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Abstract

PURPOSE: KRAS mutations and tumor location have been associated with response to targeted
therapy among stage IV colorectal cancer patients in various trials. We aimed to conduct the first
population-based examination of associations between KRAS mutations, tumor location and
survival, and assess factors associated with documented KRAS testing.

METHODS: Patients of stage 1V adenocarcinoma of the colon/rectum diagnosed from 2010-2013
were extracted from SEER data. Analyses of patient characteristics, KRAS testing, and tumor
location were conducted using logistic regression. Cox proportional hazards models assessed
relationships of KRAS mutations, tumor location and risk of all-cause death.

RESULTS: Of 22,542 patients, 30% received KRAS testing; 44% of those had mutations. Those
tested tended to be younger, married, metropolitan area residents, and have private insurance or
Medicare. Rates of KRAS testing also varied by Registry (range: 20-46%). Those with right-sided
colon cancer compared (versus left-sided) tended to be older, female, black, have mucinous,
KRAS-mutant tumors, and greater risk of death (HR: 1.27, 95% CI: 1.21, 1.30). KRAS mutations
were not associated with greater risk of death in the overall population. However, they were
associated with greater risk of death among left-sided patients (HR: 1.19; 95% ClI: 1.05, 1.34).

CONCLUSION: This large population-based study demonstrated that among patients initially
diagnosed with stage 1V colorectal cancer, right-sided colon cancer was associated with greater
risk of death compared to left-sided cancer, and KRAS mutations were only associated with risk of
death in left-sided colon cancer. An unexpected finding was that among stage IV patients, blacks
were more strongly associated with right-sided cancer compared to whites. Future studies should
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further explore these associations and determine the role of biology vs. treatment differences. In
addition, KRAS testing is increasing, but there is wide geographic variation where disparities
related to insurance coverage and rurality may warrant further study.

BACKGROUND

Approximately 134,490 patients of colorectal cancer (CRC) were diagnosed in the U.S. in
2016.1 Of those, 21% were stage IV with only 13.5% five-year relative survival.2 While a
small proportion of these patients can be cured with surgery and neoadjuvant or adjuvant
treatments, most are incurable and treatment focuses on prolonging life and improving
quality of life. Targeted agents such as epidermal growth factor receptor (EGFR) inhibitors,
including cetuximab, can inhibit tumor growth, but studies have shown tumors with
mutations in the KRAS gene (KRAS-mutant) respond poorly to anti-EGFR therapy
(ClinicalTrials.gov identifier: NCT00113763, NCT00113776).3-9 In 2009, the National
Comprehensive Cancer Network (NCCN) recommended KRAS testing for patients with
stage IV CRC at time of diagnosis, and only patients with tumors of wild-type KRAS gene
(KRAS-WT) be treated with anti-EGFR therapy.10 Subsequently, KRAS testing was
included as a CRC site-specific factor (SSF 9) to be collected by National Cancer Institute
(NCI) Surveillance, Epidemiology and End Results (SEER) registries beginning with
patients diagnosed in 2010 as part of the Collaborative Stage (CS) Data Collection System,
version 2.

In our previous study of the SEER KRAS variable, only 23% of patients diagnosed in 2010
with stage 1V CRC were KRAS tested, and there was variation in testing rates among
registries. Of those tested, there were no survival differences between the 40% of KRAS-
mutant patients and the 60% KRAS-WT patients.11 This was unexpected because KRAS-
WT patients could receive anti-EGFR to lengthen survival, however only one year of follow-
up was assessed.

Recent studies suggest KRAS mutation status is not the only factor that should be
considered when selecting chemotherapeutic interventions in stage IV CRC. CRC is a
molecularly heterogeneous entity, resulting in differing mechanisms of carcinogenesis
between sporadic right-sided colon cancers and left-sided colon cancers.1213 Right-sided
cancers are more commonly associated with female gender, older age, hypermutation of
KRAS, PI3KCA (Phosphatidylinositol 3-kinase, catalytic, alpha polypeptide), increased
frequency of microsatellite instability (MSI) and wild-type BRAF tumors.14 They are also
more frequently associated with advanced disease, poorly-differentiated tumors, and
mucinous histology compared to left-sided cancers).1® Left-sided cancers demonstrate
increased expression of EGFR and higher frequency of chromosomal instability.15-17
Clinical outcomes based on tumor location alone have been debated, though many trials
have shown KRAS-WT left-sided cancers may have better overall survival, progression-free
survival, and improved response to anti-EGFR therapy compared to right-sided cancers. Two
trials have demonstrated KRAS-WT left-sided cancers patients survived longer if their
treatment included cetuximab, whereas KRAS-WT right-sided cancer patients survived
longer if their treatment included bevacizumab (antibody against vascular endothelial growth
factor A) (ClinicalTrials.gov identifier: NCT00265850).18
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In light of these recent studies highlighting the importance of sidedness on survival, our
primary objective was to examine both KRAS status and sidedness in stage 1V CRC patients
using population-based SEER data. Our second objective was to assess trends and factors
associated with KRAS testing captured by SEER registries.

