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Background: Family history of colon cancer often portends increased risk of disease development; 
however, the prognostic significance of family history related to disease and survival outcomes is unclear.
Methods: To investigate the relationship between family history of colorectal cancer and survival outcomes 
in stage III colon cancer patients, a prospective cohort of 1,935 patients with resected stage III colon cancer 
enrolled in a randomized controlled trial (N0147), comparing the standard of care FOLFOX to FOLFOX 
with cetuximab, was studied. Patients completed a baseline questionnaire on family history and were followed 
every 6 months until death or 5 years after randomization.
Results: We examined the endpoints of disease-free survival (DFS), time to recurrence (TTR) and overall 
survival (OS), comparing patients with a positive versus negative family history of colorectal cancer. The 
adjusted hazard ratios (HRs) for patients with a positive family history were 0.95 [95% confidence interval 
(CI), 0.78–1.16] for DFS, 0.94 (95% CI, 0.76–1.16) for TTR, and 0.92 (95% CI, 0.74–1.15) for OS (all 
adjusted P>0.47). A non-significant trend toward improved DFS (P=0.17; adjusted P=0.34) was observed 
when 2 or more relatives were affected as compared to 0 relatives (multivariate HR: 0.72; 95% CI, 0.45–1.15), 
whereas subjects with histories of 0 or 1 affected relatives had similar DFS (multivariate HR for 1 vs. 0: 1.00; 
95% CI, 0.81–1.24). Interactions of the molecular factors KRAS, BRAF, and MMR with family history were 
also explored. The only significant interaction was for deficient MMR (dMMR) and first-degree relatives 
with a family history of colorectal cancer (0 vs. 1 vs. 2+ relatives) for a benefit on OS (univariate P=0.001), 
which remained significant after adjusting for other factors (P=0.029).
Conclusions: Among patients with stage III resected colon cancer treated with adjuvant FOLFOX, 
a family history of colorectal cancer did not significantly impact DFS, TTR, or OS outcomes, with the 
exception of patients with dMMR-expressing tumors.
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Introduction

Colon cancer is one of the most common forms of cancer 
worldwide and a leading cause of cancer-associated 
mortality. Amongst all cancers in both genders, colorectal 
cancer ranks third for incidence and death in the United 
States (1,2). In 2016 it is estimated that 134,490 people will 
be diagnosed with colorectal cancer and it will take the lives 
of 49,190 people (3). 

Family history often portends increased risk of disease 
development. Familial clustering is commonly seen 
in colon cancer outside the context of defined genetic 
syndromes such as hereditary non-polyposis colorectal 
cancer (HNPCC) or familial adenomatous polyposis 
(FAP) (4,5). In colon cancer, a family history of disease 
results in a 2-fold increase in an individual’s risk of disease 
development (6-9). One meta-analysis of 59 studies 
calculated a pooled relative risk of 2.24 for individuals 
with one affected relative, rising to 3.97 with two or more 
affected relatives. These data equate to a population risk in 
a 50-year-old of 3.4% when an individual has one relative 
with disease compared to 1.8% when an individual has no 
family history of colon cancer (10). Risks were observed to 
be even greater for people with relatives who were young 
at the age of diagnosis and those with more than 2 relatives 
affected by disease (11,12). When an individual has a first-
degree relative diagnosed at <50 years of age, multiple 
studies have reported a 3-fold increase in risk (13-15). 

The influence of a positive family history of colorectal 
cancer on colon cancer recurrence and survival among 
patients with diagnosed disease remains relatively uncertain. 
Earlier studies out of Japan and the US have shown that a 
family history of colon cancer can be associated with lower 
mortality (16,17). A Japanese study analyzed outcomes and 
found an improved prognosis in those with a positive family 
history (16), and in another study, patients with a family 
history had a hazard ratio (HR) of 0.72 for death or cancer 
recurrence compared to patients with no family history (17). 
However, other studies have shown opposing results with 
a family history of disease leading to worse survival. One 
study from Iran purported that family history of cancer led 
to poorer survival outcomes; however, most participants in 
this study suffered from other types of gastrointestinal (GI) 
cancer, namely esophageal cancer, and the sample included 
only 15 patients with colon cancer (18). Another study 
conducted with the Utah Population Database found that 
family history of colon cancer had a negligible impact on 
patterns of survival (19). Thus, conflicting information exists 

on the association between a family history of colorectal 
cancer and survival outcomes. This study attempts to clarify 
the relationship between family history of colorectal cancer 
and survival outcomes through the use of a large and more 
homogeneous cohort of patients.

