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Abstract
Predictive and prognostic biomarkers offer a potential means to 
personalize cancer medicine, although many reach the market-
place before they have been validated, and their adoption is often 
hindered by variable clinical evidence. Because of this variability 
in supporting evidence, clinical practice guidelines formulated 
by panels of subspecialty experts may be particularly important 
in guiding stakeholders’ acceptance and use of new personal-
ized medicine biomarker tests and other nascent technologies. 
This article provides a structured review of the clinical evidence 
supporting 4 contemporary biomarker tests in colorectal cancer:  
K-ras and B-raf mutation analyses, mismatch repair protein test-
ing, and the Oncotype DX Colon Cancer Assay. All 4 tests have 
been evaluated for guideline inclusion by the NCCN Guidelines 
Panel for Colon Cancer. This case study shows significant variabil-
ity in the level of clinical evidence associated with these tests. In 
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Predictive and prognostic biomarkers offer the poten-
tial for personalized therapy in oncology. Despite a mul-
titude of publications in the oncology literature identify-
ing potential biomarkers, however, only a select few are 
recommended for use in clinical practice.1–5 A challenge 
to the adoption of personalized medicine biomarkers in 
oncology is the lack of a standardized validation process 
because of the heterogeneity of tumor types, treatments, 
and tests themselves.1,3,6–8 Validation studies also may be 
limited by small data sets, long time intervals required 
to achieve end points, statistical complexity, cost, and 
the bias inherent in retrospective analysis.1,4,5,9–11 Ran-
domized, controlled data are required to clearly define 
which markers are predictive and which are prognos-
tic, because single-arm studies can be misleading.1,4 
New biomarker tests may become available before the 
arduous validation process is complete, requiring prac-
titioners to navigate the competing pressures of the ex-
isting data, the “blogosphere” recommendations, cost, 
and the patients’ best interests. This paradigm exists in 
stark contrast to the process of new drug development, 
in which the FDA requires rigorous demonstration of 

the cases of B-raf and mismatch repair protein testing, the 
available evidence is also inconsistent as it pertains to the 
specific NCCN Guideline recommendation. Based on this 
uncertainty in the evidence base, the authors conclude that 
expert clinical judgment, experience, and consensus may 
be more heavily weighted than published clinical trial data 
in the evaluation of new personalized medicine biomarker 
tests. Potential implications of this conclusion and future 
directions for research are discussed. (JNCCN 2011;9:13–25)
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safety and efficacy before granting approval for com-
mercialization.11–13

Perhaps more so than in other medical special-
ties, oncology-focused consensus guidelines devel-
oped by multidisciplinary expert panels influence the 
decisions of clinicians, payors, and policy makers.14–22 
Guideline adherence has been associated with im-
proved outcomes in some studies.14,15,18,23 World-
wide, multiple cancer organizations produce practice 
guidelines. In the United States, ASCO, NCI, and 
NCCN publish clinical practice guidelines widely 
used in clinical practice. Among these, NCCN of-
fers the most frequently updated practice guidelines 
specific to most common tumor types, and routinely 
include comprehensive diagnostic, risk stratification, 
treatment, and surveillance algorithms.24–26 The re-
cent decision of the Centers for Medicare & Medic-
aid Services (CMS) to recognize the NCCN Drugs 
& Biologics Compendium (NCCN Compendium) 
underscores the integral role of these guidelines in 
the oncology community.27

The published methodologies of the ASCO, 
NCI, and NCCN guidelines do not specifically de-
scribe the methods for evaluating nascent technolo-
gies such as new biomarkers, but they do acknowl-
edge that expert clinical experience and judgment 
may be required when data pertaining to a specific in-
tervention are incomplete.28,29 Currently, the NCCN 
Clinical Practice Guidelines in Oncology (NCCN 
Guidelines) are the only United States guidelines 
with recent updates reflecting new biomarker data 
across multiple malignancies. It stands to reason that 
timely, interim synthesis of the available evidence by 
expert guidelines panels may play a particularly im-
portant role in guiding practitioners’ use of new per-
sonalized medicine biomarkers with varying levels of 
supporting data at commercial release.

