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WHAT IS CLINICAL RESEARCH

• NIH Defines Clinical Research as;
• “Research conducted with human subjects (or on material of human 

origin such as tissues, specimens and cognitive phenomena) for which an 
investigator (or colleague) directly interacts with human subjects.”

• Importantly: Excluded from this definition are in vitro studies that utilize 
human tissues that cannot be linked to a living individual.

• Source: http://grants.nih.gov/grants/glossary.htm#C
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BROAD TYPES OF CLINICAL RESEARCH (NIH)

1. Patient-oriented research – This type of research involves a particular 
person or group of people, or uses materials from humans. This research can 
include                                                 

- 1) mechanisms of human disease                                                                            
- 2) therapeutic interventions                                                                                       
- 3) clinical trials**                                                                                                         
- 4) development of new technologies

1. Epidemiological and behavioral studies – These types of studies examine 
the distribution of disease, the factors that affect health, and how people 
make health-related decisions.

2. Outcomes and health services research – These studies seek to identify the 
most effective and most efficient interventions, treatments, and services.

• Source: http://grants.nih.gov/grants/glossary.htm#C
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WHAT IS A CLINICAL TRIAL?

• A prospective biomedical or behavioral research study of human 
subjects that is designed to answer specific questions about biomedical 
or behavioral interventions (drugs, treatments, devices, or new ways of 
using known drugs, treatments, or devices). 

• Clinical trials are used to determine whether new biomedical or 
behavioral interventions are safe, efficacious, and effective
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RETROSPECTIVE STUDIES: A FEW WORDS

1. Retrospective Cohort Study:  One group (cohort) already has the 
outcome of interest (cancer), go back to find exposure.

• Why: Efficient for studying rare/unusual exposure

• Problems: Confounding, poor original data
• Ex: Hypothesis: Exposure to Sam increases alcoholism risk

• Exposed group = Former friends of Sam, friends who became alcoholic
• Unexposed = Sam admin staff, etc.

• How: review records for both prior to meeting Sam to classify and ex or unex, then use health 
records for outcome status (alcoholism).
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1. Case-control Study: identify the cases (a group known to have the 
outcome) and the controls (a group known to be free of the outcome). 
Then, look back in time to learn which subjects in each group had the 
exposure(s), comparing the frequency of the exposure in the case 
group to the control group.

• Why: identify risk factors, rare diseases esp. Prelim data.
• Problems: Confounding, lack or reliable info over time.

• Ex: Large number of new mutant mice in your exp (rare). 

• How:  Compare your mutant (cases) to non-mutant (controls) mice exposed to the new crossing 
system (attribute/exposure).  If a larger proportion of the mutant mice were exposed than the non-
mutant, this suggests, but does not prove, a risk factor.  

RETROSPECTIVE STUDIES: A FEW WORDS
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1. Cross-Sectional Study: Data on an entire study population at a specific 
point in time.

• Why: Quick, define prevalence mainly in medical research
• Problems: descriptive, no indication of event sequence, cannot infer 

causality
• Ex: Is a career in science associated with having fewer friends?
• How: A sample of X people are asked about their career and number of 

friends they have at the current time.
• Unfortunately this does not help determine if science causes you to lose 

friends. 

RETROSPECTIVE STUDIES: A FEW WORDS
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RETROSPECTIVE QUESTIONS?

• TAKE HOME
- Retrospective studies are generally faster, cheaper than prospective 

studies.

- Retrospective studies provide a lower level of evidence then prospective 
studies.

- Generally used for health outcomes, rare diseases or exposures, 
preliminary data prior to prospective validation.
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PROSPECTIVE CLINICAL TRIALS

• KEY QUESTIONS
1. Is it safe?
2. Is it effective?
3. Is it better than what is already out there?

• KEY CONSIDERATIONS
1. What are your endpoints?
2. How many events do you need to adequately address?
3. Are there ancillary studies that could be informative?
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WHY NOT DO 
IT ALL ON 
MICE?

Ethical issues 

Bias

Biologic Differences
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A BRIEF HISTORY LESSON

- 1628: Dr. Van Helmont proposes “trial” of bloodletting for fever.
- 1747: Dr. Lind’s trial of oranges and limes for scurvy.
- 1909: Paul Ehrlich does trial of Arsphenamine for syphillis.
- 1929: Alexander Fleming does Penicillin trial.
- 1935: Dr. Gerhard Domagk investigates sulfonamide
- 1944: Streptomycin
- 1950: British Med Research Council (MRC) develops systematic 

methodology for studying therapeutic interventions.
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THE DARK SIDE OF TRIALS: VULNERABLE POPULATIONS

1. Particularly vulnerable to coercion or undue influence in a research 
setting.  Children, wards of the state, prisoners, mentally disabled, 
pregnant women/fetus, economically or educationally disadvantaged.

