 × 20% = 4%. 

Expected benefit**

Individual

survival 

probability

*

*   e.g. from an accuracy study

** Ideally, data are derived from a published clinical trial comparing the two strategies

Basic Study Designs: 3 Decision Modelling



A National Oncologic PET registry 

is “a collection of management decision 

studies”

PET/CT is added to the standard 

procedure in a well-defined patient 

population

The results (of both) are recorded

No information on the gold standard is 

collected

The frequency of changes (p) is 

assessed

Distinguishing between correct 

and incorrect changes is not possible

Assumption:

Changes in patient management are 

almost always correct : 

p3 and p4 = 0

Specifying b1 and b2 is possible if 

sensitivity and specificity of PET/CT= 1
(single arm trial or case-control study)

Basic Study Designs: 

4. Management Decision Studies



Clinical registries record all clinical management 

decisions and major outcomes for a well-defined 

patient population in a well-defined geographic area. 

The choice between the 2 procedures is not 

randomized (patient or hospital characteristics) which 

makes comparison difficult

If registries cover the time period before and after the 

introduction of PET/CT, data can be used to determine 

whether the clinical benefits predicted from decision 

modelling or RCTs could really be obtained. 

Basic Study Designs: 5. Clinical registries



JNM July 2012

Aim:

To systematically identify RCT on PET 

measuring patient relevant outcomes in 

any medical indication

Methods:

Literature search on studies comparing 

PET or PET/CT with standard 

procedures where a RCT design had 

been used (August 2010)

9 studies on oncology



MBSD = marker baste strategy design (ungated RCT)



Common scenarios

Avoidance of futile 

thoracotomy/laparoscopy

= replacement of an invasive 

procedure

Correct staging

= improved accuracy at diagnosis

Event free survival

= improved treatment choice

No studies on treatment monitoring 

were included in the review



Basic study designs for demonstrating

clinical benefit* of PET/CT as a replacement 

other procedures. 

Common scenarios

Direct benefit

A. Replacement of an invasive procedure

Indirect benefit (improved management)

Improved accuracy

B. of initial diagnosis 

C. for curative vs palliative treatment 

D. for radiation vs chemotherapy

E. Response evaluation

F. Acceleration of clinical decisions
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Replacement of Invasive Procedure
Mediastinoscopy vs PET

Clinical benefit: 

Direct  = avoidance of discomfort and potential side effects

Indirectly = changes in management 

(the selection of a different, more effective therapy)

Method:

Population based accuracy study: PET/CT is performed 

in addition to and compared with the invasive 

standard procedure (paired design)

Gold standard: a third procedure or follow-up

Result:

Accuracy is determined and 

should be as good as the standard to replace it.

Scenario A



Basic study designs for demonstrating
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other procedures. 
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Hypothesis: PET/CT identifies 

malignant nodules more accurately

and thus improves management

Indirect benefit:

Treat group (T): 

Improved management and survival

No-treat group (NT): 

Improved quality of life 

Quantification of survival benefit:

Stage-specific survival rates for treated 

patients combined with the stage 

distribution observed with a change 

from NT to T

Study: 

Decision modelling or ungated RCT

Scenario B

Improved Accuracy of Initial Diagnosis

SPN: PET/CT vs CT
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Improved Accuracy of Staging for 

Curative Treatment Versus Palliative Treatment

Scenario C

It is very complex to quantify the 

survival benefit.

Survival rates with curative treatment

Survival rates with palliative treatment 

(RCT, clinical registries) 

PET/CT has a higher sensitivity; 

most management changes are correct 

changes from curative treatment to 

palliative treatment, which do not have 

a marked positive effect on survival. 

The expected benefit is improved 

quality of life because of the avoidance 

of unnecessary treatment



Basic study designs for demonstrating

clinical benefit* of PET/CT as a replacement 

other procedures. 

Common scenarios

Direct benefit

A. Replacement of an invasive procedure

Indirect benefit (improved management)

Improved accuracy

B. of initial diagnosis 

C. for curative vs palliative treatment 

D. for radiation vs chemotherapy

E. Response evaluation

F. Acceleration of clinical decisions



Scenario D

Improved Accuracy of Staging for 

Radiation Versus Chemotherapy 

Quantification:

Survival rates (RCT) with 

both therapies in both groups*

Accuracy studies 

*For patients with local disease, 

comparisons of radiation and 

chemotherapy may have been 

performed. 

