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           Many cancer patients do not benefit from the systemic treatments 
they receive. For example, adjuvant chemotherapy that is considered 
highly effective may often improve the disease-free or overall survival 
rate by only 5 – 10 percentage points. Also, chemotherapy for meta-
static disease often provides sustained benefit for a small portion of the 
patients treated. Therefore, the practice of oncology has been very 
inefficient, with exposure of far more patients than will benefit to the 
cost and toxicity of these agents . Although this overtreatment is un-
derstandable in dealing with life-threatening diseases, the ability to 
better “personalize” treatment decisions could have important bene-
fits for patients as well as medical costs. In spite of developments in 
biotechnology and genomics, the pace of acceptance of new markers 
to inform treatment decisions for patients with cancer has been slow. 
The limited introduction of effective biomarkers is partly because of 
the substantially lower reimbursement for tumor marker tests, as 
compared with therapeutics by health insurers, but is also because of 
a shortage of prospective studies of marker utility and the lack of re-
producibility and reliability among the many published retrospective 
studies of prognostic and predictive markers ( 1 , 2 ). 

 Several committees and authors have proposed specifi c guidelines 
that might be used to evaluate and report a given marker. For ex-
ample, in 1996, the members of the American Society of Clinical 
Oncology Tumor Markers Guidelines Committee recommended fi ve 
Levels    of Evidence (LOEs) that might be used to determine the clin-
ical utility of a tumor marker ( 3 ). This LOE scale has been widely 
cited and used as a template for deciding whether to recommend the 
use of a tumor marker in clinical practice and for design and conduct 
of tumor marker studies ( 4 , 5 ). The criteria for reporting the results of 
marker studies (designated the REMARK criteria) have been pub-
lished in several journals, and at least a few journals have incorporated 
REMARK into the required submission format ( 6 , 7 ). 

 In this article, we will address the nature of the methodological 
diffi culties involved in studying tumor markers, both prognostic 

(ie, predictive of prognosis, independent of treatment) and predic-
tive (ie, in terms of best choice of therapy). We will also propose 
that there are conditions in which archived specimens can be used 
to provide reliable evaluations of the clinical validity or medical 
utility of prognostic and predictive biomarkers. 

  Prospective Randomized Trials to Address 
Tumor Marker Utility 
 The gold standard for establishing clinical utility of a new medical 
intervention is the prospective randomized clinical trial. Several 
authors have proposed prospective randomized clinical trial designs 
for evaluation of prospective or predictive diagnostic markers 
( 8  –  13 ). In the latter circumstance, the medical utility of the candi-
date predictive biomarker can be established by evaluating the 
benefit of the new drug according to marker status (positive or 
negative) in adequately sized patient subgroups using a prospec-
tively specified analysis plan within a randomized clinical trial that 
compares a regimen containing the new drug to a control. 

 One might consider a prospective clinical trial in which the test 
itself is the investigational intervention to be the ultimate validation 
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of a prognostic or predictive tumor marker. That is, a trial may be 
designed so that a patient ’ s care would be determined based on ran-
dom assignment to use the test or not, as referred to as the marker 
strategy design by Simon and Wang ( 14 ). In such a trial, treatment 
decisions are made for patients who are randomly assigned to the 
control group using standard prognostic factors and practice guide-
lines. For patients who are randomly assigned to the investigational 
group, the test, or marker, is used in treatment determination, per-
haps in conjunction with standard prognostic factors. The test 
would be performed only for patients who are randomly assigned to 
the test group, and the trial would be evaluated by comparing out-
comes overall for the two randomization groups. The outcomes 
must be compared overall because the new test is not used for the 
“control” group. In many cases, this restriction seriously limits the 
information that can be gleaned from the design. Results can be 
particularly confounded and diluted in cases where the standard of 
care is variable among physicians. 

 The marker strategy design is also generally very ineffi cient in 
terms of the number of patients required for randomization. 
Sample size requirements for randomized clinical trials are often 
proportional to the reciprocal of the square of the size of the treat-
ment effect to be detected with a specifi ed statistical power. For 
the marker strategy design, only the overall treatment effect 
between the two randomized groups can be evaluated, and the size 
of that effect is generally quite small because many patients will 
receive the same treatment regardless of the group to which they 
are randomized. If the analysis is to demonstrate that withholding 
a standard therapy for test-negative patients is not inferior, then 
sample size problems are compounded, and even with a huge 
sample size, the results are unlikely to be convincing. 

