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A B S T R A C T

Current staging and risk-stratification methods in oncology, while helpful, fail to adequately predict
malignancy aggressiveness and/or response to specific treatment. Increased knowledge of cancer
biology is generating promising marker candidates for more accurate diagnosis, prognosis assessment,
and therapeutic targeting. To apply these exciting results to maximize patient benefit, a disciplined
application of well-designed clinical trials for assessing the utility of markers should be used. In this
article, we first review the major issues to consider when designing a clinical trial assessing the
usefulness of a predictive marker. We then present two classes of clinical trial designs: the Marker by
Treatment Interaction Design and the Marker-Based Strategy Design. In the first design, we assume that
the marker splits the population into groups in which the efficacy of a particular treatment will differ. This
design can be viewed as a classical randomized clinical trial with upfront stratification for the marker. In
the second design, after the marker status is known, each patient is randomly assigned either to have
therapy determined by their marker status or to receive therapy independent of marker status. The
predictive value of the marker is assessed by comparing the outcome of all patients in the marker-based
arm to that of all of the patients in the non—marker-based arm. We present detailed sample size
calculations for a specific clinical scenario. We discuss the advantages and disadvantages of the two trial
designs and their appropriateness to specific clinical situations to assist investigators seeking to design
rigorous, marker-based clinical trials.

J Clin Oncol 23:2020-2027.

Current staging and risk-stratification

methods for malignant disease incompletely
predict prognosis and/or treatment efficacy.
As new therapeutic options emerge, it is de-
sirable to use our increasing knowledge of
tumor molecular biology to optimize and
individualize therapy. Reports from explor-
atory studies regularly suggest potentially
useful candidate markers for this purpose.
However, few markers are currently devel-
oped to the point of allowing reliable use in
clinical practice. The lack of a disciplined
approach will slow the introduction of
markers into clinical use, or alternatively,
markers may be introduced without suffi-
cient scientific evidence of benefit. Clinical
trial designs for evaluating the usefulness of
molecular traits or markers within the con-
text of treatment trials in cancer patients is
the subject of this article.

We refer to a marker as a property of the
tumor associated with a clinical outcome. It
may be a single trait, or a grouping (signa-
ture) of traits that separates different popu-
lations with respect to an outcome of
interest. Prognostic markers classically
identify patients with differing risks of a spe-
cific outcome, such as progression or
death."” Because the clinical scenarios
where no effective treatment options exist
have become rare, we take a slightly ex-
panded definition, defining a prognostic
marker as one that informs about outcome
in the absence of systemic therapy or por-
tends an outcome different from that of pa-
tients without the marker, despite empiric
(not targeted to the marker) systemic ther-
apy. For example, under this definition,
a marker would be prognostic if, in the
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absence of adjuvant therapy, patients with tumors express-
ing a specified marker have a poorer survival compared with
patients without the marker. The uniform introduction of
adjuvant therapy may improve the survival of the whole
group, but if survival of patients expressing the marker
remains poorer than that of marker-negative patients, the
marker remains prognostic under this definition (Tables 1
through 5). We choose this definition because the marker is
associated with a differential outcome regardless of the
therapy given, even if a choice of therapy is available. A
prognostic marker can distinguish populations into groups
where different treatment options are appropriate (possibly
including no treatment), but it cannot guide the choice of a
particular therapy. The preliminary knowledge necessary to
propose a validation trial of a prognostic marker is the
subject of considerable previous work.'™

A predictive marker is a marker that predicts the differ-
ential efficacy (benefit) of a particular therapy based on
marker status (eg, only patients expressing the marker will
respond to the specific treatment or will respond to a greater
degree than those without the marker). A predictive marker
could, therefore, guide the choice of therapy. Such predic-
tive markers could be relevant to the choice of therapy in
one of several ways. For example, if a marker (eg, a receptor
such as HER2/neu [for trastuzumab] or c-kit [for imatinib
mesylate]), is linked to the development or course of the
particular malignancy, then the presence or number of
receptors is a promising marker when a potential therapeu-
tic agent targeted to the receptor is developed. Examples of
the impact of a predictive marker on treatment decisions
are listed in Tables 1 through 5.