When chemotherapy is less effective than radiation in patients with local disease but 

more effective in patients with non local disease, patient related outcomes may improve  

with any correct change and decrease with ay incorrect change. 



Basic study designs for demonstrating

clinical benefit* of PET/CT as a replacement 

other procedures. 
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Scenario E

Evaluation of Tumour Response to Therapy

Correct change N → R 
N would have been offered 2nd line therapy 

although 1st line therapy was efficient. 

The benefit depends on the efficacy of the 

2nd line therapy relative to that of the 1st

line therapy and on the differences in the 

profiles of potential side effects. 

Evaluation of the tumor response to therapy allows treatment adjustments in non-

responders.  The responder continue 1st line therapy. The non responder change to 2nd 

line therapy. Purpose to improve survival and reduce side-effects (in-effective therapy)

Assumption: The treatment adjustments reduce the side effects of in-effective therapies 

and improve patient survival (the tumor responds well to second-line therapy)



Scenario E

Evaluation of Tumour Response to Therapy

If the expected benefit of PET/CT stems from detecting non response earlier, but not 

necessarily more accurately than the current standard, and if there is external 

evidence for the efficacy of the second line therapy, it may suffice to show that the 

early response evaluation agrees almost always with the current standard applied later

Correct change from R → N

Benefit may be larger than survival rate 

obtained with 2nd line therapy in N

because the N detected by PET

may be close to having PR and

hence may have a better prognosis 

than the entire group of N.



Scenario E

Fundamental difficulties in assessing the accuracy of 

response evaluations

The gold standard for a response can be measured some time after

the (early) response evaluation - e.g. preoperative histopathology 

If a gold standard is lacking, patient survival must be used 

In both situations it is not possible to delay second-line therapy

until the result of the  gold standard is known. 

If second-line therapy is started, an eventual final response may be caused

by first-line therapy or second-line therapy, and the true response status 

after first-line therapy will not be known.

If the efficacy of second-line therapy is substantial, then an RCT 

may be necessary for a correct assessment of the clinical benefit.
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Scenario F

Rapid Decision

If a rapid decision itself is accepted as a clinical benefit, 

it remains to be demonstrated that decisions based 

on PET/CT are in close agreement with the current 

standard procedure or that, at least, PET/CT has 

non inferior accuracy and often provide a rapid analysis. 



Evidence Based Medicine 

PET/CT has little or no clinical benefit 

in terms of survival today.

Any study done 

to demonstrate such a benefit is useless.

The discussion on defining and measuring 

the clinical benefit of diagnostic procedures 

should focus on quality of life



Impossible in diagnostics

Denigrates clinical expertise 

Promotes a cookbook approach to 

medicine

Is a cost-cutting tool 

Leads to therapeutic nihilism in the

absence of evidence from randomised 

controlled trials (RCT)

Criticism of EBM



How did IQWEG (and others) come to these 
conclusions that conflict with clinical 
practice in almost all other European 

contries and the United States?

THE JOURNAL OF NUCLEAR MEDICINE • Vol. 52 • No. 12 (Suppl) • December 2011



Answerable Cinical Question - example

Institute for Quality 

and Economy in Health Care



Answerable Cinical Question - example

1 . Determining the patient-relevant benefit of PET        

and/or PET/CT 

…..in the following indications: 

a) Determination of the tumour stage (staging)

b) Treatment response of lymphoma (residual   

disease evaluation/restaging), and 

c) Evidence of recurrence in the case of justified 

suspicion 

“Benefit” was understood here to mean changes that 

have perceptible consequences for the patient, such 

as the effect on mortality and morbidity, the optimum 

choice of treatment options available with more or 

less toxic side effects, the general clinical 

management of the patient and changes in quality of 

life.

2. Assessing the diagnostic and prognostic accuracy

of PET or PET/CT



1. Formulate a clear clinical question from 

a patient’s problem (answerable)

2. Search the literature for relevant clinical 

information

3. Evaluate (critically appraise) the 

evidence for its validity and usefulness 

(diagnostic, prognostic, therapy or 

harm). 