 An alternative approach requires that all patients be tested for 
marker status “upfront.” In this case, the evaluation can be focused 
on subsets of patients for whom the treatment assignment that is 
based on the test differs from treatment assignment that is based 
on standard of care. For example, suppose the standard of care is 
to use chemotherapy for stage II patients but not for stage I 
patients and the test purports to identify patients who are likely to 
benefi t from chemotherapy regardless of stage; test-positive 
patients will receive chemotherapy and test-negative patients will 
not. In this case, the only patients randomly assigned are stage I 
patients with a positive test and stage II patients with a negative 
test. The design enables the effectiveness of chemotherapy to be 
evaluated separately for these subsets of patients. This design pre-
sumes, however, that the standard of care, as a function of standard 
prognostic variables, is determined. 

 This strategy of testing all patients up-front is used by two 
current clinical trials, the Microarray in Node-Negative Disease 
may Avoid Chemotherapy (MINDACT) study in Europe ( 15 ) and 
the Trial Assigning Individualized Options for Treatment (Rx) 
(TAILORx) study in North America ( 16 ). Although the designs of 
both trials are complex and somewhat different, they both address 
the medical utility of withholding standard of care chemotherapy 
from women with node-negative estrogen receptor – positive breast 
cancer who have a predicted low risk of recurrence, based on a 
predefi ned gene expression – based risk score. The MINDACT 
study evaluates a 70-gene classifi er, and the TAILORx study eval-
uates a 21-gene classifi er. Even though these designs are more 

effi cient than the randomized marker strategy trial design, both of 
these studies will require many thousands of patients, and nearly a 
decade each from the time, accrual was begun until the fi rst results 
are anticipated. The TAILORx and MINDACT studies will cost 
millions of dollars or Euros to conduct, and with the current speed 
of the evolution of technology, the test being evaluated may have 
become obsolete by the time such studies are completed. 

 It is common for a new marker to be identifi ed after the defi n-
itive trials have demonstrated benefi t for a specifi c agent or class of 
agents or even type of modality (such as chemotherapy in general). 
We maintain that, in many cases, it may be possible to use archived 
specimens collected in the past from appropriate previously con-
ducted therapeutic trials and to preserve the focus, control of type 
I error, and statistical power of properly designed fully prospective 
studies. Indeed, when there is substantial preliminary evidence that 
a new marker predicts benefi t from a specifi c drug, it may some-
times be possible to assay the marker in archived specimens from 
randomized clinical trials that were conducted to evaluate the 
drug, as was done for  KRAS  in colorectal cancer ( 17 , 18 ). 

 When suitable archived tissue is available and can be used reli-
ably, it can facilitate and expedite delivery of valuable cancer diag-
nostics that may be of considerable benefi t to patients. Nonetheless, 
there are certainly also risks to patients from the unreliable use of 
archived tissues. We have tried here to clarify the key features 
involved in using these resources in a reliable manner, and we 
propose a refi nement to the previously published LOE scale that 
permits a more critical analysis of the quality of tumor marker 
studies using archived specimens.  

  Prospective vs Retrospective Studies: A 
Matter of Semantics 
 Although biomedical scientists and biostatisticians are taught 
that “prospective” studies are preferable to “retrospective” 
studies, the distinction between prospective and retrospective is 
often confused with the distinction between “experimental” and 
“observational.” We propose that for studies of prognostic and 
predictive biomarkers in oncology, the term retrospective is in 
some cases misleading. 

 In cancer epidemiology, both retrospective case – control studies 
and prospective cohort studies are observational, rather than ex-
perimental, studies. Neither type of study involves random assign-
ment of exposure, and hence, observed associations between 
exposures and disease do not provide as strong a basis for claims 
of causality as in experimental studies. The most serious limitation 
of epidemiological studies is their nonexperimental nature, not 
whether they are retrospective or prospective. 