Microscopically confirmed stage IV adenocarcinomas of the colon or rectum diagnosed
from 2010-2013 were extracted from SEER Registries with at least 100 CRC patients using
SEER*Stat (version 8.3.2).19 These registries included California, Georgia, Connecticut,
Detroit, Hawaii, lowa, New Mexico, Seattle-Puget Sound, Utah, Kentucky, Louisiana, and
New Jersey. Patients were excluded if diagnosed on autopsy or death certificate only and had
a non-specific ICD-0-3 site code (i.e., Colon, NOS). Access to SSF-9 (KRAS status) was
granted by the National Cancer Institute. SEER guidelines for coding SSF-9 stated registrars
should use all information gathered through completion of surgery(ies) in first course of
treatment, or all information available within four months of the diagnosis date in the
absence of disease progression, whichever is longer.2 The Human Subjects Office did not
consider this study to be human subjects’ research.

Study Variables

Outcome variables included documentation of KRAS testing, KRAS results and survival as
of December 31, 2013. Testing was considered performed if SSF 9 contained values of
‘abnormal (mutated)’ or ‘normal (wild-type)’; otherwise KRAS testing was considered not
done if SSF-9 values contained ‘test ordered, results not in chart,” ‘not done,” or ‘unknown.’

Patient demographic variables at time of diagnosis included age, registry, sex, race/ethnicity,
diagnosis year, insurance status, marital status, and residence in metropolitan vs. non-
metropolitan/rural area. Tumor characteristics included location (right-sided = cecum,
ascending colon, hepatic flexure, transverse vs. left-sided = splenic flexure, descending
colon, sigmoid, rectosigmoid junction), histology (adenocarcinoma vs. mucinous
adenocarcinoma), grade, T-stage, N-stage, M-stage, which was further broken down by
metastatic site when sample size allowed, and single cancer vs multiple cancers (separate
primary cancer before, during or after diagnosis of stage IV CRC). Treatment variables
included surgery and radiation therapy (yes/no).

Statistical Analysis

Logistic regression was used to determine characteristics associated with receipt of KRAS
testing and with right-sided cancer (vs. left). All variables listed above were considered for
inclusion into the KRAS testing model, and age, sex, race, year of diagnosis, grade, TNM
stage and single vs. multiple cancers were considered for inclusion into the right-sided CRC
model because of their potential plausible relationship to tumor sidedness. Four Cox
proportional hazards models were constructed to evaluate associations between KRAS
testing, tumor location, and survival while controlling for patient, tumor, and treatment
characteristics: 1) CRC patients regardless of KRAS testing status or tumor site (left vs right
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vs rectum); 2) CRC patients who received KRAS testing; 3) Left-sided patients who
received KRAS testing; 4) Right-sided patients who received KRAS testing. Only patients
diagnosed from 2010-2012 were included in survival analyses to allow for sufficient follow-
up time. The following variables were included into all survival models regardless of
significance: KRAS results, age, race, diagnosis year, insurance, marital status, stage group,
T-stage, N-stage, and M-stage/metastatic sites. Analyses were conducted using SAS
software (version 9.4, SAS Institute, Cary, NC).

There were 27,231 stage IV CRC patients identified and 22,542 (83%) met inclusion criteria
(2,598 excluded because tumor site was non-specific, 29 were death certificate only, 1,272
were not microscopically confirmed, 731 had non-adenocarcinoma histology, and 59 were
from Alaska). The overall KRAS testing rate was 30% (Table 1). Of the 6,794 tested, 44%
were KRAS-mutant and 56% were KRAS-WT.

KRAS Testing

Sidedness

Table 2 displays frequencies and row percentages for patient/tumor characteristics by KRAS
testing status, as well as odds ratios (OR) and 95% confidence intervals (CI) from a logistic
model in which the dependent variable was KRAS testing and the independent variables
included all those listed in Table 2. Univariate analysis demonstrated that KRAS testing rates
most substantially varied by age (43% for those <30 years vs. 15% for 80+), registry (46%
in Seattle vs. 20% in Louisiana), diagnosis year (25% in 2010 vs. 35% in 2013), and marital
status (33% for married vs. 21% for widowed). The following variables were significantly
associated with KRAS testing in the logistic model (p<0.05): younger age, registry
(California was referent because it had largest number of patients), later year of diagnosis,
covered by private insurance or Medicare (vs. Medicaid or uninsured), married, metropolitan
area residence, colon cancer (vs. rectal), well-differentiated grade (vs. unknown), N-stage =
N1a, and metastasis to liver or lung only, or to multiple organs (vs. other single organ/site or
metastases not otherwise specified) (Table 2).

KRAS testing variation by registry and diagnosis year were examined and results are
provided in Figure 1. Rates increased each year among most registries; Connecticut
experienced the largest increase (103%) with 23% tested in 2010 and 46% in 2013, followed
by lowa (95%) with 21% tested in 2010 and 41% in 2013. A few registries showed some
decreases in testing between years including Utah, Hawaii and Kentucky.

Rectal cancers were excluded from sidedness analyses, leaving 18,060 patients with colon
cancer: 49% left-sided and 51% right-sided. Of those KRAS tested, 37% of left-sided
patients were KRAS-mutant compared to 52% of right-sided patients. Table 3 displays data
in a manner analogous to Table 2 by right- vs. left-sided, in which the dependent variable
was right-sided cancer and the independent variables included patient and tumor
characteristics in Table 3. The proportions of those with right-sided cancer most
substantially varied by age (31% of those <30 years vs. 64% of 80+), histology (64%
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mucinous vs. 49% non-mucinous), grade (47% of well-differentiated vs. 63% of
undifferentiated), and radiation (32% yes vs. 52% no). In the logistic model, variables
associated with right-sided cancer were older age, female gender, black race, , mucinous
histology, poorly or un-differentiated grade, N-stage > N1a, metastasis to other single site
(not liver, lung, bone or brain) or to multiple organs, and history of multiple cancers. (Table
3).

