
E U R O P E A N J O U R N A L O F C A N C E R 4 4 ( 2 0 0 8 ) 8 – 1 1

. sc iencedi rec t .com
ava i lab le at www
journal homepage: www.ejconl ine.com
Editorial Comment

Recommended changes to oncology clinical trial design:
Revolution or evolution?
Mark J. Rataina,*, Rachel W. Humphreyb, Gary B. Gordonc, Gwen Fyfed, Peter C. Adamsone,
Thomas R. Flemingf, Walter M. Stadlera, Donald A. Berryg, Carl C. Peckh

aUniversity of Chicago, Chicago, IL, USA
bBristol-Myers Squibb, Wallingford, CT, USA
cAbbott Laboratories, Abbott Park, IL, USA
dGenentech, San Francisco, CA, USA
eChildren’s Hospital of Pennsylvania, Philadelphia, PA, USA
fUniversity of Washington, Seattle, WA, USA
gMD Anderson Cancer Center, Houston, TX, USA
hUniversity of California, San Francisco, CA, USA
A R T I C L E I N F O

Article history:

Received 10 September 2007

Accepted 19 September 2007

Available online 5 November 2007
Medical oncologists have traditionally been outside the main-

stream of internal medicine, with oncology often being a sep-

arate department. In addition, there are many large

freestanding cancer centres focused exclusively on oncology

care. This partial isolation of the oncologist may have contrib-

uted to the evolution of diverse approaches to new drug

development between oncology and other therapeutic areas.

Specifically, the traditional approach to cytotoxic drug devel-

opment has utilised phase I trials to determine the maximally

tolerated dose (MTD) and nonrandomised phase II trials (at

the MTD) to measure the rate of (complete and) partial radio-

graphic responses. Thus, phase III has traditionally been the

first randomised controlled evaluation. In contrast, other

therapeutic areas (including studies of other lethal conditions

without effective treatments) have primarily utilised blinded,

placebo-controlled randomised trials in phase II to assess effi-

cacy and to explore dose-response relationships.1 Single-arm
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historically controlled phase II trials are rarely employed out-

side of oncology.

What are the reasons for the divergent evolution of trial

designs between oncology and other therapeutic areas? There

are many contributing explanations for this variance, includ-

ing: 1) a past paucity of potential targets and drugs, 2) the tra-

ditional dogma in oncology that ‘more is better’, 3) the mostly

predictable, reversible and dose-dependent nature of toxici-

ties of most cytotoxic agents, 4) a ready acceptance of toxicity

by both oncologists and cancer patients, 5) the belief that an

observed response rate is sufficient information to guide fu-

ture development, 6) an acceptance of phase II trial designs

that identify ineffective agents, but do not predict for phase

III success,2 and 7) discomfort among many oncologists and

cancer patients regarding the use of placebos. These atti-

tudes, coupled with the complex life-threatening nature of

the disease, led to the simple drug development paradigm
.
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described above. Unfortunately, this traditional oncology par-

adigm does not take advantage of the investigative tools that

have the potential to promote optimisation of medication use.

We believe that this difference in paradigms between oncol-

ogy and other therapeutic areas accounts, at least in part,

for the higher phase III failure rate in oncology, and also pos-

sibly the lower overall success rate.3

Outside of oncology, efficacy is also carefully weighed

against toxicity, but more rigorously investigated by evalua-

tion of two or more efficacious doses in phase III studies.4–8

Thus, drug development procedures that carefully define

‘optimal dose’ are frequently used in other therapeutic areas.

Note that ‘optimal dose’ in these other therapeutic areas is not

defined in phase I and is not defined through the use of novel

biomarkers, but is routinely determined through randomised

controlled phase II and/or III trials, sometimes incorporating

surrogate endpoints or previously qualified biomarkers.9 Fur-

thermore, demonstration of a relationship between dose or

concentration and an efficacy biomarker that lies in the causal

path of disease (e.g. HIV viral load) often provides plausible

evidence that the drug is efficacious.8 Dose ranging in cancer

trials has been hampered by the absence of a validated bio-

marker that is also a continuous variable, such as blood pres-

sure or flow rate, although change in tumour size has been

recently suggested to be a potential efficacy biomarker.10

For some therapeutic areas, the US Food and Drug Admin-

istration has developed Guidance Documents to assist indus-

try in designing clinical trials and development programmes.