 In therapeutics, many retrospective analyses are also nonexper-
imental, with treatment selection based on patient factors and re-
ferral pattern rather than on randomization. Such studies are also 
often conducted without a written protocol and are unfocused, 
with numerous patient subsets and endpoints compared without 
control for the overall chance of a false-positive conclusion. In 
contrast, prospective randomized clinical trials contain internal 
control of treatment assignment, careful and proscribed data col-
lection (including outcomes and endpoints), and a focused analysis 
plan that is developed before the data are examined. 
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 Many biomarker studies are conducted with convenience sam-
ples of specimens, which just happen to be available and are 
assayed for the marker, with no prospectively determined subject 
eligibility, power calculations, marker cut-point specifi cation, or 
analytical plans. Such studies are very likely to result in highly 
biased conclusions and truly deserve to be pejoratively labeled as 
“retrospective.” However, if a “retrospective” study is designed to 
use archived specimens from a previously conducted prospective 
trial, and if certain conditions are prospectively delineated in a 
written protocol before the marker study is performed, we argue 
that it might be considered a “prospective – retrospective” study. 
Such a study should carry considerably more weight toward deter-
mination of clinical utility of the marker than a simple study of 
convenience, in which specimens and an assay happen to be avail-
able. Having multiple studies of different candidate biomarkers 
based on archived tissues from the same prospective trial would, 
however, present a greater opportunity for false-positive conclu-
sions than a single fully prospective trial focused on a specifi c 
biomarker. Consequently, independent confi rmation of fi ndings 
for specifi c biomarkers in multiple prospective – retrospective 
studies is important (see below).  

  Using Archived Tissue to Establish the 
Medical Utility of a Marker 
 In assessing the use of archived specimens in the evaluation of 
prognostic and predictive biomarkers, it is useful to consider 
the three requirements for clinical acceptance of a tumor 
marker that were first proposed by Henry and Hayes ( 2 ): 1) the 
specific setting and utility of the marker must be clear, 2) the 
magnitude in either outcomes or treatment effects between 
those patients who are “positive” for a marker must be suffi-
ciently different from those who are “negative” for that marker 
that the clinician and/or patient would accept different treat-
ment strategies for the two patients, and 3) the estimates of that 
magnitude must be reliable. 

 These criteria relate to establishing the clinical utility of the 
marker. It is useful to clarify the use of the term “validation” as 
applied to diagnostic tests. Hunter et al. ( 19 ) distinguished three 
types of validity in terms of genetic tests: “First, there is the ques-
tion of a test’s analytic validity, its ability to accurately and reli-
ability measure the genotype of interest  . . . . Second, one must 
consider clinical validity, or the ability of the test to detect or pre-
dict the associated disorder  . . . . Finally, there is the issue of the 
test’s clinical utility, or the balance of its associated risks and ben-
efi ts if it were to be introduced into clinical practice.” Clinical 
utility requires that the test is “actionable,” that the clinical context 
and medical indication for use of the test is clear, and that the 
magnitude of outcomes or treatment effects associated with dif-
ferent results of the test are suffi ciently great as to infl uence treat-
ment decisions. A serious defect of most retrospective studies of 
prognostic markers is that the patients are not selected for address-
ing a defi ned medical indication for use of the marker. Such studies 
may establish a correlation with clinical outcome but not the med-
ical utility of the marker. 

 The consideration of reliably establishing the magnitude of 
marker effect may be further divided into the following three 

conditions: 1) the technical and analytical properties of the marker 
assay must be accurate and/or robust and reproducible; 2) the clin-
ical study design and analysis must be appropriate and adequate to 
address the utility of a precise intended clinical use; and 3) the 
results should be verifi ed, or validated, in more than one study set, 
with similar estimates of the magnitude in separate populations of 
patients that resemble each other. Each of these conditions is po-
tentially subject to considerable bias in most retrospective studies 
using archived specimens, especially those of convenience. Even if 
the investigation is a prospective – retrospective study, careful at-
tention to each of these concerns will reduce the bias and inconsis-
tent results obtained with studies of convenience, and we believe 
that it will further hasten the introduction of useful tumor markers 
into clinical practice. 

  Analytical Concerns 

 “Analytical validation” generally refers to reproducibility and 
robustness of the test or assay value. This generally includes 
minimizing variation with regard to both preanalytical factors, 
such as tissue collection, processing, storage, and preparation, as 
well as analytical factors, such as reagent choice, incubation time 
and conditions, and method of readout (including cut-point 
determination) ( 20 , 21 ). 

 For a clinical biomarker evaluation using archived tissues to be 
interpretable, it is necessary that the assay results from the archived 
sample refl ect what would happen in a true clinical setting. The 
following are examples of how archived tissue might differ from 
true clinical specimens.
    