There were 16,952 CRC patients diagnosed from 2010-2012 and included in survival
analyses. Of those, 46% (n=7,743) died within 12 months of diagnosis, 50% (n=8,438)
survived more than 12 months, and 5% (n=771) had less than 12 months of follow-up but
were last known as alive. KRAS testing rates across these groups differed significantly: 21%
vs. 35% vs. 33% respectively (p<0.0001). The proportion of right-sided cancer across
groups also differed significantly: 57% vs. 44% vs. 51% respectively (p<0.0001).

Among all 16,952 CRC patients, Cox models showed the following variables were
associated with increased hazard of death: older age, male gender, black race, earlier
diagnosis year, Medicaid or no insurance, marital status of single, divorced or widowed,
poorly or undifferentiated grade, T-stage >T4a or unknown, N-stage >=N1a or unknown,
metastasis to bone or brain only, multiple organs, or NOS, no surgery, no radiation and no
KRAS testing (Table 4). Compared to left-sided cancer, those with right-sided cancer had
greater risk of death (HR: 1.27, Cl: 1.22, 1.32) and those with rectal cancer had lower risk
(HR: 0.90, CI: 0.85, 0.96). There was no significant difference in risk between those with
KRAS-mutant vs. KRAS-WT.

Cox models were run on the subset of patients who had KRAS testing (n=4,854) and similar
relationships emerged as in the model with the 16,952 patients. KRAS mutations were not
associated with risk of death, while right-sided cancer was associated with a greater risk of
death compared to left-sided and rectal cancer (Table 4). However, when separate models
were run for the 2,064 left-sided patients and the 1,930 right-sided patients, having a KRAS
mutation was associated with greater risk of death among left-sided patients (HR: 1.18, CI:
1.05, 1.33) but not right-sided (HR: 0.93, CI: 0.83, 1.03). In both left- and right-sided
models, advanced age, single/never married, higher grade, T-stage > 4a, M-stage 1b, and no
surgical treatment were associated with increased hazard of death (Table 5). For right-sided
only, those diagnosed in earlier years had greater risk of death. For left-sided only, black
race, Medicaid or no insurance, widowed, unknown N-stage, and metastases NOS were
associated with greater risk of death.

DISCUSSION

Despite NCCN recommending all stage IV CRC patients be tested for KRAS mutations at
time of diagnosis, only 30% of patients diagnosed in 2010-2013 were tested according to
SEER data. Overall testing rates increased from 25% in 2010 to 35% in 2013, and there was
variation by registry with almost half of 2013 patients having documentation of testing in
Seattle, compared to only one-quarter of patients in Louisiana. Similar to our findings from
2010 patients, those recorded as having testing tended to be younger, married and living in
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metro areas.! However, the current analysis also showed those with private insurance or
Medicare were more likely to receive testing than those with Medicaid or no insurance.
Given the high cost of anti-EGFR therapy—approximately $25,000 for an 8-week cycle—
there may be disparities in who is offered KRAS testing based on ability to pay for anti-
EGFR therapy.2! Patients recorded as not having KRAS testing had greater risk of death
after controlling for other factors. This could potentially reflect that those tested received
higher quality care, and/or were offered EGFR inhibitors which extended their lives. It is
also possible oncologists were less likely to recommend KRAS testing for patients who had
poor prognoses, or patients with poor prognoses may have declined to receive targeted
therapy and therefore were not tested.

Among those who received KRAS testing according to SEER data, KRAS mutations
occurred more frequently in right-sided cancer patients, which is consistent with previous
findings.1422 Similar to an evaluation of European clinical trial patients by Missiaglia
(2014), we found right-sided cancer was significantly associated with poorly-differentiated
tumors of mucinous histology penetrating to the surface of the visceral peritoneum or
beyond (=T4a), lymph node metastasis (=N1a), and metastasis to more than one organ/site
or the peritoneum (stage 1VB).1® In addition, among those diagnosed with stage IV colon
cancer, blacks were more likely to have right-sided cancer. Other studies examining all
stages of colon cancer have detected an association between black race and right-sided
cancer.23:24

In Cox models including patients with left- or right-sided cancers, right-sided cancer was
associated with greater risk of death after controlling for patient/tumor characteristics, which
is consistent with findings from a recent meta-analysis.2> One possible explanation is that
right-sided cancer is associated with increased BRAF mutations, and BRAF mutations are
associated with worse prognosis and poorer response to cetuximab.2é BRAF mutation status
was not available in SEER data so we could not explore this as a potential driver of poorer
survival among right-sided patients.