This article presents a case study of biomarker 
integration into the NCCN Guidelines using ex-
amples from colorectal cancer, a disease in which 
molecular markers of prognosis and treatment effi-
cacy have been studied extensively.30,31 The objec-
tive for this case study is to describe and compare the 
available clinical evidence for 4 heterogeneous but 
contemporary biomarker tests in colorectal cancer: 
K-ras and B-raf mutation analyses, mismatch repair 
protein (MMR) testing, and the Oncotype DX Co-
lon Cancer Assay (Genomic Health, Inc., Redwood 
City, California).24 Each of these biomarker tests 

have been considered for guideline inclusion by the 
NCCN Guidelines Panel for Colon Cancer. The au-
thors hypothesize that varying levels of and incon-
sistency in the clinical evidence supporting these 
biomarkers could impact the process of biomarker 
adoption by consensus guidelines, which rely on a 
combination of both clinical evidence and expert 
opinion.

Methods

Selection of Colorectal Cancer Biomarker 
Examples for Case Study
K-ras and B-raf mutation analyses and MMR testing 
were selected as examples of contemporary biomarker 
tests that recently have been incorporated into the 
NCCN Guidelines for Colon Cancer.24 The NCCN 
Categories of Evidence and Consensus are provided 
in the guidelines, available online, at www.NCCN.
org. The Oncotype DX Colon Cancer Assay was se-
lected for this case study because of its recent entry 
into the marketplace for use in stage II colon cancer 
risk assessment. This test is currently not explicitly 
referenced in the NCCN Guidelines, but the data are 
in the public domain. The NCCN Guidelines Panel 
for Colon Cancer has evaluated the body of evidence 
for multi-gene assays in stage II colon cancer with the 
conclusion that the data are insufficient to support the 
use of assays such as the Oncotype DX Colon Cancer 
Assay for treatment decision-making.32,33 This case 
study is not intended to be a comprehensive review of 
all biomarkers with potential relevance to colorectal 
cancer; the 4 selected examples represent a purposive 
convenience sample.

Literature Search Methods and Retrieved 
References
This case study uses a structured review of the 4 se-
lected biomarkers. Searches were targeted to capture 
data pertaining to the specific NCCN Guideline rec-
ommendation for each biomarker test. (If desired, 
more information is available on literature search 
methods and retrieved references. Please contact the 
corresponding author.)

Structured Review of Clinical Evidence
A descriptive approach to characterizing the evi-
dence was used because the body of evidence sup-
porting the selected biomarkers is relatively small 
and heterogeneous, and because both the NCCN 
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and ASCO guidelines methodologies use similar 
qualitative analyses.28,29 For the published clinical 
studies identified, the study design, end points, and 
numbers of patients or specimens are summarized in 
table format. A review of the assay methods, analytic 
validity, and technology for each biomarker test is 
beyond the scope of this case study. 

Results
The NCCN Guidelines recommendation, date of 
inclusion if applicable, and category of evidence and 
consensus for each of the selected biomarker tests in 
colorectal cancer are presented in Table 1. For each 
of these biomarkers, the clinical evidence is summa-
rized descriptively later. Literature search results are 
also presented for each biomarker (Tables 2–5) to 
provide specific references according to study type, 
along with end points and numbers of patients. Table 
6 compares the evidence across the 4 biomarkers and 
summarizes the conclusions regarding the consisten-
cy of the cumulative evidence for prognostic value, 
predictive value, or both for each test.

K-ras Mutation Analysis in Metastatic Colorectal 
Cancer
The K-ras gene is a downstream target of epidermal 
growth factor receptor (EGFR) signaling. Activat-
ing mutations in codon 12 or 13 of this gene are 
present in approximately 30% to 40% of colorectal 

cancers.34 Retrospective subset analyses of tumor tis-
sue samples from small clinical trials initially showed 
that tumor K-ras gene mutations are associated with 
lack of response to cetuximab and panitumumab, the 
2 EGFR-targeted monoclonal antibodies approved 
for use in colorectal cancer.35–61 The strength of this 
association was later substantiated in retrospective 
analyses of patients treated in 6 large randomized 
studies.62–67 Search results are summarized in Table 2.