• Examples;

- Tuskegee Syphilis (1932-1972) by US Public Health Service to study natural history of syphilis.  Rural sharecroppers from Alabama, 
some with known syphilis were followed, not treated despite availability of PCN.  Given meals and free burial insurance.

- Nazi experiments (early 1940s).  The below is actual data 

Attempt no. Water temperature
Body temperature when removed from the 

water Body temperature at death Time in water Time of death

5 5.2 °C (41.4 °F) 27.7 °C (81.9 °F) 27.7 °C (81.9 °F) 66' 66'

13 6 °C (43 °F) 29.2 °C (84.6 °F) 29.2 °C (84.6 °F) 80' 87'

14 4 °C (39 °F) 27.8 °C (82.0 °F) 27.5 °C (81.5 °F) 95'

16 4 °C (39 °F) 28.7 °C (83.7 °F) 26 °C (79 °F) 60' 74'

23 4.5 °C (40.1 °F) 27.8 °C (82.0 °F) 25.7 °C (78.3 °F) 57' 65'

25 4.6 °C (40.3 °F) 27.8 °C (82.0 °F) 26.6 °C (79.9 °F) 51' 65'

4.2 °C (39.6 °F) 26.7 °C (80.1 °F) 25.9 °C (78.6 °F) 53' 53'
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ETHICS IN CLINICAL RESEARCH

1. Nuremberg Code (1947) – Resulting from Nuremberg trials. Set of 
ethics (10 points) to guide human experimentation. 
http://www.hhs.gov/ohrp/archive/nurcode.html

2. Declaration of Helsinki (1964) – Ethical principles to guide human 
experimentation, autonomy and informed consent. Not legally binding. 
http://www.wma.net/en/30publications/10policies/b3/

3. Belmont Report (1978) – US document, basis for HHS, NIH human 
subject regulations.  Respect for persons, beneficence, justice.  
Reference for IRB. http://www.hhs.gov/ohrp/humansubjects/guidance/belmont.html

http://www.hhs.gov/ohrp/archive/nurcode.html
http://www.wma.net/en/30publications/10policies/b3/
http://www.hhs.gov/ohrp/humansubjects/guidance/belmont.html
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PRIOR TO PHASE I TESTING: DRUG DISCOVERY

Nat Rev Drug Discovery 2007;6:636-649.

Lab

Clinic
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PHASE I CLINICAL TRIALS

• Clinical Pharmacology and Toxicity

• Objective: To determine the maximum tolerated dose and safe dose for 
phase II study.

• Design (General): Dose-escalation to establish MTD.

• Sample Size: Generally 1-10 patients with the disease of interest or 
normal volunteers.
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PHASE I KEY TERMS

• MTD = Maximum tolerated dose.  The highest dose for which no more 
than 1 of 6 treated patients gets DLT.

• DLT = Dose limiting toxicity.  Defined before starting. Drug side effect 
deemed serious enough that further increase would be unacceptable.

• PK = pharmacokinetics, body on drug (Absorption, Distribution, 
Metabolism, Excretion).

• PD = pharmacodynamics, drug on body (biomarker change, change in 
blood count, imaging, etc). 

• TI = Therapeutic index. Dose that causes a given level of toxicity / dose 
required to achieve given level of antitumor effect.
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PHASE I CLINICAL TRIAL DESIGN: CLASSIC

• Starting Dose: Typically 1/10th MELD10, the dose (mg/m2) associated with 
10% lethality in mice or 1/3 the LD10 (10% lethality in beagle dogs).

• Dose Increase: “Fibonacci” increments of 100%, 67%, 50%, 33%.  Eg. Dose 
level 2 is 100% of dose level 1, dose 3 is 67% greater than dose level 2.

Design: “3+3” 

Outcome: 
# DLT/ # Patients

Action: 
Dose incr, suspend, stop.

0 DLT / 3 patients Escalate dose for next 3pts

1 DLT / 3 patients Do another 3 at same dose

>2 DLT / 3 patients Stop. Treat 6 at prior dose to determine MTD

1 DLT / 6 patients Escalate for next 3pts

> 2 DLT / 6 patients Stop. Treat 6 at prior to determine MTD
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PHASE I CLINICAL TRIALS

JNCI 2009;101:708-720
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PRIOR TO PHASE I TESTING: DRUG DISCOVERY

Nat Rev Drug Discovery 2007;6:636-649.

LAB

CLINIC
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PHASE I WALKTHROUGH: ALK-I PF-02341066

• Preclinical Rationale: EML4-ALK fusion gene produces a transforming 
oncogenic protein and represents a molecular driver in a subset of 
NSCLC (2-7%) and the inhibitor PF-02341066 reduces proliferation and 
tumor growth in ALK-rearranged cell lines at [nM].