Methods

Study population

The patient cohort used in this study was derived 
from subjects enrolled in the North Central Cancer 
Treatment Group (NCCTG) clinical trial (N0147) 
entitled “A Randomized Phase III Trial of Oxaliplatin Plus 
5-Fluorouracil/Leucovorin with or without Cetuximab 
after Curative Resection for Patients with Stage III Colon 
Cancer.” The NCCTG is now part of the Alliance for 
Clinical Trials in Oncology. This institutional review board 
approved, multicenter clinical trial—outlined in detail 
elsewhere—randomized patients with resected stage III 
colon cancer to standard adjuvant therapy (FOLFOX) plus 
or minus cetuximab (20). Patients were enrolled at multiple 
institutions across North America between February 
10, 2004 and November 25, 2009. Enrollment occurred 
after written informed consent was obtained. Following 
enrollment patients completed family history and life-
style questionnaires, which included information on family 
history of gastrointestinal (GI) cancers. Of the 2,686 
subjects enrolled, 1,968 completed the patient survey, due 
to the questionnaire having been discontinued after the first 
2,000 patients were enrolled. Of the subjects who completed 
the survey, 1,935 answered the questions about family 
history. Figure 1 provides an illustration of this study’s final 
sample size. KRAS, BRAF, and mismatch repair (MMR) 
status via molecular analysis were completed as a part of the 
study based on mandatory biospecimen collection.

Family history assessment 

In the patient-completed questionnaires information on 
family history of cancer, comorbid conditions, certain 
exposures, life-style habits and physical characteristics was 
gathered (21). Information was requested on family size 
and selected medical history in blood-related relatives, 
including Barrett’s esophagus, Crohn’s disease, ulcerative 
colitis, colon polyps, esophageal cancer, stomach cancer, 
colon or rectal cancer, liver cancer, pancreatic cancer, 
breast cancer, uterine/cervical cancer, prostate cancer, 
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and/or other cancers. Participants were asked to indicate 
if their relatives had been diagnosed with various medical 
conditions and to give the age they were first diagnosed. 
Options were given for “none of the above conditions” 
and “I don’t know this family member’s medical history”. 
Subjects were asked about their mother, father, maternal 
and paternal grandparents, siblings, and children. For each 
affected relative, age at diagnosis could be indicated in the 
following categories: 24 or younger, 25–49, 50–74, and 75+. 
The investigators did not attempt to validate the reported 
cancer cases in family members. 

Tumor markers (KRAS, BRAF, MSI) 

Tissue blocks from all study participants were obtained 
from the original surgical resection and assessed at Mayo 
Clinic for KRAS, BRAF, and MMR mutational status. 
DNA extracted from the tumor specimens was tested for 
KRAS status using DxS mutation kit, which checked for 
seven potential mutations in codons 12 and 13 (22). Testing 
for BRAF V600E was conducted with multiplex allele 
specific polymerase chain reaction-based assay and scored 
for the presence or absence of the V600E variant (23).  
Microsatellite instability (MSI) was determined through 
DNA MMR status. MMR status was assessed using 
immunohistochemical studies of hMLH-1, hMSH-2, 
and hMSH-6 proteins (24). Tumors were classified with 
defective MMR (dMMR) if they exhibited loss of expression 
of any of those three proteins. Tumors were classified with 
proficient MMR (pMMR) if they had all three proteins 

intact without loss of expression. These assays for KRAS, 
BRAF, and MMR tumor characterization were conducted 
without information on the patient, treatment, or outcome 
status.

Study end points

In this study, the primary clinical endpoint was disease-free 
survival (DFS), defined as the time from randomization 
to the first of either tumor recurrence or death from any 
cause. Secondary endpoints included time to recurrence 
(TTR) and overall survival (OS). TTR was defined as time 
from randomization to tumor recurrence. DFS and TTR 
were censored at 5 years. If participants died before a 
diagnosis of recurrence, for the TTR endpoint, they were 
censored at the time of their last disease evaluation date 
as documented by the treatment provider. OS was defined 
as time from randomization to death from any cause and 
censored at 8 years.