The evidence shows with great consistency that 
patients whose tumors harbor a mutation in the  
K-ras gene do not benefit from cetuximab or panitu-
mumab, whether in monotherapy or in combination 
with chemotherapy, whereas those whose tumors are 
wild-type have significantly higher response rates 
and longer survival. These findings clearly establish 
tumor K-ras mutation as a predictive factor for non-
response to EGFR-targeted therapy. Data are mixed 
regarding whether K-ras mutation is a negative prog-
nostic factor independent of treatment with EGFR-
targeted therapy.61,65–70

K-ras mutation analysis was included in the NCCN 
Guidelines as a category 2A recommendation in 
2008 before the package label for either antibody was 
changed and before FDA acknowledgment of K-ras 
testing as a standard. The guideline inclusion was based 
on the publication of a retrospective subset analysis of 
the randomized, phase III study of panitumumab versus 
best supportive care, and after national and internation-
al presentation of results from similar unplanned retro-

Table 1 NCCN Guidelines Recommendations for Selected PM Biomarker Testing

Biomarker Test

Recommended 
in NCCN 
Guidelines?

Date 
Included in 
Guidelines Guideline Recommendation Category of Evidence

K-ras codon 12 
and 13 mutation 
analysis

Yes Fall 2008 Predictive marker for 
nonresponse to EGFR-targeted 
therapy in metastatic disease

2A

B-raf V600E 
mutation analysis

Yes January 2010 Predictive marker for 
nonresponse to EGFR-targeted 
therapy in metastatic disease

2A

MMR testing by 
IHC or PCR

Yes January 2010 Predictive marker for lack of 
benefit from 5-FU in stage II 
colon cancer patients

2A

Oncotype DX 
Colon Cancer Test

No* N/A Not recommended “Insufficient data”

Abbreviations: 5-FU, 5-fluorouracil; EGFR, epidermal growth factor receptor; IHC, immunohistochemistry; MMR, mismatch repair; 
N/A, not available; PCR, polymerase chain reaction. 
*The Oncotype DX Colon Cancer Assay is not named explicitly in the NCCN Clinical Practice Guidelines in Oncology for Colon 
Cancer. The guidelines state that, “There are insufficient data to recommend the use of multi-gene assay panels to determine 
adjuvant therapy.”24
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spective analyses of subsets from the randomized, phase 
III CRYSTAL and CAIRO2 trials, the randomized 
phase II OPUS trial, and a multicenter, multinational 
randomized phase III trial of cetuximab versus best sup-
portive care.62,71–74

B-raf Mutation Analysis in Metastatic Colorectal 
Cancer
The B-raf gene encodes a protein kinase downstream 
in the K-ras pathway. Activating mutations in B-raf 

at the V600E site are present in approximately 10% 
of patients with metastatic colorectal cancer and 
seem to be mutually exclusive with activating K-ras 
mutations.40,68,75,76 Soon after publication and presen-
tation of the data establishing K-ras as a predictive 
factor, a small, retrospective series suggested that pa-
tients with K-ras wild-type with mutations in B-raf 
at the V600E site who were treated with cetuximab 
or panitumumab had significantly poorer outcomes 

Table 2 K-ras Codon 12 or 13 Mutation Analysis in Metastatic Colorectal Cancer Patients Treated 
With Cetuximab or Panitumumab

Randomized, 
Controlled Trial 
Subset Analyses Mutant/N

End 
Point(s) Single-Arm Studies Mutant/N End Point(s)

Amado et al.62 184/427 OS, PFS, R Benvenuti et al.35 16/48 R, TTP

Bokemeyer et al.63 99/233 PFS, R Bibeau et al.36 27/64 PFS, R

Hecht et al.64 346/865 OS, PFS, R Capuzzo et al.37 42/80 R

Karapetis et al.65 167/394 OS, PFS, R De Roock et al.38 42/108 OS, PFS, R

Tol et al.66 206/528 OS, PFS, R Di Fiore et al.39 22/59 R, TTP

Van Cutsem et al.67 192/540 OS, PFS, R Di Nicolantonio et al.40 34/113 OS, PFS, R