In the overall survival analysis of KRAS-tested patients, we did not find a survival advantage
for patients with KRAS-WT tumors compared to KRAS-mutant tumors. We did, however,
find a survival advantage for KRAS-WT tumors within the population of patients with left-
sided tumors. One explanation for not finding a survival advantage in the overall study
population (not stratified by tumor location) may be that EGFR-inhibitors are only effective
in left-sided tumors and not right-sided tumors. This explanation is supported by a
retrospective analysis of the Phase 111 CALGB/SWOG 80405 clinical trial
(ClinicalTrials.gov identifier: NCT00265850)27 by Venook et al, in which the researchers
found that among patients who received cetuximab, those with left-sided tumors lived 37.5
months, whereas those with right-sided tumors survived only 16.4 months. Furthermore,
they found among those with right-sided tumors, treatment with bevacizumab was associated
with longer survival compared to cetuximab (24.5 months vs. 16.4 months), and conversely,
among patients with left-sided tumors, treatment with cetuximab was associated with longer
survival compared to bevacizumab (37.5 months vs. 32.1 months).28 Our results are
consistent with the Venook study findings and support the concept that left-sided KRAS-WT
primary tumors are more likely to benefit from the anti-EGFR targeted therapy; therefore,
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these patients’ outcomes are better than those with left-sided KRAS-mutant primary tumors.
In addition, our results suggest that patients with right-sided KRAS-WT primary tumors do
not benefit from the anti-EGFR targeted therapy; therefore, these patients’ outcomes are not
better than those with right-sided KRAS-mutant primary tumors. This may be due to more
frequent active signaling via the EGFR pathway in left-sided compared to right-sided
cancers, which may in turn make left-sided cancer more responsive to anti-EGFR therapy.
1529 Also, as previously mentioned, right-sided patients likely had more BRAF mutations
which are more resistant to anti-EGFR therapy.39-32 In contrast to anti-EGFR therapy, the
effect of bevacizumab has been shown to be independent of tumor location.3* The nearly
significant hazard ratio for KRAS-mutant right-sided tumors was 0.92 (Cl: 0.83, 1.03)
compared to KRAS-WT right-sided tumors, which could potentially suggest worse survival
for those who received cetuximab instead of bevacizumab. This could explain why models
containing both right- and left-sided patients did not show significant survival advantage of
KRAS-WT status, and highlights the importance of stratification by tumor location.

Our study has several limitations. As previously mentioned, we did not have information
about BRAF mutations. Also, the SEER program does not release data on chemotherapy in
the Public Use Dataset due to concerns about the completeness of this information, and we
cannot assume that all patients who received KRAS testing with a WT result received anti-
EGFR therapy. As recommended by NCCN, KRAS testing may have occurred at the time of
diagnosis for planning purposes,32:36 but then traditional chemotherapy may have still been
given as the first line of treatment due to physician or patient preference, or due to financial
barriers associated with the very high cost of anti-EGFR therapy.

In addition, the KRAS variable is still relatively new, and increasing testing rates may be
driven in part by more complete capture of KRAS information by registrars as they gain
more experience in collecting this variable. Furthermore, a quality control study of the
KRAS variable in lowa and Louisiana patients found coding guidelines were being applied
somewhat inconsistently related to timing of the testing. Some included instances of KRAS
testing occurring several months post-diagnosis in determining second-course treatment,
whereas others only counted testing within the first 4 months post-diagnosis per coding
guidelines. Also, the primary source of information for cancer registries is hospital records.
Given that KRAS mutation analysis is a referral test in most institutions, and often ordered
by oncologists, some test results may only be available in physician office records and not
always available to registrars.8 While these data issues may have some impact on the
accuracy of the KRAS data, there is currently no other population-based source that can
provide a more accurate assessment of KRAS testing across the nation.

Despite limitations, the study has important strengths. We were able to assess KRAS testing
rates across patient, tumor, and treatment characteristics, and examine relationships between
KRAS status, sidedness and survival using population-based data that avoided the selection
bias inherent in the clinical trial setting. The SEER population includes an estimated 28% of
cancers in the U.S.37

Our results have several implications for future research. First, examining health disparities
related to KRAS testing and subsequent treatment with anti-EGFR therapy with respect to
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race, insurance status and rurality is warranted. Similarly, exploring associations between
right-sided cancer and black race among those with stage IV cancer is critical given the
poorer prognosis associated with right-sided cancer. Also, assessing other variables that
could alter prognosis, such as micro-satellite instability (MSI) and BRAF is important, but
difficult to do on a population basis since MSI and BRAF are not required elements for
SEER registries. By better understanding how sidedness and molecular characteristics of
right-sided vs left-sided tumors affect response to therapy, patient response to treatment can
be enhanced. . Clinical trials in stage IV CRC should incorporate as much information as
possible regarding tumor sidedness and various molecular tumor markers in order to
determine optimal targeted therapy regimens.
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Figure 1.
KRAS testing rates by SEER Registry and year, 2010-2013.
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KRAS test results among Stage IV CRC patients by tumor site, 2010-2013 (N=22,542).

Table 1.

KRAS values

KRAS tested

010: Abnormal (mutated)

020: Normal (wild type)

997: Test ordered, results not in chart
998: Test not done

999: Unknown

Yes
No

Total
N=22,542
N (%)
3005 (13.3)
3789 (16.8)
268 (1.2)
8125 (36.0)
7355 (32.6)

6794 (30.1)
15748 (69.9)

Colon
N=15,843
N (%)
2215 (14.0)
2682 (16.9)
200 (1.3)
5689 (35.9)
5057 (31.9)

4897 (30.9)
10946 (69.1)

Rectum
N=6,699
N (%)
790 (11.8)
1107 (16.5)
68 (1.0)
2436 (36.4)
2298 (34.3)

1897 (28.3)
4802 (71.7)
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Patient, tumor, and treatment characteristics by KRAStesting, and odds of receiving testing (N=22,542).