Before development of a prognostic or a predictive
marker for clinical use, the relationship between marker
expression and outcome should be explored by retrospec-
tive study of the marker in available tissues of patients with
known outcome who have been treated similarly. Complete
data on potentially confounding factors allow a more con-
vincing preliminary assessment. A marker that is indepen-
dently associated with outcome after adjusting for such
factors is considered promising for clinical utility. For the
purpose of designing a validation trial, information regard-
ing the prognostic properties of the putative marker relative
to existing (standard) treatment, as well as the predictive

Table 1. Prognostic Marker: No Difference Between A and B in
the Population

Median Survival (months)

Marker Status No Treatment Treatment A Treatment B

High 3 6 6
Low 6 12 12

NOTE. High marker levels are prognostic of worse outcome irrespective
of treatment (hazard ratio of 0.5 comparing the two marker levels).

Table 2. Prognostic Marker: Treatment B Is More Effective Than
Treatment A (hazard ratio = 1.5) in the Population and the Marker
Is Prognostic in All Groups (hazard ratio = 0.5)

Median Survival (months)

Marker Status No Treatment Treatment A Treatment B

High 3 6 9
Low 6 12 18

effect of the marker relative to the new (targeted) treatment,
is necessary to propose specific, testable hypotheses. Once
the marker meets the criterion of promising, additional
data must be gathered before initiating confirmatory stud-
ies to test its clinical utility. These data include the specific-
ity of the marker to the cancer of interest (as opposed to
normal tissues, other disease states, or other cancers), an
estimate of the marker prevalence in the target population,
confidence in the method of measurement, including defi-
nition of any cut points, and demonstration that the mea-
surement can be reliably performed on the specimens that
will be available.

Assuming that a marker (or a group of markers, such as
amolecular signature) has met the development milestones
described, an evaluation of clinical utility requires the selec-
tion of the appropriate patient population and the choice of
the most appropriate end point. Ideally, the population
studied should be one in which knowledge of the marker
would have substantial clinical relevance and where the
feasibility of obtaining appropriate specimens is estab-
lished. For example, it may be quite feasible to obtain tumor
tissue (from initial resection) from patients in a trial evalu-
ating the predictive ability of a marker for a specific adju-
vant therapy. However, a similar trial in patients with
metastatic disease may require a biopsy of metastatic tumor
unless it has been established that the characteristics of the
metastases are substantially similar to the (usually more
available) resected primary tumor. This requirement may
reduce the number of patients willing to enter the trial,
increase patient risk, and perhaps introduce bias by skewing
the population to those needing or willing to have a biopsy.

The choice of primary end point is also critical. In
evaluating predictive markers of therapeutic efficacy in the
adjuvant setting, the primary end point will usually be

Table 3. Predictive Marker: The Marker Is Not Prognostic, But Low
Marker Levels Are Predictive of Better Outcome From Treatment B
(hazard ratio for treatment = 0.5)

Median Survival (months)

Marker Status No Treatment Treatment A Treatment B

High 6 9 9
Low 6 9 18
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Table 4. Predictive Marker: Marker Level Is Prognostic Irrespective of
Treatment (hazard ratio = 0.5) and Predictive for Better Outcome From
Treatment B (hazard ratio = 0.5) in Patients With Low Marker Levels

Median Survival (months)

Marker Status No Treatment Treatment A Treatment B

High 3 45 45
Low 6 9 18

overall, disease-free, or recurrence-free survival. Possible
primary end points for metastatic disease trials include
response rate, time to progression, survival, or risks of tox-
icity. Time to progression may be a good surrogate end
point for efficacy in many diseases, provided careful atten-
tion is paid to uniform measurement of this parameter.
Survival is the gold standard, but in many cases it may be
affected by second- and third-line treatments.® Clearly, the
trial sample size and duration needed to achieve the desired
goal should be kept as small as possible. A trial of long
duration risks the possibility that results are so delayed that
relevance is compromised; the standard of treatment may
change, thus forcing a decision to either stop the trial early
or to change the treatment. A series of trials may be needed
and compromises necessary between what would be ideal
and what is practicably achievable.