Frattini et al.41 10/27 R

Freeman et al.42 24/62 OS, PFS, R

Garm Spindler et al.43 22/64 OS, PFS, R

Goncalves et al.44 14/32 R

Khambata-Ford et al.45 30/80 DCR, PFS

Laurent-Puig et al.46 53/169 OS, PFS, R

Lievre et al.47 24/89 OS, PFS, R

Lievre et al.48 13/30 OS, R

Loupakis et al.50,* 8/76* OS, PFS, R*

Loupakis et al.49 35/88 OS, PFS, R

Lurje et al.51 42/130 OS, PFS, R

Molinari et al.52 16/37 R

Moroni et al.53 10/31 R

Oden-Gangloff et al.54 18/64 CD, TTP

Perrone et al.55 7/29 R

Personeni et al.56 29/87 OS, PFS

Prenen et al.57 77/199 R

Sartore-Bianchi et al.58 32/110 PFS, R

Sohn et al.59 27/66 OS, PFS, R

Souglakos et al.60 62/168 PFS, R

Yen et al.61 41/95 OS, PFS, R

All studies were retrospective.
Abbreviations: CD, controlled disease; DCR, disease control rate; N, number of patients/specimens in the subset that underwent 
K-ras biomarker testing; OS, overall survival; PFS, progression-free survival; R, any response-based end point (including best 
response, response rate, overall response rate, clinical response, and objective response); TTP, time to progression.
*Evaluated K-ras codon 61 and 146 mutations.
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than those without the V600E mutation.40 These 
data were reinforced by 3 other small, retrospective, 
uncontrolled studies with similar findings.35,46,50

However, subset analysis of the randomized, phase 
III CAIRO2 study was not consistent with these find-
ings.75 In both treatment arms of CAIRO2, a B-raf 
V600E mutation was associated with shorter progres-
sion-free survival without any difference in response 
rate compared with wild-type tumors, suggesting prog-
nostic as opposed to predictive value. This result was 
consistent with a retrospective analysis of samples 
from the randomized PETACC-3 adjuvant study of 
patients with locoregional disease and with subset data 
from the CRYSTAL trial presented at the ASCO 2010 
Gastrointestinal Cancers Symposium.68,76 Among the 
625 evaluable patients in the CRYSTAL trial whose 
tumors were nonmutated for the K-ras gene, B-raf 
mutation (present in 59 patients) was shown to be 
associated with significantly worse survival outcomes 
regardless of treatment arm. These preliminary results 
are cited in the NCCN Guidelines and are included 
in Table 3 along with published search results.

Therefore, the B-raf V600E mutation seems 
to be a negative prognostic factor in patients with 

metastatic colorectal cancer, independent of treat-
ment with EGFR-targeted agents. The evidence is 
not consistent regarding its predictive value for non-
response to cetuximab and panitumumab.

Based on the data as of 2009, the NCCN Guide-
lines added the statement that patients with nonmu-
tated K-ras tumors known to harbor a B-raf V600E 
mutation are unlikely to benefit from cetuximab or 
panitumumab.24 This was listed as a category 2A rec-
ommendation, but no specific recommendation was 
made regarding the performance of B-raf mutation 
analysis. After presentation of conflicting results from 
B-raf subset data of the CRYSTAL trial, this recom-
mendation was amended to include the statement, 
“although the data are somewhat inconsistent.”

MMR Testing as a Predictive Factor in Stage II 
Colon Cancer
MMR deficiency is present in approximately 15% to 
20% of colorectal cancers and may be from sporadic 
or inherited inactivation of an MMR protein: MLH1, 
MSH2, MSH6, or PMS2.77–80 Tumor MMR testing 
historically has been reserved for patients meeting 
the Revised Bethesda Guidelines clinical criteria for 
genetic testing for hereditary nonpolyposis colorectal 

Table 3 B-raf V600E Mutation Analysis in Metastatic Colorectal Cancer Patients Treated With  
Cetuximab or Panitumumab

Randomized, Controlled 
Trial Subset Analyses Mutant/N End Point(s) Single-Arm Studies Mutant/N End Point(s)

Tol et al.75 45/516 OS, PFS, R Benvenuti et al.35 6/48 R, TTP

Van Cutsem et al.76,*,† 59/625*,† OS, PFS, R*,† Cappuzzo et al.37 4/79 OS, R, TTP