Statistical methods

Descriptive statistics were tabulated by family history 
status and compared between groups by Kruskal-Wallis 
and chi-square tests for continuous and categorical factors, 
respectively (25,26). The distributions of survival outcomes 
were estimated by the Kaplan-Meier method (27) and 
compared between groups by the log-rank test (28,29). 
Cox regression models were used to evaluate the adjusted 
associations between family history and time-to-event 

Total patients randomly assigned in 
N0147 (n=2,686)

Did not complete patient questionnaire (n=718)
• Not completed due to protocol changes (n=562) 
• Requested but not completed (n=156)

Completed patient questionnaire (n=1,968)

Missing family history information 
(n=33)

Patients included in analysis 
(n=1,935)

Figure 1 Derivation of cohort size.
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outcomes, adjusting for relevant baseline factors [age, 
sex, race, performance status, T/N stage, treatment arm, 
body mass index (BMI), histologic grade, tumor location, 
KRAS/BRAF mutation status, and MMR status] (30). The 
potential differential relationship between family history 
and outcomes per KRAS/BRAF mutation status and MMR 
status was tested by including interaction terms in the Cox 
models. 

Since there was no significant interaction effect between 
family history and treatment assignment on outcomes (all 
interaction P values >0.31), the analysis was conducted by 
pooling the two treatments. Analyses were based on follow-
up through August 5, 2015, and were performed by using 
SAS version 9.4 (SAS Institute, Cary, NC, USA). Two-
sided P values less than 0.05 were considered statistically 
significant for main effects, while two-sided P values less 
than 0.01 were considered significant for interactions. All 
data collection and statistical analyses were performed by 
the Alliance Statistics and Data Center.

Results 

The primary results from N0147 were previously published 
and no significant difference was observed in DFS between 
treatment arms (20). 

Baseline characteristics for study patients for whom 
family history data was obtained are presented in Table 1.

Of the 1,935 patients who responded to the questionnaire, 
462 (23.9%) identified themselves as having a family history 
of colorectal cancer in at least one relative. Compared to 
participants without a family history, those with a positive 
family history were more likely to have tumors that were 
KRAS wild type (P≤0.01) and MMR deficient (P≤0.01), 
and have the combination of KRAS and BRAF wild type 
statuses (P=0.02). Other patient and tumor characteristics 
were similarly distributed among patients with and without a 
positive family history (see Table 1).

Median follow-up time was 6.8 years for those alive at 
last follow-up. Of the 1,935 patients, 561 experienced a 
recurrence of their cancer, 530 died from any cause, and 
633 patients either had a recurrence or died. There was 
no difference in DFS outcomes in those with or without a 
family history of colorectal cancer as seen in Figure 2. 

 Family history of colorectal cancer was not associated 
with a significant difference in DFS, TTR, or OS as shown 
in Figure 3A, B, and C respectively. 

This relationship was also not statistically significant 
after adjusting for other variables (treatment arm, ECOG 

PS, T-stage, lymph nodes, sex, histologic grade, race, 
BRAF/KRAS, tumor site (proximal vs. distal), MMR status, 
age, and BMI). Patients with a positive family history had 
a multivariate HR of 0.95 [95% confidence interval (CI), 
0.78–1.16; P=0.61] for DFS. Recurrence of cancer or 
mortality regardless of cause occurred in 142 of the 462 
patients (31%) with a positive family history of colorectal 
cancer compared with 491 of the 1,473 patients (33%) with 
a negative family history. 

The endpoints of TTR and OS were similar. Patients 
with a positive family history had a multivariate HR of 0.94 
(95% CI, 0.76–1.16; P=0.57) for TTR. Cancer recurred 
in 125 of the 462 patients (27%) with a positive family 
history of colorectal cancer compared with 436 of the 1,473 
patients (30%) with a negative family history. Patients with 
a positive family history had a multivariate adjusted HR of 
0.92 (95% CI, 0.74–1.15; P=0.48) for OS. 