Drug development approaches employed in rheumatoid

arthritis are of particular interest, as there are many overlap-

ping targets with cancer.11 In the FDA Guidance for rheuma-

toid arthritis, it is noted that, ‘Dose finding is a central

challenge of phase 2 development. Once a reasonably safe

range of doses has been established, randomized, parallel-

arm dose comparison trials are ordinarily recommended.’12

Of course most cancer patients are more likely to die of their

disease in a shorter period of time than patients with rheu-

matoid arthritis and this may affect trial design.

Given this background, what is the basis for the recom-

mendations from the Task Force on Methodology for the

Development of Innovative Cancer Therapies (MDICT), the fo-

cus of this editorial.13,14 The MDICT was appointed by the

NDDO Research Foundation (www.nddo.org), a private organi-

sation engaged in the conduct of research and the organisa-

tion of scientific meetings, for the purpose of addressing

methodological issues created by a change in oncology para-

digm – from cytotoxic agents to ‘molecular targeted therapies’

(or from drugs primarily targeted at DNA to those primarily

targeted at cellular signalling). The recommendations re-

ported by Booth and colleagues stem from two meetings,

one each on phase I and II design.

While we view many of the MDICT recommendations

regarding phase I trials as valid, it is important to discuss some

of the caveats. The phase I recommendations emphasise the

importance of defining the maximally tolerated dose, with

incorporation of biomarker studies only as needed to assist

with further development. The strongest case made by the

authors for biomarkers in phase I trials is for the PARP inhibi-

tor, AG-014699.15 We agree that demonstration of proof of

mechanism is important for agents of this nature, if the bio-
marker results will be used to make the ‘go/no-go’ decision,

as suggested by Littman and Williams.16 Pharmacodynamic

biomarkers are theoretically of value as an aid to overall deci-

sion-making, although the benefits of incorporating these

advanced technologies have not yet been demonstrated, par-

ticularly in regard to identification of an optimal dose and/or

schedule. Furthermore, too much information can impair

the solution of complex problems,17 and biomarker studies

may add significant cost and complexity to phase I clinical tri-

als.18 Given these concerns, we need to recognise that a more

realistic outcome of a phase I trial is identification of a safe

range of candidate doses, with the optimal dose identified in

dose-ranging phase II studies (ideally with blinding), the stan-

dard paradigm in other therapeutic areas.4,12

Thus, we disagree with the general recommendation of

Booth and colleagues13 regarding the appropriateness of

nonrandomised phase II trials, which conflicts with drug

development paradigms outside of oncology.19–21 Since some

molecularly targeted oncology drugs are similar or identical

to molecularly targeted non-oncology drugs,11,22,23 their drug

development programmes should logically resemble non-

oncology drug development programmes, with allowances

for differences in the course of the underlying disease. This

potential convergence of trial designs is not a revolutionary

change, but simply an evolutionary change towards standard

paradigms, as described in the EMEA and FDA Guidance

documents.

As emphasised by the MDICT’s recommendations, some

oncologists remain reluctant to utilise randomisation in

phase II, often because of concerns regarding the statistical

limitations of small randomised trials. However, the use of

historical controls has repeatedly yielded unreliable conclu-

sions, due to misinterpretation of the implications of reject-

ing the null hypothesis, as well as inadequate justification

for the choice of the null hypothesis itself.2,24–26 In referring

to the use of historical controls defined by ‘general medical

knowledge of outcome’, ICH E10 states, ‘Use of this latter

comparator is particularly treacherous. . ..’ Randomised phase

II trials should be designed to compare treatment effects

across arms, not comparison of each arm to a historical con-

trol as proposed by Simon.27 The results of any nonrando-

mised trial reflect some combination of treatment effect,

random effect, biased recruitment, and unknown differences

between treated and control patients. With randomisation,

effects other than treatment are theoretically balanced, per-

mitting probabilistic estimation of the treatment effect, with

the magnitude of the random effects being controllable by

the sample size. We strongly recommend that randomised

comparative phase II trials (with dose ranging as appropriate)