Table 2.

Age (y):

Sex:

Registry:

Race:

Diagnosis Year:

Insurance:

Marital status:

0-29

30-39
40-49
50-59
60-69
70-79

80+

Female
Male
California
Connecticut
Detroit
Georgia
Hawaii
lowa
Kentucky
Louisiana
New Jersey
New Mexico
Seattle

Utah

White
Black

Other
Unknown
2010

2011

2012

2013
Private/Medicare
Medicaid
Uninsured
Unknown
Married
Divorced/separated
Widowed

Single/never married

No KRAS Testing
N=15,748
N (%)
104 (57.5)
360 (52.3)
1448 (59.3)
3211 (64.5)
4053 (68.6)
3380 (73.9)
3192 (84.7)
7144 (70.6)
8604 (69.2)
6041 (71.0)
630 (61.3)
848 (67.0)
1788 (67.8)
224 (60.2)
651 (69.5)
1066 (73.0)
1278 (80.0)
1994 (75.8)
292 (56.8)
627 (54.3)
309 (71.2)
11980 (69.8)
2422 (71.4)
1297 (67.8)
49 (76.6)
4246 (75.4)
3998 (70.5)
3854 (68.2)
3650 (65.3)
12022 (69.4)
2521 (71.4)
860 (69.9)
345 (75.2)
7491 (66.6)
1853 (69.2)
2496 (79.2)
3000 (69.8)

KRAS Testing
N=6,794
N (%)
77 (42.5)
329 (47.8)
996 (40.8)
1766 (35.5)
1854 (31.4)
1196 (26.1)
576 (15.3)
2972 (29.4)
3822 (30.8)
2473 (29.1)
397 (38.7)
417 (33.0)
848 (32.2)
148 (39.8)
286 (30.5)
394 (27.0)
320 (20.0)
637 (24.2)
222 (43.2)
527 (45.7)
125 (28.8)
5193 (30.2)
969 (28.6)
617 (32.2)
15 (23.4)
1386 (24.6)
1670 (29.5)
1798 (31.8)
1940 (34.7)
5301 (30.6)
1009 (28.6)
370 (30.1)
114 (24.8)
3759 (33.4)
826 (30.8)
654 (20.8)
1300 (30.2)

Adjusted OR" (95% Cl)

4.96 (3.59, 6.84)
5.26 (4.37, 6.34)
3.93 (3.4, 4.49)
3.2(2.84, 3.61)
2,58 (2.31, 2.89)
1.94 (1.73, 2.18)
1.00 [Referent]
0.99 (0.93, 1.06)
1.00 [Referent]
1.00 [Referent]
1.64 (1.42, 1.88)
1.23 (1.07, 1.40)
1.11 (1.00, 1.23)
1.81 (1.43, 2.28)
1.15 (0.98, 1.35)
0.90 (0.79, 1.03)
0.59 (0.51, 0.67)
0.84 (0.76, 0.94)
2.17 (1.79, 2.63)
2.13(1.87, 2.43)
0.91 (0.73, 1.14)
1.00 [Referent]
0.97 (0.88, 1.06)
0.95 (0.85, 1.06)
0.59 (0.32, 1.07)
1.00 [Referent]
1.31(1.20, 1.42)
1.46 (1.34, 1.59)
1.65 (1.52, 1.80)
1.00 [Referent]
0.82(0.76, 0.90)
0.79 (0.69, 0.90)
0.88 (0.70, 1.11)
1.00 [Referent]
0.87 (0.79, 0.96)
0.85 (0.76, 0.94)
0.79 (0.73, 0.86)
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Residence:

(1 missing)

Subsite:

Histology:

Grade:

T Stage:

N Stage:

M Stage/

Metastatic Sites:

Was Stage IV CRC the
only cancer ever diagnosed?

Surgery:

Radiation:

Unknown

Metro area

Non-metro area/rural
Right side Colon

Left side Colon

Rectum

Adenocarcinoma
Mucinous adenocarcinoma
Well (1) differentiated
Moderately (1) differentiated
Poorly (I11) differentiated
Undifferentiated (1V)
Unknown

<T3

>T4a

TX (Unknown)

NO

> Nla

NX (Unknown)

M1a: Liver or lung only
M1a: Bone or brain only
M1a: Other single organ/site
M1b: Multiple organs/sites
M1NOS

Yes

No

Yes

No or Unknown

Yes or recommended

No/unknown/refused

No KRAS Testing
N=15,748
N (%)
908 (78.1)
13652 (69.5)
2096 (72.1)
6433 (70.4)
6077 (68.1)
3238 (72.2)
14254 (69.9)
1494 (69.9)
650 (70.1)
8484 (69.0)
3099 (68.4)
481 (65.6)
3034 (74.9)
7556 (69.3)
4364 (67.3)
3828 (74.3)
5016 (73.2)
8759 (66.5)
1973 (78.2)
6768 (69.3)
128 (79.5)
1125 (75.1)
6780 (68.4)
947 (79.1)
12318 (68.7)
3430 (74.2)
8733 (74.2)
7015 (67.4)
2019 (73.2)
13729 (71.3)