• PF-02341066 is an oral ATP-competitive selective inhibitor or ALK, MET, 
and ROS1 tyrosine kinases.

• Hypothesis:  PF-02341066 may be effective in ALK-rearranged NSCLC.

• Step 1: Is it safe in people, what is the dose to take forward? 
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• Design: Phase I dose-escalation of oral PF-02341066 in patients with advanced cancer.
• MTD: dose level at which at most 1/6 pts with DLT after 28days.

Pre-defined DLTs:

PHASE I WALKTHROUGH: ALK-I PF-02341066
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PHASE I WALKTHROUGH: ALK-I PF-02341066

Cohort Dose Outcome Action

1 50mg daily 0/3 DLT Advance to level 2

2 100mg daily 0/3 DLT Advance to level 3 

3 200mg daily 1/3 DLT Expand to 6pts, no further DLT, advanced to 
level 4.

4 200mg 2x/day 0/3 DLT Advance to level 5

5 300mg 2x/day 2/6 DLT Stopped, went back to 250mg 2x/day

6 250mg 2x/day 0/9 DLT *RP2D is 250mg PO BID

*RP2D = Recommended Phase 2 Dose

• At doses >200mg daily, mean plasma trough was >120ng/mL, the 
preclinically predicted effective concentration (PD) 
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Adverse 
Event

50mg QD
(n = 3)

100mg QD
(n = 4)

200mg QD
(n = 8)

200mg BID
(n = 7)

300mg 
BID

(n = 6)

250mg BID
(n = 9)

Grade 1-2 1-2 1-2 3 1-2 1-2 3 1-2 3
Nausea 2 3 6 0 3 4 0 4 0

Vomitting 2 2 5 0 2 2 0 3 0
Diarrhea 3 0 1 0 2 0 0 2 0
Fatigue 2 2 0 0 0 0 2 1 1

Headache 0 2 1 0 1 0 0 0 0
Visual 

Disturbance
0 0 0 0 1 1 0 0 0

ALT Increased 0 0 0 1 1 0 0 0 0
AST Increased 0 0 0 0 1 0 0 0 0

PHASE I WALKTHROUGH: ALK-I PF-02341066

Red = DLT occurrence
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PHASE I 
SUMMARY

Objective is safety, MTD determination, and 
phase II dose establishment.

Usually involves PK and PD studies in fed and 
unfed states.

Classic design is 3+3 dose escalation, many 
newer adaptive designs (see JNCI 
2009;101:708-720 for review).

Newer targeted therapies may require more 
exhaustive PD studies. 
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PHASE II CLINICAL TRIALS

• EARLY EFFICACY SIGNALS

• Objective: to gather preliminary data on effectiveness and safety in the target population (usually 
only one cancer type).

• Common Endpoints: ORR, DCR, PFS.  Rarely is overall survival an endpoint.

• Design: multiple, classically Simon’s two-stage single arm in target population.

• Sample size: wide range, 10-100 (depending on effect size, etc). 
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COMMON PHASE II TERMINOLOGY

1. First Line: patient has not received prior therapy, usually refers to metastatic disease.

2. Second Line: patient progressed after initial therapy, now changing to X.

3. ORR: Overall/Objective Response Rate = (% partial response(PR) + % complete response(CR))

4. DCR: Disease Control Rate = (% partial response(PR) + % complete response(CR) + % stable disease(SD))

5. PFS: Progression Free Survival = Time from randomization to tumor progression or death. *(TTP is similar but 
does not include deaths).

6. DFS: Disease Free Survival =  time from randomization until recurrence of tumor or death from any cause.  
Usually adjuvant studies.
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PHASE II DESIGN: Simon’s Two Stage

• Classic phase II design.  Usually single arm study with 
binary endpoint.

Stage I: Enroll 
x patients

Stage II: Enroll 
z more

patients

If # responders is >y in stage 
I, then go to stage II 

If # responders is 
<y in stage I, then 

stop for futility

If total # 
responders is >w, 

then good efficacy 
signal

If total # 
responders is <w, 

then no good 
efficacy signal

**Note: x, y, z, and w are pre-specified in design.
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• Continuous endpoints (PFS) are also acceptable and increasingly more 
common
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PHASE II EXAMPLE CONTINUED

• Statistical Design: Response rate to crizotinib is ~45%, expected 
response rate was 70%.

• Sample size needed = 41 to give a power of 90% at a significance level of 
5% (p 0.05).
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PHASE II RESULTS: WATERFALL

Lancet Oncol 2013;14:590-598
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PHASE II RESULTS: ADVERSE EVENTS

Lancet Oncol 2013;14:590-598

CONCLUSIONS

1. Drug is safe in target population

2. Drug is effective in target population

3. Suggestion it may be better than standard 
options (chemo or crizotinib)

4. Further efficacy studies and comparison 
(phase III) trials are needed. 
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PHASE II 
SUMMARY

Establish efficacy signal and safety profile in target 
population.

