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Presentation Notes
Hello!  I’m very excited to present at my first NAACCR conference.  My name is Adriana Rico, and I work at CDC in the Division of Cancer Prevention and Control in the Cancer Surveillance Branch where we house the National Program of Cancer Registries. I will be presenting the results of an analysis I’ve been working on…KRAS Biomarker Testing among Colorectal Cancer Patients. 



Outline 

 Comparative Effectiveness Research (CER)
 KRAS recommendations/test
 CER Question
 Part 1: KRAS testing results  
 Part 2: Preliminary treatment results
 Summarize findings
 Discussion
 Questions
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Here is an outline of the information I’ll go over. I’ll explain how we were able to collect KRAS information which was through the Comparative Effectiveness Research (CER) project and how we collected the data. I’ll go over the testing recommendations and provide general information on a KRAS test.  I’ll share the results to KRAS testing which is Part I and I do want to point out that we used our newest data submission from March 2015 for these results. Overall, the results did not change much but it will not be the exact results that are provided in the abstract. For part II, we’ll talk about preliminary treatment results.I’ll summarize the findings, discuss other questions that have come up, and then we’ll leave questions for the end.  



Background  

 CER Funding – American Recovery and Reinvestment Act
 Goals:

• Address CER questions
• Enhance cancer registry infrastructure
• Collect add’l biomarker/treatment data

 Collected data for 2011 cases
• Focus on breast, colon, rectum, and CML

 CER Project* – May 2010 to September 2013

* Chen VW, Eheman CR, Johnson CJ, Hernandez MN, Rousseau D, Styles TS, et al. Enhancing 
Cancer Registry Data for Comparative Effectiveness Research (CER) Project: Overview and 
Methodology. Journal of registry management. 2014;41:103-12.
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In 2010, CDC’s National Program of Cancer Registries (NPCR) received $20 million from the American Recovery and Reinvestment Act through the Department of Health and Human Services (HHS) – Agency for Healthcare Research and Quality (AHRQ) to collect CER data. The goal of this project was to (1) address CER questions (2) enhance cancer registry infrastructure and (3) specifically collect add’l biomarker information and treatment data where we knew what agents someone had. For the most part, abstractors had to go to facilities into a patient’s medical chart to collect the data so it was very labor intensive – so I want to thank CTR’s for their work. We collected data on cases diagnosed in 2011 but had a focus on breast, colon, rectum and Chronic Myeloid Leukemia (CML) This was the timeframe of the project – we ended in September 2013. Vivien Chen from the LTR and others from the CER project published a manuscript describing CER and the methodology. 
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Specialized Registries (AK, CA*, CO, FL*, ID, LA, NC, NH, RI, TX)    
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The 10 specialized registries we funded were Alaska, California, Colorado, Florida, Idaho, Louisiana, New Hampshire, North Carolina, Rhode Island, and Texas. The specialized registries collected data from their entire state except California and Florida.  California and Florida collected data from specific catchment areas.   California’s catchment area was 13 counties from the Sacramento region and Florida’s catchment area included 5 metropolitan counties in the Miami-Dade area.  As you can see we did have geographic variation and we oversampled to capture minority populations. The Specialized Registries cover more than one-quarter (27%) of the U.S. population, with high representation among minorities populations           -  25% of African Americans          -  37% of Asian/Pacific Islanders          -  32% of American Indians/Alaska Natives           -  44% of Hispanics



CER Question   

 Are colon and rectum (colorectal) cancer patients tested for 
KRAS and are the results used appropriately to determine 
treatment?
• If not tested, what patient characteristics influenced no KRAS testing? 

o First time collecting KRAS testing info/treatment agent
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The CER question we addressed is “Are colorectal cancer patients tested for KRAS and are the results used appropriately to determine treatment?”If cases were not tested for KRAS, we wanted to see what patient characteristics influenced this. I do want to point out that this is NPCR’s first time collecting KRAS testing information and specific treatment agent.  These are items that are not required for our normal data submissions.  This is a perfect example of why cancer registry is so important – we answer important questions like this one and know what is happening in the population. 



