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Taxonomy Imaging Trials

RCT

nRCTClinical Study
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My Credo

Clinical trials 
should help 
in making decisions 
about clinical interventions

So, my question:
How will your trial help future patients?



My Warning

• Many different classifications for clinical trials

• The one presented here is based on the flow of participants 



Teaching Goals

• After this session, students should be able to 
explain the following differences:

• trial observational study 
• randomized non-randomized
• single-arm two-arm
• longitudinal cross-sectional
• retrospective prospective

• study population study group
• outcome effect
• primary outcome secondary outcomes



Session Outline

1. Randomized Clinical Trial (RCT)
2. RCT components
3. Observational Clinical Studies
4. Non-Randomized Clinical Trial (nRCT)
5. Single-Arm Trial
6. Trial and Study Qualifiers
7. Diagnostic Accuracy Trial



1. 
RCT: An Example







Claim: CT Lung Cancer Screening 
Saves Lives



Clinical Questions : PICO format

• P: Patient population

• I: Intervention

• C: Comparator

• O: Outcome



Lung Cancer Screening: PICO format

• P: (Former) smokers 55-74 ; 30 pack-years

• I: Screening with Low-Dose CT

• C: Screening with Chest Radiography

• O: Lung-cancer Mortality



Lung Cancer Screening: PICO format

• P: (Former) smokers 55-74 ; 30 pack-years

• I: Screening with Low-Dose CT

• C: Screening with Chest Radiography

• O: Total Mortality



Lung Cancer Screening: PICO format

• P: (Former) smokers 55-74 ; 30 pack-years

• I: Screening with Low-Dose CT

• C: No Screening

• O: Total Mortality
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2. 
RCT: the components



RCT

• Randomized Clinical Trial 
• Randomized Controlled Trial 
• Randomized Control Trial
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Patient Population versus Study Group

• Inclusion criteria

• Define the intended-use population

• Exclusion criteria

• Not everyone in the intended-use 
population can participate in trial 

• Limit membership study group
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Intervention versus Comparator

• Intervention

• Intervention under evaluation

• Comparator

• Alternative to the intervention

• In principle: Current best alternative / 
standard of care / usual care 

• Could be: No intervention at all
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Outcomes

• Primary outcome
• In principle: Health outcome 

that matters most 
to decision-makers

• Related to “claim”

• Secondary outcomes
• Other outcomes that matter 

for decision-making
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Analysis

• Should help decision-making

• Focus on effects: 
change in outcomes from moving 
from comparator to intervention 

• Effect: 
(Estimate of) change in outcomes 
in intended-use population,
based on observations in study group

Patient
Population

Study
Group

Intervention

Comparator

Outcome

Outcome

Random



Exchangeability

• If groups had been swapped, 
outcomes after intervention/comparator 
would have been as observed

• Key assumption 
to infer effect of the intervention 
from an observed difference in outcomes
between groups

• Plausible in large RCT, 
questionable otherwise
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RCT: Another example





Clinical Question: PICO format

• P: Patients with Non-traumatic Pulmonary Complaints

• I: ULD Chest CT

• C: Chest X-ray

• O: Primary: Functional Health at 28 Days
Secondary: Process of Care
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Ah, Language….

• Outcome Functional Health

• Outcome Measure SF-12 Physical score 

• Effect Better Functional Health

• Effect Measure Difference in Mean Score SF-12 at 28 days

• Endpoint Event that marks the end-of-follow up
(not in this RCT)
(often used to refer to one of the above)



3. 
Observational Studies
Or Clinical Studies



What is a Clinical Trial?





Observational Clinical Study

• In an observational study, investigators assess 
health outcomes in groups of participants
according to a research plan or protocol.

• Participants may receive 
interventions or procedures 
as part of their routine medical care, 
but participants are not assigned 
to specific interventions by the investigator 
(as in a clinical trial). 
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Clinical Question: PICO format

• P: Women with Invasive Lobular Carcinoma

• I: Pre-operative Breast MR

• C: Pre-operative Breast MR

• O: Repeat Surgery



3. 
Non-Randomized 
Clinical Trials (nRCT)



An example: 
CT colonography Screening Trial



Clinical Question: PICO format

• P: Persons undergoing screening CT colonography

• I: Buscopan as bowel relaxant

• C: Glucagon as bowel relaxant

• O: Experienced burden
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Exchangeability

• If groups had been swapped, 
outcomes after intervention/comparator 
would have been as observed

• Key assumption 
to infer effect of the intervention 
from an observed difference in outcomes
between groups

• Plausible in large RCT, 
questionable otherwise
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4.
Single-Arm Clinical Trial





Women
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Single-Arm Trial Also Comparative 

change in 
apparent diffusion 
coefficient (∆ADC)

Pathologic
Complete Response

Compare participants with large change versus no or small change
DW-MRI assigned, but changes are not: observed 



Almost All Clinical Trials and Studies Comparative

Compare Outcomes in Patients With/Without Feature

Feature Outcome



Almost All Clinical Trials and Studies Comparative

Compare Outcomes in Patients With/Without Feature

change in breast tumor
apparent diffusion 
coefficient at MRI

pathologic
complete response



How Would Single-arm Trial Help Decisions?

Women
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Clinical Question: PICO format

• P: Women with Breast Cancer
undergoing neoadjuvant chemotherapy 

• I: Mid-Treatment Diffusion-Weighted MRI

• C: No Mid-Treatment Diffusion-Weighted MRI

• O: Patient Outcome
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Neoadjuvant 
Treatment type IIWomen
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Single-Arm Imaging Trial

• Can explore necessary 
conditions for an effect

• In example:
ability of DW-MRI to predict 
complete pathologic response
could guide decisions about 
neoadjuvant treatment
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6.
Trial and Study Qualifiers



Retrospective versus Prospective Studies

• Prospective

• Data collection planned after protocol development

• Retrospective 

• Data already collected at protocol development



Blinded versus Open-Label

• Blinding: Allocation Unknown

• Single-blind, double-blind, triple-blind

• Open-Label: Allocation Known

• Everybody fully aware of intervention



Pragmatic versus Explanatory Trials

• Pragmatic Trials

• Aim at supporting decision making

• Explanatory Trials

• Proof-of-principle  / Hypothesis Testing



Longitudinal versus Cross-sectional

Feature Outcome

Longitudinal

Time
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7. 
Diagnostic Accuracy Trial



Diagnostic Accuracy

Index Test

Gold Standard



Diagnostic Accuracy

Reference standard

Index Test
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Diagnostic Accuracy Trial

Index Test(s)

Reference standard

Series of Patients

Cross-classification





Diagnostic Accuracy Trial

B-mode US

Composite Reference Standard

Patients under HCC surveillance

Cross-classification

Perfluorobutane Enhanced US
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Session Outline
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