      1)   Preanalytical issues.     It is possible that samples collected in 

the past, and specifi cally for the bank in hand, might be handled 
differently than they are in current practice. Examples of differ-
ences might include whether a precollection diagnostic biopsy 
was performed (which might affect various gene expression and 
tissue processes), the time after the sample was removed from the 
patient and processed (fi xed, frozen, etc), procedures for fi xation 
or freezing, how the sample was stored (temperature, exposed to 
room air, as a tissue block or a section on a slide, etc), and how 
many cycles it was frozen and thawed.  

      2)   Analytical issues.     For a tumor marker study to be suffi cient 
to change clinical practice, the test itself should be ready for 
clinical practice. For studies to change clinical practice, the inves-
tigator should carefully and prospectively plan to use reagents, 
conditions, and cut points that have been previously determined 
to be accurate and reproducible. These considerations include 
fi xed reagent supply sources, concentrations, and incubation times 
among many other possible variables. In addition, the investi-
gator should have demonstrated with statistical confi dence the 
analytical concordance of results between archived specimens 
and clinical samples for that specifi c assay. Examples of these 
concerns include whether the sample was prepared for analysis 
in a tissue microarray or as a whole section, and whether and 
how it was subjected to antigen retrieval.   
    
 As a precaution against bias that may result from incomplete 

analytical and preanalytical validation, marker studies using 
archived specimens should have the assays performed blinded to all 
clinical data, including treatment and patient outcome.  
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  Clinical Study Design 

 As noted in the first required condition, the investigator should have 
a clear idea of the specific intended use for the assay. In general, this 
will be as a prognostic factor to decide if any further treatment is 
necessary or as a predictive factor to determine whether a particular 
type of therapy is likely to be effective. To establish medical utility of 
a prognostic marker, a randomized trial is sometimes not necessary. 
For example, a prospective single-arm trial in which chemotherapy is 
withheld from patients at a low risk of recurrence is used in the por-
tion of the TAILORx clinical trial designed to validate the very favor-
able prognostic outcomes in the low recurrence score population. 
Assuming that preanalytical factors are well controlled and match 
current practice activities and that the clinical data are collected in a 
fashion typical of a clinical trial, archived tissue from a sufficiently 
large population of untreated patients may be adequate to permit ac-
curate estimates of recurrence based on tumor marker subgroups for 
determination of clinical utility of the marker. 

 Tumor response data from a single-arm phase II clinical trial of 
a specifi ed treatment can be used to establish the clinical validity of 

 Table 1  .    Elements of tumor marker studies that constitute Levels of Evidence determination *   

  B C D 

 Category

Element

A

Prospective

Prospective using 

archived samples

Prospective/

observational

Retrospective/

observational  

  Clinical trial PCT designed to address 
   tumor marker

Prospective trial not designed 
   to address tumor marker, but 
   design accommodates tumor 
   marker utility

Prospective 
   observational 
   registry, treatment 
   and follow-up 
   not dictated

No prospective 
   aspect to study 

 Accommodation of predictive 
   marker requires PRCT 

 Patients and 
   patient data

Prospectively enrolled, treated, 
   and followed in PCT

Prospectively enrolled, treated, 
   and followed in clinical trial and, 
   especially if a predictive utility 
   is considered, a PRCT addressing 
   the treatment of interest

Prospectively enrolled 
   in registry, but 
   treatment and 
   follow-up standard 
   of care

No prospective 
   stipulation of treatment 
   or follow-up; patient 
   data collected by 
   retrospective chart 
   review 

 Specimen 
   collection, 
   processing, 
   and archival

Specimens collected, 
   processed, 
   and assayed for 
   specific marker 
   in real time

Specimens collected, 
   processed, and archived 
   prospectively using generic 
   SOPs. Assayed after trial 
   completion

Specimens collected, 
   processed, and 
   archived prospectively 
   using generic SOPs. 
   Assayed after trial 
   completion

Specimens collected, 
   processed and archived 
   with no prospective 
   SOPs 

 Statistical 
   design and 
   analysis

Study powered to address 
tumor marker question

   Study powered to address 
   therapeutic question and 
   underpowered to address 
   tumor marker question