KRAS Testing
N=6,794
N (%)
255 (21.9)
5983 (30.5)
810 (27.9)
2701 (29.6)
2849 (31.9)
1244 (27.8)
6150 (30.1)
644 (30.1)
277 (29.9)
3817 (31.0)
1431 (31.6)
252 (34.4)
1017 (25.1)
3347 (30.7)
2124 (32.7)
1323 (25.7)
1840 (26.8)
4404 (33.5)
550 (21.8)
2998 (30.7)
33 (20.5)
374 (25.0)
3139 (31.7)
250 (20.9)
5601 (31.3)
1193 (25.8)
4221 (25.8)
2573 (32.6)
814 (26.8)
5980 (28.7)

Adjusted OR" (95% Cl)

0.59 (0.50, 0.68)
1.00 [Referent]
0.85(0.77, 0.94)
1.00 (0.94, 1.07)
1.00 [Referent]
0.86 (0.79, 0.94)
1.00 [Referent]
0.98 (0.88, 1.09)
1.00 [Referent]
0.99 (0.85, 1.15)
0.99 (0.84, 1.17)
1.06 (0.85, 1.32)
0.83(0.70, 0.98)
1.00 [Referent]
1.04 (0.97, 1.12)
0.95 (0.87, 1.05)
1.00 [Referent]
1.16 (1.07, 1.24)
0.77 (0.69, 0.87)
1.00 [Referent]
0.68 (0.45, 1.01)
0.74(0.65, 0.85)
1.05 (0.98, 1.12)
0.67 (0.57, 0.78)
1.08 (1.00, 1.17)
1.00 [Referent]
1.05 (0.96, 1.14)
1.00 [Referent]
0.90 (0.82, 1.00)
1.00 [Referent]

*
Odds ratios are adjusted for all variables in table.
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Table 3.

Page 15

Patient, tumor and treatment characteristics by right- or left-sided colon cancer, and odds of having right-sided
versus left-sided colon cancer (N=18,060; excludes rectal cancer).

Age (y):

Sex:

Race:

Diagnosis Year:

Histology:

Grade:

T Stage:

N Stage:

M Stage/

Metastatic Sites:

Was Stage IV CRC the

0-29

30-39

40-49

50-59

60-69

70-79

80+

Female

Male

White

Black

Other

Unknown

2010

2011

2012

2013

Adenocarcinoma
Mucinous adenocarcinoma
Well (1) differentiated
Moderately (I1) differentiated
Poorly (I11) differentiated
Undifferentiated (1V)
Unknown

<T3

>T4a

TX (Unknown)

NO

>Nla

NX (Unknown)

M1a: Liver or lung only
M1a: Bone or brain only
M1a: Other single organ/site
M1b: Multiple organs/sites
MI1INOS

Yes

Right-sided
N=9,134
N (%)
42 (31.1)
169 (32.7)
666 (35.9)
1657 (43.9)
2345 (49.5)
2181 (57.3)
2074 (64.0)
4679 (55.2)
4455 (46.5)
6938 (50.9)
1611 (55.8)
565 (37.6)
20 (37.7)
2341 (51.1)
2283 (50.3)
2290 (50.2)
2220 (50.7)
7942 (49.0)
1192 (64.0)
344 (46.9)
4590 (47.2)
2365 (61.6)
427 (63.2)
1408 (45.6)
4202 (50.0)
3142 (54.4)
1790 (46.2)
2281 (43.7)
5986 (54.7)
867 (45.7)
3755 (48.1)
47 (48.5)
673 (55.7)
4262 (52.8)
397 (46.0)
7015 (49.3)

L eft-sided
N =8926
N (%)
93 (68.9)
348 (67.3)
1187 (64.1)
2116 (56.1)
2394 (50.5)
1623 (42.7)
1165 (36.0)
3798 (44.8)
5128 (53.5)
6682 (49.1)
1275 (44.2)
936 (62.4)
33(62.3)
2243 (48.9)
2256 (49.7)
2268 (49.8)
2159 (49.3)
8256 (51.0)
670 (36.0)
390 (53.1)
5137 (52.8)
1473 (38.4)
249 (36.8)
1677 (54.4)
4211 (50.1)
2631 (45.6)
2084 (53.8)
2940 (56.3)
4956 (45.3)
1030 (54.3)
4057 (51.9)
50 (51.6)
536 (44.3)
3816 (47.2)
467 (54.1)
7225 (50.7)

Adjusted OR" (95% Cl)

0.22(0.15, 0.32)
0.24(0.19, 0.29)
0.29 (0.25, 0.33)
0.42 (0.38, 0.46)
0.53 (0.48, 0.59)
0.74(0.67, 0.81)
1.00 [Referent]
1.35(1.27, 1.44)
1.00 [Referent]
1.00 [Referent]
1.45 (1.33, 1.58)
0.62 (0.55, 0.69)
0.73(0.41, 1.29)
1.00 [Referent]
0.99 (0.90, 1.07)
1.00 (0.92, 1.09)
1.04 (0.96, 1.14)
1.00 [Referent]
1.66 (1.49, 1.84)
1.00 [Referent]
1.06 (0.90, 1.24)
1.75 (1.48, 2.07)
1.74(1.39, 2.17)
1.05 (0.89, 1.25)
1.00 [Referent]
1.03 (0.95, 1.10)
1.00 (0.91, 1.10)
1.00 [Referent]
1.55 (1.44, 1.67)
1.10 (0.98, 1.23)
1.00 [Referent]
0.94 (0.62, 1.43)
1.15(1.01, 1.31)
1.13(1.06, 1.21)
0.86 (0.74, 0.99)
0.91(0.85, 0.99)
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only cancer ever diagnosed?