Di Nicolantonio et al.40 11/113 OS, PFS, R

Freeman et al.42 4/62 OS, PFS, R

Laurent-Puig et al.46 5/171 OS, PFS, R

Lievre et al.48 0/30 OS, R

Loupakis et al.50,* 13/87* OS, PFS, R*

Molinari et al.52 2/36 R

Moroni et al.53,‡ 1/31‡ R‡

Perrone et al.55 3/31 R

Sohn et al.59 0/66 OS, PFS, R

Souglakos et al.60 13/168 PFS, R

All studies were retrospective.
Abbreviations: N, number of patients/specimens in the subset that underwent B-raf biomarker testing; OS, overall survival; PFS, 
progression-free survival; R, any response-based end point (including best response, response rate, overall response rate, clinical 
response, and objective response); TTP, time to progression.
*Enriched for K-ras wild-type patients only.
†Preliminary results presented at national conference, included because referenced in NCCN Clinical Practice Guidelines in 
Oncology.
‡Mutation identified was E599V in exon 15 of B-raf gene.
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cancer (HNPCC).78,80 This case study focuses on the 
possible role of MMR deficiency as a predictive factor 
for lack of benefit from 5-fluorouracil chemotherapy 
in patients with stage II colon cancer. Among the 
16 nonrandomized studies identified by this search, 
several suggest the possibility of improved outcomes 
with 5-fluorouracil–based treatment in patients with 
MMR-deficient locoregional colorectal cancers com-
pared with patients with proficient MMR.81–84

However, some of these studies suggest that pa-
tients with MMR deficiency treated with 5-fluoro-
uracil–based therapy experience no benefit or have a 
potentially worse outcome.85–93 Interpretation of all 
of these studies is confounded by the known strong 
positive prognostic value of MMR deficiency, and 
whether other prognostic factors such as B-raf mu-

tation, which seems to be enriched in sporadic cas-
es of MMR deficiency, were balanced across arms is 
unknown. Heterogeneity of stage, tumor location, 
and treatment (particularly whether combination 
therapies were used) further confounds interpre-
tation of these data. In the 8 published, random-
ized studies identified, the results are also incon-
sistent.94–101 Among these, the most compelling 
published data for MMR deficiency as a predictive 
marker for lack of benefit from adjuvant 5-fluouro-
uracil in locoregional colon cancer were shown by a 
retrospective, pooled analysis of MMR status in 570 
tumor specimens of patients enrolled in randomized 
studies of adjuvant 5-fluorouracil with levamisole 
or leucovorin compared with no adjuvant therapy.98 
This study showed no improvement in overall sur-

Table 4 MMR Deficiency Testing in Locoregional Colon Cancer Patients Treated With 5-Fluorouracil–
Based Chemotherapy

Randomized, 
Controlled Trial 
Subset Analyses Deficient*/N End Point(s)

Non-Randomized and 
Single-Arm Studies Deficient*/N 

End 
Point(s)

Bertagnolli et al.94 96/702 DFS, OS Benatti et al.85 256/1263 DFS

French et al.95 57/533 DFS, OS Carethers et al.86 36/204 OS

Halling et al.96 76/508 DFS, TTR Charara et al.84 5/57 R

Kim et al.97 98/542 DFS, OS Colombino et al.87 17/91 DFS, OS

Ribic et al.98 95/570 OS
de Vos tot Nederveen 
Cappel et al.88,‡ 92/92‡ OS‡

Sargent et al.102,† 47/341† DFS, OS† Elsaleh and Iacopetta83 63/721 DFS, OS

Sinicrope et al.99 95/528 DFS, OS Hemminki et al.81 11/95 DFS

Watanabe et al.100 62/298 DFS, OS Jensen et al.89 43/311 DFS, OS

Westra et al.101 44/273 DFS Jover et al.90 76/754 DFS, OS

Kumar et al.82 30/149 DFS, OS

Lamberti et al.112 52/416 DFS, OS

Lanza et al.91 114/718 DFS 

Liang et al.92,§ 37/126§ OS§

Lim et al.113 23/248 OS

Nehls et al.93 16/174 DFS, OS

Zauber et al.114 2/51 R

All studies were retrospective.
Abbreviations: DFS, disease-free survival, disease-specific survival, or recurrence-free survival; MMR, mismatch repair; N, number 
of patients/specimens in the subset that underwent MMR biomarker testing; OS, overall survival; R, any response-based end 
point (including best response, response rate, overall response rate, clinical response, and objective response); TTR, time to 
recurrence. 
*Deficient was defined by standard immunohistochemistry criteria or by polymerase chain reaction testing showing high 
microsatellite instability.80,115,116