Recommendat ion 

 National Comprehensive Cancer Network (NCCN)*
• 2008 – updated guidelines
• All stage IV colorectal cancer (CRC) patients should be tested for 

KRASupon diagnosis and before treatment  

* National Comprehensive Cancer Network. NCCN adds survivorship section to colon and rectal 
cancer guidelines. February 18, 2009 [cited 2015 April 09]; Available from: 
http://www.nccn.org/about/news/newsinfo.aspx?NewsID=202
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So, what are the recommendations for KRAS testing? The National Comprehensive Cancer Network (NCCN) updated its guidelines in 2008 and recommend that ALL stage IV CRC patients should be tested for KRAS upon diagnosis.  These guidelines remain the current guidelines.  I do want to point out that they recommend having the KRAS test upon diagnosis for early preparation of treatment and to have the results ready…in other words to better prepare for the treatment continuum but it is not to indicate a preference in treatment.    There are many first-line treatments for stage IV CRC patients.  



KRASTest 
 KRAS test for stage IV colorectal cancer patients*

 Normal (wild-type) OR Mutated  

 KRAS results determine treatment options
 anti-Epidermal Growth Factor Receptor (anti-EGFR)

• Cetuximab (Erbitux – FDA approved 2004*)
• panitumumab (Vectibix – FDA approved 2006*)

ant i-EGFR 
Treatment

ant i-EGFR 
Treatment

* National Comprehensive Cancer Network. NCCN clinical practice guidelines in oncology for colon cancer-
version 3.2011. 2011 February 25.

* http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.Search_Drug_Name
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So, what is a KRAS test? A KRAS test looks at your KRAS gene and it’s recommended primarily in stage IV colorectal patients.  I’ll discuss the recommendation in the next slide.  (Genotyping of the tumor tissue – no specific methodology is recommended – can be sequencing or hybridization)Once you have the test – you’ll get the result of either a normal or mutated gene.  If you have a normal gene you can receive anti-Epidermal Growth Factor Receptor (anti-EGFR) treatment.  If a patient’s gene is mutated then they should not receive this type of treatment b/c there will be no benefit to the patient. The 2 anti-EGFR agents are called cetuximab and panitumumab.   

http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.Search_Drug_Name


Study Populat ion

Total stage IV, CER colorectal 
cases (N=4,626) 

• Histology cases (n=93) 
• Missing KRAS test (n=6)

Total stage IV, CER colorectal 
cases 
(N=4,527) • All unknown, other race 

(n=147) 
• Transsexual, unknown sex 

(n=3)
• Died w/in 2 months or 

missing info (n=769)
*Total stage IV, CER 
colorectal cases analyzed 
(N=3,608) 
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So, we collected data for a full year and this is what our study population was…We had a total of 4,626 stage IV colorectal cases from the CER dataset. We excluded a total of 93 cases which were not within the histology parameters for AJCC 7th edition for colorectal cases (ex. neuroendocrine & stromal tumors ) & 6 cases that had missing KRAS testing information. Next, we excluded 147 cases who either had an unknown race or other race (American Indian/Alaska Native, Asian/Pacific Islander) because there were too few cases to analyze. We also had to exclude 3 cases who were transsexual or had unknown sex since we were only looking at male/female cases. And we excluded those cases that died w/in 2 months or had missing time to death information.  So, the total stage IV, CER colorectal cases we analyzed were 3,608.



Testing Results  
 Total 2011 colorectal stage IV cases 

analyzed (N=3,608)
 Total 2011 tested stage IV cases 

analyzed (N=992)
 n=36 test ordered, but results not in 

chart

YES (n=992) NO (n=2616) Normal (n=534) Mutated (n=422)

73%

27%
44%

56%
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We had a total of 3,608 colorectal stage IV cases from diagnosis year 2011. Only 27% received a KRAS test and 73% (n=2,616) cases did not receive a KRAS test.Even though we have never looked at this variable in the past, if we base it on the NCCN guidelines, we can say that this is a large % of people not getting tested for KRAS.  Out of those 992 cases that were tested, 56% had a normal KRAS gene and 44% had a mutated test results.  This % aligns with the literature.  It is estimated that ~40% of stage IV (metstatic CRC cases) will have a mutated gene.  



Testing Results 
Chi-square tests: 

– Age at dx  (older age)
– Race/ethnicity (Black non-Hispanics/Hispanics)
– State of dx (CA, LA, TX, and FL)
– Insurance status (public)
– Education by census tract (low) 
– Sex
– % of people below poverty level 
– Rural/urban by census tract 
– Comorbidities 

No significant 
differences
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First, we ran chi-square tests using SAS to test if there were any differences among the “Tested” and “Not Tested” groups by these patient characteristics and a few census level variables. We looked at age at diagnosis, race/ethnicity, state of diagnosis, insurance status, education by census tract, sex, % of people below poverty level, rural/urban by census tract, and comorbidities  In the interest of time, I won’t go over the variables in red since these were not statistically significant. Older age at diagnosis, being Black non-Hispanics/ Hispanic, having public insurance (like Medicaid, Medicare compared to Private/No insurance), and having a low education were all associated with less KRAS testing. There were also significant differences in KRAS testing by state (CA, LA, TX, and FL all had less testing). [If they Ask] A chi-square test allows us to test the difference in KRAS testing by the different variables. 