Surgery:

Radiation:

KRAS Tested:

No

Yes

No or Unknown

Yes or recommended
No/unknown/refused
Normal

Mutated

No Testing Done

Right-sided
N=9,134
N (%)
2119 (55.5)
6121 (53.4)
3013 (45.6)
314 (31.5)
8820 (51.7)
1300 (42.1)
1401 (57.0)
6433 (51.4)

L eft-sided
N =8926
N (%)
1701 (44.5)
5335 (46.6)
3591 (54.4)
683 (68.5)
8243 (48.3)
1790 (57.9)
1059 (43.1)
6077 (48.6)

Adjusted OR" (95% Cl)

1.00 [Referent]

Not included in model

Not included in model

Not included in model

*
Odds ratios adjusted for all variables in table unless otherwise indicated.
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Table 4.

Page 17

Hazard ratios for stage IV patients of colorectal cancer: all patients and those with KRAS testing, 2010-12.

KRAS Tested:

Age (y):

Race:

Diagnosis Year:

Insurance:

Marital status:

Subsite:

Grade:

T Stage:

N Stage:

Normal

Mutated

No Testing Done
0-29

30-39

40-49

50-59

60-69

70-79

80+

White

Black

Other

2010

2011

2012
Private/Medicare
Medicaid

Uninsured

Unknown

Married
Divorced/separated
Widowed
Single/never married
Unknown

Right side Colon
Left side Colon
Rectum

Well (1) differentiated
Moderately (I1) differentiated
Poorly (I11) differentiated
Undifferentiated (1V)
Unknown

<T3

>T4a

TX (Unknown)

NO

All Patients

(N=16,952)

Adjusted HR* (95% CI)

1.00 [Referent]
1.04 (0.97,1.12)
1.31 (1.25, 1.39)
1.00 [Referent]
0.98 (0.77, 1.26)
1.01 (0.80, 1.26)
1.16 (0.93, 1.45)
1.39 (1.11, 1.73)
1.83 (1.46, 2.28)
2.83(2.26, 3.54)
1.00 [Referent]
1.11(1.06, 1.17)
0.92 (0.86, 0.99)
1.00 [Referent]
0.99 (0.95, 1.03)
0.94(0.89, 0.98)
1.00 [Referent]
1.24(1.18, 1.31)
1.32(1.21, 1.43)
1.10 (0.97, 1.25)
1.00 [Referent]
1.10 (1.04, 1.17)
1.19 (1.12, 1.26)
1.20 (1.14, 1.27)
1.00 (0.92, 1.09)
1.27 (1.22,1.32)
1.00 [Referent]
0.90 (0.85, 0.96)
1.00 [Referent]
0.97 (0.89, 1.07)
1.43(1.30, 1.58)
1.56 (1.37, 1.78)
1.13 (1.02, 1.24)
1.00 [Referent]
1.26 (1.20, 1.32)
1.14 (1.07, 1.20)
1.00 [Referent]

KRAS Tested Patients Only
(N=4,854)
Adjusted HR" (95% Cl)
1.00 [Referent]
1.04 (0.96, 1.12)
1.00 [Referent]
1.13(0.77, 1.67)
1.10 (0.77, 1.58)
1.28 (0.90, 1.83)
1,51 (1.06, 2.15)
1.80 (1.25, 2.57)
2.73(1.89, 3.96)
1.00 [Referent]
1.18 (1.06, 1.30)
0.94 (0.85, 1.03)
1.00 [Referent]
0.95 (0.87, 1.04)
0.93 (0.84, 1.03)
1.00 [Referent]
1.19 (1.07, 1.32)
1.25 (1.06, 1.47)
1.23(0.92, 1.64)
1.00 [Referent]
1.11 (0.98, 1.23)
1.27 (1.12, 1.43)
1.23 (1.12, 1.36)
0.85 (0.69, 1.05)
1.39 (1.28, 1.51)
1.00 [Referent]
0.90 (0.81, 1.01)
1.00 [Referent]
1.05 (0.87, 1.27)
1.68 (1.38, 2.05)
1.85 (1.4, 2.39)
1.25(1.02, 1.53)
1.00 [Referent]
1.23 (1.13, 1.34)
1.09 (0.97, 1.22)
1.00 [Referent]
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M Stage/

Surgery:

Radiation:

Sex:

Metastatic Sites:

> Nla

NX (Unknown)

M1a: Liver or lung only
M1a: Bone or brain only
M1a: Other single organ/site
M1b: Multiple organs/sites
M1NOS

Yes

No or Unknown

Yes or recommended
No/unknown/refused
Female

Male

All Patients
(N=16,952)
Adjusted HR" (95% CI)
1.10(1.05, 1.15)
1.17 (1.10, 1.25)
1.00 [Referent]
1.77 (1.45, 2.18)