Clinical trial design methodologies to test the clinical use-
fulness of putative prognostic or predictive factors could
best be described as maturing. Here we review four designs
for predictive marker studies.

Indirect Assessment (Fig 1)

1. Marker by Treatment Interaction Design, separate
tests. In this design, we assume the marker splits the pop-
ulation into two groups. Patients in each marker group are
randomly assigned to two different treatments, and the
testing plan determines whether one treatment is superior
to the other separately within each marker group.

2. Marker by Treatment Interaction Design, test of inter-
action. In this design, we again separate the population

Table 5. Predictive Marker: Marker Level Is Prognostic for Outcome
Irrespective of Treatment (hazard ratio = 0.5) and Predictive for
Response to Treatment B (greater benefit to high marker patients)

Median Survival (months)

Marker Status No Treatment Treatment A Treatment B

High 3 45 9
Low 6 9 9

2022

based on marker status and seek to determine whether the
treatment effect seen in one group differs significantly from
the treatment effect seen in the other group by a formal
statistical test for interaction between marker status and
treatment assignment.

In essence, these designs undertake two independent
clinical trials of treatment A versus treatment B, one in each
of two patient groups defined by marker status.

Direct Assessment (Fig 2)

3. Marker-Based Strategy Design (Fig 2A). In this de-
sign, after the marker status is known, each patient is ran-
domly assigned to either have his/her therapy determined
by their marker status or to receive therapy independent of
marker status.” The determination of the marker status
before randomization ensures nearly 100% availability of
the marker in the randomized sample. Figure 2A illustrates
the simplest application of this design, in which patients are
randomly assigned to either a marker-based or a non-
marker-based arm. All patients in the non—marker-based
arm receive the same treatment (ie, standard treatment A),
whereas patients in the marker-based arm receive treatment
A if their marker status is negative and an experimental
treatment B (likely a marker-based treatment) if their
marker status is positive. The predictive value of the marker
is assessed by comparing the outcome of all of the patients
in the marker-based arm to that of all of the patients in the
non—marker-based arm.

4. Modified Marker-Based Strategy Design (Fig 2B).
The Marker-Based Strategy Design described in Fig 2A does
not examine the effect of the marker-based treatment in
patients with negative marker status, as none of those pa-
tients receive that treatment. If the marker-based treatment
were superior in all patients, regardless of their marker
status, this could not be determined with the application of
the design shown in Fig 2A. In a modified version of the
Marker-Based Strategy Design, patients in the non-
marker-based arm undergo a second randomization to re-
ceive one of the same two treatments being used in the
marker-based arm. This modification allows clarification of
whether any finding regarding the efficacy of the marker-
directed approach to therapy is due to a true effect of
marker status or to an improved regimen regardless of
marker status. This design also may allow a retrospective
assessment of an alternative classification for the mark-
er.” Ideally, the randomization plan should take account
of marker prevalence in the population, as well as of
marker status.

Example

In this section we consider practical issues for a trial
testing the value of a predictive marker and provide specific
sample size estimates for the application of the design to a
specific clinical scenario, that of assessing the utility of
thymidylate synthase (TS) expression as a predictor for the
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Register ——» Test Marker

Marker Level () —»

Marker Level (+) —»

Treatment A

Randomize

N

Treatment B

Fig 1. Marker by Treatment Interaction
Design to test a predictive factor question;
same treatments in both prognostic groups.