Testing Results 
Multivariate logistic regression: 

– Age at dx 
– Race/ethnicity 
– State of dx 
– Insurance status
– Education by census tract
– Sex
– % of people below poverty level 
– Rural/urban by census tract 
– Comorbidities 

No significant 
differences
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Next we performed a multivariate logistic regression and after adjusting for the covariates, we saw that age at diagnosis, state of diagnosis, and race/ethnicity remained strong predictors of KRAS testing. 



Characterist ic Value OR 95% CI P
Age* (per 5-year increase) <0.0001

Below 70 0.92 (0.88, 0.96)
Above 70 0.76 (0.69, 0.84)

Race/Ethnicity White, Non-Hispanic 1.00 0.0837
Black, Non-Hispanic 0.77 (0.61, 0.97)
Hispanic 0.89 (0.70, 1.12)

State of Dx TX 1.00 <0.0001
AK 1.68 (0.71, 3.96)
CA 0.70 (0.47, 1.06)
CO 1.98 (1.45, 2.70)
FL 1.19 (0.93, 1.52)
ID 1.97 (1.31, 2.97)
LA 0.93 (0.69, 1.25)
NH 2.98 (1.84, 4.81)
NC 1.79 (1.42, 2.26)
RI 2.72 (1.52, 4.85)

Table 1. Mult ivariate logist ic regression of demographics to having a KRAStest
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In the multivariate logistic regression, age at diagnosis and state of diagnosis remained significant predictors of KRAS testing. For age at diagnosis, our biostatistician performed a linear spline function with a knot at age 70. The odds of receiving a KRAS test are low for the age group “below 70” but let’s look at the odds ratio for the age category “above 70”…it’s 0.76.  This indicates that that the odds of receiving a KRAS test are 24% lower for every 5-year increase in age.For state of diagnosis, our model confirmed the geographic differences in KRAS testing.  If we take a look for example at New Hampshire and Rhode Island…the odds of receiving a KRAS test in New Hampshire and Rhode Island are about 3 times higher than Texas which was our referent group. Black non-Hispanics had lower KRAS testing compared to White non-Hispanics. 



KRAS Tested (n=992)

Treatment Preliminary Results  
Treatment Frequency 

(No.)
Percent 

(%)
FOLFOX alone 112 13.27
FOLFIRI alone 13 1.54
CapeOx alone 22 2.61
FOLFOXIRI alone 7 0.83
Fluorouacil alone 32 3.79
Capecitabine alone 47 5.57
Oxaliplat in alone 42 4.98
Irinotecan alone 1 0.12
FOLFOX + bevacizumab 201 23.82
FOLFIRI + bevacizumab 30 3.55
CapeOx + bevacizumab 24 2.84
FOLFOXIRI + bevacizumab 18 2.13
Fluorouacil + bevacizumab 4 0.47
Capecitabine + bevacizumab 8 0.95
FOLFOX + cetuximab 13 1.54
FOLFIRI + cetuximab 3 0.36
FOLFOX + panitumumab 4 0.47
Cetuximab alone 3 0.36
Panitumumab alone 1 0.12
Other single agent 9 1.07
Any other mult iple agents 84 9.95
Unknown chemo agent 166 19.67
Total 844

24 cases received 
ant i-EGFR
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If you recall from our KRAS Testing slide – there were 922 cases who received a KRAS test.  We only had treatment information for 844 cases – the other cases were excluded from this table because they had “no chemo” reported (n=110), discrepancies between the variables (n=4), or had chemo status unknown (n=34). As you can see from the table, there were 24 cases who received anti-EGFR. The majority cases received “FOLFOX + bevacizumab” which does not require any biomarker testing.   



KRAS Not Tested (n=2,616)

Treatment Preliminary Results  

13 cases received 
ant i-EGFR

Treatment Frequency 
(No.)