Usually single arm studies.

Traditionally a positive phase II sets the stage for 
confirmatory phase III against standard of care.

Planning and picking endpoints and statistical plan are KEY.

Major endpoints are RR, ORR, PFS.

Pre-planned exploratory analyses are common (frequently 
translational studies in targeted therapy trials).



33

PHASE III CLINICAL TRIALS

• COMPARE TO THE CURRENT STANDARD

• Objective: to compare the investigational treatment to a current 
treatment.  Best level of evidence.  

• Design: Gold standard is double blind placebo controlled randomized 
trial.

• Sample size: ranges, generally 100-1000 or more.
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CLEOPATRA PHASE III (NEJM 2012;366:109-119)

• Why: Progression occurs on chemo+trastuzumab, complementary mechanisms of 
ErBB2 signaling inhibition may improve patient outcomes.

• Who: Health minimally treated stage IV Her2+ (IHC 3+, or FISH ratio >2.0) breast 
cancer.

• What: Phase III double blind, placebo controlled randomized trial with 1:1 
randomization to Docetaxel/Trastuzumab/Placebo vs 
Docetaxel/Trastuzumab/Pertuzumab.

• How: Treat until radiographic progression or intolerable toxicity. Primary endpoint: 
PFS, secondary endpoint OS and ORR.

• Where/When: 808 patients from 2008-2010, 204 cancer centers, 25 countries.
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PHASE III QUESTION 1: Did randomization balance population?

• Remove investigator bias.

• Ideally produce groups 
balanced for known and 
unknown risk factors.

• Minimize confounding.

• Increases validity of the planned 
statistical analysis.

•
• Many methods (coin toss, 

blocks, stratified block, etc).
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PHASE III QUESTION 2: Primary Endpoint
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PHASE III: Pre-specified Subgroups
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PHASE III: Kaplan-Meier Curves and ITT

• Intention To Treat (ITT) analysis: Analysis is based on the treatment 
assignment (everyone randomized is included), not on the treatment 
actually received.  Avoids non-random attrition or crossover.

• Kaplan-Meier Estimate: Fraction of subjects alive over time.  Patients 
“censored” when lost (or dead).   Which below is likely more accurate? 
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DIFFICULTIES WITH PHASE III RCTs

• Time consuming – typically requires years of follow up to detect 
differences, accrue enough patients with given disease.

• Organizationally complex – multiple sites, countries, data collection.

• Expensive – typically measured in millions, up to 200-500 million for 
some trials.

• Funding – difficult to get funding for important investigator-initiated 
questions.
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PHASE III CLINICAL TRIALS

• EX: Drug X and Drug Y are both approved ALK-inhibitors made by 
different companies, is one superior?

• Design: Phase III RCT of X vs Y proposed by investigator.

• Barriers to Implementation;
1. Who will pay? Neither company X or Y wants to be inferior
2. How to get drug? Again, concern for outcome
3. Who owns the data? Will they publish a negative trial
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PHASE III 
SUMMARY

Generally large trials comparing a preliminarily efficacious 
investigational intervention (phase II data) against an 
accepted standard of care.

Provide the highest level (I) evidence to guide treatment and 
change practice.

Overall Survival is the classic endpoint in phase III oncology 
trials.

Long, expensive, sometimes difficult to accrue.

Classically needed by FDA prior to new drug approval.
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PHASE IV CLINICAL TRIALS

• POST-MARKETING SURVEILLANCE

• Objective: to gather longitudinal information about a therapeutic 
intervention following approval.  Long term side effects, morbidity, real 
world use, etc.

• Design: essentially prospective cohort with subjects with the disease 
using the intervention.

• Sample Size: Ideally all patients using the treatment, large.



44



45

FURTHER READING/RESOURCES

1. CTEP: http://ctep.cancer.gov/ -- excellent source of investigator resources, protocol development, industry 
collaborations, drugs, etc.

2. CRAB: http://www.crab.org/ -- free biostats tools (power, sample size, etc).

3. AACR/ASCO Vail Workshop -- http://vailworkshop.org/Pages/AboutWorkshop.aspx -- yearly 5 day retreat on 
protocol development and grants.

4. NCI: http://www.cancer.gov/ -- wealth of info ranging from official definitions to trial overviews, etc.

*I have also included some excellent reviews in the cited references throughout the slides.

http://ctep.cancer.gov/
http://www.crab.org/
http://vailworkshop.org/Pages/AboutWorkshop.aspx
http://www.cancer.gov/