become a standard approach in oncology, especially for the

development of drug combinations.28 In contrast, nonrando-

mised phase II trials should have a more limited role, but will

undoubtedly continue to be utilised when the primary drug

development decision will be based on the estimation of the

response rate to a single agent of unknown activity, although

even in this context it may be desirable to determine the rela-

tionship of dose to response rate. Phase II trials in rare dis-

eases will continue to be problematic, and in this context,

nonrandomised phase II trials may be the only pragmatic

option.
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Our recommendations regarding randomisation are con-

sistent with those of Rubinstein and colleagues29 regarding

phase II screening trials. Phase II trials are not intended to

be definitive studies, but do need to have valid controls, with

both type I (for positive conclusions) and type II (for negative

conclusions) error rates considered in the interpretation of

the results. Error will be reduced by larger sample sizes. In in-

stances where one has less confidence in usefulness of bio-

markers, a randomised phase II trial could screen therapies

evaluating effects on the same clinical endpoint to be used

in phase III.7 Since the intention of phase II is to ‘learn’

(whereas phase III trials should ‘confirm’ phase II results),

modelling of the relationship (potentially adjusted for bio-

markers or other patient identifying factors) between dose

(and/or exposure) and one or more endpoints may also be

informative.30,31 (In this case, the hypothesis being tested is

that some dose is more effective than no treatment.)

Full discussion of trial design features of randomised

phase II trials is beyond the scope of this editorial, although

careful consideration should be given to critical design issues

such as: 1) number and separation of dose (or exposure) lev-

els, 2) adaptive versus fixed designs, 3) the primary endpoint,

4) enrichment strategies, 5) the potential use of crossover or

discontinuation designs and 6) type I and II error. We believe

that the standard oncology ‘cookie cutter’ approach to phase

II design should evolve to a more individualised approach,

potentially aided by clinical trial simulation.32

The creation of the Task Force on MDICT itself reflects the

generally accepted need for a careful reconsideration of early

clinical trial design in oncology. And for phase I trial design,

the level of methodological disagreement is minimal. How-

ever, the complexity of optimising phase II trials that will best

predict for phase III success should not be underestimated.
R E F E R E N C E S
1. Michaelis LC, Ratain MJ. Phase II trials published in 2002: a
cross-specialty comparison showing significant design
differences between oncology trials and other medical
specialties. Clin Cancer Res 2007;13(8):2400–5.

2. Ratain MJ. Phase II oncology trials: let’s be positive. Clin Cancer
Res 2005;11(16):5661–2.

3. Kola I, Landis J. Can the pharmaceutical industry reduce
attrition rates? Nat Rev Drug Discov 2004;3(8):711–5.

4. European Medicines Agency. ICH Topic E 4: Dose response
information to support drug registration. Canary Wharf,
London; 1994.

5. FDA. Guidance for industry: Exposure-response relationships
- Study design, data analysis, and regulatory applications.
Rockville, MD; 2003.

6. FDA. Guidance for industry: Premarketing risk assessment.
Rockville, MD; 2005.

7. Fleming TR, Richardson BA. Some design issues in trials of
microbicides for the prevention of HIV infection. J Infect Dis
2004;190(4):666–74.

8. Peck CC, Rubin DB, Sheiner LB. Hypothesis: a single clinical
trial plus causal evidence of effectiveness is sufficient for drug
approval. Clin Pharmacol Ther 2003;73(6):481–90.

9. Atkinson AJ, Colburn WA, DeGruttola VG, et al. Biomarkers
and surrogate endpoints: preferred definitions and
conceptual framework. Clin Pharmacol Ther 2001;69(3):89–95.
10. Karrison TG, Maitland ML, Stadler WM, Ratain MJ. Design of
phase II cancer trials using a continuous endpoint of change
in tumor size: Application to a study of sorafenib and
erlotinib in non – small-cell lung cancer. J Natl Cancer Inst
2007;99(19):1455–61.

11. Lainer-Carr D, Brahn E. Angiogenesis inhibition as a
therapeutic approach for inflammatory synovitis. Nat Clin
Pract Rheumatol 2007;3(8):434–42.

12. FDA. Guidance for industry: Clinical development programs
for drugs, devices, and biological products for the treatment
of rheumatoid arthritis (RA). Rockville, MD; 1999.