4. Implement useful findings into clinical

practice

Four steps in EBM



Finding the Best Evidence

Benefit assessment:

Randomized controlled comparative trials 

(strategy with vs. without PET) with  

patient-relevant outcomes (e.g. reduced 

mortality)

Accuracy:

Prospective cohort 

Prospective cross-sectional studies

Systematic reviews



Databases

Medline

EMBASE

From Cochrane:

Central Register of Controlled Trials (Clinical Trials)

Database of Systematic Reviews (Cochrane Reviews)

Database of Abstracts of Reviews of Effects 

The Health Technology Assessment Database 

HTA reports

Literature screening by independent reviewers 

Finding the Best Evidence



1. Formulate a clear clinical question from 

a patient’s problem (answerable)

2. Search the literature for relevant clinical 

information

3. Evaluate (critically appraise) the 

evidence for its validity and usefulness 

(diagnostic, prognostic, therapy or 

harm). 

4. Implement useful findings into clinical

practice

Four steps in EBM



Finding the Best Evidence

Quality Assessment of Diagnostic Accuracy Studies (QUADAS), 

The Cochrane Collaboration’s Risk of Bias Tool, GRADEpro

The reviewers do not judge the content of the reviewed publications but rather assess their quality solely by formal criteria



1. Formulate a clear clinical question from 

a patient’s problem (answerable)

2. Search the literature for relevant clinical 

information

3. Evaluate (critically appraise) the 

evidence for its validity and usefulness

(diagnostic, prognostic, therapy or 

harm). 

4. Implement useful findings into clinical

practice

Four steps in EBM



Implementation



Implementation

Diagnostic accuracy of PET for staging 

…the evidence syntheses show….

considerable methodological weaknesses 

…Overall, the data were heterogeneous and 

inconsistent. …Overall, in the combined 

assessment of staging and restaging, PET 

showed high diagnostic accuracy, which tended 

to be superior to that of CT… In a few, 

exclusively retrospective studies, PET/CT 

provided indications of greater diagnostic 

accuracy than CT or PET on their own. In view 

of the inherent methodological problems, no 

reliable conclusion can be drawn concerning 

the advantage of PET and PET/CT compared 

to conventional staging procedures for initial 

staging and for restaging. 





How did IQWEG (and others) come to these 

conclusions that conflict with 

clinical practice?



Inborn problems in study evaluation criteria

The reference standard to assess the 

presence or absence of recurrence/ 

metastatic disease is histopathologic 

analysis

If histopathologic analysis is not feasible (e.g., because a biopsy is 

associated with a high risk), follow-up imaging is generally 

accepted to prove or exclude metastases. Growth of a lesion  is 

considered as evidence for metastatic disease, whereas lack of 

growth over a longer period excludes metastases. 



Histologic verification of a recurrence/distant 

metastasis is not possible unless a lesion has 

been identified by an imaging study.

Therefore  the reference standard cannot be 

determined independently of the index test 

Furthermore, the reference standard can be 

determined only when an imaging result is 

abnormal.

Inborn problems in study evaluation criteria



Performing the reference standard in all patients 

would require an autopsy after the imaging study. 

Thus, the reference standard is not performed

in the whole sample or a random selection of the 

sample

Inborn problems in study evaluation criteria



The pathologist analyzing a tissue sample knows  that there 

was an abnormality on an imaging study that resulted in the 

biopsy sample being  analyzed. Consequently, the 

reference standard is not interpreted without knowledge of 

the results of the index test

Inborn problems in study evaluation criteria



Followup needs to be done with imaging. This means that the 

index test becomes part of the reference standard 

Inborn problems in study evaluation criteria



Systemic therapies may affect the growth of 

metastases, and new metastases may develop 

during a longer follow-up period. 

This conflicts with questions 3 and 4.

Inborn problems in study evaluation criteria



The future use of PET will 

heavily depend on the of evidence from RCT

It is important to overcome reservations 

concerning conduct of RCTs and to improve 

the design for diagnostic purposes

Evidence Based Medicine 



Evidence Based Medicine 

Good doctors use 

both individual clinical expertise 

and the best available external evidence, 

and neither alone is enough.

Without clinical expertise, 

practice risks becoming tyrannised by evidence, 

for even excellent external evidence may be 

inapplicable to or inappropriate 

for an individual patient.

Without current best evidence, practice risks becoming rapidly 

out of date, to the detriment of patients.