Treatment A

Randomize

Y

Treatment B

efficacy of fluorouracil (FU) -based treatment for colon
cancer. FU is metabolized to 5-fluorodeoxyuridine mono-
phosphate, which binds competitively to TS, preventing
synthesis of thymidine and of DNA.® Exploratory studies
suggest that FU is more efficacious for patients whose tu-
mors exhibit low TS levels.>'* High TS level may also have
an adverse prognostic effect: patients with high TS levels
have been shown to have a poorer outcome in the absence of
treatment.”'® Here we consider the design of a trial to test
the hypothesis that allocation of patients to treatment based
on tumor TS level improves patient outcome. Specifically,
we consider a trial where the two arms are irinotecan plus
oxaliplatin (I0),"” and irinotecan plus FU with leucovorin
(IFL).'® Under our hypothesis, one would expect the FU-
containing treatment (defined as treatment B) to be most
effective in patients with low TS levels, whereas the efficacy
of the non-FU-containing treatment (treatment A) would
be unaltered by TS level, except that patients with high
expression of TS may have a slightly worse outcome as a
result of the small prognostic effect of TS.

For this example, we assume that 50% of patients will
have high TS levels and that survival follows an exponential
model. In the unselected population with metastatic colon
cancer, both treatment regimens result in median survivals
of approximately 15 months.'>'® However, if patients with
low TS levels respond preferentially to FU, one might expect

WWW.jco.org

a median survival for low TS patients treated with IFL
(containing FU) of 20 months, whereas patients with high
TS levels receiving IFL may have a median survival of only
12 months. The efficacy of treatment with IO (not contain-
ing FU) should be independent of TS level, and thus we
might assume that when treated with 10, low TS patients
have a median survival of 16 months and high TS patients
have a median survival of 14 months, with the difference
owing to the prognostic effect of TS. With these assump-
tions, in the high TS patients, IFL treatment is inferior to IO
(with a hazard ratio of 0.86 [12 v 14 months median sur-
vival] in favor of 10), whereas in the low TS patients, the
outcome is superior with IFL compared with IO (with a
hazard ratio of 1.25 in favor of IFL [20 v 16 months median
survival]). The resulting hazard ratio for the interaction
between treatment and marker level is 0.69 (0.86 v 1.25).
Considering the Modified Marker-Based Strategy Design in
this setting, the size of the strategy effect (ie, using a marker-
based rather than a non—marker-based strategy for choos-
ing therapy) is limited: the overall median survival in the
marker-based arm is 16.5 months, compared with 15
months in the non—marker-based treatment group, result-
ing in a hazard ratio comparing the two arms in the primary
randomized comparison (marker-based v non-marker-
based arm) of 0.91 (15 months v 16.5 months). This rela-
tively small effect is related to the rather limited treatment
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A / Marker-Based Strategy
Register ——» Randomize
Test Marker \

Register —— Randomize

o Marker Level () —» Treatment A

S Marker Level (+) — Treatment B

Non-Marker-Based Strategy — Treatment A

Marker Level (-) —» Treatment A

Marker-Based Strategy
/ " Marker Level (+) —» Treatment B
Test Marker
/Treatment A
Non-Marker-Based Strategy — Randomize

Fig 2. (A) Marker-Based Strategy Design
to test predictive factor question; no ran-
domization in non-marker-based arm. (B)
Marker-Based Strategy Design to test pre-
dictive factor question; randomization in
both arms.

a
Treatment B

effect in reach of the two marker groups (hazard ratio =
0.86 and 1.23, respectively), and the fact that in the non—
marker-directed therapy arm, 50% of the patients receive
the optimal therapy by chance alone.

The required sample sizes for 90% power to detect
these hypothesized differences, using the Marker by Treat-
ment Interaction (Fig 1) design with analysis by separate
tests or by test of interaction, as well as the Modified Marker

Strategy design (Fig 2B) for this example, are shown in
Table 6. From this Table, we see that for the Marker by
Treatment Design, using separate tests (patients separated
by marker status and then randomly assigned to either IO or
IFL), we need to observe 1,705 events in the high TS arm
and 844 events in the low TS arm (2,549 events in total) to
have 90% power to detect a meaningful effect. To observe
this number of events, we would need to enroll 2,756

Table 6. Sample Sizes Required for TS Example, 50% Prevalence, 90% Power, Two-Sided « = .05

Comparison

Total No. of Events
Required in Trial

No. of Patients Required/Arm
(assuming a mean 18
months of follow-up)

Marker by Treatment Interaction Design
Comparison of |0 and IFL within high-TS patients
Comparison of 10 and IFL within low-TS patients
Total

Separate tests
Test of interaction
Modified Marker Strategy Design

1,705 1,378

844 845
2,549 2,223
1,220 1,048
4,629 4,215

(marker-based strategy arm/non-marker-based strategy arm): 0.91.