The trend towards a slightly improved prognosis 
associated with family history was present with an increased 
number of relatives reporting a family history of colorectal 
cancer as shown in Figure 3A. Of the 462 patients with 
a positive family history, 372 reported one relative with 
colorectal cancer and 90 reported two or more affected 
relatives. Patients with a positive family history in one 
affected relative (vs. 0 relatives) had a multivariate adjusted 
HR of 1.00 (95% CI, 0.81–1.24) for DFS. In patients with 
a positive family history in two or more affected relatives 
(vs. 0) there was some reduction in risk with a multivariate 
adjusted HR of 0.72 (95% CI, 0.45–1.15). The log-rank 
P value was 0.17 (adjusted P value =0.344). Similar trends 
were noted in TTR and OS as demonstrated in Figure 3B 
and C respectively. 

Similar results were also found when limiting the family 
history to first-degree relatives only (n=327). Specifically, 
no significant differences were observed for family history 
of colorectal cancer (yes vs. no) for DFS [adjusted HR 0.87; 
(95% CI, 0.69–1.10); adjusted P=0.23], TTR [adjusted HR 
0.89; (95% CI, 0.69–1.14); P=0.35], or OS [adjusted HR 
0.84; (95% CI, 0.65–1.09); P=0.19] (data not shown). 

The interactions of KRAS, BRAF, and MMR status with 
family history for the time to event endpoints were also 
explored. The only significant interaction was for MMR 
and first-degree relatives with a family history of colorectal 
cancer (0 vs. 1 vs. 2+ relatives) for OS (univariate P=0.001), 
which remained significant even after adjusting for other 
factors (P=0.029). Family history was found to have a 
significant impact for patients whose tumors were MMR 
deficient (dMMR; adjusted P=0.027), while family history 
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Table 1 Baseline characteristics by family history of colorectal cancer

Baseline characteristics
Family history of colorectal cancer (0 vs. 1 vs. 2+ relatives)

0 (N=1,473) 1 (N=372) 2+ (N=90) Total (N=1,935) P value

Treatment, n (%) 0.501

Arm A: FOLFOX 737 (50.0) 178 (47.8) 49 (54.4) 964 (49.8)  

Arm D: FOLFOX + cetuximab 736 (50.0) 194 (52.2) 41 (45.6) 971 (50.2)  

KRAS status, n (%)     <0.011

Missing 60 21 5 86  

Mutant 526 (37.2) 101 (28.8) 25 (29.4) 652 (35.3)  

Wild type 887 (62.8) 250 (71.2) 60 (70.6) 1,197 (64.7)  

BRAF status, n (%)     0.681

Missing 102 31 6 139  

Mutant 187 (13.6) 50 (14.7) 14 (16.7) 251 (14.0)  

Wild type 1,184 (86.4) 291 (85.3) 70 (83.3) 1,545 (86.0)  

MMR status, n (%)     <0.011

Missing 59 18 6 83  

pMMR 1,256 (88.8) 304 (85.9) 64 (76.2) 1,624 (87.7)  

dMMR 158 (11.2) 50 (14.1) 20 (23.8) 228 (12.3)  

BRAF/KRAS (3 level), n (%)     0.021

Missing 108 31 6 145  

WT KRAS/WT BRAF 675 (49.5) 196 (57.5) 45 (53.6) 916 (51.2)  

Mut KRAS/WT BRAF 506 (37.1) 95 (27.9) 25 (29.8) 626 (35.0)  

WT KRAS/Mut BRAF 184 (13.5) 50 (14.7) 14 (16.7) 248 (13.9)  

Tumor site, n (%)     0.121

Missing 20 7 0 27  

0= right 763 (52.5) 183 (50.1) 56 (62.2) 1,002 (52.5)  

1= left 690 (47.5) 182 (49.9) 34 (37.8) 906 (47.5)  

T-stage, n (%)     0.631

Missing 1 0 0 1  

T1 and T2 204 (13.9) 63 (16.9) 14 (15.6) 281 (14.5)  

T3 1,098 (74.6) 270 (72.6) 65 (72.2) 1,433 (74.1)  

T4 170 (11.5) 39 (10.5) 11 (12.2) 220 (11.4)  

Number of lymph nodes, n (%)     0.291

1–3 864 (58.7) 210 (56.5) 59 (65.6) 1,133 (58.6)  

≥4 609 (41.3) 162 (43.5) 31 (34.4) 802 (41.4)  

Table 1 (continued)
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did not play a role for patients with MMR proficient tumors 
(pMMR; adjusted P=0.68) (Figure 4A and B). 