Study not prospectively 
   powered at all. 
   Retrospective study 
   design confounded by 
   selection of 
   specimens 
   for study

Study not prospectively 
   powered at all. 
   Retrospective study 
   design confounded by 
   selection of specimens 
   for study 

 Focused analysis plan for 
   marker question developed 
   before doing assays

Focused analysis plan 
   for marker question 
   developed before 
   doing 
   assays

No focused analysis 
   plan for marker question 
   developed before doing 
   assays 

 Validation Result unlikely to be play of 
   chance

Result more likely to be play 
   of chance that A but less likely 
   than C

Result very likely to be 
   play of chance

Result very likely to be 
   play of chance 

 Although preferred, 
   validation not 
   required

Requires one or more 
   validation studies

Requires subsequent 
   validation studies

Requires subsequent 
   validation  

  *   PCT = prospective controlled trial; PRCT = prospective randomized controlled trial; SOPs = standard operating practices.   

a biomarker for predicting response to that treatment, but a larger 
randomized trial with a survival or progression-free survival end-
point is generally required to establish the medical utility of the 
predictive marker.   

  Suggested Revision of LOEs 
 In    the original American Society of Clinical Oncology LOE scale, 
“retrospective studies” were determined to be LOE    II or worse ( 3 ). 
We now propose an updated revision of the LOE scale, in which 
more precise definitions are provided for the types of studies that 
might be used to analyze the clinical utility of a biomarker and in 
which retrospective studies using archived specimens might reach 
level I evidence. The    LOE for the medical utility of a biomarker 
relates to key factors involving patients, specimens, assays, and statis-
tical analysis plans ( Tables 1  and  2 ).         

 Scientifi cally, the clinical utility of a biomarker in a particular 
situation is best addressed by a prospective randomized clinical trial 
( Table 1 , category A). Patients are entered, treated, and followed    
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prospectively according to a prewritten protocol; the study is pro-
spectively powered specifi cally to address the tumor marker ques-
tion; and specimens are collected, processed, and assayed for the 
marker in real time. The randomized trial will generally not use a 
“marker strategy design” as described above, however, because of 
the serious limitations of that design. Although further confi rmation 
in a separate trial of the results gained from a category A prospective 
trial is always welcome, compelling results from such a trial would 
be considered defi nitive and no other validating trial would be 
required. This strategy was included in the original LOE    scale pro-
posed by American Society of Clinical Oncology as LOE I and 
continues to be the “gold standard.” 

 In the revised LOE scale, a second strategy to obtain level I data 
would be to perform a tumor marker study using archived speci-
mens from a prospective trial that addresses a therapeutic question 
(or another marker question) and accommodates the current 
marker question ( Table 1 , category B). To evaluate prognostic 
markers that are intended to identify patients for whom prognosis 
is so good that further therapy would be withheld, the clinical trial 
in some cases may not need to be randomized. For example, in the 
TAILORx study, the low recurrence score group receives only 
endocrine therapy and is followed to determine if risk of recur-
rence is as low as predicted by the 21-gene recurrence score. To 
evaluate a predictive marker, the prospective trial would generally 
need to be a randomized trial that compares the treatment with an 
appropriate control treatment. As in study design A, patients are 
prospectively enrolled, treated, and followed, and specimens are 
prospectively collected, processed, and archived using generic 
standard operating procedures. The tumor marker question might 
be identifi ed during the conduct of the trial or after its completion, 
but the specifi cation of the tumor marker hypothesis should be 
based on results completely external to the trial. In fact, tissues 
archived from the trial should not be assayed until a new protocol 
has been written that focuses on the evaluation of the specifi ed new 
marker with a completely specifi ed statistical analysis plan. Before 
undertaking the study, the assay should be analytically and preana-
lytically validated for use with archived tissue, and the assay should 
be performed blinded to the clinical data. Because the trial was 
designed to address the therapeutic question, it will often be 

underpowered to establish the statistical signifi cance of treatment 
by marker interaction ( 22 ). It may, however, be adequately sized to 
reliably identify a large treatment effect in “test-positive” patients, 
as might be expected for a predictive biomarker. Nevertheless, 
even with these caveats, results from such a study will be more 
likely to arise from chance than those from a fully prospective 
approach. 