†Preliminary results presented at national conference, included because referenced in NCCN Clinical Practice Guidelines in 
Oncology.
‡Enriched for patients with hereditary nonpolyposis colorectal cancer.
§Enriched for patients aged ≤ 40 years.
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vival in patients with stage II and III colon cancer 
with MMR-deficient tumors treated with adjuvant 
5-fluorouracil compared with those with MMR-
proficient tumors, who did experience benefit. A 
recently published large meta-analysis, which was 
first presented at the 2008 ASCO Annual Meeting, 
corroborated this impression and further suggested 
the possibility of worse outcomes in patients with 
MMR-deficient stage II colon cancers treated with 
5-fluourouracil.102,103

In contrast to these 2 studies, several other ran-
domized studies have suggested that patients with 
MMR-deficient tumors may derive benefit from treat-
ment with 5-fluourouracil–based therapies, although 
again interpretation is confounded by inclusion of 
patients with stage III disease and heterogeneous 
treatment, including 5-fluorouracil–based combi-

nation therapy arms and single-agent arms.94,97,101 
Search results are summarized in Table 4.

Cumulatively, the data mentioned earlier pro-
vide somewhat equivocal evidence for MMR defi-
ciency as a predictive marker for lack of benefit from 
5-fluorouracil therapy in patients with locoregional 
colorectal cancer in general, and specifically in those 
with stage II colon cancer. The strong positive prog-
nostic value of MMR deficiency is consistent across 
many large, randomized studies.30,31,68,77,79,104

The latest version of the NCCN Guidelines add-
ed MMR testing to the risk stratification algorithm 
for stage II colon cancer as a category 2A recommen-
dation based on the data for this test as a predictive 
marker for lack of benefit from adjuvant 5-fluoroura-
cil therapy, citing results of the recent meta-analysis 
presented at the 2008 ASCO Annual Meeting.24,102

Table 6 Summary of Search Results

Biomarker
Approximate 
Incidence

Number of 
Randomized, 
Controlled Trial 
Subset Analyses

Number of 
Nonrandomized 
and Single-Arm 
Studies Change in Outcome?

K-ras codon 12 or 13 
mutation

30%–40% 6 27 Highly consistent 
evidence for predictive 
value; mixed evidence 
for prognostic value

B-raf V600E mutation 5%–10% 2 12 Limited, inconsistent 
evidence for predictive 
value; may be 
prognostic

MMR-deficient or MSI-high 15%–20% 9 16 Highly consistent evi-
dence for prognostic val-
ue; inconsistent evidence 
for predictive value

Oncotype DX Colon Cancer 
Assay recurrence score

26% high risk 
31% intermediate 
risk 
44% low risk

1 0 Evidence for prognostic 
value in one RCT subset; 
not predictive

Abbreviations: MMR, mismatch repair protein; MSI, microsatellite instability; RCT, randomized controlled trial.

Table 5 Clinical Studies of Oncotype DX Colon Cancer Assay in Stage II Colon Cancer
Randomized,  
Controlled Trial 
Subset Analyses

Recurrence 
Score (N) High/
Intermediate/Low End Point(s)

Single-Arm 
Studies

Recurrence 
Score High/
Intermediate/Low End Point(s)