For patients with dMMR tumors (Figure 4A), the 5-year 
survival was 100% for patients with a first-degree family 
history of 2 or more affected relatives (n=12) compared to 
80% (95% CI, 68–93%) for patients with 1 affected relative 

(n=41) and 69% (95% CI, 62–76%) for patients with 0 
affected relatives (n=174). 

The association between DFS and family history across 
subgroups based on variables likely to impact patient 
outcome were explored and presented in Figure 5. 

The lack of prognostic effect of family history on DFS 

Table 1 (continued)

Baseline characteristics
Family history of colorectal cancer (0 vs. 1 vs. 2+ relatives)

0 (N=1,473) 1 (N=372) 2+ (N=90) Total (N=1,935) P value

Gender, n (%)     0.751

Female 700 (47.5) 185 (49.7) 43 (47.8) 928 (48.0)  

Male 773 (52.5) 187 (50.3) 47 (52.2) 1,007 (52.0)  

Age (years)     0.262

N 1,473 372 90 1,935  

Mean ± SD 58.3±10.9 57.2±12.1 57.1±12.1 58.0±11.2  

Median 59.0 57.5 58.5 59.0  

Q1, Q3 51.0, 66.0 49.0, 66.5 47.0, 67.0 50.0, 66.0  

Range (19.0–86.0) (25.0–84.0) (31.0–81.0) (19.0–86.0)  

Histologic grade, n (%)     0.481

Low grade 1,102 (74.8) 268 (72.0) 69 (76.7) 1,439 (74.4)  

High grade 371 (25.2) 104 (28.0) 21 (23.3) 496 (25.6)  

Performance score, n (%)     0.071

0= PS 0 1,116 (75.8) 298 (80.1) 63 (70.0) 1,477 (76.3)  

1= PS 1 or 2 357 (24.2) 74 (19.9) 27 (30.0) 458 (23.7)  

Body mass index (kg/m2)     0.462

N 1,468 371 89 1,928  

Mean ± SD 28.8±6.1 28.5±6.2 28.8±6.8 28.7±6.1  

Median 27.8 27.4 28.3 27.7  

Q1, Q3 24.6, 32.0 24.5, 31.6 24.2, 32.0 24.6, 31.9  

Range (15.4–56.6) (16.1–55.2) (17.9–57.7) (15.4–57.7)  

Race, n (%)     0.311

Missing 24 3 0 27  

African American 112 (7.7) 17 (4.6) 9 (10.0) 138 (7.2)  

Asian 56 (3.9) 15 (4.1) 5 (5.6) 76 (4.0)  

Caucasian 1,266 (87.4) 334 (90.5) 76 (84.4) 1,676 (87.8)  

Other 15 (1.0) 3 (0.8) 0 (0.0) 18 (0.9)  

1, Chi-Square; 2, Kruskal Wallis. WT, wild type; Mut, mutation.
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was consistent across treatment arm, MMR, BRAF, KRAS, 
sex or histologic grade. 

Discussion

This study explored the impact of a family history of 
colorectal cancer on measures of outcome in patients with 
resected stage III colon cancer. In this cohort of clinical trial 
participants with resected stage III colon cancer, a family 
history of colorectal cancer did not have a statistically 
significant impact on cancer recurrence and mortality. At 
most, a non-significant trend toward improved outcome was 
observed for patients with multiple (2+) family members 
who had a history of colorectal cancer, where observed 
outcomes for DFS, TTR, and OS were improved.

A family history of colorectal cancer is a well-documented 
risk factor for the development of colorectal cancer. However, 
previously published studies have shown conflicting findings 
in terms of the impact of family history on subsequent 
outcomes and survival amongst patients with resected colon 
cancer. A study from the Japanese registry (N=15,369) 
and a study by Chan and Meyerhardt (N=1,087) suggest a 
significant reduction in mortality and cancer recurrence when 
a family history of disease is present (16,17). These findings 
are in contrast to those by Slattery and Kerber (N=2,236), 
who reported that family history has no overall effect on 

survival (19). In our large study (N=1,935) with uniform 
standard of care treatment and meticulous follow-up, no 
statistically or clinically significant relationships between 
family history and outcomes were observed, raising doubt on 
the prior positive reports. 