 It is clearly desirable that the available specimens from the 
archived bank should be representative of the patients who were 
accrued to the study as a whole, although there is no guarantee that 
the study patients are themselves representative of the general 
population of patients. Although there are no minimal require-
ments that can be universally applicable, we suggest that the cor-
relative study should include at least two-thirds of the total accrued 
patients or that the patients be selected in a way that strives to 
avoid selection bias. For example, if the investigator wishes to 
minimize resource utilization, or wishes to use intrastudy specimen 
sets for test and validation, one might use a mathematical random-
ization scheme to select a sample of specimens for study that 
mirror the known important prognostic and predictive factors of 
the population as a whole ( 5 ). 

 For a category B study to be suffi cient to change practice, we 
maintain that the results must be confi rmed using specimens from 
a second category B study based on archived tissue from a different 
trial that has been designed, conducted, and analyzed in a similar, 
if not identical, manner. The results of these two studies must be 
equally compelling to change clinical practice. Furthermore, these 
validation studies need to be performed using the same assay or 
similar assays that clearly identify the same marker. For example, 
different investigators have used several different assays for p53 
status, including direct sequencing for genetic abnormalities, im-
munohistochemistry to determine protein expression, or even 
functional assays. These assays provide very different indications of 
p53, and therefore, the available data are very diffi cult to interpret 
( 5 ). Validation studies must also address the same endpoint and 
that endpoint should refl ect medical utility. 

 Using nearly 1500 archived specimens collected within a pro-
spective randomized clinical trial, Hayes et al. ( 23 ) reported that 
node-positive, estrogen receptor – positive, and human epidermal 
growth factor receptor 2 – negative patients did not appear to ben-
efi t from addition of adjuvant paclitaxel chemotherapy after four 
cycles of doxorubicin and cyclophosphamide. Although these ob-
servations were provocative, results from a completely separate, 
but similarly designed, prospective randomized clinical trial did 
not confi rm these fi ndings ( 24 ), and the question regarding selec-
tion of patients for adjuvant paclitaxel remains open ( 25 ). Thus, 
this issue is still considered to be LOE II in  Table 2 . By contrast, 
the recently observed association of presence of  KRAS  mutations 
with lack of benefi t from monoclonal antibodies directed against 
the epidermal growth factor receptor , such as cetuximab and pani-
tumumab ( 17 , 18 ), provides an example of successful use of cate-
gory B archived samples to establish medical utility. Several 
prospective randomized trials have demonstrated a small but sta-
tistically signifi cant benefi t from these antibodies, either alone or 
in combination with chemotherapy, for treatment of patients with 
advanced colorectal cancer ( 26 ). Preliminary, LOE II or III studies 
suggested that cetuximab and panitumumab are only active in 

 Table 2  .    Revised determination of Levels of Evidence using 
elements of tumor marker studies *   

  Level of 

evidence

Category from 

 Table 1 

Validation studies 

available  

  I A None required 
 I B One or more with consistent 

   results 
 II B None or inconsistent results 
 II C 2 or more with consistent 

   results 
 III C None or 1 with consistent 

   results or inconsistent 
   results 

 IV – V D NA  †    

  *   Levels of Evidence (LOEs) revised from those originally proposed by Hayes 
et al. ( 3 ).  

   †    NA   =   not applicable because LOE IV and V studies will never be satisfactory 
for determination of medical utility.   
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patients whose cancers carry a wild-type  KRAS  ( 27 ). These data 
have now been validated in a retrospectively performed study using 
archived samples from large prospectively randomized clinical 
trials and therefore would achieve LOE I in our modifi ed scale 
( Tables 1  and  2 ) ( 28 ). 

 Category C ( Table 1 ) biomarker studies use prospective patient 
registries in which subjects are treated and followed according to 
standards of care. Specimens are collected, processed, and archived 
prospectively, using generic standard operating procedures, but 
are assayed after the study has completed patient accrual. Tumor 
marker studies conducted using these specimens are often not 
prospectively powered at all. Because of the lack of control of 
treatment assignment, specimen collection, and data collection, 
such settings are generally more susceptible to selection biases for 
patients, specimens, and clinical data that include outcomes. This 
concern may not be the case in some tightly controlled population-
based registries. Category C studies are more likely confounded by 
unrecognized biases, and their results are more likely to result 
from chance than those of categories A and B. Category C studies 
may be validated to LOE II if two or more subsequent studies 
provide similar results ( Table 2 ). However, it is unlikely that cate-
gory C studies would ever be suffi cient to change practice, except 
under particularly compelling circumstances. 