13. Booth CM, Calvert AH, Giaccone G, Lobbezoo MW, Eisenhauer
LK, Seymour LK. Design and conduct of phase II studies of
targeted anticancer therapy: Recommendations from the
Task Force on Methodology for the Development of
Innovative Cancer Therapies (MDICT). Eur J Cancer
2007;44(1):25–9.

14. Booth CM, Calvert AH, Giaccone G, Lobbezoo MW, Seymour
EA, Eisenhauer EA. Endpoints and other considerations in
phase I studies of targeted anticancer therapy:
Recommendations from the Task Force on Methodology for
the Development of Innovative Cancer Therapies (MDICT).
Eur J Cancer 2007;44(1):19–24.

15. Plummer R, Middleton M, Wilson R, et al. First in human
phase I trial of the PARP inhibitor AG-014699 with
temozolomide (TMZ) in patients (pts) with advanced solid
tumors (Abstract 3065). Pro ASCO 2005;23(16S).

16. Littman BH, Williams SA. The ultimate model organism:
progress in experimental medicine. Nat Rev Drug Discov
2005;4(8):631–8.

17. Gladwell M. Blink. New York: Little, Brown and Company; 2005.
18. Goulart BH, Roberts TG, Clark JW. Utility and costs of

surrogate endpoints (SEs) and biomarkers in phase I oncology
trials (Abstract 6012). Pro ASCO 2004; 22(14S).

19. European Medicines Agency. ICH Topic E 8: General
considerations for clinical trials; 1998.

20. European Medicines Agency. ICH Topic E 9: Statistical
principles for clinical trials; 1998.

21. European Medicines Agency. ICH Topic E 10: Choice of control
group in clinical trials; 2001.

22. Hartford CM, Ratain MJ. Rapamycin: Something old,
something new, sometimes borrowed and now renewed. Clin
Pharmacol Ther 2007;82:381–8.

23. Lazic R, Gabric N. Verteporfin therapy and intravitreal
bevacizumab combined and alone in choroidal
neovascularization due to age-related macular degeneration.
Ophthalmology 2007;114(6):1179–85.

24. Goffin J, Baral S, Tu D, Nomikos D, Seymour L. Objective
responses in patients with malignant melanoma or renal cell
cancer in early clinical studies do not predict regulatory
approval. Clin Cancer Res 2005;11(16):5928–34.

25. Ratain MJ, Karrison TG. Testing the wrong hypothesis in
phase II oncology trials: there is a better alternative. Clin
Cancer Res 2007;13(3):781–2.

26. Vickers AJ, Ballen V, Scher HI. Setting the bar in phase II trials:
the use of historical data for determining go/no go decision
for definitive phase III testing. Clin Cancer Res 2007;13(3):
972–6.

27. Simon R, Wittes RE, Ellenberg SS. Randomized phase II
clinical trials. Cancer Treat Rep 1985;69(12):1375–81.

28. Van Glabbeke M, Steward W, Armand JP. Non-randomised
phase II trials of drug combinations: often meaningless,
sometimes misleading. Are there alternative strategies? Eur J
Cancer 2002;38(5):635–8.

29. Rubinstein LV, Korn EL, Freidlin B, Hunsberger S, Ivy SP,
Smith MA. Design issues of randomized phase II trials
and a proposal for phase II screening trials. J Clin Oncol
2005;23(28):7199–206.



E U R O P E A N J O U R N A L O F C A N C E R 4 4 ( 2 0 0 8 ) 8 – 1 1 11
30. Lalonde RL, Kowalski KG, Hutmacher MM, et al. Model-based
drug development. Clin Pharmacol Ther 2007;82(1):21–32.

31. Sheiner LB. Learning versus confirming in clinical drug
development. Clin Pharmacol Ther 1997;61(3):275–91.
32. Lockwood P, Ewy W, Hermann D, Holford N. Application of
clinical trial simulation to compare proof-of-concept study
designs for drugs with a slow onset of effect; an example in
Alzheimer’s disease. Pharm Res 2006;23(9):2050–9.


	Recommended changes to oncology clinical trial design: Revolution or evolution?
	References