0.78(0.72, 0.85)
1.37 (1.32, 1.43)
1.28 (1.18, 1.39)
0.48 (0.46, 0.51)
1.00 [Referent]
0.75 (0.70, 0.80)
1.00 [Referent]
0.91 (0.87, 0.94)
1.00 [Referent]

KRAS Tested Patients Only
(N=4,854)
Adjusted HR* (95% CI)
1.07 (0.97, 1.17)

1.15 (1.00, 1.32)

.00 [Referent]
1.42 (131, 1.53)
1.21 (0.98, 1.49)
0.52 (0.47, 0.58)
1.00 [Referent]

NS

NS

NS

NS

*
Hazard ratios determined using manual backward selection to retain only those variables significant at p <0.05, except the following variables
which were forced into each model: KRAS results, age, race, diagnosis year, insurance, marital status, T stage, N stage, and M Stage/Metastatic

sites.

Hok

Due to small numbers, metastatic sites were not included in the KRAS tested patients only model; overall M stage was used.
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Hazard ratios for stage IV colon cancer patients who received KRAS testing: right vs. left, diagnosis years
2010-12. (Excluded rectal cancer patients)

KRAS Tested:

Age (y):

Race:

Diagnosis Year:

Insurance:

Marital status:

Grade:

T Stage:

N Stage:

M Stage: ™

Normal

Mutated

0-29

30-39

40-49

50-59

60-69

70-79

80+

White

Black

Other

2010

2011

2012
Private/Medicare
Medicaid

Uninsured

Unknown

Married
Divorced/separated
Widowed
Single/never married
Unknown

Well (1) differentiated
Moderately (1) differentiated
Poorly (1) differentiated
Undifferentiated (1V)
Unknown

<T3

> T4a

TX (Unknown)

NO

> Nla

NX (Unknown)

M1la

M1b

Right-sided (N=1,930)
Adjusted HR" (95% Cl)
1.00 [Referent]

0.93 (0.83, 1.03)
1.00 [Referent]

0.88 (0.41, 1.89)
0.91 (0.44, 1.87)
1.06 (0.52, 2.15)
1.29 (0.63, 2.62)
1.44 (0.71, 2.93)
2.17 (1.05, 4.45)
1.00 [Referent]

0.98 (0.85, 1.15)
0.81 (0.64, 1.03)
1.00 [Referent]

0.89 (0.79, 1.02)
0.84(0.73, 0.97)
1.00 [Referent]

1.18 (0.99, 1.40)
1.32 (0.99, 1.75)
1.11 (0.66, 1.87)
1.00 [Referent]

1.05 (0.88, 1.25)

1.18 (1.00, 1.39)
1.23 (1.05, 1.45)
0.93 (0.68, 1.29)
1.00 [Referent]
0.96 (0.70, 1.32)
1.40 (1.02, 1.93)
1.51 (1.03, 2.21)
1.21 (0.86, 1.70)
1.00 [Referent]
1.24(1.10,1.41)
1.05 (0.86, 1.28)
1.00 [Referent]
1.14 (0.98, 1.32)
1.24 (0.98, 1.58)

1.00 [Referent]
1.28 (1.14, 1.44)

L eft-sided (N=2,064)
Adjusted HR* (95% Cl)
1.00 [Referent]
1.18 (1.05, 1.33)
1.00 [Referent]
1.09 (0.64, 1.87)
1.14 (0.69, 1.90)
1.40 (0.85, 2.30)
1.51 (0.92, 2.49)
1.93 (1.16, 3.22)
2.94 (1.72,5.01)
1.00 [Referent]
1.39 (1.18, 1.63)
0.88 (0.73, 1.06)
1.00 [Referent]
1.03 (0.89, 1.18)
1.01 (0.86, 1.18)
1.00 [Referent]
1.26 (1.07, 1.47)
1.34(1.04, 1.73)
1.21 (0.79, 1.86)
1.00 [Referent]
1.05 (0.87, 1.26)
1.24 (1.00, 1.54)
1.24 (1.06, 1.44)
0.87 (0.62, 1.22)
1.00 [Referent]
1.26 (0.95, 1.68)
2.05 (151, 2.78)
2.14 (142, 3.23)
1.31(0.96, 1.79)
1.00 [Referent]
1.22 (1.07, 1.40)
1.10 (0.92, 1.32)
1.00 [Referent]
1.08 (0.93, 1.25)
1.25 (1.01, 1.55)

1.00 [Referent]
1.53 (1.35, 1.74)
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Surgery:

MINOS
Yes

No or Unknown

Right-sided (N=1,930)
Adjusted HR" (95% Cl)
0.99 (0.69, 1.42)
0.53 (0.45, 0.64)
1.00 [Referent]

L eft-sided (N=2,064)
Adjusted HR* (95% Cl)
1.66 (1.21, 2.29)
0.49 (0.42, 0.58)
1.00 [Referent]

*
Manual backward selection was used to retain variables significant at p <0.05, except the following which were forced into all models: KRAS

results, age, registry, race, diagnosis year, insurance, marital status, T stage, N stage, & M stage.

Hok

Due to small numbers, metastatic sites were not included in Right- and Left-sided models; overall M stage was used instead.
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