NOTE. The assumptions for the median overall survival (in months) are: thymidylate synthase (TS; low (L)/IFL, 20 months; TS (L)/IO, 16 months; TS (high
[HN/IFL, 12 months; TS (H)/IO, 14 months. Hazard ratio (IFL/IO - TS [H]): 0.86; hazard ratio (IFL/IO- TS [L]): 1.25; hazard ratio (interaction): 0.69; hazard ratio

Abbreviations: |0, irinotecan plus oxaliplatin; IFL, irinotecan plus fluorouracil with leucovorin.
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patients in the high marker group (1,378 assigned to IFL
and 1,378 assigned to 10) and 1,690 patients in the low
marker group (thus we note that accrual could be termi-
nated early in the low TS group, assuming 50% prevalence).
If the analyses were by test of interaction, 1,220 events
would need to be observed, requiring that 1,048 patients per
arm (1,048 to IFL, 1,048 to 10, regardless of marker status)
would need to be enrolled. For the Modified Marker Strat-
egy Design in which patients are randomly assigned to be
treated by marker status or not, we would need to observe
4,629 events and to enroll 4,215 patients in each arm (4,215
patients where treatment was assigned based on marker, the
same number where treatment is not marker-dependent).

The sample size necessary to answer the relevant ques-
tions using the Treatment by Marker Interaction Design (Fig
1) is smaller than that necessary to answer the main question
using the Modified Marker Based Strategy Design 4. In this
example, the hazard ratio for the Modified Marker Strategy
Design (Fig 2B) is very close to 1.00; therefore, this design
necessitates a much larger sample size than the Treatment by
Marker Interaction Design when used to test for a formal
interaction (design 2) or even the indirect design if used to
conduct separate tests (design 1). In this example and others
we have investigated, the detection of the interaction effect
requires a sample size smaller than the total sample size needed
to provide adequate power to answer the treatment question
within each marker group individually. The reason for this fact
is that the interaction effects under investigation are at least as
large as the smallest target treatment effect in the subset.

In general, as demonstrated by this example, the sample
sizes for assessing the clinical utility of the putative predictive
marker in this example are quite large. This results from at least
three factors. First, the assumed marker effects were modest.
However, this modest hazard ratio is similar to the hazard
ratios used to design phase III treatment trials and may indeed
be clinically relevant, in that changes in practice are often based
on such differences in hazard ratios. Second, in this example,
the putative marker was predictive for only one of the regi-
mens, in this case, IFL. The predictive importance of the
marker on the other regimen, IO, was assumed to be null. Ifa
marker was hypothesized to be predictive for multiple compli-
mentary regimens, the sample sizes could be greatly reduced
(see Appendix for an example of such a scenario). The final
reason for the large sample sizes is unavoidable: investigation
of predictive effects for a marker is, by definition, a prospective
subset analysis: in other words, does the treatment effect differ
in subgroups defined by a marker level? Therefore, a larger
sample size is necessary.

The choice of design for any particular trial depends on
the nature of the conclusions that wish to be drawn and

WWW.jco.org

the strength of evidence desired at the trial’s conclusion.
For the Marker by Treatment Interaction Design using
separate tests (design 1), the trial’s sample size (and thus its
power) is based on testing the treatment effect separately in
the two marker groups. With such testing, the result may be
that there is a statistically significant benefit to one treat-
ment in neither, one, or both marker groups. Such an
approach may or may not provide convincing evidence of
a marker’s utility. Clearly, if treatment A is superior in one
marker group and treatment B is superior in the other,
the marker has clinical utility. However, if these same trends
are observed, but are nonsignificant, the clinical utility of
the marker remains unclear. The Marker by Treatment
Interaction Design using a test of interaction (design 2)
addresses this issue by basing the sample size on having
adequate power to test for a differential treatment effect in
the two marker groups. In this approach, we can test with
adequate power that any difference in treatment benefit
observed in the two marker groups is itself statistically signifi-
cant. This approach has the advantage of using all randomly
assigned patients in a single test, thus maximizing efficiency.
However, it does not provide power for testing the treatment
effect separately in the two marker subgroups. We note briefly
that this design also allows for an evaluation of the prognostic
value of the marker in patients treated with regimens A and B
by comparing the outcomes of patients treated with the same
regimen between the two marker groups.