Kerr 2009104* 182/218/311 DFS, OS None 
published to 
date

This study was retrospective. 
Abbreviations: DFS, disease-free survival; N, number of patients/specimens in the subset that underwent Oncotype DX colon 
cancer testing; OS, overall survival.
*Preliminary results presented at national conference.
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Oncotype DX Colon Cancer Assay
The Oncotype DX Colon Cancer Assay became 
available on the market in January of 2010.24,32 This 
assay characterizes gene expression in fixed, paraffin-
embedded tumor specimens using reverse transcrip-
tase-polymerase chain reaction (RT-PCR) to gener-
ate a 7-gene recurrence score for patients with stage 
II colon cancers.104 The assay showed quantitative 
precision and reproducibility in an initial develop-
ment set from the C-01/C-02 randomized adjuvant 
studies of the National Surgical Adjuvant Breast 
and Bowel Project (NSABP), and subsequent results 
from its 4 development sets and validation set have 
been presented at national oncology conferences 
but remain unpublished at the time of writing.104–108 
Validation of the Oncotype DX Colon Cancer Assay 
has been performed by retrospective, subset analy-
sis of 1436 tissue blocks from patients with stage II 
colon cancer enrolled in the randomized QUASAR 
study comparing postsurgical adjuvant 5-fluorouracil 
therapy with observation alone.109 In the validation 
set, the test showed discrimination of recurrence risk 
as a continuum between low, intermediate, and high 
recurrence score groups with estimated recurrence 
risk at 3 years of 12%, 18%, and 22%, respectively; 
the hazard ratio for recurrence between the low- and 
high-risk groups was 1.47 (P = .046) using the Cox 
model. Search results are summarized in Table 5.

Based on these preliminary data, the Oncotype DX 
Colon Cancer Assay recurrence score seems to provide 
prognostic information independent of conventional 
risk factors, discriminating the absolute increase in re-
currence risk at 3 years between low- and high-risk 
patients by approximately 10%.104 The Oncotype DX 
Colon Cancer Assay is not predictive of 5-fluorouracil 
benefit, however, because the recurrence risk reduc-
tion from chemotherapy seemed proportional across 
all risk groups in the QUASAR dataset.104

The Oncotype DX Colon Cancer Assay has not 
been included in NCCN Guidelines, which currently 
state that data are insufficient to recommend the 
use of multigene assay panels to determine adjuvant 
therapy.24

Conclusions
This article presents a case study of 4 contemporary 
examples of personalized medicine biomarkers in 
colorectal cancer, describing the available clinical 

evidence for each example. All 4 of these biomark-
ers have been evaluated for inclusion in the wide-
reaching NCCN Guidelines. Based on this struc-
tured review, the authors conclude that the level of 
published clinical evidence for these biomarkers is 
variable, and in some cases, discordant in content. 
This finding suggests that, by necessity, the domains 
of expert experience, clinical judgment, and consen-
sus may play a greater role than published clinical 
trial data in guideline development for new person-
alized medicine biomarkers.

Reliance on expert opinion may be both a 
strength and a potential limitation when evaluating 
new technologies with rapidly evolving data, such 
as biomarkers. On the one hand, reliance on expert 
opinion enables timely review and incorporation of 
new information, resulting in the most up-to-date, 
accessible, and useful guidelines for stakeholders 
who must assimilate new technologies. The previ-
ously discussed qualification in B-raf recommenda-
tions soon after presentation of new data reflects the 
dynamic and adaptive nature of the NCCN Guide-
lines. Other guidelines that rely on formal systematic 
review of the evidence are more laborious, require 
mature data sets and studies, and are therefore slow 
to respond to new data, rendering them less useful to 
practitioners.26 In a recent survey of 459 breast can-
cer surgeons, expert opinion followed by guidelines 
and consensus statements have been shown to have 
the strongest influence on decision-making in areas 
of scientific uncertainty.22

Conversely, however, the strong reliance on 
expert opinion introduces potential for bias. The 
NCCN Guidelines development process uses rigor-
ous safeguards, including strict conflict of interest 
disclosure requirements, an iterative process with 
review by and input from practitioners at NCCN 
Member Institutions, and inclusion of panel mem-
bers representing diverse specialties and view-
points.29,110 Among the 4 examples studied, the 3 
tests that have been recommended by the NCCN 
Panel for Colon Cancer (K-ras and B-raf mutation 
analyses and MMR testing) are not proprietary to 
any single commercial entity, unlike the Oncotype 
DX Colon Cancer Assay, which has not been adopt-
ed by the guidelines.