Our study found that first-degree relative family 
history has a significant impact on OS for patients whose 
tumors were MMR deficient (dMMR; adjusted P=0.027), 
while first-degree relative family history did not play a 
role for patients with MMR proficient tumors (pMMR; 
adjusted P=0.68) (univariate interaction P=0.001; adjusted 
interaction P=0.029). This prognostic relationship was 
known from earlier research and confirmed here as 
evidenced by Figure 4A and B (31). Colorectal tumors 
exhibiting MSI have a tendency to arise in the right 
side of the colon and manifest distinctive histologic 
features (32).  They carry a better prognosis than 
microsatellite stable tumors and can respond differently 
to chemotherapy (33). Defective MMR and MSI are seen 
at a rate of 90% in HNPCC cases and approximately 10–
15% in sporadic colorectal cancer cases (34-36). These 
results suggest that some participants included in our 
study may belong to families with HNPCC. 

Data were also explored for a relationship between 
family history of non-colon GI cancers including 
esophageal, gastric, pancreatic, and liver cancers and 
survival outcomes. No significant relationship was found 
(data not shown). Outcomes including DFS, TTR, and 
OS appeared to be unaffected by a broader family history 
of GI cancer.

The strengths of our study include its large scale 
(N=1,935) as it stems from a North America, multicenter, 
phase III clinical trial. Additionally, as all patients had 
stage III disease as a criterion for enrollment, that qualifier 
thereby limited heterogeneity within the study cohort. 
By the design of the trial, treatment and follow-up were 
standardized, and treatment consisted of the present 
standard of care regimen of FOLFOX. Detailed information 
on family history was collected at the beginning of the study 
and the survival outcomes were recorded prospectively. All 
patients provided biospecimens that allowed for a complete 
analysis of the potential modifying impact of MMR, BRAF, 
and KRAS.

Limitations of the study include patient-reported family 
history status, which is subject to recall bias and errors 
in classification of history. This study’s questionnaire 
collected information on parents, grandparents, siblings 
and children. Increasing the degree of relatives has the 

Figure 2 Disease-free survival with and without a family history of 
colorectal cancer.
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Figure 3 Measures of outcome based on presence or absence of family history of colorectal cancer. (A) Disease-free survival (DFS); (B) 
overall survival (OS); and (C) time-to-recurrence (TTR) according to family history of colorectal cancer (0 vs. 1 vs. 2 relatives).
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Figure 4 Overall survival in (A) dMMR and (B) pMMR patients.
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potential to decrease the accuracy of the patient reported 
family health history. No attempt was made to validate 
the diagnosis in relatives. The study population was 
largely non-Hispanic whites and thus the results may not 
be generalizable to other racial or ethnic populations. 
It is likely, given the size of the study, that the sample 
population included some subjects with HNPCC or FAP. 
Although rare, these conditions do comprise about 5% 
of cases of colorectal cancer, which means that about 100 
patients in our study could be from families affected by a 
genetic syndrome. These families may have their cancer 
diagnosed earlier since knowledge of increased risk can 
motivate patients to be screened, which in turn may 
impact subsequent survival (13).

The relationship between family history and colorectal 
cancer survival outcomes remains enigmatic and this 
study provides important findings to help clarify this 
conundrum. These findings suggest that if a trend 
in improved survival exists in patients with a family 
history of colorectal cancer it is manifest only in those 
patients with a family history of two or more relatives 
with colorectal cancer. These improved outcomes may 
correlate with defective MMR status, which we observed 
to interact significantly with family history to affect OS. 
In this subgroup of patients, family history of colorectal 
cancer in a first-degree relative was found to have a 
significant impact for patients with dMMR tumors, 
while family history did not play a role for patients with 
pMMR tumors. These findings would suggest dMMR as 
a possible pathway through which there is a connection, 
and further study is warranted.
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