On the basis of the example used in this article, one
would most likely initially choose one of the Marker by
Treatment Interaction Designs in the instances of a single
marker dictating a choice between two treatments to assess
the clinical utility of a putative predictive marker, despite
the drawbacks of the indirect assessment noted above. This
design could be powered to either detect a given difference
in treatment outcome within patients in each of two marker
groups (separate tests) or to detect an interaction between
the marker value and the treatment efficacy (test of interac-
tion) to demonstrate the usefulness of a marker for choos-
ing a particular therapy. Although this design is efficient, it
is a less direct test than that presented in the Marker-Based
Strategy Designs. This trade-off needs to be considered in
the design of any marker-based trial and will be based in
part on the practicality of obtaining marker information.

The currently accruing European Organization for Re-
search and Treatment of Cancer Trial 10994 is using the
Marker by Treatment Interaction Design (design 1). In this
trial, patients with breast cancer are classified by whether
the tumor has a normal or mutated p53 protein. Patients are
randomly assigned to either an anthracycline-based regi-
men only or to a taxane plus anthracycline regimen, with
the same randomization for patients with normal and mu-
tated p53 tumors. Preliminary data suggest that patients
with mutated p53 respond less well to anthracyclines com-
pared with patients with normal p53. The hypothesis being
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tested is whether the addition of a taxane (for which re-
sponse is presumed to be independent of p53 mutation
status) will improve the outcome for patients with mutated
p53."7!% If the results of the trial confirm this hypothesis,
then it may be reasonable to choose a taxane-containing
regimen in patients with tumors that have mutated p53,
whereas in patients with normal p53, the addition of a
taxane may not be necessary.

In other arenas, the Marker-Based Strategy Design has
significant merit. For example, if a treatment decision is to
be based on a panel of markers, if there are more than two
treatments to which patients can be assigned, or if other
outcomes in addition to efficacy should be considered, im-
plementation of the Marker by Treatment Interaction De-
sign is problematic or even impossible. However, the
Marker-Based Strategy Design (Fig 2A) may be applied to
randomize between marker-directed versus non—marker-
directed treatment. This design variation is being used in a
current clinical trial in platinum-resistant recurrent ovarian
carcinoma. In that trial, patients are randomly assigned to
have therapy determined among 11 possible regimens by
either a marker assay (an adenosine triphosphate—based
chemosensitivity assay) or physician choice.'® As molecular
evaluation becomes more sophisticated, outcomes in addi-
tion to treatment efficacy (response or survival) may also be
able to be evaluated in this way. Such possibilities include
the evaluation of impact of genetic polymorphisms on se-
vere toxicity or the minimization of toxicity when efficacy is
equivalent. We expect that as targeted therapies become
increasingly available, and as predictive approaches become
more sophisticated (including molecular profiling), the
marker-based strategy design will become increasingly at-
tractive. We also note that both versions of the Marker-
Based Strategy Design (Figs 2A and 2B) also permit an
assessment of the prognostic value of the marker in ques-
tion by comparing outcome in patients by marker level who
receive standard treatment.

In special cases, to reduce a trial’s sample size, one
could consider a partial strategy of assessing the clinical
utility of a marker. For example, for a marker trial embed-
ded in a treatment trial (phase III comparison of two treat-
ments), the end point for the marker trial could be response
rate, whereas for the treatment trial, the end point would be
overall survival. This tactic assumes that any improvement
in survival associated with the use of a given therapeutic
strategy would occur in the responding rather than the
nonresponding patients. However, such options should
only be used for cases where it would be impractical to do a
more rigorous clinical evaluation of the marker.