These measures, however, are not protective 
of subtle factors that might influence the uptake of 
new personalized medicine technologies into oncol-



Special Feature

Personalized Medicine and Oncology Guidelines

© JNCCN–Journal of the National Comprehensive Cancer Network | Volume 9 Number 1 | January 2011

21

ogy guidelines. For example, in the case of the new 
B-raf mutation analysis recommendation, it is pos-
sible that the momentum and enthusiasm generated 
by the K-ras biomarker discovery influenced panel 
members’ impression of level of evidence and likeli-
hood of improvement in patient outcomes from the 
related downstream biomarker, B-raf V600E muta-
tion. The threshold for biomarker recommendation 
may also vary by the type of malignancy because of 
differences in research funding, patient advocacy, 
the risk inherent to the specific tumor type, treat-
ment efficacy and toxicity, and subspecialty bias, fac-
tors that are not addressed by this case study.

This case study highlights several other intrigu-
ing aspects of biomarker evaluation and uptake by 
these influential guidelines. First, the examples of  
K-ras and B-raf mutation analysis, MMR testing, 
and the Oncotype DX Colon Cancer Assay highlight 
the challenge of applying a uniform methodology to 
categorize the variable level of data generally associ-
ated with biomarker studies.1,111 Across the 4 tests, 
the clinical evidence consists largely of retrospec-
tive subset analyses of patient subsets derived from 
case series, cohorts, and prospective, randomized tri-
als. The current NCCN Categories of Evidence and 
Consensus ratings do not clearly discriminate differ-
ences in level of available evidence for K-ras, B-raf, 
and MMR testing. All 3 of these recommendations 
are assessed as a category 2A level of evidence and 
consensus, whereas this structured review suggests a 
significantly lower level of evidence for B-raf testing 
compared with the other 2 tests at the time of its 
inclusion in the guidelines.

These examples also show that it is very diffi-
cult to show improvements in patient outcome, one 
of the domains included in the NCCN Guideline 
evaluation methodology, for biomarkers. Biomarker 
studies may require a different set of standardized 
end points than studies of therapeutic modalities.1 
Inherent to the challenge of selecting appropriate 
end points for biomarker studies is the importance of 
determining whether a biomarker’s association with 
a specific outcome is because it is a predictive marker 
for response to the treatment being studied, or be-
cause it is a strong prognostic marker independent 
of treatment. Many studies claiming predictive value 
do not uniformly include a control arm to exclude 
the contamination of a strong prognostic marker, as 
exemplified by studies of both B-raf mutation analy-

sis and MMR testing. In the case of the B-raf V600E 
mutation, the lack of controlled studies impedes 
clear designation of this marker as prognostic, pre-
dictive, or both; because of this, the initial NCCN 
Guideline recommendation for B-raf interpretation 
has been amended to reflect the inconsistency sug-
gested by new, controlled data sets.24,76

Another observation from this case study is that 
NCCN Guideline inclusion often follows presenta-
tion of preliminary data at a national conference, 
such as the ASCO Annual Meeting or a subspecialty 
symposium. This coincident timing likely follows 
naturally from the maturation of available evidence 
and consensus expert opinion from both organiza-
tions. However, given the previously discussed im-
portance of guideline inclusion in the decisions of 
stakeholders, including policymakers, payors, and 
practitioners, this association in timing may merit 
further study.

Finally, although this case study focuses specifi-
cally on personalized medicine biomarker tests, the 
findings may apply to other types of nascent technol-
ogies and treatments in oncology that may be avail-
able to practitioners before the supporting evidence 
base is complete.

Future Directions
As long as medical technologies can reach the market 
before their optimal use has been comprehensively 
defined by validation studies, oncology practitioners 
are likely to continue to rely on the recommenda-
tions of recognized bodies of experts, such as NCCN 
panelists, for guidance in their use. The methods of 
evaluation and decision by these guideline bodies, 
therefore, are likely to play a significant, ongoing 
role in the adoption of personalized medicine bio-
markers in oncology. Further study is warranted to 
understand the complex balance between emerging 
clinical evidence and expert opinion in the integra-
tion of personalized medicine technology into oncol-
ogy practice guidelines.
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