Percent
(%)

FOLFOX alone 191 11.62
FOLFIRI alone 17 1.03
CapeOx alone 45 2.74
FOLFOXIRI alone 5 0.3
Oxaliplat in + Irinotecan 1 0.06
Fluorouacil alone 74 4.5
Capecitabine alone 99 6.02
Oxaliplat in alone 81 4.93
Irinotecan alone 1 0.06
FOLFOX + bevacizumab 325 19.77
FOLFIRI + bevacizumab 41 2.49
CapeOx + bevacizumab 50 3.04
FOLFOXIRI + bevacizumab 14 0.85
Fluorouacil + bevacizumab 27 1.64
Capecitabine + bevacizumab 12 0.73
FOLFOX + cetuximab 7 0.43
FOLFIRI + cetuximab 3 0.18
FOLFOX + panitumumab 1 0.06
Cetuximab alone 2 0.12
Other single agent 34 2.07
Any other mult iple agents 126 7.66
Unknown chemo agent 488 29.68
Total 1644
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If you recall from our KRAS Testing slide – there were 2,616 cases who did not receive a KRAS test.  We only had treatment information for 1,644 cases – the other cases were excluded from this table because they had “no chemo” reported (n=755), discrepancies between the variables (n=13), or had chemo status unknown (n=204). As you can see from the table, there were 13 cases who received anti-EGFR even though they had “NO KRAS” testing reported. Again, we have the same situation, the majority cases received “FOLFOX + bevacizumab” which does not require any biomarker testing.   



Treatment Preliminary Results 

65%

35%

Received ant i-EGFR

Tested (n=24) Not Tested (n=13)
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We only had a total of 37 cases who were reported as having anti-EGFR, of these cases – 65% were tested.  The concern is the 35% who did not have a “documented KRAS test.” B/c again, not knowing their KRAS status – there will be 4 out of 10 people who will have a mutated gene and will not benefit from this treatment. 



Summarize Findings  

 27% received a documented KRAS test
 73% did not receive a KRAS test 

• Older age was associated with less testing  
• Black, non-Hispanics received less testing than Whites
• Geographic differences in testing 

 37 cases received anti-EGFR 
• 35% of cases received anti-EGFR but no KRAStest 

 Most cases received FOLFOX + bevacizumab as first-line 
treatment
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Slight differences in the guidelines…NCCN recommends KRAS testing upon diagnosis whereas ASCO does not. 27% of our study population received a documented KRAS test Out of our entire study population, only 37 cases received anti-EGFR and we saw that 35% received it but were not tested. Most patients received FOLFOX + bavacizumab as first-line treatment for both groups (Tested and NOT tested)



Discussion

 Did we capture all KRAS testing? 
• If not in medical cart, did not get captured
• Resource intensive 

 Is there a lag time from guidelines to practice? 
 Is anti-EGFR better treatment? 
 If not, then are other first-line treatments better? 
 More evaluation is needed
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So, we were able to answer 2 questions BUT now we have some more questions. Did we capture all KRAS testing?  As I mentioned collecting KRAS testing and treatment information was very resource intensive.  So, abstractors had to go out to facilities to collect the data.  If a result was NOT in the medical chart and/or if the abstractor could not find it then it was not captured. Or, is it that there is a lag time from guidelines to practice?  Again, the NCCN guidelines were updated in 2008 and these cases are from 2011…is that not enough time for a guideline to be embedded in practice? Or, is it that anti-EGFR is not that much better of a treatment to give to patients?  Is it a more expensive treatment so maybe it’s the cost?  Are other first-line treatments better? Some studies have found that anti-EGFR is only slightly better treatment, so is it not worth the cost involved b/c anti-EGFR is more expensive and doing a KRAS test when you could go directly give a treatment.Literature is debated on benefit regarding anti-EGFR treatment. We were able to address our CER question but there is still more evaluation that needs to be performed on KRAS testing and anti-EGFR treatment.   
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For more information please contact Centers for Disease Control and Prevention

1600 Clifton Road NE,  Atlanta,  GA  30333
Telephone: 1-800-CDC-INFO (232-4636)/TTY: 1-888-232-6348
Visit: www.cdc.gov | Contact CDC at: 1-800-CDC-INFO or www.cdc.gov/info

The findings and conclusions in this report are those of the authors and do not necessarily represent the official position of the 
Centers for Disease Control and Prevention.

National Center for Chronic Disease Prevention and Health Promotion
Division of Cancer Prevention and Control

Questions?

Adriana Rico
arico@cdc.gov
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