One might consider the possibility of retroactively ap-
plying the Marker by Treatment Interaction Design (Fig 1)
at the conclusion of a usual randomized phase III cancer
treatment clinical trial; that is, retrospectively assess tumor
specimens from a completed trial, classify patients into

2026

groups based on their marker status, and compare the two
treatments separately in the two marker groups. This ap-
proach may be useful for demonstrating the clinical utility
of a marker, but proper design should be used. Because it is
unlikely that tumor specimens will be available on 100% of
the enrolled patients, the study may be suboptimal because
of the possibility for bias in the samples that are available
and in the lower statistical power to discern an effect. How-
ever, if the marker-based analyses were planned prospec-
tively and tissue were available on all or most patients,
adequate statistical power may exist to compare the two
treatments separately in the two marker groups.

One strategy to answer a marker-based question more
feasibly may be to consider a trial with two patient cohorts:
a primary cohort to answer the treatment question and a
second cohort to answer the marker-based question. The
extensive data needed for the treatment trial (including
dose intensity, toxicity, and so on) may not be essential to
address the marker-based question, which may only require
data on vital status (in addition to the marker information).
The addition of a second cohort of patients to a typical
treatment trial, with the collection of a significantly reduced
data set, may provide a cost-effective approach to allow
marker-based questions to be addressed.

In a setting where there is only one marker and one
marker-based (presumably experimental) treatment avail-
able, these marker-based designs may not be necessary. It
may be more efficient to determine those patients who have
the marker, randomly assign them to either standard treat-
ment or the marker-based treatment, and determine the
efficacy of the new treatment for marker-positive patients.
In this case, the marker negative patients will not participate
in the evaluation, but will be treated separately. However,
such an approach provides no information on treatment
efficiency in marker-negative patients. Given the lack of
relationship between expression levels of a target and the
efficacy of some targeted agents,””*' such an approach
should be applied cautiously.

In this article, we considered trial designs for evaluation of
a single marker. As new technologies emerge, multiple mark-
ers, or a comprehensive set of markers, defining a distinct
tumor behavior, may need to be evaluated. If a combination of
markers can be treated as a unit, or classifier, then clinical trial
designs similar to those described above could be considered.
However, in cases where markers are assessed independently,
the study design would need to be rigorous and sufficiently
robust to accommodate multiple comparisons, and the re-
quired sample size would likely be larger. The efficiency of
these clinical trial designs used to evaluate markers should
continue to be evaluated. Novel trial designs should also be
tested so that the promise of tumor molecular biology can be
translated efficiently to the clinic.
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Appendix

Here we briefly consider a circumstance when a marker
is proposed to be predictive for two treatment options in a
complimentary manner. Specifically, we consider the case
where patients with a marker level considered to be high
have a more favorable response to a treatment A, whereas
patients with a marker level considered to be low have a
favorable response to treatment B. This would be the case in
the example presented (TS), if there were a treatment hy-
pothesized to have greater efficacy in patients with high TS
levels (recalling that IFL is hypothesized to work best in
patients with low TS levels). Here we assume such a treat-
ment has differentiated efficacy of the same magnitude as
IFL; that is, the new treatment (which we define as treat-
ment X) provides a median survival of 12 months in low TS
patients and 20 months in high TS patients. These assump-

tions (with the continued assumption of 50% prevalence of
high TS vlow TS), result in the following hazard ratios: HR
(IFL/X-high TS): 1.66, HR (IFL/X-low TS): 0.6, HR (inter-
action): 2.78, HR (marker-based strategy/non—marker-
based strategy): 1.25.

The divergence of these various hazard ratios from
unity substantially decreases the required sample sizes for
the validation clinical trial compared with those presented
in Table 2. For example, the required number of events for
the Marker by Treatment Interaction Design (separate
tests) is reduced eight-fold, from 2,549 to 322; the num-
ber of events for the Marker by Treatment Interaction
Design (test of interaction) is reduced nine-fold, from
1,220 to 132, and the number of events required for the
Modified Marker Based Strategy Design is reduced five-
fold, from 4,629 to 844.
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