 Category D studies ( Table 1 ) are the most common type of 
reported tumor marker analyses: studies of convenience in which 
specimens were collected for unknown reasons, processed and 
stored in a variety of ways, and happen to be available for assay. 
The results from these types of studies are highly unstable and 
likely to be because of chance alone.  

  Summary 
 Ideally, any new medical intervention will be adopted into clinical 
practice only in the setting of level I evidence, and ideally, such 
evidence is generated in a prospective randomized clinical trial. 
However, such trials are not always practical. In the case of tumor 
markers, practice guidelines and the availability of other diagnostic 
procedures can sometimes make it very difficult to perform new 
clinical trials because such trials may involve withholding of 
therapy that is considered standard of care. Even when they are 
considered ethical, such trials usually require many years to con-
duct and are quite expensive. For new drug development, in many 
cases, an analytically validated companion diagnostic test will not 
be available or the appropriate biological measurement may not be 
clear at the time that the pivotal trials of the drug are initiated, as 
for the use of  KRAS  mutation as a predictive biomarker for EGFR 
inhibitors in colorectal cancer ( 17 , 18 , 28 ). 

 Archived tissue specimens from high-quality datasets can therefore 
be of great importance for establishing the medical utility of a prog-
nostic or predictive biomarker. We argue that it is appropriate to use 
archived tissue specimens from large prospective clinical trials to do 
so. For such an evaluation to be more useful than just for generating 
hypotheses, however, several conditions must be satisfi ed:
    
      1)   Archived tissue, adequate for a successful assay, must be 

available on a suffi ciently large number of patients from the piv-
otal trials to permit appropriately powered analyses and to ensure 

that the patients included in the biomarker evaluation are clearly 
representative of the patients in the pivotal trials. Although no 
minimal requirement can be stated as universally applicable, we 
would suggest that samples from at least two-thirds of the 
patients be available for analysis.  

      2)   Substantial data on analytical validity of the test must exist 
that ensure that results obtained from the archived specimens 
will closely resemble those that would have been obtained from 
analysis of specimens collected in real time. Assays should be 
conducted blinded to the clinical data.  

      3)   The analysis plan for the biomarker evaluation must be com-
pletely developed before the performance of the biomarker as-
says. Both the analysis plan for the biomarker study and the 
design of the trial(s) whose samples were selected for analysis 
should be appropriate for the evaluation of a companion diagnos-
tic had it been undertaken at the outset. The analysis should be 
focused on a single, completely defi ned, diagnostic classifi er. For 
multigene classifi ers, the mathematical form of combining the 
individual components, weights, and cut points should be speci-
fi ed beforehand. In general, the analysis should not be explor-
atory, and practices that might lead to a false-positive conclusion 
should be avoided.  

      4)   The results must be validated in at least one or more simi-
larly designed studies using the same assay techniques.   
    
 Physicians need improved tools for selecting treatments for 

individual patients. Cancers of the same primary site are in many 
cases heterogeneous in molecular pathogenesis, clinical course, 
and treatment responsiveness. Current approaches for treatment 
development, evaluation, and use result in treatment of many 
patients with ineffective drugs. Advances in cancer genomics and 
biotechnology are providing increased opportunities for develop-
ment of more effective therapeutics and prognostic and predictive 
biomarkers to inform their use. These opportunities have enor-
mous potential benefi ts for patients and for containing health-care 
costs. However, the complexity of cancer biology and the increased 
complexity of development of biomarkers with drugs offer formi-
dable challenges to the transition to a more predictive oncology. In 
some cases, it is either ethically or practically impossible to eval-
uate the medical utility of prognostic and predictive biomarkers in 
a fully prospective manner. 

 It is essential to ensure that cancer patients are offered the ben-
efi ts of valuable prognostic and predictive tests as soon as they are 
rigorously and reliably evaluated. In this article, we have tried to 
clarify some of the uncertainty in the fi eld about the validation of 
prognostic and predictive biomarkers and to propose an update of 
a LOE    schema that has been widely used for evaluating the med-
ical utility of biomarkers in oncology. We believe that this update 
is important for improving the conduct of validation studies and, 
in some cases, for expediting the adoption of important diagnostic 
tools.  
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